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Climate change, its consequences, and related adaptation and mitigation strategies have been widely discussed in
recent decades. However, the impacts of climate change on indigenous and local communities, their cultural
adaptation practices, and the integrity of agrifood production systems have received limited attention. This study
addresses this gap by examining the perspectives of forest-dependent local stakeholders (FDLS) in Nepal’s
lowland landscape. Using a participatory research approach, we analyzed empirical climatic data to assess the
threats climate change poses to the cultural practices of indigenous and local peoples. We explored the adap-
tation strategies employed by these communities within the socio-ecological systems (SES) framework. Data
collection involved semi-structured interviews (n = 136), focus group discussions (n = 9), and expert interviews
(n = 27) across selected districts, complemented by secondary sources such as policy documents, district profiles,
and climate reports. Our findings reveal significant climatic changes, including rising temperatures, earlier
summers, shorter winters, unpredictable monsoons, increased droughts and wildfires, and water shortages. These
changes have forced FDLS to adopt less water-intensive, drought-tolerant, insect-resistant, and hybrid crop va-
rieties. However, these adaptation strategies often come with additional costs, labor, time, and technological
demands, impacting livelihoods and contributing to cultural disintegration. Moreover, these changes have
jeopardized food systems and eroded long-standing local traditions tied to sustainable livelihoods. This un-
derscores the urgent need to strengthen ecosystem and community resilience to safeguard food security and the
environment in the face of climate change. Our findings highlight site-specific impacts and adaptation strategies,
the challenges to indigenous practices and cultural preservation, and policy pathways to address these issues.

ocean, and land continue to warm (IPCC, 2021; Pandit et al., 2021).
Even though such impacts differ across geographical, socio-political,
and economic contexts (MEA, 2005), the least developed countries
with subsistence livelihoods are most vulnerable and disproportionally

1. Introduction

The impacts of climate change are evident across both social and
natural systems. Scientific data and people’s experiences illustrate the

impacts on the atmosphere, oceans, mountains, and land. This un-
derscores the sensitivity of both natural and human systems to shifting
climate patterns (IPCC, 2014; Pant et al., 2023). The 6th assessment
report of the Intergovernmental Panel on Climate Change (IPCC)
cautioned that the frequency and severity of climatic extremes, along
with their consequences, are projected to worsen as the atmosphere,

impacted (Klein, 2009; Pandey et al., 2024b, c). Nepal, despite being one
of the least developed nations and making a minimal contribution to
global greenhouse gas emissions, faces significant impacts from climate
change (Eckstein et al., 2019; Pandey et al., 2024b; Paudel et al., 2020).
A study report indicates that climate change is expected to persist
throughout the 21st century, with mean temperatures projected to
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increase by 0.9-1.1 °C by 2050 and 1.3-1.8 °C by 2100 (MoFE, 2019).
Research suggests that temperatures are increasing at a rate of 0.06 °C
per year. This trend is particularly concerning in Nepal’s Terai region,
where crops are highly sensitive to even slight changes in climate con-
ditions (Shrestha and Aryal, 2011). This indicates that future climate
changes may further pose threats to traditional food production systems.

Changes in climate have profound implications for agriculture,
livestock farming, and forest systems due to their high sensitivity to
temperature and rainfall variations (Aryal et al., 2020, 2016; Shrestha
and Aryal, 2011). Understanding local climate change is crucial because
livelihoods are deeply interconnected across these systems. In Nepal,
over two million people rely on agriculture, which is closely linked to
forests and water ecosystems for various resources (Acharya et al., 2019;
Aryal et al., 2023a). The ways and practices of obtaining goods and
services vary from place to place and across different communities
(Acharya et al., 2019; Aryal et al., 2023b). Practices for accessing these
resources vary among communities, shaping unique traditions, beliefs,
knowledge, and customs that form the cultural fabric of each community
(UIA, 2023; White, 1959). This cultural identity fosters a deep connec-
tion between people and their environment, influencing perceptions of
climate change (Clayton et al.,, 2015). Indigenous and traditional
knowledge accumulated over generations provides valuable,
context-specific solutions to environmental challenges (Ives et al.,
2003).

Moreover, since perceptions often reflect local climatic conditions
(Ayanlade et al., 2017), they are vital for shaping effective climate
policies (Bogdan et al., 2016; Lujala et al., 2015). Policies informed by
local knowledge and experiences can effectively address climate change
risks (Hamilton and Keim, 2009; Nguyen et al., 2016; Pandey et al.,
2023). Assessing community perceptions is, therefore, essential not only
to understand climatic phenomena and their impacts but also to value
local knowledge and experiences, enabling more responsive climate
actions (Devkota et al., 2017) and the adoption of site-specific adapta-
tion strategies across socio-ecological landscapes (Pandey et al., 2023;
Sylliris et al., 2023). This participatory, locally perceived approach is
particularly crucial in Nepal and similar geographies due to its wide
range of microclimatic variations within small areas and limited mete-
orological stations for long-term data collection and generalization of
climate patterns (Budhathoki and Zander, 2020; DHM, 2017; Marino
et al., 2023; Sylliris et al., 2023). Also, it would be valuable to compare
extreme climate indices from available observed climatic phenomena
records (DHM, 2017) to corroborate evidence alongside perceived
climate dynamics for the credibility of climatic facts and realized in-
stances in the ground. This combined approach establishes a robust
understanding of climatic phenomena and their impacts, particularly on
culturally integrated, traditionally adopted livelihood strategies related
to food and livestock production, and their interactions with forest
ecosystems shaped by diverse ethnic communities. This linkage aids in
assessing farm-forest livelihoods and contributes to climate change
mitigation and adaptation decision-making by incorporating
experience-based evidence from local and indigenous communities
(Dahal et al., 2022). These communities, often referred to as “forest--
dependent local stakeholders (FDLS),” are intricately linked with agri-
culture, livestock husbandry, grazing, pastureland, and
forest-dependent goods and services, all within their local cultural
context (Acharya et al., 2019; Pandey, 2020a; Pandey et al., 2023;
Pandey and Pokhrel, 2021). In this context, it is critical to scrutinize the
impact of climate change on local traditions, practices, and ultimately
cultural integrity to safeguard them without jeopardizing food security
and justice.

