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• Climate change is impacting the
availability of NTFPs in mountain
communities.

• Climate change has increased invasive
plant and insect pests, threatening
NTFPs.

• Agro-forestry, self-regulation, and off-
farm income are common adaptation
practices.

• Lack of climate predictability and tech-
nical knowledge are major adaptation
barriers.

• Our results can guide policy decisions
and programs for managing NTFPs.
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Non-timber forest products (NTFPs) contribute to the well-being of mountain communities in many ways but
their availability is being impacted by climate change. Policy and programs to enhance adaptation can alleviate
these impacts, but to be effective they require an understanding of mountain community perceptions of climate
change impacts on NTFPs and the perceived barriers to climate change adaptation. Here, we explored mountain
communities' adaptation responses to the perceived impacts of climate change on NTFPs and people's barriers to
adaptation using a structured questionnaire delivered as a field-based survey of 278 forest-dependent house-
holds from the Upper Madi Watershed of Nepal. We present a quantitative graphical exploration of the results
to provide a simple overview of climate change impacts of NTFPs and local adaptation. The most common adap-
tation practices adopted by the mountain communities in the study area include the self-regulation of over-
collection of NTFPs, alternative income generating activities, improved stoves, agroforestry, and sourcing alterna-
tive tools and materials. However, adaptation options to deal with increased invasive plant species and pest in-
sect outbreaks appear to be challenging despite having the highest perceived impact on NTFPs. Adaptation
practices are constrained by several factors such as the lack of predictability of extreme events and climate-
related hazards, lack of technical knowledge, fatalistic beliefs and perceived lack of agency, and limited govern-
ment support. Our results can inform policies and programs required for addressing the impacts of climate
change on mountain communities in Nepal and other developing nations.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

Climate change, includingmore frequent extremeweather events, is
one of themost important environmental challenges of the 21st century
and its impacts are already evident (IPCC, 2019). Climate change is
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occurring rapidly in the Nepalese Himalaya, with temperature increases
of 0.6 °C per decade along with changes in precipitation patterns ob-
served for the period 1971–94 (Rasul, 2007), as well as extreme events
such as glacier melts, flooding, and droughts (Byers et al., 2014). The
changes in climate patterns and extreme events ultimately impact the
provision of non-timber forest products (NTFPs) which provide moun-
tain communities with food, fuel, materials, and many other benefits,
consequently affecting their livelihoods and well-being (Chakraborty
et al., 2018; Kohler et al., 2010; Liu et al., 2006; Maroschek et al., 2009;
Penuelas et al., 2017; Shahzad et al., 2019).

Local people from the Himalayan region rely on various NTFPs for
food, medicine, spice, cultural purposes and income generation despite
recent climate change. Aryal et al. (2018) recorded 99wild edible plants
from the Darchula district of western Himalaya which significantly con-
tribute to the daily food and nutrition requirements of households,
medicine, rituals, and incomegeneration.Wild edible plants also greatly
improve the nutrition and food security of mountain communities in
Sikkim Himalaya (Sundriyal and Sundriyal, 2001). Some NTFPs may
provide opportunities for off-farm employment and income for Himala-
yan communities. For instance, NTFPs have been found to contribute
around 74% of total household income in Nanda Devi Biosphere Reserve
of western Himalaya (Yadav et al., 2019). Pant et al. (2012) estimated
the total annual benefits of US$125 million from several forest ecosys-
tem services, with 80% of these from NTFPs in three districts of Nepal.
In addition, NTFPs have been found to contribute up to 65% of total
household cash income in the mountain village of Jumla, Nepal
(Shrestha et al., 2019b).

Climate change and associated extreme events impact Himalayan
forest resources and the people who depend on them. Increases in tem-
perature and changes in precipitation patterns can reduce the availabil-
ity of NTFP ecosystem services (Applequist et al., 2020; Ibe, 2018;
Pandey et al., 2018) by adversely influencing the life-cycles of plants
and animals (Maikhuri et al., 2018; Negi et al., 2017; Sushant, 2013)
andaltering species phenology and community composition, facilitating
invasions from lower altitude species and increasing the risks of local
extinction (Lamsal et al., 2017; Steinbauer et al., 2018). It is also pre-
dicted that the increase in temperature and change in precipitation pat-
terns increase exposure to other risks such as more frequent and severe
forest fires, storms, landslides, and floods which threaten the provision
of NTFPs and the livelihoods of mountain people (Kohler et al., 2010).
There is a lack of understanding about climate vulnerability and its im-
pacts on forest in the Himalayas (IPCC, 2007). Kumar et al. (2019) re-
ported that 80% forests of the Uttarakhand, a part of Indian Western
Himalayan region are vulnerable to climate change. The fragile and re-
mote geography of the Himalaya, with few dispersed settlements and
inadequate infrastructure has hindered research (ICIMOD, 2010). Lim-
ited knowledge on climate change, its impacts, and adaptation is the
biggest challenge for the planning and implementation of adaptation
measures inmountain regions (Byers et al., 2014). Ecosystems and peo-
ple in themountains of Nepal are considered relativelymore vulnerable
to climatic risks than in other countries due to the fragile economic and
environmental base (Gentle and Maraseni, 2012) and adaptation to
both observed and future changes in climate is needed (Bhatta et al.,
2015; Gentle and Maraseni, 2012).

