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Abstract
The Indian Himalayan states are among the most vulnerable regions to climate 
change experiencing declines in agricultural production, food security, and livelihood 
options. However, the importance of socio-economic factors on adaptation within 
agricultural communities remains largely underexplored. This study examines 
the effect of gender, social groups and other socio-economic factors influencing 
adaptation choices using multivariate probit modelling. Using intersectional 
perspective, the study explores how diverse socio-economic factors interact and 
affect the adoption of adaptation strategies in response to climate change impacts. 
Hierarchical clustering was used to create four social groups based on various 
socio-economic characteristics, such as income, reservation category (based on 
caste), family size, education, and income level. Using a stratified random sampling 
technique, primary data was gathered from 298 sample households in the district 
Almora of Uttarakhand state in the Indian Himalaya. The findings reveal disparities 
such as female-headed households rely more on social and ecosystem-based 
strategies to maintain productivity and ensure food security whereas male-headed 
households are more predominant in technological and institutional strategies. 
Regardless, lower social groups of male and female-headed households rely more 
heavily on ecosystem-based approaches to address climate risks, due to their limited 
access to the technologies and financial resources that are more prevalent in higher 
social groups. The results highlight how gender and other socio-economic factors 
interacts and influence the choice of different strategies. The study claims that an 
intersectional approach can go beyond binary male and female categories and 
further investigates at the inter-categorical and intra-categorical level of gender 
intersectionality. The study contributes to effective adaptation planning and polices 
by understanding how various socio-economic factors intersects to shape differential 
vulnerabilities and adaptation strategies.
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1 Introduction
Climate change significantly threatens agricultural sustainability, exacerbates food inse-
curity and severely impact the livelihoods of millions, particularly in the countries of 
Global South [49]. Most researchers and organizations now recognize that understand-
ing vulnerability and adaptation strategies of agricultural communities to the effects 
of climate change is essential to promote sustainable development and resilience. This 
imperative is particularly evident in geographically sensitive regions like Indian Hima-
laya, where topographical factors amplify climate-related impacts compared to lowland 
agricultural zones [52, 63]. Recent evidence indicates that climatic stressors like temper-
ature rise, frequent droughts, and rainfall irregularities have significantly reduced crop 
yields and increased food insecurity in mountain regions [40, 65].

The physical impacts of climate change are well documented [68, 79], while how these 
changes affect people at social level is not widely explored [12, 54]. Although, it is quite 
known that males and females in farming communities perceive and adapt to climate 
change differently because of their distinct roles and responsibilities [7, 71, 83]. Nev-
ertheless, local knowledge and background of households are rarely taken into account 
in research and policy making, suggesting that root causes of vulnerability are typically 
overlooked, as the top-down viewpoint provides only generic database for adaptation 
policies and programs. Gender inequalities and vulnerabilities to climate impacts are 
critical considerations in adaptation planning, where smallholder farmers, in particular, 
face gender-based disparities in rights and responsibilities [42].

Research widely focused on adaptation to climate change in agricultural sector empha-
sis on environmental, and technical challenges [22], while socioeconomic, and ecologi-
cal barriers to adaptation planning have received comparatively less attention [18, 34]. 
However, recent literature does look into diverse social, ecological and institutional vul-
nerabilities as well as differentiated adaptation strategies to climate change [30, 56, 65]. 
There still remains a significant need to understand specific factors that contribute to 
varied, context-specific vulnerabilities and adaptation. People's experiences and percep-
tions of climate impacts also play a crucial role in shaping their adaptation strategies. 
Effective planning and policy implementation require a deep understanding of farmers’ 
socio-economic background and knowledge strongly influence their choice of strate-
gies [31, 69]. Incorporating local factors that affect adaptation can lead to more effective 
strategies, highlighting the essential role farmers' knowledge and skills [22].

Adaptation strategies are more effective when tailored to specific region and context. 
These strategies vary not only by the gender of the household head but also among differ-
ent social groups and households’ classes [57]. For instance, communities in the Indian 
Himalaya may benefit from a deeper understanding of how gender interacts with other 
social factors, such as caste, education, income [28,60]. A simple distinction between 
male- and female-headed households is insufficient to comprehend the complex inter-
relationship of factors that create disparities among households [20]. Social, economic, 
and ecological factors interact with gender to influence adaptation choices, highlighting 
how and why gender shapes responses to climate change impacts in differently. In this 
regard, the theory of intersectionality offers a solid foundation to understand the diverse 
factors that influence the choice of adaptation strategies within male and female-headed 
households. In this study, intersectionality is operationalized through a multivariate 
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probit model that includes variation across gender, social groups and other socioeco-
nomic factors at inter-categorical and intra-categorical level.

The study aims to investigate the role of various socio-economic factors along with 
household gender and social groups in determining the differentiated adaptation strat-
egies adopted by agricultural households. It seeks to answer the following questions: 
i) How do gender dynamics and differences in household shape the landscape of cli-
mate adaptation strategies? ii) What is the relative influence of social, economic, and 
ecological factors in determining households' capacity to adopt and maintain climate 
adaptation strategies? To address these questions, this study designed an intersectional 
adaptation framework to determine the factors that influence their adoption in various 
households’ types. While most studies focus on male v/s female gender differences, this 
study explores how adaptation choices among females (and among males) vary based 
on various socio-economic factors, while addressing gender intersectionality. The study 
highlights that a critical intersectional assessment at inter-categorical and intra-categor-
ical level would contribute to effective pathways in the adaptation process by providing a 
better understanding of how various factors affect their choices. Along with offers poli-
cymakers a nuanced perspective on how different households based on their household 
head gender and social group perceive climate change and adaptation.

1.1 Conceptual framework: intersectional adaptation analysis framework

The theory of intersectionality was introduced by Crenshaw [21] in sociology, it has 
since become essential for understanding the differentiated nature of vulnerability and 
adaptation, particularly concerning gender and its interactions [23, 50]. Th article by 
McCall [50]  on intersectionality elaborates the theory by further categorizing it into 
three approaches, two of them are utilized in this study. The inter-categorical approaches 
examine diversity between groups, while, intra-categorical approach explores the com-
plexity of experience within a specific social position or groups [11]. The study includes 
inter-categorical intersectionality by comparing differences between social groups of 
male and female-headed households and intra-categorical intersectionality brings out 
the unique experiences or differences within a social group. An intersectional perspec-
tive offers a deeper understanding of factors affecting access to adaptation strategies in 
the agricultural communities.