Country and region-specific studies on climate change are prevalent
worldwide. For instance, in Ethiopia (Debela et al., 2015; Tesfaye and
Seifu, 2016), Chile (Roco et al., 2015), Africa (Elum et al., 2017),
Switzerland (Shi et al., 2015), Nigeria (Ayanlade et al., 2017), Tanzania
(Below et al., 2015), and Romania (Bogdan et al., 2016), among others.
In Nepal, numerous scholars have endeavored to assess the perceptions
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and understanding of local communities by documenting their experi-
ences and adaptation strategies to climate change across various sectors
and locations (Aryal et al., 2016; Devkota et al., 2017; Khanal and
Kattel, 2017; Khanal et al., 2018a, b; Mishra et al., 2015; Poudel and
Duex, 2017; Shrestha and Aryal, 2011; Sujakhu et al., 2016). However,
limited literature focuses on the Terai (lowlands) region in terms of
climate change, but this region is recognized as ‘food basket’ of the
country and more than half of the country’s population resides and has
high pressure on balancing the infrastructure needs with food produc-
tion and residential infrastructure. Previous studies in the lowlands
mainly concentrate on flood risk management (Budhathoki et al., 2020;
Dulal et al., 2010), agricultural adaptation practices (Chaudhary et al.,
2021; Chhetri et al., 2012; Devkota et al., 2017), water shortage, and
emergency adaptations (Lamsal et al., 2017; Tiwari et al., 2010) and
alterations in plant phenology and forest composition (Shrestha and
Shrestha, 2019; Thorn, 2019; Tiwari et al., 2010). Yet, the slow but
expanding impact of climate change on customary and cultural practices
associated with the livelihood strategies of local and indigenous people
amid environmental change remains to be explored, both in policy and
practice (Adger et al., 2013).

Further, considering the low-land landscape is crucial because it is
not only the ‘food basket’ of Nepal, ensuring over 60 % of the country’s
food security (NPC, 2024), but also holds significant livelihood and
cultural connections with neighboring India in a contiguous landscape
(Aryal et al., 2020). Moreover, this landscape hosts a diverse array of
forest-dependent local stakeholders (FDLS), including vulnerable
indigenous and ethnic communities like Tharu, Musahar, and Chepang
(Chaudhary et al., 2021; Thapa, 2019), whose livelihood strategies are
particularly sensitive and limited, especially in the face of changing
climate conditions (Chaudhary et al., 2022; Piya et al., 2012; Thorn,
2019). These impacts may be further exacerbated if they are not
responded to appropriately incorporating knowledge and understanding
of indigenous and local communities regarding climate change phe-
nomena (Budhathoki et al., 2020; Lamsal et al., 2017; Nash et al., 2019),
and posing significant risks to the affected communities (Dulal et al.,
2010; IPCC, 2014; Pandey et al., 2023). In this context, our study aims to
address three key questions: (a) What is the current state of observed and
perceived climatic experiences among forest-dependent local stake-
holders (FDLS) in the lowlands of Nepal? (b) What are the locally
differentiated adaptation strategies, considering cultural aspects, across
the socio-ecological landscape? (c) What are exemplary cases of how
traditional practices, customs, and culture of FDLS have been altered or
eroded due to climate change-driven shifts in livelihood strategies in
recent decades? Throughout this paper, we recognize indigenous people
as those who possess a distinct cultural identity, as enshrined in the
Constitution of Nepal (GoN, 2015). We refer to local people as citizens
who share the cultural identity and language (Nepali) without having a
separate mother tongue, coexisting harmoniously with other than
indigenous and ethnic communities (GoN, 2015; NPC, 2024). It’s
important to note that the primary livelihood strategy of FDLS across the
study sites was paddy and maize cultivation. Therefore, in this paper, we
use terms such as ‘farmers’, ‘paddy farmers’, ‘local stakeholders’, ‘local
communities’, and ‘indigenous and local people’ interchangeably,
referring to them collectively as FDLS.

2. Theoretical framework and methods

The research has been framed within the context of the sustainability
of the socio-ecological system (SES) (Ostrom, 2009). This approach al-
lows us to examine the interconnectedness of resource systems, resource
units, users, and governance systems (institutions) (Anderies et al.,
2004; Ostrom and Cox, 2010). Climate change-related actions, spanning
from local to international levels, fall within the framework of the
United Nations Framework Convention on Climate Change (UNFCCQC),
necessitating decisions at the international institutional level followed
by voluntary adoption at the (sub)national level through national policy
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processes. Changes in resource systems prompt users to adopt new
strategies, with these user-resource relationships deeply entrenched in
local culture over time. The governance of these resources, including
carbon services and livelihood strategies reliant on resources, falls under
the umbrella of a socio-ecological system, encompassing actions, in-
teractions, and outcomes (Ostrom, 2009, 2007; Ostrom and Cox, 2010).
We have tailored the variables of the SES framework to fit the local
context, drawing on the standard definitions of ‘indigenous people’ and
‘ethnic communities’ recited in the scholarly literature (Morgan et al.,
2009), as well as the localized understanding of these terms enshrined in
the constitution of Nepal under Article 51 j(8) (GoN, 2015). Throughout
this paper, we use both these terms interchangeably to refer to the same
communities.

To meet our study’s goals, we crafted semi-structured questionnaire
by customizing variables drawn from previous global studies (Alemagi
et al., 2014; Gilani et al., 2017; Tiani et al., 2015; Uisso et al., 2022;
Yeang, 2010). These questionnaires were developed in collaboration
with a panel of experts and referenced relevant literature while adopting
a participatory and resource-conscious approach. We tailored the
questionnaires to suit the specific socio-economic conditions of Nepalese
participants at the grassroots level. Written in Nepali and translated to
the native language as per the necessity concerning the mother tongue of
the indigenous communities while administering the interviews, our
questionnaire was organized into three main sections: understanding
climate change basics, exploring adaptation strategies, and examining
the relationship between these strategies and local cultural practices.

In addition to the questionnaire survey, we organized focus group
discussions (FGDs) and key informant interviews (KIIs) with local and
indigenous communities at selected sites within the district. To ensure
both resource availability and methodological simplicity, we opted for
oral interviews, aligning with participatory research recommendations
(Biirgi et al., 2013) and the methodological strategy from prior studies
(Pandey et al., 2023). Our research’s conceptual framework is adopted
to capture stakeholders’ experiences and practices in response to
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climate-triggered cultural impacts (Fig. 1).
2.1. Study area

The research was conducted in three low-lying districts of Nepal:
Chitwan, Saptari, and Jhapa, representing Bagmati, Madhesh, and Koshi
Provinces respectively (Fig. 2). These districts are densely populated and
play a crucial role in ensuring the food security of the country (NPC,
2024). The Terai region, characterized by lowlands, has the lowest forest
coverage compared to other parts of the country. As a result,
forest-dependent local stakeholders (FDLS) in this area are experiencing
a severe shortage of forest goods and services (DFRS, 2015). Further-
more, the residents in these districts are likely to pose substantial
knowledge and awareness regarding climate change and its impacts.
This is because numerous governmental and non-governmental orga-
nizations have been actively involved in implementing various climate
change awareness and support programs in these areas. Additionally,
the study region holds three key regional and international advantages.
Firstly, it shares a crucial upstream-downstream hydrological linkage
between China, Nepal, and India, and extends to the Bay of Bengal.
Secondly, the area boasts a similar socio-ecological landscape, fostering
transboundary cultural exchange between India and Nepal. Lastly, the
region holds international significance in terms of trading and com-
mercial activities.