Adaptation is increasingly necessary for managing climate change
impacts globally (Lesnikowski et al., 2015; Noble et al., 2014). Climate
change adaptation refers to adjustments in the human-environment
system in response to actual or anticipated climate effects or impacts
(Wheeler et al., 2013). Adaptation actions can be considered along a
continuum ranging from autonomous and reactive or planned and an-
ticipatory (Smit et al., 2000). Autonomous and reactive actions are
spontaneous adjustments in response to changing climate and are
vital to enable a bottom-up approach for encouraging future sustainable
solutions and to gather knowledge for informed policy (Biggs et al.,
2013). Planned and anticipatory actions follow the systematic assess-
ment of climate change scenarios and a design of interventions that
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help in reducing risks and impacts of climate change, and realize oppor-
tunities associated with climate change (Walker et al., 2013). Research
in adaptation requires thoughtful consideration of variation in expo-
sure, vulnerability, and adaptive capacity and the timing and extent of
change in practices need to consider incremental and transformative
options, their costs and benefits, and appropriate implementation path-
ways (IPCC, 2014). Adaptation in a socio-ecological system depends
greatly on adaptive capacity which is related to specific local contexts
and differs between regions, communities, individuals, and households,
and changes over time (Smit andWandel, 2006). Local responses at the
individual or household level can be used to anticipate capacity for fu-
ture adaptation and inform appropriate policy responses (Adger and
Vincent, 2005). However, adaptation planning and implementation
are influenced bymultiple barriers such as a lack of information, limited
financial resources and competing priorities (Archie, 2014; Shackleton
et al., 2015), which can lead to the failure of adaptation processes
(Wang et al., 2020). Identification of barriers to the effective implemen-
tation of climate change adaptation is important inmountain communi-
ties, particularly in developing countries which typically have limited
access to resources and technology (Wang et al., 2020).

Research on climate change adaptation in mountain regions is
usually focused on agro-ecosystems (Lamsal et al., 2017) and many
studies recommend using NTFPs as one of the major options for cli-
mate change adaptation for agro-ecosystems (Ali et al., 2017;
Ingxay et al., 2015; Macchi et al., 2015). For example, Pandey et al.
(2016) reported that people from poor and marginalized communi-
ties from Nepal collect wild food (e.g., fruits, vegetables, yams, tu-
bers) as a supplementary source of food during times of reduced
agricultural production. However, little attention has been paid to
the impacts of climate change on NTFPs themselves, nor to measures
taken by local communities for adapting to a change in supply of
NTFPs (Fandohan and Cuni Sanchez, 2014, Maroschek et al., 2009).
Chitale et al. (2018) emphasized an immediate need to identify and
implement appropriate climate change adaptation strategies to con-
serve NTFPs in central Nepal. Similarly, few studies have assessed ad-
aptation strategies and barriers in the context of NTFPs. Exceptions
include Kunwar et al. (2014) and Maikhuri et al. (2018) who re-
ported that traditional healers from Nepal and Central India were
adjusting the collection period and using substitute species of me-
dicinal plants which are undergoing climate-driven phenological
changes. Nevertheless, in-depth empirical research on how moun-
tain communities perceive the impacts of climate change on NTFPs
and how their perceptions are linked to their adaptive responses in
managing NTFPs is limited (Keenan, 2015).

In this study, we aimed to: 1) explore the perceived impacts of cli-
mate change on NTFPs; 2) understand the perceived probability of fu-
ture occurrence of climate-related risks and extreme events and
impacts on NTFPs; 3) investigate the current state of climate change ad-
aptation formanagingNTFPs bymountain communities; and 4) identify
the barriers to climate change adaptation by local people. To achieve
these aims,we conducted aquestionnaire-basedfield survey, interviewing
278 household heads in the Upper Madi watershed in Nepal as a case
study and asked them about how they perceive the impacts of climate
change on NTFPs, probability of future occurrence of climate related risks
and extreme events and impacts on NTFPs, and their adaptation practices
and adaptation barriers. Results are used to evaluate the policies and pro-
grams required for addressing the impacts of climate change on NTFPs in
Nepal and for adaptation to climate change in mountain ecosystems
more broadly.