IPCC defines adaptation as “the process of adjustment to actual or expected climate 
and its effects” [32]. It further categorized adaptation, which is used in this study, as 
structural, social and institutional strategies depending on specific needs and the ways 
communities and government address climate change impacts. By applying an intersec-
tional approach to adaptation strategies, this perspective ensures that local knowledge 
and roles of socioeconomic and climatic factors are integrated into adaptation plan-
ning. The theory of intersectionality provides a holistic framework for understanding 
how gender intersects with various socioeconomic factors, shaping differential access 
to resources [25, 38]. The Fig. 1 illustrates how intersectionality is placed at the centre 
of various social, economic and ecological factors ultimately influencing the choice of 
adaptation strategies against various climatic and agricultural constraints. The study 
aims to examine how interactions among multiple socio-economic and environmental 
factors, that are further elaborated in the methodology section, influence the choice of 
adaptation strategies in the agricultural communities from an intersectional perspective.



Page 4 of 23Choudhary et al. Discover Sustainability           (2025) 6:676 

2 Study area
Uttarakhand is a highly vulnerable to extreme climatic events, including erratic rainfalls, 
flash floods, and recurring droughts, as a result of rising temperatures [69]. Almora, a 
district in the Kumaon region of Uttarakhand, holds significant agricultural and eco-
nomic importance. The region is prone to climate change impacts due to its dense popu-
lation and fragile topography [64]. Over 90% of the population resides in rural areas in 
the district, where agriculture is the primary source of livelihood. The local economy of 
the region is mainly dependent on agriculture, horticulture, forestry, tourism and hydro-
power [77]. The agricultural communities are facing enormous pressure from various 
social and economic factors intensified by climate change impacts [3, 70].

It is already known that mountain males and females often stick to their culturally 
defined agricultural roles where females are placed at the center of the agriculture sys-
tem and males are more involved in off-farm income activities [65]. The changing cli-
mate has created extreme conditions for people practicing agriculture; they often seem 
to abandon their land and seek alternate livelihood sources [42]. The district also faces 
highest male migration rate (Census of India, 2011), leaving behind females to shoulder 
additional responsibilities and increase the existing gender inequalities [42].

The district is comprised of nine tehsils and eleven developmental blocks. It encom-
passes 2289 villages accommodating more than six lakh people. The topography of 
Almora district ranges from 750 to 2000 m above mean sea level, featuring a landscape 
of valleys and high mountains. Two developmental blocks, Hawalbagh and Dhauladevi, 
were selected based on their different elevation ranges (refer to Fig. 2). The selected vil-
lages in Hawalbagh lie in the elevation range of 1000–1500 m, while those in Dhauladevi 
block are at higher elevation ranging from 1500 to 2500  m. Household data was col-
lected from 20 villages, with 10 villages selected from each developmental block.

3 Methodology
3.1 Sampling and data collection

Household data was collected through a stratified random sampling approach using a 
household survey conducted between April and June 2022. This method was chosen to 
ensure representative sampling across all reservation categories and gender. In India, 

Fig. 1 The conceptual framework of this study shows how intersectionality is placed at the core, interacting with 
gender and different factors that influence males’ and females’ choice of strategies
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reservation categories are constitutionally recognized social categories (such as Sched-
uled Castes, and Other Backward Classes) that have reserved positions in higher educa-
tion, employment, and government organizations excluding the unreserved or general 
category [75].

An extensive questionnaire was designed to collect primary data on socioeconomic 
status, livelihoods information, perception of climate change, farmland size and agri-
cultural adaptation strategies, including access to resources, credit, information, and 
household food security. The survey includes 298 households that represents both male 
and female-headed households belonging to different reservation categories. The lead 
author was responsible for obtaining informed consent from all participants, and the 
survey was conducted by visiting the households in each village. The author conducted 
interviews from April to June, 2022 by visiting 6 to 8 households in a day due to rough 
mountainous terrain. Each interview lasted at least 45 min due to its extensive nature, 
and the author revisited villages based on the sample households selected. The survey 
was conducted offline mode and the data was later transcribed and compiled into an 
excel sheet. The respondent’s privacy was protected by following proper confidentiality 
protocols throughout the data collection.

3.2 Social groups

Social groups were generated using hierarchal clustering based on household's status 
variables, including total monthly income, education level of the household head, their 
reservation category as a significant social standing factor [17, 47], and household size. 
This method was adopted based on its robust nature to include variables measured at 
different scale and no pre-defined clusters are required. These clusters help reflect social 
groups within male- and female-headed households, that are most vulnerable and should 
be prioritized for government assistance [31]. Hierarchal clustering was performed using 
Ward method, where the distance between clusters is measured by the sum of squares 

Fig. 2 The study area map, created on ArcMap 10.1 using national and state level boundaries and ASTER digital 
elevation model (DEM) data at 30 m, shows the location of sample villages in the two blocks of district Almora, 
Uttarakhand
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differences across all indicators [27]. Table 1 provides an overview of household, cat-
egorized by male- and female-headed into upper, upper middle, lower middle and lower 
social group.

3.3 Analytical model and tools

A multivariate probit (MVP) model was utilized in this study to assess the impact of 
various explanatory factors on the adoption of different strategies. The MVP model is 
appropriate where the binary dependent variables may be correlated or are interdepen-
dent [38]. In this case, MVP model is useful as it accounts for correlation between adap-
tation strategies by exploring the underlying factors that affect decision making where 
multiple strategies are adopted together. It provides a better methodological framework 
for examining decision-making and the impact of explanatory variables on the choice of 
adaptation strategies while accounting for possible correlations between the strategies 
[55, 59].

The multivariate probit model considers multiple binary dependent variables ( Y1,Y2,…
,YM) that represent different outcomes or choices. Each of these outcomes is modeled as 
a latent continuous variable Yi

*

Y∗
i = Xiβi+ ∈i i = 1, 2, . . . M

where, Yi
∗ is Latent variable representing the unobserved propensity for outcome iii, Xi 

is Vector of independent variables (covariates) influencing the outcome, βi: Coefficient 
vector for the covariates, and ∈i: Error term, which follows a multivariate normal distri-
bution with a mean of 0 and a variance–covariance matrix Σ.

The key feature of the multivariate probit model is the error terms ∈1, ∈2,.., ∈M, are 
jointly normally distributed, allowing for correlation between them:

∈∼ N (0, Σ)

where Σ is the covariance matrix of the error terms, and the off-diagonal elements cap-
ture the correlations between different binary outcomes.