2.2. Sample design and data collection

This study employed a mixed-methods approach combining both
qualitative and quantitative tools and techniques for data collection.
This approach offers several advantages, including the ability to
comprehensively understand phenomena and delve deeper into under-
lying factors beyond surface-level observations (Levy, 2005). To gather
data, we conducted semi-structured questionnaire interviews with forest
dependent local stakeholders (FDLS). Additionally, we conducted

Climate change, adaptation strategy and implication on the cultural practices of
local and indigenous people

Impacts of climate
change on cultural
aspect of local and
indigenous people

Perceived and
realized climate
change assessment

Local level forest-
dependent stakeholder
mapping

Participatory
research approach

Adaptation and
cultural practices
assessment

Reference for
informed decision-
—{ making concerning
climate-culture

related issues

Sustainability of
social-ecological
systems

Fig. 1. The conceptual framework of the study and its implications.
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Jhapa District

Fig. 2. Map showing the study areas in Nepal along the south and east bordering Indian territory.

transect walks across the landscape, covering both agricultural and
forested areas, along with key informant interviews (KIIs) to gather
expert viewpoints. Focus group discussions (FGDs) were also held as
part of the data collection process. Initially, we organized two-day
workshops in each selected district. The participants (n = 136) were
invited based on specific criteria, including the inclusion of at least 33 %
indigenous people, 50 % women, and 33 % individuals from marginal-
ized communities, as outlined in the guidelines for community-based
forest management in Nepal (Pandey and Pokhrel, 2021) and most of
the members of the Community Forestry Users Group (CFUG) and the
focus group discussions are Indigenous people, and therefore, the data
reflects their views. We recognize that our approach to participant se-
lection was not entirely random; rather, it was somewhat selective.
However, we believe that this selective approach was the most effective
way to achieve our desired objectives by adopting the methodology of
Pandey et al. (2023).

Participants of the workshop included representatives from various
governmental and non-governmental organizations, advocacy groups,
and forest user groups, as well as indigenous and hill-migrated farmers
(local communities) directly engaged in agriculture and forest-
dependent livelihoods across the districts. Additionally, FDLS from
rural villages, representing their Community Forest User Groups
(CFUGs), were invited to the workshops. This diverse group encom-
passed individuals of varying ages (22-65 years), genders (45 female, 91
male), ethnic backgrounds (77 indigenous, 59 non-indigenous), and
professional roles (48 on-farm, 88 off-farm). Their diverse backgrounds
allowed for the collection of a wide range of perspectives on climate
change experiences and adaptation strategies specific to their localities,
reflecting the socio-cultural diversity of the region. This stakeholder
mapping process was conducted under the policy guidelines of Nepal to
ensure the inclusion of a representative cross-section of the local com-
munity (GoN, 2019; MoFSC/REDD, 2015). During the workshop, the
lead researcher explained the study’s objectives, the planned methods,
and the participants’ roles in the information collection process. Par-
ticipants were briefed about the questionnaire’s structure and empha-
sized the importance of sensitivity in responding to the questions,
linkage between indigenous agricultural practices and the food justice,
and childhood traditions and current modification in food production
and forest services, etc. Each participant was required to provide written
ethical consent, confirming that their responses and other information
collected would be used solely for research purposes and would be kept

anonymous. This consent process was approved by the ethical com-
mittee at the REDD Implementation Centre in Kathmandu, Nepal,
following the provisions of the National REDD+ Strategy of Nepal
(MoFSC/REDD, 2015).

After the two-day workshops, we trained participants about climate
change in the workshop each district, and participants were given a set
of semi-structured questionnaires. Local facilitators, who had also
attended the workshops, guided the participants through the question-
naires under the lead author’s supervision. The questionnaire consisted
of 25 questions in Nepali language (see details in supplementary file S1)
and were translated into the local languages (e.g., Tharu, Maithali) by the
local facilitators if felt necessary. Most questions were objective,
allowing participants to choose answers from the provided options,
which aimed to make them feel more comfortable. Additionally, a few
open-ended questions were included to capture participants’ insights,
narratives, and ethnographic details on the topic. The questionnaire
primarily focused on gathering socio-economic details of the re-
spondents, their perceptions of key climatic variables, perceived impacts
of climate change, adaptation practices, and the cultural impacts
traditionally associated with responding to perceived climate change.

Following the workshops, a transect walk was conducted in six
different localities, comprising two village-forest landscapes in each
district, involving FDLS. Led by the lead author, the walk engaged two
facilitators alongside indigenous community leaders and farmer-cum-
forest user group members. Discussions during the walk covered
various topics, including societal dynamics, farming practices, forest
management history, and their outcomes. Additionally, participants
deliberated on potential causes of observed changes and farmers’ stra-
tegies concerning cropping, water, and forest management practices.
The discussions also delved into cultural and traditional practices of the
past, reflecting on participants’ childhood memories and noting the
gradual changes in customs related to agriculture, water, and forests.
These observations provided valuable insights into the evolving land-
scape of local practices and their implications for climate change
adaptation.

Focus group discussions (FGDs) were conducted with specific FDLS,
including indigenous communities and occupational groups, totaling
nine FGDs (checklist is provided in supplementary file S2). FGDs were
organized separately in each district, grouping participants by their
profession, ethnic community, and gender, considering their occupa-
tional ties to forests. These discussions aimed to explore participants’
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general understanding of climate change, their local experiences, and
notable changes attributed to climatic phenomena, and validate the
responses collected using other tools such as KlIs and field observation.
Participants shared insights into their adaptation strategies, whether
self-initiated or with external support, and reflected on how climate
change and its impacts have influenced their cultural and traditional
practices over time in relation to food production and forest goods and
services. Additionally, FGDs were conducted with indigenous local
community groups, forest user communities, and marginalized local
communities, recognizing that climate change impacts and adaptation
strategies may vary based on their resilience capacity and traditional
cultures. Researchers facilitated the FGDs using semi-structured check-
lists to guide discussions. In addition to FGDs, key informant interviews
(KIIs) were conducted (n = 27, nine in each district) to complement the
insights obtained from FGDs and semi-structured questionnaire in-
terviews. KlIs involved individuals with expertise and experience rele-
vant to the study objectives. Further, observed climate trend analysis
was sourced from the Department of Hydrology and Meteorology,
Kathmandu, Nepal (DHM, 2017), providing supplementary evidence to
support the findings of the study. These triangulated data sources
enriched the study’s depth and reliability, contributing to a compre-
hensive understanding of climate change impacts and adaptation stra-
tegies in the study area.

2.3. Data analysis

The collected data underwent analysis using MS Excel, employing a
discursive approach, descriptive statistics, and narrative statements.
Two methods were utilized for analyzing interview data. Firstly, re-
sponses from all participants across the three districts were grouped, as
derived from questionnaire interviews. Secondly, narratives and field
notes were compiled, synthesizing key insights gathered from FGDs, KlIs
and discussions and observations during transect walks. The findings
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were compared, discussed, and distilled to extract the core message.
Cross-tabulation and Chi-square tests were employed to assess if the
frequency of responses for various survey questions varied across dis-
tricts (Jhapa, Saptari, Chitwan), gender (male and female), profession
(primarily agriculture and primarily non-agriculture), and education
level (schooling and beyond).