2. Theoretical approach

This study focuses on people's perception of climate change impacts
on NTFPs and their adaptive responses in managing NTFPs. Communi-
ties whose lives and livelihoods depend on ecosystem services, particu-
larly forest-dependent communities, are aware of changes and have
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local knowledgewhichmay stretch back in time over decades, as shown
in previous studies from the Himalayas (Chaudhary and Bawa, 2011;
Chaudhary et al., 2011). Understanding community views about climate
change is crucial, as people's perceptions of climate change, its impacts,
and potential adaptation strategies are key components of the adapta-
tion planning process (Macchi et al., 2015; Maddison, 2007). Local per-
ceptions of climate change, taken together with scientific data, can
inform the development of effective climate change policy and adapta-
tion strategies (Chaudhary and Bawa, 2011). However, local people's
observations and their understanding about climate change and adapta-
tion, especially inmountain ecosystems, is mostly absent from scientific
studies (Byg and Salick, 2009; Howe et al., 2013). Without an under-
standing of mountain people's and communities' perceptions of the im-
pacts of climate change, any proposed adaptation strategies are unlikely
to be effective.

Local knowledge of adaptation is also crucial to formulate suc-
cessful adaptation strategies (IPCC, 2007). Adaptation strategies are
situation-specific and change over time and from place to place,
and even vary within specific communities (Singh et al., 2018; Smit
and Wandel, 2006), and thus, local level adaptations cannot be
based on global level studies (Thakur et al., 2020). Adaptation op-
tions therefore, should be assessed cautiously at the local scale
(Mina et al., 2017). While there are some examples of local adapta-
tions to a changing climate inmountain communities, such as chang-
ing plant collection periods and using substitute species for the
treatment of ailments to cope with the changing phenophases of me-
dicinal plants in Nepal and India (Kunwar et al., 2014;Maikhuri et al.,
2018), adjusting the planting and harvest dates in China (Li et al.,
2013), and replacing firewood with biogas in Nepal and Bhutan
(Adhikari et al., 2018; Suberi et al., 2018), there remain significant
knowledge gaps surrounding mountain communities' perceptions
about NTFPs and the motivations for adapting to climatic change.
Fig. 1. The study area: Upper
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3. Methods

3.1. Study area

The Upper Madi watershed is located on the southern slope of the
Annapurna and LamjungHimalayan range, in theMadi RuralMunicipal-
ity, Kaski, Nepal (84°2′35″E-84°16′41″E, 28°18′37″N-28°32′20″N) and
covers an area of approximately 361 km2 (Fig. 1). The Upper Madi wa-
tershed falls within the largest protected area of Nepal—the Annapurna
Conservation Area (ACA)—which contains rich biological diversity and
cultural heritage (NTNC, 2009). Thewatershed has a topographic eleva-
tion from 1082m to 7937m a.s.l. With increasing elevation, the climate
of the study area spans subtropical, temperate, and alpine from south to
north. Between 1990 and 2018, mean precipitation in summer was ap-
proximately 744.6mmand66mm inwinter (DHM, 2019). Over this pe-
riod, summer rainfall increased by 1.7 mm yr−1 and winter rainfall
decreased by −0.88 mm yr−1 (DHM, 2019). Mean annual maximum
and minimum temperatures were 26.38 °C and 15.11 °C respectively,
recorded at the nearby city of Pokhara (located approximately 32 km
southwest of the study area) (DHM, 2019). The mean annual tempera-
ture increased by 0.46 °C per decade (DHM, 2019).

Following climatic and altitudinal zones, the study area supports
subtropical schima-castonopsis forest, lower temperate mixed
broadleaved forest with alder and oak, upper temperate mixed
broadleaved forest with rhododendron and birch, and arid bushes. Fre-
quency of extremeevents such asfloods has increased by a factor of 1.18
in the study region between 1984 and 2013 (DesInventar, 1999). The
study area comprises approximately 909 households and around 75%
of these are Gurung ethnic communities, with the rest from other castes
such as Damai, Kami, Nepali, Chhetri, and Brahmin (MRM, 2018). Most
people rely on several types of NTFPs such asmedicinal plants,wild veg-
etables and fruits, fibers, and bamboo products for their household
Madi watershed, Nepal.
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consumption or subsistence income (Gurung et al., 2008; Gurung et al.,
2020), and the provision of NTFPs are impacted by increased in temper-
ature, change in precipitation, extreme events such as hailstorms and
strongwinds, and climate induced hazards such as landslides andfloods
(Gurung et al., 2020).