To assess multicollinearity among explanatory on independent factors, Variance Infla-
tion Factors (VIF) was calculated using an Ordinary Least Squares (OLS) regression. 
The results showed all VIF values below 5 with a mean of 2.33 indicating very less mul-
ticollinearity and fit for MVP model. The model is estimated using a maximum likeli-
hood approach. The likelihood function integrates over the joint distribution of the error 
terms. Given the complexity of the likelihood function, simulation techniques like the 
Geweke-Hajivassiliou-Keane (GHK) simulator are often used to approximate the likeli-
hood function. Most statistical software packages, such as Stata have built-in functions 
or packages for estimating MVP models.

Table 1 Total sample households based on the household head’s gender and social group
Social group Gender of household head

Male Female
Upper 35 12
Upper middle 54 37
Lowe middle 56 46
Lower 39 19
Total 184 114
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3.4 Selection of variables

3.4.1 Dependent variables

The adaptation strategies were initially identified through a review of literature on the 
Indian Himalaya context. A pilot survey conducted in the region further refined this list 
with strategies specific to the study area. During interviews, participants were presented 
with a list of strategies and asked to choose those they current use. The following table 
details the identified strategies and their categorization according to IPCC 2014.

The IPCC AR5 categorisation system is the most globally recognised system to cluster 
adaptation options. It identifies three main categories—structural and physical, social 
and institutional options. Structural strategies are further divided into two sub-cate-
gories [32]. Structural adaptations offer ecosystem based and, technological and infra-
structure related solutions, such as agroforestry and improved irrigation techniques 
respectively. Social adaptations include community practices such as formation of self-
help groups (SHGs), while institutional adaptations include the government policies and 
programs supporting livelihood resilience. Together, these strategies provide a compre-
hensive adaptation approach, addressing both immediate needs and long-term resil-
ience. Tables 2 and 3 summarise the adaptation strategies included in this study, derived 
from literature and pilot survey at the ground level.

Table 2 The table presents an account of structural strategies identified from literature and pilot 
survey at the study area
Structural strategies
Technological References Ecosystem based References
Irrigation (Irr) Datta and Behera, [22], 

Kakumanu et al. [37],
Agroforestry (AF) Datta and Behera, [22], 

Khatri-Chhetri et al., 
[43], Pandey et al., [61]

Rainwater harvesting (RWH) Dey et al., [24], Khatri et al., 
[43]

Crop diversification 
(CD)

Ojha et al., [58],Tiwari 
et al. [77],

New crop varieties (NCV) Jha, [33],  Negi et al., [53] Mixed Ag livestock 
(MAgL)

Ravera et al. [65]

High yielding varieties (HYV) Khatri-Chhetri et al., [43],  
Negi et al., [53]

Soil conservation 
measures (SCM)

Dey et al. [42]

Organic farming (OF) Negi et al., [53]
Mixed cropping (MC) Kumar et al. [44]

Table 3 The table presents an account of social and institutional strategies identified from literature 
and pilot survey at the study area
Social strategies Institutional 

strategies
Strategies References Strategies References
Migration (Mig) Jha et al., [33];  Negi et al., [53] Subsidy (Sub) Chauhan et al., [19], Shukla 

et al. [70],
Self-help groups (SHG) Banerjee and Ghosh, [9],Shukla 

et al., [69],Singh et al. [71],
Crop Insurance (CI) Singh et al., [74],Dey et al., 

[24], Khatri-Chhetri et al. [43],
Traditional land-use 
management (TLUM)

Negi et al., [53] Training (Tra) Datta and Behera, [22]

Changing crop calendar 
(CCC)

Pratap, [62] Access to credit 
(Cre)

Karthick and Madheswaran, 
[39], Singh et al. [74],

Off-farm income (OFID) Tiwari et al., [78], Khatri-Chhetri 
et al. [43],

Agricultural exten-
sion (AgE)

Shukla et al., [69], Khatri-
Chhetri et al. [43]

Land sharing (LS) Ravera et al. [65]
Info via internet (Info) Pandey et al. [61]
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3.4.2 Independent or explanatory variables

The selection of independent factors is based on a thorough literature review. Previous 
studies recommend that various socio-economic and demographic factors such as gen-
der, age, education, caste, household size are essential for understanding differences at 
the household level [22, 38, 65]. Few studies also highlight the significant influence of 
household decision-maker on adaptation choices [14, 46]. In this study, decision maker 
is identified as the person who has the primary authority to take decisions in the house-
hold [6]. These decisions can be financial, agricultural, education, and any household 
related expenditure and requirements. The role of decision maker can be shared among 
household members, in particular to this study, male-headed households may share 
decision making with females who are more actively involved in agriculture, similarly 
female-headed households seem to share decisions with their husbands or sons. These 
decision makers were identified by directly asking respondents who the primary deci-
sion maker is and whether the decision is shared with other gender in the household.

Additionally, important factors include access to markets and extension centres, which 
can also influence strategy choices within a community [8, 51]. Furthermore, perception 
and understanding of climatic impacts and their variability significantly influence their 
adoption of adaptation strategies [34, 67]. Table 4 depicts the diverse socio-economic 
and environmental factors analysed to assess their impact on strategy adoption. It is to 
be noted that education, income, and household size are used as individual factors in the 
model, while these variables also contribute to the construction of social group factor. 
The individual factors represent socio-economic characteristics, and the social group 
provides a social standing of household background. This allows to study both inter-cat-
egorical (between social groups) and intra-categorical intersectionality (explores varia-
tion within a social group).

Table 4 The socio-economic and environmental factors utilized in the model as independent 
variables
Independent 
indicators

Description Unit of measurement

Gender Gender of head of the household is noted 0 = Female, 1 = Male
Age Age of the household head is considered Years
Decision maker The person making decisions regarding major farm and house-

holds’ responsibilities
Male (0 or 1), Female (0 
or 1), Both (0 or 1)

Distance to Ag Ext Distance to the nearest Ag extension center Kilometres
Monthly income The households earning at least 10 thousand Indian rupees and 

above
0 = less than Rs. 10,000, 
1 = Rs. 10,000 and above

Access to market Distance to the nearest market to the household Kilometers
Education Number of years of formal education obtained by the head of 

the household
Years

Household size Total number of household members including dependents Numeric
Social group Household belong to upper, upper middle, lower middle and 

lower group based on their income, caste, household size and 
education

Dummy variables were 
created for each group

Temperature rise Households that perceive temperature rise in the last two 
decades

0 = No change, 1 = Per-
ceive change

Erratic and inten-
sive rainfall

Households that perceive erratic and intensive rainfall episodes 
have increased

0 = No change, 1 = Per-
ceive change
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4 Results
4.1 Household-level socioeconomic profile

Overall, 61.75% of households were male-headed and the remaining were female-
headed, mostly due to the absence or permanently migrated males to cities for alternate 
employment and provide remittance to support their families back home. The average 
age of household heads are 57.85 years with average household size of 4.6. Both male- 
and female headed-households have an average land holding size of about 0.26 hectares. 
Only 9.78% made-headed and 3.59% female-headed households earn more than 20,000 
Indian rupees per month. Around 78.5% of all households belong to forward castes in 
these villages.