Of the 136 responses, 38 %, 35 %, and 27 % were from Chitwan,
Jhapa, and Saptari districts, respectively. Approximately 33 % of all
participants were women. Regarding education level, most respondents
had completed their schooling, with 29 % having attended university. In
terms of occupation, the largest proportion of respondents were farmers
(35 %), who were also the primary users of forests. For statistical
analysis, only the responses collected through semi-structured ques-
tionnaire interviews were considered, and the information collected
through FGDs and KIIs was utilized to enrich the results and discussions
as appropriate.

3. Results
3.1. Responses on experiencing climate change

The study revealed that FDLS in the lowland landscapes of Nepal has
experienced changes in climate, with noticeable shifts in key climatic
variables in recent decades (Table 1). Over 85 % of the respondents
indicated that they were familiar with climate change before the
workshop conducted for the study, with slight variations in response
proportions across districts. Specifically, respondents from Chitwan
(92.3 %) and Saptari (88.9 %) showed a higher level of awareness
regarding the consequences they were facing, compared to those from
Jhapa district (75 %). For example, a 54-year-old female respondent
from Saptari district expressed:

Table 1
Experiences and perceptions of climate change in the selected district of low land of Nepal by the forest-dependent local stakeholders.

Interview questions and responses Combined Chitwan Jhapa Saptari

Number % Number % Number % Number %
Have you heard about climate change?
Yes 116 85.3 48 92.3 36 75 32 88.9
No 20 14.7 4 7.7 12 25 4 11.1
Have you experienced the summer temperature change in later decades compared to your childhood days?
Increased 112 82.4 44 91.7 36 75 32 88.9
Decreased 12 8.8 - - 8 16.7 4 11.1
No change 8 5.9 4 8.3 4 8.3 - -
No idea (missing response) 4 2.9 4 8.3 - - - -
What is your experience with the start of the summer season in later decades compared to your childhood days?
Start early 100 73.5 40 76.9 28 58.3 32 88.9
Start delay 20 14.7 4 7.7 16 33.3 4 111
No change 12 8.8 8 15.4 - - - -
No idea 4 2.9 - - 4 8.3 - -
What is your experience with the duration of winter changing in later decades compared to your childhood days?
Increased 32 23.8 8 15.4 16 33.3 8 22.2
Decreased 88 64.6 36 69.2 24 50.0 28 77.8
No change 12 8.8 4 7.7 - - - -
No idea (missing response) 4 2.9 4 7.7 - - - -
What is your experience with the total amount of annual rainfall that has changed in later decades compared to your childhood days?
Increased 20 14.7 4 7.7 16 33.3 - -
Decreased 112 82.4 48 92.3 28 58.3 36 100
No Change 4 2.9 - - 4 8.3 - -
No idea 0 0 - - - - - -
What is your experience with the timing of the rainfall season (monsoon) changing in later decades compared to your childhood days?
Early start 8 5.9 - - 4 8.3 4 11.1
Late start 12 8.8 8 15.4 4 8.3 - -
Unpredictable 112 82.4 44 84.6 36 75 32 88.9
No change 4 2.9 - - 4 8.3 - -
What is your experience with the drought, which changed in later decades compared to your childhood days?
Increased 124 91.2 48 92.3 40 83.3 36 100
Decreased 8 5.9 - - 8 16.7 - -
No idea 4 2.9 4 7.7 - - - -
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"We are experiencing prolonged drought in our region nowadays
compared to previous decades. These changes have forced us to adjust our
paddy cultivation season, as it has become unpredictable. We rely on
monsoon rainfall to replenish the water volume in the streams and water
canals for irrigation, but the monsoon rainfall has become unpredictable
in recent years."

The findings showed that most of the respondents (82.4 %) noted an
increase in summer temperatures. Regarding perceived seasonal shifts,
73.5 % of respondents observed that the summer season has commenced
earlier in the recent decade compared to earlier decades. However, re-
sponses varied significantly across districts, with only 58.3 % of re-
spondents from Jhapa agreeing with this observation, while nearly 90 %
of respondents from Saptari confirmed the earlier onset of summer
(Table 1).

"I remember working in the fields even during the scorching midday sun,
but nowadays, we’re confined indoors or seek shelter during daytime
hours. Perhaps it’s due to aging or rising temperatures. I'm not entirely
sure, but conversations in the teashops and under the shade of trees often
revolve around climate change and its consequences, such as off-season
flooding, the appearance of new pests, and poor maize yields in many
areas. I've also noticed a decrease in rainfall compared to my childhood
when I used to herd cows," shared a 57-year-old male respondent from the
Jhapa district.

Moreover, approximately 65 % of the respondents noted a shortened
duration of winter. Concerning changes in the total annual rainfall over
the past few decades, nearly 85 % of respondents reported a decrease,
with all respondents from the Saptari district in agreement. Addition-
ally, 82.4 % of respondents found the timing of rainfall (monsoon, post-
monsoon, winter, pre-monsoon) to be unpredictable in recent decades.
Similarly, over 90 % of respondents observed increased drought in later
decades (Table 1). Chi-square tests revealed significant differences in
knowledge and perceived experiences of climate change across districts
and between sexes (p < 0.05) but no significant differences were found
based on profession or education level (p > 0.05) among respondents
(Table 2).

3.2. Observed climatic trend

The Department of Hydrology and Meteorology of Nepal maintains
comprehensive databases for the country, including the study areas.
Analysis of the organization’s data reveals observed climatic trends for
extreme climate indices (Table 3) that align closely with the experiences
reported by the FDLS in the study area (Tables 1 and 2). This is evident
by the fact that the significant increase in warm days (Table 3) is com-
plemented by the perceived responses of increased numbers of warm
days and reduced winter duration in later decades (Table 1).

Analysis of observed climate indices indicates a notable increase in
warm days and a corresponding decrease in cool days and cool nights
across the study districts. While the trend is not statistically significant,

Table 2
Chi-square test outputs on the differential experiences of perceived climate
change experienced by the FDLS based on the characteristics of the respondents.

Interview question: Have you heard about climate change?

Variables Pearson Chi- DF p-
square value value
District (Chitwan, Jhapa, Saptari) 6.46 2 0.039*
Gender (Male, Female) 4.69 1 0.030*
Profession (Primary agriculture, and primary 2.61 1 0.106
non-agriculture)
Education level (up to secondary level (grade 0.18 1 0.668

10) and higher than secondary level (higher
secondary and university))

[*Significant at 5 % level of significance].

Sustainable Horizons 14 (2025) 100143

there has been a decrease in cold spell duration, alongside an increase in
consecutive dry days and warm spell duration for the period of
1971-2014 in the study areas (Table 3).

3.3. Impact of climate change experienced by the FDLS

The responses from FDLS underscored their firsthand experience of
the tangible impacts of climate change. Findings indicate a notable
decrease in crop production, along with increased instances of disease
and insect infestation and heightened occurrences of floods and fires.
Among the respondents, close to 75 % reported a decrease in crop yield,
with slight variations observed across the districts.

"We used to harvest 10 quintals of mustard seed from our field, however,
this has decreased to hardly 6 quintals in the past few years, despite our
continued efforts," expressed a 62-year-old Tharu woman from Chitwan
district.