3.2. Sampling procedure and data collection

In our study, the household was the unit of analysis and the house-
hold head or their representative was the respondent. To provide a sta-
tistically reliable sample from the target population of the study area
(Suleiman et al., 2017), a sample size of 278 households (31% of the
909 households in the study area)was determined by using the formula
proposed by Yamane (1967). The Statistical Package for the Social
Sciences (SPSS 21) software was used to select a random sample of
278 households.

We conducted a face to face household survey (Pandey et al., 2018)
to collect data for this study during September–December 2019. A struc-
tured questionnaire containing both closed and open-ended questions
developed after careful review of the published research on people's
perception (Bhatta et al., 2020; Muhamad et al., 2014; van Oort et al.,
2015), climate change adaptation, and barriers (Alam et al., 2017;
Archie, 2014; Bhatta et al., 2015; Pandey et al., 2018), was used to inter-
view the selected household heads (or their representatives). To check
the clarity of the survey questions, they were pre-tested (Lhoest et al.,
2019) with 10 households prior to the survey implementation. The
questions were prepared in the local Nepali language and all the partic-
ipants were clear on the survey questions. The survey included 6 main
sections: 1. socio-demographic information of respondents; 2. currently
collected and utilized NTFPs in the study area; 3. local perceptions of cli-
mate change; 4. perceived impacts of climate change on NTFPs; 5. per-
ceived probability of future occurrence of climate related risks and
extreme events such as prolonged drought, extreme rainfall and land-
slides, extreme wind and hailstorms, increase in pest and insects, in-
crease in invasive plant species, and their impacts on NTFP
availability; and 6. climate change adaptation practices, and perceived
adaptation barriers. This paper is based on the sections 4, 5, and 6 (Sup-
plementary information). The 5-point Likert scale (Robson and
McCartan, 2015) was used to quantify the responses. Regarding the
perceived probability of future occurrence of risks and extreme
events and their impacts on NTFPs: the responses ranged from very
unlikely to occur to very likely to occur. In the case of climate change
adaptation practices, the respondents were asked about their range
of adaptation practice from not practiced to well-practiced; and for
perceived adaptation barriers, the respondents were asked to
estimate the perceived level of barriers from not a barrier to very
significant barrier.

Ethics approvalwas obtained from the Faculty of Science Engineering
and Built EnvironmentHuman Ethics Advisory Group, Deakin University
(reference number STEC-31-2019-GURUNG) for this study. A plain lan-
guage statement (PLS) of the project was provided to all participants
in their preferred language (Nepali) and each participant signed a con-
sent form before the survey. The PLS included information about the sig-
nificance of the study, that participation was voluntary, and that
participants couldwithdraw from the survey at any time of the research.
Confidentiality and anonymity of the respondents and their responses
were maintained.

3.3. Data analysis

The data obtained from thehousehold surveywere visualised graph-
ically and analysed quantitatively using descriptive statistics. The data
were coded to facilitate data entry and numerical codes were given to
responses for systematic organization of data into categories (Robson
and McCartan, 2015) using SPSS 21. The open-ended questions were
framed to supplement the results of closed questions. Qualitative
4

information collected from the open-ended questions were analysed
using thematic coding analysis (Robson and McCartan, 2015).

4. Results

4.1. Characteristics of sample households

In the study area, household heads are typically male which meant
that our sample consisted of more males (62.2%) than females
(37.4%). Nearly half of the respondents (50.3%) were aged over 60
years, while respondents aged 36–60 and 18–35 years formed 43.9%
and 5.8% of the sample, respectively. The majority of the respondents
were of Gurung ethnicity (78.8%), followed by Dalit (19.4%), and 1.8%
were of other ethnicity. Most respondents (61.5%) had no formal educa-
tion, 34.9% had primary education, 3.6% had secondary education, and
no one was tertiary educated. Almost all were farmers (97.5%), with
2.5% of respondents employed in the business sector. Among the re-
spondents, 34.2% had an average annual household income greater
than 100,000Nepalese Rupees (NPR) (USD967.5), 29.9% had an income
of NPR 51,000–100,000 (USD 493–967.5), 27% had an income of NPR
25,000–50,000 (USD 242–484), and 8.9% reported incomes of less
than NPR 25,000.

4.2. Utilization of NTFPs and impacts of climate change on NTFPs in the
study area

The study area is rich in NTFP utilization. Different categories of
NTFPs such as fuelwood, wild vegetables, wild fruit, fodder, bamboo
products, agricultural tools, medicinal plants, ornamental plants, nettle
products, and ritual plants which contribute to mountain people's
well-being and livelihoods in multiple ways (Table 1 and Fig. 2).