The distribution of socio-economic factors across social groups of male- and female-
headed households (Table 5) shows that average income range is similar among all social 
groups for both male- and female-headed households, whereas differences are observed 
in their average education, household size and the distribution of reservation category 
under each social group. Average female-headed households obtained no formal educa-
tion in all social groups, and male-headed households show high school and primary 
level education in upper and upper middle groups respectively. Average household size 
in male-headed households increases moving from upper to lower social group, con-
trastingly the average household size decreases from upper to lower social group in 
female-headed households. Additionally, reservation category data reveals that female-
headed households in lower social groups are predominantly from marginalized castes 
(OBC and SC), suggesting a compounded disadvantage at the intersection of gender, 
education and caste.

Adoption of strategies is mostly influenced by the experiences and understanding of 
decision makers rather than the households’ socio-economic status. The study highlights 
that women are predominantly involved in taking care of their family farms, even if they 
are not the heads of their household. It is also important to note that not all female-
headed households have decision making power in their households. The data show that 
while men typically make major decisions, such as major household expenditure, buying 
or selling of farm land and crops, women decide on crop varieties and farm manage-
ment. Figure 3 highlights the contrast in decision-making dynamics between male- and 
female-headed households. In male-headed households, men predominantly take deci-
sions on all major expenditures of farm and household, with women having little to no 
say. In contrast, female-headed households share decision-making with males, where 

Table 5 Household-head gender-wise distribution within social groups, reflecting key factors
Factors Male-headed households Female-headed households

Upper UM LM Lower Upper UM LM Lower
Income (Rupees) 10,000–15000 5000- 10,000  < 5000  < 5000 10,000–

15000
5000- 
10,000

 < 5000  < 5000

Education High school High school High 
school

Primary NFE NFE NFE NFE

HH-size (avg) 4.5 4.9 4.3 6 6.2 5.4 3.1 4.4
Reservation cat-
egory (%)

G: 94.3, OBC: 
5.7

G: 96.3, OBC: 
1.9, SC: 1.9

G: 98.2, 
OBC: 1.8

OBC: 
23.1 SC: 
76.9

G: 100 G: 100 G: 91.7 
SC: 8.3

OBC: 
52.6 
SC: 
47.4

Note: UM: Upper Middle; LM: Lower Middle; NFE: No Formal Education; G: General; OBC: Other Backward Castes; SC: 
Scheduled Castes
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males often have almost equal decision-making power in major expenditures and deci-
sions related to buying and selling of land. Nevertheless, joint decision-making is more 
common in male-headed households when it comes to decisions about crop varieties 
and livestock management. This clearly show that despite females being more involved 
in agricultural labour, males hold more power in decision-making processes.

4.2 Adaptation strategies across gender and social groups (SGs)

The results of descriptive statistics depict that social and ecosystem-based strategies 
were more commonly adopted by households compared to technological and institu-
tional ones. Figure 4 illustrates the difference between male- and female-headed house-
holds in terms of strategies adopted. Most male- and female-headed households in 
mountainous region rely on mixed cropping, integrated agriculture-livestock system, 
traditional soil conservation measures, and crop diversification. Traditional land use 
practices, such as agroforestry and mixed farming, remain widespread, though crop pro-
ductivity has been significantly impacted.

The major differences between male- and female-headed households were observed 
in migration, off-farm income diversification, access to credit and participating in train-
ing programs. More than 90 percent of male-headed households have access to credit 
whereas 72.8 percent of female-headed households have access to credit, meaning male-
headed households are 25 percent more likely to get access to credit. Similarly, around 
11 percent of male-headed households are more likely to choose off-farm income diver-
sification than female-headed households. Migration is rising due to increase in agricul-
tural challenges due to climate change, more males are moving to lower elevations and 
urban areas to find alternate income sources. In our study area, 41.3 percent of members 
from female-headed households are more likely to migrate than male-headed house-
holds. With the changing climatic scenarios, adjusting the crop calendar has become a 
common practice, allowing farmers to align planting and harvesting times with shift-
ing climate patterns to reduce crop failure. There is also a notable shift toward choos-
ing off-farm income diversification as households seek to increase their earnings. The 

Fig. 3 The nature of household and farm-level decision-making shared between males and females, as reported 
by the sample households
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overall scenario of male and female-headed households show that they highly rely on 
ecosystem-based strategies, followed by social, institutional and least on technological 
strategies.

The results presented in Table  6 below show the percentage distribution of male-
headed and female-headed households adopting different strategies across four social 
groups: Upper, Upper-Middle (UM), Lower-Middle (LM), and Lower. The results clearly 
depict that technological strategies are more accessible to male-headed households from 
upper and upper middle social groups, followed my female-headed households of upper 
and upper middle groups, male-headed belonging to lower and lower middle and least 
to female-headed belonging to lower middle and lower social groups. Similar disparities 

Fig. 4 The percentage of adoption of different strategies between male- and female-headed households from 
household survey data
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are observed under institutional strategies where female-headed households from lower 
middle and lower social groups have lowest accessibility. Social and ecosystem-based 
strategies are more or less similarly distributed among males and females, nevertheless, 
female-headed households predominate adoption of crop diversification, soil conser-
vation measures, migration, join self-help groups (SHGs) and organic farming is more 
favoured by lower social group female households followed by lower social group male-
headed households.