Nearly 86 % of all respondents concurred that crop diseases and
insect infestation have escalated in recent decades compared to earlier
periods. The data also revealed that the timing of crop planting and
harvesting has become increasingly unpredictable (Table 4).

"Sometimes maize fails to yield any crop, a plight shared by farmers in
Bara district as well, as reported by the media. Yet, our struggles remain
unheard and unnoticed," lamented a 50-year-old Musahar woman from
the Saptari district, speaking in her native Maithili language.

Similarly, the production of potatoes is reported to be reduced or in
some years- being destroyed completely by pests and diseases.

"The blight and bleaching diseases, along with red ants, have recurrently
ravaged our crops in recent years," expressed another Tharu woman, her
frustration evident in her native tongue. “Such occurrences were unheard
of in my childhood; if they did happen, they were rare,” she added,
reflecting on the severity of the situation. “Nowadays, it’s increasingly
challenging to obtain yields that match the seeds we sow. As a result,
we’ve scaled back our potato cultivation for sale and shifted to growing
pulses or leaving the land fallow for some time,” she continued. When
asked about their adaptation strategies, she explained, “We used to
combat red ants with ash and treat bleaching with concentrated mug wort
water, but these traditional methods have proven ineffective in recent
years.” Her husband intervened, his voice tinged with frustration, “We're
forced to resort to purchasing pesticides and fungicides from agrochemical
stores. These chemicals need to be applied multiple times throughout the
season, leading to significant financial losses without any guarantee of
increased Yyields, and lost our traditional agriculture and pest manage-
ment practices. It’s a matter of do or die,” he concluded, echoing a
popular Hindi proverb.

The impacts of climate change on the forest ecosystem, as perceived
by the FDLS, varied both between selected districts and even among
respondents within the same district. However, several common trends
emerged, including changes in forest structure and species composition,
increased pest and disease infestations, more frequent wildfires,
heightened presence of alien and invasive species, shifts in phenology,
and alterations in the breeding and brooding times of wildlife (see details
in supplementary file S3).

"Our houses are surrounded by forests and bushes, built with poor bio-
materials and thatched roofs, situated atop remote hills. Fifty years ago,
we used to sleep in the forest without any houses. Now we have built
houses, but during the dry seasons, we remain awake at night due to the
fear of forest fires in recent decades. We have limited access to water to
combat the spreading bushfires. In my childhood, the surrounding forest
and bushes hardly burned once a decade, and we practiced shifting
cultivation. However, in recent decades, the forest burns at least twice and
as many as five times in a single year," shared a 65-year-old member of
the Chepang community.



H.P. Pandey et al.

Sustainable Horizons 14 (2025) 100143

Table 3
The observed climatic trends for extreme climate indices of the study areas for the years 1971-2014 [Source: (DHM, 2017)].
District Rainy Consecutive dry Consecutive wet ~ Very wet  Extremely wet ~ Warm Cool Warm spell Warm Cool Cold spell
days days days days days days days duration nights nights duration
Chitwan 0.0 0.1 0.1 0.0 0.0 0.6** —-0.2 0.2 —0.3* 0.0
Jhapa -0.3 0.1 -0.2 0.1 0.0 ? —0.7%** 0.1 -0.3 -0.1
Saptari 0.1 0.0 0.2 0.0 0.0 —0.4* 0.1 —0.5%* -0.2

[Note: * Statistical significance at 5 %, ** statistical significance at 1 %, and

statistical significance at 0.1 %. The positive value (+) indicates the increasing trend,

and the negative (—) value indicates the decreasing trend of respective climate indices].

Table 4

Perception of respondents on impact and adaptation against climate change.
Understanding climate change impacts Combined Chitwan Jhapa Saptari

Number Percent Number Percent Number Percent Number Percent

What is your experience with crop production changed in later decades compared to your childhood days in your vicinity?
Increased 12 8.8 4 7.7 4 8.3 4 11.1
Decreased 100 73.5 36 69.2 36 75 28 77.8
No change 12 8.8 8 15.4 0 0 4 11.1
No idea 4 2.9 0 0 4 8.3 0 0
No response 8 5.9 4 7.7 4 8.3 0 0
What is your experience with the crop diseases/insect changes in later decades compared to your childhood days in your vicinity?
Increased 116 85.9 40 76.9 40 83.4 36 100
No change 4 2.9 4 7.7 0 0 0 0
No idea 4 2.9 4 7.7 0 0 0 0
No response 12 8.8 4 7.7 8 16.7 0 0
What is your experience with the crop planting time changed in later decades compared to your childhood days in your vicinity?
Early start 20 14.7 4 7.7 8 16.7 8 22.2
Late start 16 11.8 8 15.4 4 8.3 4 11.1
Unpredictable 84 61.8 28 53.8 32 66.7 24 66.7
No change 8 5.9 8 15.4 0 0 0 0
No response 8 5.9 4 7.7 4 8.3 0 0
What is your experience with the frequency of fire events changed in later decades compared to your childhood days in your vicinity?
Increased 108 79.4 44 84.6 36 75 28 77.8
Decreased 0 0 8 15.4 0 0 0 0
No response 28 20.6 0 0 12 25 8 22.2
No change 0 0 0 0 0 0 0 0
What is your experience with the flood events changed in later decades compared to your childhood days in your vicinity?
Increasing 108 79.4 44 84.6 36 75 28 77.8
Decreasing 0 0 8 15.4 0 0 0 0
No change 0 0 0 0 0 0 0 0
No response 28 20.6 0 0 12 25 8 22.2
What is your experience with the harvesting time of major crops changed in later decades compared to your childhood days in your vicinity?
Early start 28 20.6 8 15.4 12 25 8 22.2
Late start 16 11.8 8 15.4 0 0 8 22.2
Unpredictable 68 50 20 38.5 28 58.3 20 55.6
No change 16 11.8 12 23.1 4 8.3 0 0
No response 8 5.9 4 7.7 4 8.3 0 0

Further, FDLS across the study areas reported a reduction in water
volume in streams, the drying out of spring water sources and traditional
hand pumps, drying marshes and wetlands, frequent flash floods, and
the drying of irrigation canals and ponds, based on their experiences.

3.4. Adaptation strategies and cultural disintegration

In response to perceived climate change and its impacts, FDLS has
employed various local coping strategies, drawing from both traditional
knowledge and recent innovations. One major focus has been on regu-
lating water use for household and agricultural purposes. This involves
shifting from conventional to more adaptive and modified crop vari-
eties, as well as adjusting management practices from culturally driven
traditional methods to market-driven, imported, and non-eco-friendly
mechanized approaches aimed at climate resilience. For instance,
there’s been a transition to hybrid maize and paddy instead of relying
solely on traditional local varieties. Similarly, there’s been a shift to-
wards mechanical plowing, replacing traditional methods using oxen or
he-buffaloes. Additionally, there’s been a reduction in the size of live-
stock herds, resulting in less cattle dung and farmyard manure for
fertilizing fields, with a preference for organic fertilizers instead.