More detail of NTFP use and the full dataset is presented in Gurung
et al. (2020). Mountain communities in the study area used NTFPs
both for subsistence and cash income. The most common NTFPs use
for cash income were medicinal plants, bamboo products, and nettle
products (Gurung et al., 2020).

People perceived an increase in invasive plant species, insect and
pest species outbreaks, and an increase in extreme weather events
such as hailstorms and strong winds, as well as natural hazards such
as landslides and floods, as being associated with recent increased tem-
peratures and changes in precipitation patterns, and that these have all
negatively impacted the availability of NTFPs for mountain communi-
ties over the last 20–30 years (Fig. 3).

4.3. Local perception of probability of future occurrence of climate related
risks and extreme events and impacts on NTFPs

Most respondents (68%) perceived the probability of occurrence of
invasive plant species and their impacts on NTFPs will likely occur in
the future (Fig. 4), and nearly a half of the respondents (43.5%) agreed
on the probability of occurrence of pests and insects and their impacts
on NTFPs. However, the majority of the respondents were not sure
about the probability of occurrence of deficit rainfall and water stress
and its impacts on NTFPs (98.2%), occurrence of extreme rainfall and
landslides and its impacts on NTFPs (95.7%), occurrence of prolonged
drought and occurrence of forest fire and impacts on NTFPs (95.3%), oc-
currence of extreme rainfall and floods and impacts on NTFPs (95%), oc-
currence of erratic rainfall and its impacts on NTFPs (92.8%), occurrence
of strong wind and extreme hailstorms and impacts on NTFPs (89.2%)
and occurrence of extreme hailstorm and its impacts on NTFPs (88.8%).

4.4. Adaptation practices

Respondents reported adopting several climate change adaptation
practices. Among these were the self-regulation of over-collection of
NTFPs, alternative income generating activities, agroforestry, the use



Table 1
List of major NTFP species collected in Upper Madi watershed.

NTFPs use categories Common name English name Scientific name Part used

Fuelwood Uttis Alder Alnus nepalensis D. Don Stem
Wild vegetables Ghude Himalayan Small Bamboo Thamnocalamus spathiflorus (Trin.) Munro Shoots

Niuro Edible Fern Shoot Dryopteris cochleata (D. Don) C. Chr. Shoots
Malinge Himalayan Small Bamboo Himalayacalamus cupreus Stapleton Shoots

Wild fruit Paiyu Himalayan Cherry Prunus cerasoides D. Don Fruit
Malah N/A Viburnum mullaha Buch. -Ham.ex D. Don Fruit
Aiselu Golden Evergreen Raspberry Rubus ellipticus Sm. Fruit
Bhutro Nepal Barberry Berberis aristata DC. Fruit

Fodder Ghude Himalayan Small Bamboo Thamnocalamus spathiflorus (Trin.) Munro Leaf
Dudhilo N/A Ficus neriifolia Sm. Leaf
Kharsu Brown Oak of Himalaya Quercus semiserrata Roxb. Leaf
Gogan N/A Saurauia napaulensis DC. Leaf
Malinge Himalayan Small Bamboo Himalayacalamus cupreus Stapleton Leaf
Chuletro N/A Brassaiopsis hainla (Buch. -Ham.) Seem. Leaf

Bamboo products Ghude Himalayan Small Bamboo Thamnocalamus spathiflorus (Trin.) Munro Stem
Malinge Himalayan Small Bamboo Himalayacalamus cupreus Stapleton Stem

Agricultural tools Paiyu Himalayan Cherry Prunus cerasoides D. Don Stem
Chilaune Needle Wood Schima wallichii (DC.) Korth. Stem
Laligurans Rhododendron Rhododendron arboreum Sm. Stem

Medicinal plants Kudki N/A Picrorhiza scrophulariiflora Pennell Rhizome
Siltimur Pepper Lindera neesiana (Wall. ex Nees) Kurz Fruit
Panch Amle Orchid Dactylorhiza hatagirea (D. Don) Soo Rhizome
Padamchal Himalayan Rhubarb Rheum australe D. Don Rhizome
Satuwa N/A Paris polyphylla Sm. Rhizome
Yarshya Gumba Caterpillar Fungus Ophiocordyceps sinensis (Berk.) G.H. Sung, J.M. Sung, Hywel-Jones & Spatafora Whole plant

Ornamental plants Laligurans Rhododendron Rhododendron arboreum Sm. Flower
Sungava Orchid Coelogyne cristata Lindl. Flower

Nettle products Allo Himalayan Nettle Girardinia diversifolia (Link) Friis Bark
Ritual plants Titepati Mug Wart Artemisia dubia Wall. ex Besser Leaf