4.3 Multivariate probit model (MVP)—technological strategies

The observed technological strategies in the sampled households are irrigation systems 
(Irri), rain water harvesting (RWH), and new crop variants (NCV) such as drought and 
flood resistant crops, and high yielding crops (HYCs). The MVP model results are sta-
tistically significant (Wald χ2(52) = 114.21, p < 0.001). The results show that gender plays 
a significant role in adopting some strategies such as female-headed households pre-
fer rainwater harvesting, whereas male-headed households prefer more HYC varieties 
(Table 7). NCV and HYC were more common among households with higher income 
range compared to those with lower income range. The findings also show that access 
to irrigation systems is more common among upper social groups, a clear disparity in 
resource access based on social groups. The significant correlation coefficient (ρ) of 0.38 
between the error terms of the decisions to adopt NCV and WEI signifies a moderate 
positive correlation. This proves that there are some unobserved factors that increase 
the likelihood of adopting NCV also affect the likelihood of adopting WEI together. 

Table 6 The adoption of different strategies percentages within each social groups of male and 
female-headed households
Strategies Male-headed households Female-headed households
Technological Upper UM LM Lower Upper UM LM Lower
HYV 50.00 35.19 38.18 33.33 45.45 37.84 23.40 26.32
NCV 30.56 22.22 14.55 12.82 18.18 21.62 14.89 10.53
RWH 38.89 29.63 16.36 25.64 36.36 37.84 29.79 26.32
WEI 5.56 1.85 1.82 0 0 5.41 0 0.00
Ecosystem-based
AF 33.33 33.33 7.27 10.26 27.27 18.92 10.64 10.53
CD 75.00 70.37 61.82 79.49 81.82 83.78 63.83 89.47
MAgL 88.89 90.74 94.55 84.62 63.64 83.78 87.23 78.95
MC 72.22 75.93 80 64.10 81.82 72.97 68.09 47.37
OF 11.11 11.11 5.45 15.38 9.09 8.11 4.26 26.32
SCM 86.11 85.19 87.27 74.36 90.91 83.78 74.47 94.74
Social
CCC 91.67 96.30 94.55 94.87 100 91.89 87.23 94.74
OFID 71.67 72.22 61.82 69.23 72.73 70.27 42.55 52.63
LS 19.44 12.96 9.09 17.95 18.18 13.51 6.38 10.53
Mig 52.78 35.19 40.00 33.33 63.64 27.03 85.11 36.84
SHGs 41.67 59.26 41.82 58.97 72.73 59.46 38.30 57.89
Institutional
AgExt 36.11 42.59 23.64 25.64 45.45 35.14 17.02 26.32
Sub 25.00 20.37 1.82 10.26 27.03 5.41 2.13 5.26
CI 16.67 20.37 3.64 2.56 27.27 18.92 6.38 5.26
Cre 97.22 90.74 96.36 76.92 81.82 83.78 72.34 47.37
Tra 19.44 9.26 10.91 15.38 9.09 13.51 2.13 0.00
UM-Upper Middle; LM-Lower Middle
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Similarly, the significant coefficient (ρ) between the adoption of NCV and HYC is 0.44 
showing a positive correlation in the adoption of NCV and HYC together.

4.4 Multivariate probit model (MVP)—ecosystem strategies

Ecosystem strategies include nature-based solutions like crop diversification (CD), 
mixed agriculture livestock management (M-Ag-L), organic farming (OF), agroforestry 
(AF), mixed cropping (MC) and traditional soil conservation measures (SCM) were used 
to retain water, conserve soil and reduce landslide risks in the mountains. The MVP 
model is significant at Wald χ2(78) = 102.24, p = 0.034.

The results (Table 8) show that crop diversification is less likely to be adopted in lower 
social groups of both male- and female-headed households, possibly due to larger house-
hold sizes and smaller land holdings. Nevertheless, the practice of mixed agriculture and 
livestock farming is significantly favoured by lower social groups. Organic farming is not 
widely adopted, but the results indicate that females as primary decision-makers belong-
ing to lower social groups are more likely to choose organic farming, mixed farming 
and traditional soil conservation measures. This implies a higher likelihood of adopting 
this practice when females make the agricultural decisions, compared to males or joint 
decision-making of males and females. Agroforestry is seen to be significantly favoured 
by both upper middle and lower middle social groups. Soil conservation measures are 
seen to be more favoured by younger household heads who perceive intensive rainfall 
as an issue to their farm productivity. The correlation coefficients (ρ) between the error 

Table 7 Multivariate probit regression results for technological strategies
Independent factors WEI RWH NCV HYC
Age − 0.002

(0.008)
− 0.010
(0.008)

− 0.002
(0.009)

− 0.007
(0.008)

Gender 0.057
(0.241)

− 0.588***

(0.220)
0.166
(0.268)

0.482**

(0.231)
Male—decision maker 0.069

(0.238)
0.350
(0.228)

0.331
(0.282)

− 0.289
(0.226)

Female—decision maker − 0.130
(0.309)

− 0.296
(0.296)

0.605*

(0.363)
− 0.080
(0.302)

Income range − 0.202
(0.330)

0.360
(0.300)

0.704**

(0.313)
1.254***

(0.339)
Access to market 0.061***

(0.016)
− 0.010
(0.015)

0.020
(0.017)

0.019
(0.015)

Formal education (years) 0.010
(0.014)

0.003
(0.013)

0.006
(0.012)

0.019
(0.016)

Household size − 0.049
(0.042)

0.065*

0.039
0.087*

(0.043)
0.105***

(0.040)
Temperature change 0.185

(0.456)
0.130
0.390

0.402
(0.630)

− 0.233
(0.420)

Rainfall variations 0.253
(0.179)

− 0.235
0.168

0.152
(0.199)

0.262
(0.172)

Upper 0.870**

(0.429)
0.030
(0.394)

0.108
(0.468)

0.919**

0.433
Upper middle 0.340

0.268
0.100
(0.251)

0.493
(0.340)

1.184***

0.413
Lower middle − 0.274

0.275
− 0.105
(0.251)

0.253
(0.353)

0.179
(0.251)

Constant − 1.550**

(0.740)
− 0.206
(0.653)

− 3.124***

(0.927)
− 1.057
(0.673)

Note: Significant levels, *** p ≤ 0.01, ** p ≤ 0.05, * ≤ 0.1
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terms of most strategies are positive and statistically significant depicting that there are 
some unobserved factors that influence households to adopt these strategies together, 
i.e., most ecosystem-based strategies are practised simultaneously in the households.