However, these adaptations have also weakened the traditional farm-
forest linkages. This reduction in reliance on forests has impacted
various ecosystem services, such as providing fodder and bedding ma-
terials, wood, and fuelwood. It has also affected indirect ecosystem
services, like habitat provision for wildlife, including birds and insects
crucial for supporting agricultural systems through processes such as
pollination and maintaining food web balance. These intricate re-
lationships are deeply rooted in the unique local culture of the
communities.

"We have had to make significant changes in our cropping patterns due to
the decrease in water sources and average annual rainfall over the years.
Instead of cultivating paddy throughout our lands as we used to, we have
shifted to growing sugarcane and tobacco, which require less water,"
explained a 60-year-old man from the Musahar ethnic community in
Saptari district.

"Chiuri (Diploknema butyracea) trees, which are culturally significant to
us Chepang community as they are traditionally given as dowry to the
bride, have been giving us trouble in recent decades. The production has
decreased, and the fruiting cycle has become irregular, with longer gaps
between fruitful years due to changing environmental phenomena
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(climate change). Normally, these trees used to yield well every other
year, but now the situation has changed. This decline has led to limited
regeneration, reduced honey, and butter production, and threatens the
continuity of our cultural practices. It’s becoming increasingly difficult to
uphold our cultural traditions, especially for people like me with five
daughters. We feel pressured to abandon our customs due to these chal-
lenges. Unfortunately, despite efforts from various organizations coming
to our village, none seem to understand or address this issue, which is
deeply distressing for us," expressed a 59-year-old Chepang man from
Chitwan district, visibly emotional.

FDLS in the study areas has implemented various strategies to
address the drying of water sources and sustain agriculture systems
amidst climate change. These include deepening bore wells, increasing
the use of motor pumps, leaving land fallow, advocating for mass irri-
gation facilities, adopting rainwater harvesting, utilizing wastewater for
irrigation, implementing drip irrigation, and switching to more adap-
tive, less water-intensive crop varieties. Additionally, they have shifted
from traditional crops like paddy and wheat to alternatives such as
sugarcane and tobacco. However, the drying of drinking water sources
has led to an increase in daily water fetching time, ranging from 0.5 to 2
h.

"We used to fish in the surrounding wetlands near our paddy fields, just
like my father and grandfather did. But now, those wetlands are drying
out, and many have disappeared entirely. Our children don’t even know
how to swim or fish because there’s no water, and consequently, no fish.
Additionally, we used to own and operate water mills for grinding grains,
but now there’s no water to power them. All the streams have dried up and
the water-based traditions are being lost, a 63-year-old Tharu women
recall her past from the Chitwan district.”

These changes result in a severe water shortage, affecting agriculture
and water-dependent livelihoods like water mills and fishing. Livestock
husbandry and forest-related activities are also impacted. These findings
suggest that climate change is gradually eroding cultural integrity for
agriculture production and sustaining livelihood strategies of indige-
nous and local communities and imposing additional burdens on live-
lihood management for FDLS in Nepal’s lowland region.

4. Discussion

The study investigates the impacts of climate change on forest-
dependent livelihood and adaptation strategies in the lowlands of
Nepal, aiming to navigate their implications to the cultural practices and
traditional customs of local and indigenous people. Significant changes
in climatic variables, particularly temperature and rainfall, have been
observed, supported by meteorological data and local perceptions.
These changes include a decrease in cool nights and days, an increase in
warm days, dry spells, and warm spells, and a decrease in cold spells,
leading to acute water shortages affecting agriculture, water-based
livelihoods, livestock husbandry, and forest resources. In response, the
forest-dependent local stakeholders (FDLS) have adopted new strategies,
though these often replace traditional practices, eroding local traditions
and customs. Increased summer temperatures decreased annual rainfall,
unpredictable rainfall patterns, increased drought, and an early onset of
summer have impacted agricultural productivity, leading to increased
pest infestations and water shortages, and contributing to food insecu-
rity. Adaptive strategies include crop diversification, changing planting
schedules, and engaging in non-farming activities, but these require
advanced technology and investment, posing challenges to sustaining
traditional agricultural practices. Climate change has also led to signif-
icant changes in water management and forest ecosystem services,
impacting livelihoods and cultural practices. Therefore, the study em-
phasizes that urgent policy decisions are needed to safeguard local and
indigenous cultural integrity and secure livelihoods in the face of global
environmental changes.
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4.1. Temperature change and adaptation strategies

The results indicate significant changes in climatic variables,
particularly temperature and rainfall, in the lowlands of Nepal. These
findings are supported by data from meteorological stations and local
perceptions in the selected districts. We observed a decrease in cool
nights and days, an increase in warm days, consecutive dry days, and
warm spell duration, and a decrease in cold spell duration, suggesting
warming in the Terai region. These changes have led to an acute water
shortage, affecting agriculture and water-based livelihoods such as
water mills and fishing, as well as their interconnected relationship with
livestock husbandry and forest resources. In response to these shifting
climatic patterns in Nepal’s agricultural hub, FDLS have adopted new
strategies to cope with the changing circumstances and sustain their
livelihoods. Similar observations of perceived climate changes and their
adverse impacts on various ecosystem aspects and livelihood options
have been reported elsewhere (Ranjitkar et al., 2016; Shrestha et al.,
2019), including in the lowlands (Pandey et al., 2023; Thorn, 2019;
Tiwari et al., 2010). Consequently, FDLS, including marginalized and
vulnerable indigenous communities like the Chepang, Musahar, and
Tharu, across the lowlands, face significant pressure to sustain their
livelihoods and cultural practices (Adger et al., 2013). Despite this
pressure, climate change adaptation strategies are seen as necessary and
inevitable. As a result, FDLS is adopting locally available and
market-driven adaptation strategies. However, locally adopted strate-
gies did not last long whereas market-driven approaches not only in-
crease the cost of livelihoods but also require high-tech knowledge and
skills. Consequently, these processes have gradually replacing tradi-
tional practices and skills, eroding local traditions and cultures (Magni,
2017). Given that the transfer of indigenous knowledge, skills, and
practices across generations takes a significant amount of time (Ifejika
Speranza et al., 2010), urgent policy decisions and affirmative actions
are needed to safeguard local and Indigenous cultural integrity and
secure livelihoods in the face of global environmental changes.

Most respondents perceive increased summer temperatures,
decreased annual rainfall, unpredictable rainfall patterns, increased
drought, and an early onset of summer. These changes directly impact
agricultural production and productivity, which form the basis of live-
lihood strategies for FDLS. The increased infestation of pests and dis-
eases, acute water shortages, changing rainfall patterns (for rain-fed
agriculture), and increased flash floods contribute to the decline in
agricultural production. These observations align with findings from
other studies conducted in Nepal (Khanal and Kattel, 2017; Mishra et al.,
2015; Paudel et al., 2020). The heightened impacts of climate change on
agriculture in this region are likely to exacerbate the food security sit-
uation nationwide. Although studies, including strategic documents
such as the national adaptation plan and action, followed by national
adaptation plans, have highlighted the vulnerability of food production
in Nepal’s lowlands to climate change (NAPA, 2010; Shrestha et al.,
2019), affirmative policy decisions are yet to be made to ensure local
food security. These decisions should encompass culturally guided
practices such as the ’barter’ system, conservation of indigenous vari-
eties, cultivation of local breeds, and cross-border food trade, both
voluntary and commercial, to mitigate the effects of climate change on
the food production system.