Paiyu Himalayan Cherry Prunus cerasoides D. Don Stem, leaf
Malah N/A Viburnum mullaha Buch. -Ham.ex D. Don Stem
Dudhilo N/A Ficus neriifolia Sm. Leaf, stem
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of alternative energy, and improved stoves (using gas rather than fuel-
wood). The use of alternative tools and weaving materials were also
commonly adopted adaptation practices (Fig. 5). Most respondents
(72.3%) reported the self-regulation of over-collection of NTFPs as
being a well-practiced adaptation practice. Respondents collected
NTFPswith consideration of their availability. Alternative incomegener-
ating activities included plumbing, carpentry, and foreign services in
order to reduce the pressure on NTFP species. In addition, agroforestry
activities such as planting valuable NTFP species for fuelwood, fod-
der, medicinal plants, and bamboo on their own agricultural land
as well as in forests and fringe areas were reported as being well
practised (37.4%) and practiced in part (17.6%). Respondents agreed
on the use of improved stoves to reduce the need for firewood collec-
tion (30.9% well practiced, 20.5% practiced in part), and the use of al-
ternative tools and materials for weaving NTFPs based handicrafts
(19.1% well practiced, 24.1% practiced in part). However, most re-
spondents reported forest fire management (95.3%), change of har-
vesting time (89.2%), removal and reuse of invasive plant species
(82.7%), and NTFP species nursery establishment (77.7%) as not
practiced.

4.5. Adaptation barriers

Almost all the respondents reported barriers to adaptation in
managing NTFPs (Fig. 6). Most respondents (75.9%) perceived a
lack of predictability of climate hazards, lack of technical knowledge
(64%), and a belief in fate and lack of personal agency (55.4%). Mod-
erate barriers included lack of human resources (46.4%), lack of fi-
nances (43.5%), lack of government programs and policies (42.8%)
as considerable adaptation barriers, and lack of nursery establish-
ment knowledge (33.1%). Light barriers included a lack of agrofor-
estry knowledge (41%) and a lack of timely access of weather
information (29.5%). However, 44.6% of the respondents reported a
lack of market access was not a strong barrier.
5

5. Discussion

Mountain communities from the Nepalese Himalaya used differ-
ent NTFP ecosystem services for their livelihood and wellbeing.
They used NTFPs both for subsistence and cash income. The most
common NTFPs used for cash incomewere medicinal plants, bamboo
products, and nettle products. The mountain communities perceived
that these services were negatively impacted by climate change and
extreme events. Most respondents expressed uncertainty about the
future occurrence and impacts of climate and extreme events on
NTFPs. Several adaptations were practiced by the mountain commu-
nities with respect to NTFPs. Among them, self-regulation of NTFP
collection, the practice of alternative income generating activities,
and agroforestry were the most common adaptation practices.
They perceived a lack of predictability of climate hazards, poor
access to technology, a belief in fate, a lack of government policies
and programs, limited access to finance and labour, and lack of
timely access to weather information to be some of the major bar-
riers for adaptation.

5.1. Perceived current and future impacts of climate change on NTFPs

Hailstorms have impacted the provision of almost all NTFPs in the
study area. Botzen et al. (2010) reported that hailstorm damage may
increase in the future with climate change. An increase in pests and
insect attack has impacted most of NTFPs. Pests and insects consume
leaves of NTFP plants, defoliate trees, and otherwise kill plants. Cli-
mate change influences on the outbreak of bark beetles and insects
that defoliate and otherwise impact forest ecosystems (Pureswaran
et al., 2018). Invasive plant species prevent regeneration and de-
grade the habitat of NTFPs (Shrestha et al., 2019a), mostly affecting
fodder, fuelwood, nettle products, and wild vegetable species in the
study area. Respondents from the study area anticipate future occur-
rences of invasive plant invasions and their impacts on NTFPs. The



Fig. 2. Examples of someNTFPs use in the study area a) fuelwood collection b) bamboo collection c)weaving of nettle product d)weaving of bamboo products e) an edible fruit (Viburnum
mullaha) f) wild vegetable collection (photographs, with permission from participants: a, c & f by G. Gurung, b, d & e by L. J. Gurung).
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range of the invasive plant species is rapidly shifting to higher eleva-
tions with the advent of accelerated warming in the mountains of
central Nepal (Lamsal et al., 2017) and are predicted to increasingly
invade mountain ecosystems as climatic conditions become more
suitable (Lamsal et al., 2018).
Fig. 3. Perceived overall impacts of clim

6

5.2. Climate change adaptation and adaptation barriers for managing
NTFPs

Local communities in the study area were found to be adjusting to
the negative impacts of climate change via their NTFP management.
ate change on NTFPs (n = 278).