4.5 Multivariate

4.5.1 Probit model (MVP)—social strategies

Social adaptation strategies are community level approaches in response to changing cli-
matic conditions. Some of the social strategies households adopted are joining self-help 
groups (SHGs), and making collective decision, such as changing crop calendar (CCC), 
migration (Mig) is common among young and middle-aged males to look for alternate 
income sources, land sharing (LS) is also observed among farmers migrating and leaving 
their land behind to land-less farmers. Off-farm income diversification (OFID) is also 
another common practice where households support their income through small busi-
nesses, and daily labour.

The MVP model is significant at Wald χ2(119) = 264.46 and p = 0.000. The results 
(Table  9) show that migration appears to be highly influenced by gender and slightly 
influenced by age, to seek better education and livelihood opportunities. Migration is 
more prevalent among female-headed households, where female left behind undertake 
responsibilities of households and farm management. It is also observed that house-
holds with male decision makers are less likely to join SHGs, though the likelihood 
of SHG membership increases with household size. Changing crop calendar (CCC) 

Table 8 Multivariate probit regression results for ecosystem-based strategies
Independent factors CD M-Ag-L OF AF MC SCM
Age − 0.002

(0.008)
0.014
(0.010)

0.002
(0.010)

− 0.006
(0.008)

0.004
(0.007)

− 0.018**

(0.009)
Gender − 0.361

(0.231)
0.307
(0.282)

− 0.160
(0.276)

− 0.167
(0.262)

− 0.160
(0.242)

− 0.333
(0.284)

Male – decision maker − 0.111
(0.234)

− 0.017
(0.278)

− 0.200
(0.261)

− 0.129
(0.245)

− 0.298
(0.227)

− 0.154
(0.278)

Female – decision maker − 0.229
(0.297)

− 0.399
(0.327)

0.644*

(0.391)
− 0.491
(0.304)

0.598**

(0.296)
0.654**

(0.331)
Income range − 0.274

(0.312)
− 0.052
(0.404)

− 0.030
(0.391)

0.088
(0.324)

0.070
(0.328)

0.295
(0.372)

Distance to market 0.020
(0.016)

− 0.017
(0.017)

0.004
(0.019)

0.011
(0.015)

0.000
(0.014)

− 0.005
(0.017)

Formal education (years) 0.010
(0.016)

0.006
(0.018)

0.002
(0.013)

0.037
(0.024)

0.033
(0.022)

0.021
(0.027)

Household size 0.12***

(0.044)
0.013
(0.045)

− 0.039
(0.049)

0.008
(0.037)

− 0.022
(0.034)

0.009
(0.042)

Temperature change 0.221
(0.348)

0.228
(0.467)

0.020
(0.550)

0.205
(0.372)

0.220
(0.348)

0.458
(0.352)

Rainfall variations 0.009
(0.170)

− 0.218
(0.209)

0.192
(0.224)

0.119
(0.169)

0.395 **

(0.155)
0.324*

(0.184)
Upper − 0.118

(0.418)
− 0.012
(0.492)

− 0.324
(0.488)

0.248
(0.431)

− 0.139
(0.414)

− 0.042
(0.486)

Upper middle − 0.376
(0.263)

0.229
(0.288)

− 0.361
(0.285)

0.303*

(0.252)
0.267
(0.236)

0.028
(0.279)

Lower middle − 0.603*

(0.249)
0.606**

(0.298)
− 0.73**

(0.304)
0.375*

(0.243)
0.432*

(0.227)
− 0.015
(0.262)

Constant 0.396
(0.655)

0.069*

(0.823)
− 0.709
(0.911)

0.463
(0.683)

− 0.022
(0.606)

1.685**

(0.711)
Note: Significant levels, *** p ≤ 0.01, ** p ≤ 0.05, * ≤ 0.1
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is significantly favoured by households with males’ decision makers and also by those 
that perceive rise in temperature as a concern. OFID is favoured by upper middle social 
groups, but is less favoured in households where males are the primary decision mak-
ers. A moderate but significant positive correlation between CCC and OFID show that 
there are some unobserved factors that adopting CCC tend to increase the likelihood of 
choosing off-farm income sources as well.

4.6 Multivariate probit model (MVP)—institutional strategies

Institutional strategies refer to the formal policies, and interventions by private or gov-
ernment agencies to manage and reduce climate change impacts. Household have access 
to institutional provided subsides, crop insurance (CI), training programs, institutional 
credit, and access to agricultural extension centres (Ag-Ext). The MVP model results are 
statistically significant (Wald χ2(65) = 166.46, p = 0.000) for the effect of explanatory fac-
tors on institutional strategies (Table 10).

The results show that households with higher income and with higher education 
belonging to upper social groups have more access to subsidies and households belong-
ing to lower social groups have less access to subsidies. Access to credit is also posi-
tively and significantly affected by education; however, female decision makers have 
lesser access to institutional credit. Lower middle social groups are more likely to choose 
government provided credit schemes such as finding livelihoods under National Rural 
Livelihood Mission, and obtaining credit under Pradhan Mantri Kisan Yojana. Training 

Table 9 Multivariate probit regression results for social strategies
Independent factors Mig SHG LS CCC OFID
Age 0.029***

0.008
− 0.012
0.008

− 0.016*

0.009
0.005
0.012

− 0.012
0.009

Gender − 0.418*

0.233
0.257
0.231

0.161
0.266

− 0.477
0.374

0.314
0.256

Male – decision maker 0.057
0.223

− 0.512**

0.218
− 0.338
0.250

0.563*
0.321

− 0.917***

0.319
Female – decision maker 0.236

0.281
0.091
0.275

− 0.261
0.325

− 0.332
0.392

− 0.432
0.363

Income range 0.323
0.301

0.014
0.318

0.368
0.371

0.403
0.550

6.150
100.707

Distance to market − 0.015
0.015

0.024*

0.014
0.025
0.018

− 0.018
0.019

0.018
0.017

Formal education (years) 0.019
0.021

− 0.021
0.021

− 0.007
0.014

0.024
0.036

− 0.008
0.013

Household size − 0.135***

0.038
0.204***

0.045
− 0.056
0.047

− 0.026
0.053

0.168***

0.052
Temperature change − 0.799**

0.399
− 0.034
0.364

− 0.593
0.421

0.752*

0.420
− 0.229
0.473

Rainfall variations 0.069
0.164

− 0.238
0.161

0.407*

0.216
0.013
0.252

− 0.152
0.191

Upper 0.181
0.389

− 0.182
0.404

− 0.315
0.464

− 0.285
0.688

− 5.344
200.6017

Upper middle − 0.296
0.248

0.035
0.247

− 0.280
0.286

− 0. 107
0

0.872***

0.288
Lower middle 0.444

0.236
− 0.154
0.232

0.558*

0.292
− 0.440
0.379

− 0.253
0.236

Constant − 0.413
0.654

0.084
0.631

0.435
0.763

0.933
0.906

1.014
0.801

Note: Significant levels, *** p ≤ 0.01, ** p ≤ 0.05, * ≤ 0.1
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is more favoured by younger household heads, with male-headed households being 
more inclined to participate in agricultural trainings than female headed ones. The coef-
ficient of correlation is significant between the subsidy and Ag-Ext stating that these 
strategies are more like to effect one another. It is also observed that households hav-
ing higher access to Ag-Ext centres are more likely to participate in trainings than other 
households.