In response to the perceived adverse effects of climate change, FDLS
employs diverse adaptive strategies. Notable responses include switch-
ing crop varieties, adjustments to planting and harvesting schedules, and
engagement in non-farming activities to sustain livelihoods. Previous
studies also document strategies such as changing rice varieties,
improving irrigation management, altering cropping patterns, and
constructing terraces to enhance livelihood security in the face of
perceived climate change (Khanal and Kattel, 2017; Thorn, 2019; Tiwari
et al., 2010). The adoption of drought-tolerant varieties is a common
climate response strategy noted by some scholars (Dulal et al., 2010;
Elum et al., 2017). However, others argue that changes in crop varieties
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and cropping patterns in Nepal are influenced more by technological
and market-related factors than by responses to climate change
(Budhathoki and Zander, 2020). Nevertheless, some scholars strongly
assert that selecting drought-resistant and high-yielding varieties can
boost crop production in response to climate change, prompting local
adoption (Chaudhary et al., 2021; Khanal et al., 2018a; Thorn, 2019).
However, the preference for drought-resistant crop varieties poses a
threat to maintaining agro-biodiversity, as local varieties may disap-
pear. In this study, FDLS from Chitwan district reported a decrease in
mustard (Brassica rapa) cultivation due to declining yields in recent
decades, attributed to changes in climatic variables. This suggests that
climate change poses a silent risk to the socio-economy and future
livelihoods of local people reliant on indigenous species (Aryal et al.,
2020; Debela et al., 2015). Moreover, such adaptive strategies not only
increase the financial and time burdens or require advanced technology
for management but also exert pressure to displace local varieties and
disrupt the culture of seed preservation and cultivation at the household
level, developed through generations of experimentation and practice.
This presents another serious concern for policy decisions regarding
climate actions, from local to global levels.

4.2. Climate-triggered water shortage and adaptation strategies

We found that FDLS now spends more time on water management
due to the drying up of water sources, a stark contrast to previous de-
cades. They are gradually switching to low-water crops, a trend
observed in past regional studies (Poudel and Duex, 2017; Thorn, 2019).
These changes directly impact overall food production and discourage
farmers from continuing their agricultural efforts due to uncertainties
regarding new varieties, cultivation techniques, and market conditions
(Chhetri et al., 2012). Moreover, there is increasing evidence of high
input but low output in traditional production systems (Chaudhary
et al., 2021), leading to disillusionment among the younger generations
towards agriculture (Devkota et al., 2018; Joshi et al., 2014). Conse-
quently, traditional agricultural systems and their associated knowl-
edge, skills, and practices are discontinuing across generations, resulting
in cultural erosion deeply intertwined with livelihood strategies dating
back generations. Further, respondents from the Saptari district
emphasized that the drying out of tube wells in recent decades has made
it difficult to attract brides to their area. Studies have also highlighted
increased crop and livestock diseases and rising food prices, affecting
food security for smallholder farmers due to acute water shortages in the
agriculture sector in Nepal (Lamsal et al., 2017; Vaidya and Sharma,
2014). Similar observations have been reported in Ethiopia (Tesfaye and
Seifu, 2016). The severity of these impacts may stem from poor resil-
ience capacity (Piya et al., 2012) and limited water infrastructure fa-
cilities in countries like Nepal (NPC, 2024). Therefore, investments are
needed in conserving traditional water management practices and
developing the resilience capacity of communities, recognizing water as
a critical resource for sustainable horizons.

We found that FDLS adopted various water conservation strategies,
including rainwater harvesting, construction of water ponds, reducing
reliance on spring water sources, collecting water in tanks, pipelining
water sources to minimize leakage and wastage, and deepening existing
water wells. However, these strategies may have long-term implications,
such as a severe decline in the groundwater table due to imbalances in
recharge and extraction (Tiwari et al., 2010). Moreover, they often
require higher costs and technologies, adding additional burdens to
water management (Dulal et al., 2010; Pandey et al., 2023). Although
rainwater is the primary source of groundwater recharge (Gemeda et al.,
2021; Shahzad et al., 2019), precipitation patterns have shown a
declining trend or become unpredictable, indicating the lesser amount
available for adding the water volume to water sources. This poses
challenges for sustaining water resources in the low-lands region of the
country, where groundwater is the main water source for household use
and irrigation in the farmland. Most of the adopted strategies may deem

Sustainable Horizons 14 (2025) 100143

unsustainable due to strategic geomorphological characteristics, such as
those found across the Chure range (MoFE, 2019; NAPA, 2010; Pandey,
2003), compounded by multiple drivers of ecosystem degradation and
the impact of climate change (Pandey et al., 2022) through minimal
groundwater recharge and increased flood risk, high silt and sediment
loads in the stream (Bogdan et al., 2016) and decrease in the ground-
water table to meet the pumping out for domestic and non-domestic uses
(Boissiere et al., 2013) leading to further degradation of the lands.
Consequently, land degradation further exacerbates degrading land
quality, reducing agriculture production, and posing challenges to
drinking water availability and ecosystem health (Pandey, 2020b;
Pandey, 2017, 2011). We observed changes in the livelihoods of
water-dependent communities, such as Tharu, whose fishing traditions
have been impacted. Sensitizing stakeholders to affirmative alternatives
(Kais and Islam, 2019) and implementing locally-driven, long-term
water management strategies that preserve the cultural integrity of
indigenous people is necessary. These actions also will be crucial for
combating land degradation and achieving commitments outlined in
international conventions and land degradation neutrality such as the
United Nations Convention to Combat Desertification.

4.3. Climate-driven agriculture and forest ecosystem services

We also highlight changes in site- and community-specific relation-
ships with agriculture- and forest-ecosystem goods and services driven
by climate change in recent decades compared to traditional practices
(see details in supplementary file S3). One notable example is the modi-
fication of cropping patterns and diversified crop rotation strategies
adapted by FDLS in the Terai region of Nepal. While diversified cropping
systems have been reported to address many challenges posed by
changing climatic variables (Shah et al., 2021), all approaches are not
universally applicable across all locations and cultural contexts (Adger
etal., 2013; Tiwari et al., 2010). For instance, during group discussions,
some participants mentioned shifting from aquaculture to paddy
farming, paddy farming to sugarcane cultivation, and subsequently to
tobacco farming due to water scarcity, especially in the Saptari district.
They believed that these alternative strategies were less water intensive.
However, such coping mechanisms may have socio-economic and psy-
chological implications. For example, sugarcane farming has become
less profitable for farmers due to reduced production and inadequate
returns from sales to sugar mill owners (Neupane et al., 2017). This has
severely impacted food security, particularly rice and fish production
(Neupane et al., 2017). Moreover, farmers often face challenges in
reclaiming sugarcane fields for regular cereal crops due to the high
financial investment required. Similar experiences have been reported
in the tobacco industry in Nepal (Bhatta et al., 2020; Khanal and Khatri,
2021). Addressing this turmoil requires a strong and cooperative gov-
ernment with regulatory policies, support for the private sector, and
compliant citizens to achieve prosperity and sustainable landscapes.