Fig. 4. Perceived probability of future occurrence of climate related risks and extreme events and impacts on NTFPs (n = 278).
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These practices relating to adaptation were mostly determined by their
skills, local knowledge, judgement, vulnerability and available re-
sources. Most respondents practiced agroforestry, self-regulating the
collection of NTFPs, and alternative income generating activities such
as plumbing, carpentry, and foreign services. The use of alternative en-
ergy and weavingmaterials were also commonly practiced. Other stud-
ies have also found similar adaptations to be practiced in other
mountain regions (Adhikari et al., 2018; Karki et al., 2020; Tembo
et al., 2018). For instance, Adhikari et al. (2018) reported the use of bio-
gas instead of fuelwood as a household level adaptation practice in the
Panchase Mountain Ecological Regions of Nepal. Most respondents
self-regulated the collection of NTFPs as a major adaptation option,
but this has been rarely reported in similar studies.

Agroforestry was also a very common adaptation activity practiced
by the respondents.MOE (2010) suggested agroforestry as a priority ad-
aptation activity formanagingNTFPs in its National Adaptation Program
of Action (NAPA) document of Nepal. Agroforestry can help to over-
come a range of ecological and social problems (Rigueiro-Rodríguez
et al., 2009), agroforestry systems can enhance ecological benefits
through reductions in soil loss, increasing carbon sequestration, en-
hancing biodiversity, and managing fire risks in specific areas (Pandey,
2007). The use of agroforestry practices can generate additional income
for forest dependent communities by cultivatingNTFPswith other crops
in their farmlands, forests and forest-fringe areas, and can support the
restoration of NTFP species (Adhikari et al., 2018; Dey et al., 2018;
Sharma and Sharma, 2018) and enhance NTFP diversity (Rigueiro-
Rodríguez et al., 2009). Pandey et al. (2017) reported that people from
the Tehri-Garhwal district of Uttarakhand, a Himalayan State of India,
use agroforestry as a tool for improving the livelihoods and resilience
to climate change via the provision of diversified agricultural and forest
products.

Most respondents indicated that the practice of alternative income
generating activities such as plumbing, carpentry, homestays, and for-
eign services such as labour in gulf countries and joining the Indian
and British armies were among the most common adaptations. These
Fig. 5. Adaptation practices by t
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activities generate extra income and reduce pressure on NTFP utiliza-
tion (Adhikari et al., 2018). Use of improved stoves to reduce fuelwood
consumption was also a widely practiced adaptation by the respon-
dents. Less demand for fuelwood also reduces the workload required
to collect the fuelwood, improves the health of household members
via reducing exposure to indoor smoke from traditional cooking stoves
(Adhikari et al., 2018; Suberi et al., 2018). Some studies identified the
removal or use of invasive plant species in preparation of organic ma-
nure and bio-briquette (Adhikari et al., 2018), or changes in harvest
time (Kunwar et al., 2014; Maikhuri et al., 2018) as major adaptation
strategies for NTFP management. Removal of invasive species enhances
the resilience of NTFP species (Rigueiro-Rodríguez et al., 2009). How-
ever, our respondents rarely practiced these. Local development and
implementation of strategies for climate change adaptation is insuffi-
cient and must be supported by external policy and programs imple-
mented by government and non-government organisations.

People consume and trade NTFPs to adapt to the changing climate
(Ingxay et al., 2015; Macchi et al., 2015) as NTFPs buffer the loss of in-
come from low crop yields (Ali et al., 2017). People from poor and mar-
ginalized communities in Nepal also collect wild fruits, vegetables,
yams, and tubers as a supplementary source of food during times of
crop failure (Pandey et al., 2016). Thus, there is a great need for the sus-
tainable management and supply of NTFPs for the mountain communi-
ties (Balama et al., 2017).

Impacts of climate change onNTFPs can be reduced and the adaptive
capacity of local communities can be enhanced by removing adaptation
barriers (Wang et al., 2020). Numerous factorswere found to be respon-
sible for hindering local adaptation for bettermanagingNTFPs under cli-
mate change. The lack of technology and technical knowledge citedhere
as a significant barrier aligns with the findings of climate change adap-
tation studies in other mountain areas (Bastakoti et al., 2017; Heyojoo
et al., 2017; Loria and Bhardwaj, 2016). A lack of climatic information
and predictability of climate related risks and extreme events among
forest-dependent communities in mountain ecosystems arise from a
gap in theway information is generated and disseminated, and a failure
he respondents (n = 278).