5 Discussion
Adaptation to climate change in agricultural communities goes beyond economic or 
technical measures; it is also deeply connected to social measures [38]. Most of the 
households choose strategies within the context of their socio-economic conditions, and 
these are mediated by gender, caste, income, education and other factors such as their 
perception of climate change, decision making and access to resources. 90% of sampled 
households adopted changing crop calendar to manage shifts in the rainfall season. Due 
to changing climate patterns, households decide based on their local knowledge to shifts 
their crop cycles [62, 80]. Verma et al. [81] also noted that agricultural households in 
Uttarakhand have collectively adjusted their sowing calendar of both rabi and kharif 
crops due to delay and infrequent winter and monsoon rainfall, respectively.

Most households rely on ecosystem-based strategies like soil conservation measures 
such as ploughing, terracing, mulching, contour bunding and mixed agriculture and 
livestock rearing, mixed cropping, and crop diversification. Crop diversification is one 

Table 10 Multivariate probit regression results for institutional strategies
Independent factors Subsidy CI Training Credit Ag-Ext
Age − 0.002

0.012
− 0.007
0.010

− 0.021**

0.010
0.009
0.013

− 0.018**

0.008
Gender − 0.529

0.405
− 0.174
0.273

0.646*
0.336

0.094
0.350

0.028
0.231

Male – decision maker − 0.188
0.308

0.007
0.283

0.092
0.261

− 0.469
0.393

− 0.177
0.218

Female – decision maker − 0.288
0.425

− 0.127
0.354

0.642**

0.397
− 1.156***

0.384
0.053
0.277

Income range 1.352***

0.364
0.346
0.343

− 0.375
0.432

0.979
0.790

0.395
0.308

Distance to market 0.045**

0.023
0.070***

0.018
0.027
0.020

0.008
0.020

0.044***

0.015
Formal education (years) 0.138***

0.041
− 0.001
0.013

0.005
0.013

0.057*

0.034
0.026
0.019

Household size 0.055
0.054

0.077
0.046

0.068
0.060

0.205***

0.066
0.069*

0.038
Temperature change 0.337

0.788
− 0.399
0.481

− 1.055***

0.422
0.685
0.424

0.570
0.464

Rainfall variations 0.274
0.262

0.132
0.230

− 0.016
0.226

0.284
0.223

− 0.025
0.166

Upper 1.200**

0.536
0.495
0.534

− 0.674
0.523

− 0.076
0.842

− 0.173
0.399

Upper middle − 0.497
0.402

0.859**

0.399
0.114
0.322

0.637**

0.424
0.227
0.245

Lower middle − 1.369**

0.574
0.237
0.445

− 0.148
0.335

1.065***

0.313
− 0.177
0.248

Constant − 2.556**

1.170
− 2.307**

0.912
− 0.913
0.831

− 1.746*
0.905

− 0.990
0.707

Note: Significant levels, *** p ≤ 0.01, ** p ≤ 0.05, * ≤ 0.1
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of the traditional subsistence strategies mostly adopted by small land holders to ensure 
food security [16]. Our results show crop diversification is prominent in households 
belonging to lower social groups. It is a dynamic cropping system that adjusts to chang-
ing climatic scenario and enhance productivity and availability of food by incorporating 
intercropping, crop rotation and mixed cropping over different seasons [11, 29]. Mixed 
agriculture with livestock rearing is another traditional hilly strategy where households 
combine crops with livestock to provide additional security at the times of crop failure 
[45]. Livestock also contributes manure to rainfed agricultural lands, enriching the soil 
with essential nutrients. However, agroforestry is only practiced by only 30.2% of house-
holds; it was found that households on an average with at least 0.4 hectares or more of 
land opt for it, as farmers with lesser land are unable to adopt because of limited and 
fragmented farmlands. Nonetheless, integrating trees and shrubs with crops help miti-
gate soil erosion, improves water retention in rainfed lands and enhance farmer’s adap-
tive capacity of farmers [13,82].

Technological and institutional strategies are among the least adopted by mountain-
ous households. It is primarily due to small land holdings and households solely focused 
on subsistence farming, which discourage technological interventions. Technologies 
like efficient irrigation and mechanized farming are widely developed for plains and do 
not consider the specific needs and tools required by hilly regions [76, 77]. Institutional 
strategies, such as, access to agricultural extension centres, credit and subsidies, and 
farmer training are also limited in these regions. Farmers have minimal access to tech-
nical knowledge due to underdeveloped extension centres for sustainable agricultural 
practices [41]. Limited access to institutional strategies like infrequent subsidies and less 
credit on small farm lands further leads to disregard institutional strategies.

This study further explores the differences between and within gender and social 
groups to understand the specific needs of households. The following section is divided 
into two sub-sections to comprehend the underlying factors that leads to differences and 
adoption of diverse strategies across gender and social groups.

5.1 Adaptation differences between male- and female-headed households.

The nature of adoption of different strategies between male- and female-headed house-
holds are influenced by their different roles and responsibilities along with socio-eco-
nomic variations. For instance, more female-headed households are observed due to 
rising migration as social norms allows males to migrate but constraints females [35,42]. 
Male migration is often the primary response to climate change impacts [1], leaving 
females in charge of household and farmland responsibilities. However, these females 
who are left behind often face restrictions due to limited land ownership, as well as 
restricted access to credit, information, and formal training programs [2,66].