The FDLS in the study areas has reported several significant in-
dicators of changes in the forest ecosystem. These include increased
deforestation and degradation, alterations in structure and cover, rising
infestation of diseases and invasive alien species, and heightened oc-
currences of wildfires, bushfires, and forest fires. Such fires directly
impact soil moisture, seed germination, and the micro-ecology of forests,
leading to shifts in forest composition and structure (Kobziar et al.,
2022; Neeraja et al., 2021). These changes have distinct effects on the
socio-ecological landscape, influencing adaptations and behavioral re-
sponses related to forest ecosystem services (Howe et al., 2013; Zheng
and Dallimer, 2016). For instance, the proliferation of invasive species
results in biodiversity loss, impacting the livelihoods, economies, and
ecosystem services (Shrestha and Shrestha, 2019). As the relationship
between people and forest ecosystems changes due to climate change,
socio-economic and eco-cultural relationships also diverge (Adger et al.,
2013; Gentle et al., 2014). Consequently, the traditional practices,
knowledge, skills, attitudes, and arts of forest-dependent communities,
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which have been established over time, may vanish. The extent and
magnitude of climate change impacts can directly influence people’s
perceptions, ultimately determining the degree of cultural loss (Weber,
2010). Given the severity of climate change impacts on FDLS, the like-
lihood of gradual culture disintegration is evident. In this context, timely
responses in conserving traditional customary practices and ethnobo-
tanical knowledge of FDLS are imperative (Aryal et al., 2023c). Tangible
affirmative decisions and actions are necessary to conserve local culture
and address changing environmental phenomena through effective,
efficient, and participatory approaches (Yeh et al., 2014).

FDLS in the study areas noted behavioral changes in wildlife patterns
attributed to climate change. For instance, respondents have observed
increased visits by wild animals like blue bull (Boselaphus tragocamelus)
to households’ water-pond in search of water, a phenomenon previously
uncommon. This shift may stem from the drying of natural water sources
in their habitats, underscoring the urgency of strategic wildlife and
ecosystem management to address climate change-induced challenges.
Additionally, habitat fragmentation could contribute to the synchroni-
zation of wildlife movements, further impacting their behavior and
distribution (Acharya et al., 2017) and disruption of natural pop-
ulations, governed by self-regulating systems such as the food web and
predator-prey relationships, poses a challenge (Pandey et al., 2023).
‘Such incidents exacerbate negative interactions between humans and wild-
life, posing risks for both parties, as reported by the key informants.” To
overcome this challenge, strategies should focus on sustainable wildlife
and habitat management, and proper land-use planning (Maraseni et al.,
2022), enhancing livelihood options, and reducing dependency on for-
ests by creating alternative opportunities for indigenous and local peo-
ple (Pandey, 2020a). Such strategies could promote coexistence and
ensure the safety of both human and non-human species, contributing to
species justice as well as social welfare in the face of climate change
(Porter et al., 2020; Schlosberg and Collins, 2014).

Overall, the study delves into the perceived impacts of global envi-
ronmental changes at the local level and the adaptation strategies of
FDLS in the low-land social-ecological landscape of Nepal. By presenting
case-specific examples, we shed light on the impacts of climate change
on agriculture and forest ecosystems, emphasizing their implications for
social and ecological sustainability. Additionally, we examine the
multifaceted negative impact of water scarcity on food security and the
forest ecosystem, which has become increasingly acute in recent years. A
unique aspect of our study is the exploration of cultural disintegration
caused by climate change, highlighting the need for policy decisions to
address this overlooked dimension. However, it is important to note that
our study lacks spatial and temporal data on climate change variability
and its connection to stakeholder culture, as well as quantification of the
impacts and various dimensions of adaptation strategies related to local
culture. Further, we could not cover all aspects of climate change,
associated factors like technological and developmental changes, and
globalization impacts, and include all categories of stakeholders and
indigenous groups, leaving room for future research. We acknowledge
the limitation of solely relying on a small number of respondents. A
larger sample size, covering a wide range of geographic areas would
offer better representation and more robust support of claims and is
suggested for further study. Nevertheless, our study offers valuable in-
sights into local-level climate change experiences of deeply rooted cul-
tural FDLS, its impacts on food production and forest ecosystems, and
locally driven adaptation strategies, are replicable to the other similar
socio-economic contexts of Nepal and beyond. By isolating the impact of
climate change on the cultural aspects of local and indigenous com-
munities on food security and justice, we contribute a novel perspective
to the existing climate change literature. Our findings serve as solid
evidence for policy decisions aimed at sustainable management of food
production and forest ecosystems in the face of global climate change,
while also safeguarding the cultural integrity of indigenous and local
communities. Findings support efforts to achieve sustainable develop-
ment goals (UN, 2015) and climate action without compromising food
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security, biodiversity conservation, or cultural integrity at the national
level (NPC, 2017), in particular, and without jeopardizing food justice
and biodiversity conservation globally (Pandey et al., 2024a; Pandit
et al., 2021).

5. Conclusion and future pathways

Climate change and its impacts are evident both globally and locally.
This study explores a unique aspect of climate change’s effect on cultural
integrity in relation to sustainable agrifood production systems among
forest-dependent indigenous and local communities, particularly in the
low-lying landscapes of Nepal. Our findings indicate that both the per-
ceptions of forest-dependent local stakeholders (FDLS) and meteoro-
logical data reveal significant climatic changes over recent decades.
These shifts have forced local communities to adopt new livelihood
strategies. However, some of these strategies introduce financial and
technological burdens, unintentionally eroding local culture, customs,
traditional knowledge, practices, and skills. This rapid and irreversible
loss poses a serious threat to community well-being and sustainable
landscapes. Therefore, future policies must prioritize preserving indig-
enous and local cultural traditions within food production systems amid
global environmental changes and ongoing developments.

Furthermore, our findings and discussions suggest potential path-
ways for both short- and long-term actions. These include providing
subsidies to FDLS to offset production losses and conserve local species
in alignment with climate agreements, implementing insurance mech-
anisms for climate-related losses, improving sustainable water and forest
management, investing in research on climate-resilient crop varieties,
promoting human-wildlife coexistence for safety, and managing inva-
sive species sustainably. The loss of cultural integrity tied to the liveli-
hood strategies of local and indigenous communities is intangible and
irreversible, demanding urgent attention from policymakers and prac-
titioners. Our findings provide insights for informed decision-making to
uphold socio-cultural justice and landscape sustainability amid global
environmental changes. Equitable actions should extend beyond
resource access to include economic opportunities, cultural preserva-
tion, and inclusive policy development for a sustainable future.
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