Fig. 6. Perceived adaptation barriers by respondents (n = 278).
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in communication to mountain communities (Karki et al., 2020). This
information gap could also be linked to the lower level of education
among respondents. The NAPA also mentioned inadequate financial,
technical, human resources, and inadequate implementation of existing
plans and policies as barriers in the forestry sector (MOE, 2010). Suc-
cessful adaptation to climate change amongmountain communities re-
quires these multiple barriers to be addressed via policy and planning.

5.3. Policy implications

Climatic variables and climate induced extreme events such as hail-
storms, strong wind, spread of invasive plant species and outbreak of
pests and insects have been degrading the provision of NTFP ecosystem
services. Our study found inadequate management and adaptation ini-
tiatives for reducing these risks and events and identifiedmajor adapta-
tion barriers including a lack of information and technical knowledge,
fatalism and lack of government program and policies for managing
NTFPs. Some mountain communities including some in Nepal and
India have developed climate change policies and adaptation plans.
India has developed a National Action Plan on Climate Change
(NAPCC) which recognizes the importance of sustainingmountain eco-
systems (GOI, 2008). Nepal has developed several adaptation plans in-
cluding NAPA and the Local Adaptation Plan for Action (LAPA) (MOE,
2010; MOE, 2011). NAPA assesses national-scale climatic vulnerability
and strategic adaptation measures whereas LAPA has been developed
to target and direct NAPA planning and implementation at the local
level tailored through a bottom-up approach. However, the inclusion
and implementation of NTFP-related adaptation practices at a local
level remains a challenge. To ensure long-term sustainability of NTFPs,
place-specific mechanisms for adaptation could be the best fit for
mountain regions given the diverse and heterogenous demographic,
geographic, cultural, and economic characteristics of mountain areas.
Awareness raising programs related to climate change, government/
non-government support via subsidies, or technology support to man-
age climate related risks and extreme events and impacts on NTFPs.
For example, the promotion ofmixed-speciesNTFPs that aremore resis-
tant to pest and insect damage (Field et al., 2020), or the identification
and promotion of utilization values of invasive plant species (Everard
et al., 2018) could be advanced through coordination among local
stakeholders.

5.4. Contribution

Our study provides a comprehensive understanding of adaptation
practices and barriers to promote the management and sustainability
of NTFPs in the mountain environment of Nepal. Few studies have
assessed adaptation in mountains and those that do have focused
mainly on medicinal plants (Kunwar et al., 2014; Maikhuri et al.,
2018). Our study assessed the perceived probability of future occur-
rence of climate related risks and extreme events and impacts on
NTFPs, existing adaptation practices and adaptation barriers in
8

managing NTFPs in the mountains. The findings will help inform long-
term adaptation strategies of NTFPs management and policy in moun-
tain ecosystems. Local government and communities can consider the
present and future perceived impacts of climate change on the availabil-
ity of NTFPs and adaptation barriers for managing the NTFPs while for-
mulating their regular development planning process. The plans can be
implemented through the financial support of government and non-
government agencies, which will help them to reduce the negative im-
pacts of climate change on NTFPs and increase the adaptive capacity of
the local communities. Additionally, our study will help to understand
local perceptions on climate change impacts, adaptation strategies in
mountain ecosystem which is mostly absent from scientific studies.
The findings also inform policies and programs required for addressing
the impacts of climate change on mountain communities globally not
just in Nepal.

6. Conclusion

This study found that mountain communities in the Nepalese
Himalaya believe that climate change is impacting the availability of
NTFPs and have adopted several adaptation practices in response. To in-
form long-term adaptation strategies and the sustainability ofmountain
communities and NTFPs ecosystems, local adaptation practices and ad-
aptation barriers were explored. Our study reveals that despite the per-
ceived impacts of climate change on NTFPs, adaptation practices have
not been fully adopted by mountain communities. Adaptation options
to deal with increased invasive plant species and pest insect outbreaks
are challenging despite having the highest perceived impacts on
NTFPs. Agroforestry, self-regulating the collection of NTFPs, the practice
of alternative income-generating activities, and the use of alternative
energy and weaving materials were the most widely practiced adapta-
tion practices. We identified major adaptation barriers including a lack
of predictability of climate hazards, technical knowledge, government
support, finance and labour, and timely access of weather information,
in addition to fatalistic beliefs and a perceived lack of agency around cli-
mate change impacts. Our findings help to fill a research gap in under-
standing local people's knowledge and perceptions about climate
change and adaptation in managing NTFP ecosystem services in moun-
tain ecosystem which is mostly absent from scientific studies. This new
understanding of local climate change adaptation strategies can support
policy makers in both government and non-government organisations
to improve the sustainability of NTFPs in mountain ecosystems and
the benefits that accrue to local people under future climate change.
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