HYC are mostly favoured by male-headed households, whereas female-headed house-
holds show a strong preference for RWH. Female decision makers also tend to favour 
more ecosystem-based strategies such as organic farming, mixed cropping and tradi-
tional soil conservation methods. It is evident that females usually prefer more tradi-
tional methods and favour crop diversification to sustain productivity and food security 
[15]. It was also noted that households with male decision-makers participate less in 
self-help groups. However, male-headed households are more adopted to changing 
crop calendar and more actively participated in training programs than female-headed 
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households. Overall, it becomes clear that male-headed households prefer more techno-
logical and institutional strategies while female-headed households rely on ecosystem-
based and social strategies. These choices are not standalone gender differences, rather 
these are the preferred choices based on their household’s socio-economic background 
indicating gender intersectionality with other factors at inter-categorical and intra-cate-
gorical level which we will discuss in the next sub-section.

5.2 Major factors affecting choice of strategies within gender and social groups (SGs)

Socio-economic background of households across gender and different social groups 
significantly influences the choice of strategies. The adoption of technological strategies, 
such as RWH and NCV are favoured by female-headed households with bigger house-
hold size, WEI and HYC by male-headed households are more predominant strategies 
among upper and upper middle social groups that have more land, better market acces-
sibility, bigger household size and higher income compared to other social groups. Simi-
larly, the adoption of ecosystem-based strategies among female-headed households is 
more common among lower and lower middle social groups signifying that households 
with less income, education and belonging lower castes have less accessibility to techno-
logical strategies than female-headed households belonging to upper and upper middle 
social groups. Singh et al. [73] also observed similar findings where wealthier house-
holds adapt to climate change better than poor and female-headed households. Never-
theless, social strategies, except migration, are not significantly influenced by household 
head gender, but rather by the decision maker of the household. The only strategies 
affected by social groups are land sharing that is prominent in lower social groups and 
OFID, preferred by households belonging to upper social group due to higher education, 
income and household support than lower social groups.

Our results highlight how inter-categorical intersectionality between social groups 
based on their education, income, household size and caste differ and leads to differ-
ence in adaptation choices. Lower and lower middle social groups are significantly more 
dependent on ecosystem-based strategies as they lack access to technologies and finan-
cial support that upper social group households do. Another reason being, traditional 
knowledge is often more prevalent in marginalized communities, plays a crucial role in 
ecosystem-based adaptation strategies [61, 72]. It is also important to study traditional 
ecological knowledge of lower social groups that enhances ecosystem-based adapta-
tions. By acknowledging that adaptation also comes from ontological viewpoints, this 
intersectional pluriverse approach challenges the notion that adaptations are not only 
scientific, but also culturally and community driven actions [26,48]. This approach pro-
motes theory of intra-categorical intersectionality while assessing and finding effective 
climate solutions.

While assessing intra-categorical intersectionality within female-headed households 
of different social groups, the results depict how upper social groups of females have 
more access to technological and institutional strategies compared to lower and lower 
middle social groups. Similar disparaties were observed within male-headed households 
belonging to lower and upper social groups. Recognising these social dynamics is nec-
essary for developing effective adaptation strategies that address both inter-categorical 
and intra-categorical nature of intersectionality at gender level. By applying an intersec-
tional approach to understand of the interplay between social identities and how these 
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relationships influence vulnerability, decision-making power, and access to land and 
resources, scholars and policymakers can design equitable and impactful adaptation 
plans that consider the unique abilities and needs of marginalized groups. The research 
highlights the importance of integrating gender and its intersectionality as an essential 
social component into adaptation planning and interventions, developing a more inclu-
sive approach while addressing climate change impacts.

5.3 Limitations and future scope

The intersectional adaptation framework developed in this research includes analysis 
of various socioeconomic variables including gender and social groups, and enumerate 
adaptation strategies. However, due to the limited literature that utilize an intersectional 
analysis, methodological challenges arise when applying intersectionality framework to 
a quantitative assessment. For instance, complex social relations are reduced to distinct 
categories, which might not be enough to capture individual experiences and vulner-
abilities, that are central to intra-categorical intersectionality. Intersectionality is still 
understudied despite numerous attempts to consider gender beyond males’ v/s females 
in climate change studies [4, 36]. Future studies might integrate more qualitative data to 
complement the quantitative findings. In-depth interviews and focus groups could pro-
vide richer insights into the lived experiences of households, especially regarding gender 
dynamics and decision-making processes in adaptation [5, 64].

Another common shortcoming is that primary data is highly dependent on the respon-
dent and it can create biased based on their personal understanding and could lead to 
different interpretations. Nevertheless, household survey provides firsthand informa-
tion which can provide valuable information of their socioeconomic status. Secondly, 
the study covers the minimum required sampling intensity. Lastly, the questionnaire is 
tailored to collect data on a predefined schema. However, it may be customized for dif-
ferent demographic, geographic and social groups accordingly. In conclusion, while the 
study has certain limitations, it opens up multiple avenues for further research and con-
tributes to a more nuanced understanding of adaptation strategies from a gender inter-
sectional perspective.

6 Conclusion and recommendations
The study highlights the diverse adaptation strategies employed by male- and female-
headed households in response to climate change in a mountainous region. It offers 
insights into complex and multiple socio-economic factors that differently influence 
households’ strategic choices and recognizes gender-based preferences of different 
structural, social and institutional adaptation strategies. The study examines the influ-
ence of socio-economic factors along with gender and social groups on the adoption of 
adaptation strategies using MVP model. The results indicate that households majorly 
adopted ecosystem-based and social strategies, while, less than 50% of the households 
implement technological and institutional categories.

The results address that gender dynamics and household socio-economic structures 
play critical roles in shaping climate adaptation strategies. Females often manage house-
hold resources and implement adaptation measures like water conservation through 
rain water harvesting and sustainable agriculture by using traditional methods and crop 
varieties, but they may face limited access to financial resources, land, decision-making 



Page 20 of 23Choudhary et al. Discover Sustainability           (2025) 6:676 

power, and information. Along with these limitations weak socio-economic background 
such as lesser education, income and belonging to lower castes further constraints their 
adaptation choices. These factors interact with gender to shape a household's capacity to 
climate responses.

It becomes clear that adaptation choices are not homogenous in nature and our results 
from intersectionality perspective reveals that individuals from different social, eco-
nomic, and cultural backgrounds experience climate impacts differently. Therefore, pol-
icy makers and researchers must go beyond one-size-fits-all approach to address these 
differentiated vulnerabilities. There is a need for intersectional adaptation policies spe-
cifically tailored to targeted groups and community-led approaches to be more inclusive 
of marginalized groups in decision making. Applying and addressing intersectionality 
framework can offer a deeper and comprehensive understanding of marginalized groups 
and help contribute to effective policies and programs for the most vulnerable to climate 
change.
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