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ABSTRACT
Given the increasing vulnerabilities and adverse effects of climate change, the
development and implementation of adaptation strategies is essential. This is
particularly so for Nepal where the agriculture sector – the mainstay of the
country’s economy – is highly vulnerable to climate change. As a country that
loses much from climate change, local communities here have been adapting to
climate change impacts using localized knowledge and practices. However, few
studies have systematically reviewed the adaptation strategies of Nepalese farmers.
We conduct such a review using the RepOrting Standards for Systematic Evidence
Syntheses (ROSES) guidelines. The relevant literature is retrieved using Scopus,
Web of Science and Google Scholar databases. The adaptation strategies of the
Nepalese farmers are broadly categorized under seven themes and twenty-nine
sub-themes: (a) access to financial resources and risk transfer; (b) diversification of
livelihoods, income sources and agricultural practices; (c) spatial adaptation; (d)
climate smart agriculture; (e) common pooling of resources and social action; (f)
traditional and local knowledge; and (g) food and water storage and security.
Diversification of livelihoods, income sources and agricultural practices are the
most common adaptation strategies employed. All the strategies practiced are
autonomous, have a short term orientation and reactive in nature rather than
being sustainable and proactive. The outputs of this study explore the significance
of the local adaptation strategies and to what extent they should be integrated
into the mainstream of national and local level development plans. These findings
of Nepal – are relevant to neighbouring countries such as Bhutan, Bangladesh and
India.

Key policy insights:
. This study finds that locally practiced adaptation strategies have a short term and

reactive focus rather than being sustainable and proactive solutions.
. Farmers are confronting weak institutions and financial and managerial difficulties

in coping with climate change and adapting to its impacts; hence, local-level
adaptation strategies alone cannot cope with the harsh impacts of climate change.

. The research findings indicate the urgency and need to integrate or mainstream
local adaptation strategies into national and local level development planning
to strengthen adaptation practice and make it sustainable.
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1. Introduction

Climate change has been recognized as a widespread phenomenon in the countries of South Asia (Ahmed
et al., 2019; Rasul, 2021). This is particularly so for rural communities with subsistence-level farming where
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households have small land holding and are reliant on weather-dependent rain-fed agriculture (Bhandari, 2013;
Howden et al., 2007; Jawid & Khadjavi, 2019; Khanal et al., 2019a; Suresh et al., 2021; Weerasekara et al., 2021).
Countries highly dependent on climate-sensitive sectors such as agriculture (Pokhrel & Thapa, 2007) are there-
fore more vulnerable to the impacts of climate change. This is due to their poor adaptive capacities (Morton,
2007; Shrestha & Nepal, 2016), lack of institutional arrangements, the poor knowledge of farmers, higher
exposure to extreme weather events and limited livelihood diversification options (Bhatta et al., 2017;
Gentle et al., 2014; Morton, 2007). Increased temperature and erratic rainfall patterns have changed farming
schedules, reduced water supply and availability, increased irrigation costs, increased spread of alien and inva-
sive weeds, and increased prevalence of pest and diseases – all of which have produced a decline in agricultural
production and productivity (Arunrat et al., 2017; IPCC, 2013). As well, more frequent landslides and flood
events are eroding the fertile topsoil. Crops rely upon climatic factors such as moderate temperatures, adequate
precipitation, humidity and solar radiation. Alterations to these factors directly impact crop yields. This in turn
jeopardizes livelihoods, decreases farmers’ food security and places additional socioeconomic pressure on poor
communities (Bhandari, 2013).

In response to the above-mentioned climate change impacts, local farmers, governments, researchers and
practitioners are exploring and adopting various adaptations strategies. Adaptation is defined as the ‘adjust-
ment in natural or human systems in response to actual or expected climatic stimuli or their effects, which mod-
erates harm or exploits beneficial opportunities’ (IPCC, 2007). Agricultural climate change adaptations involve
the adjustment of agro-economic activities, processes and financial planning designed to combat the impacts
imposed by climate change and variability (Khanal & Wilson, 2019). Adaptation strategies can be anticipatory,
concurrent and reactive, and tend to minimize the harsh effects of climate change (IPCC, 2001). The nature and
extent of adaptation varies according to socioeconomic context and location (Bhatta et al., 2015). The measures
undertaken prior to exposure to climate change effects in order to combat possible future risks are anticipatory
measures, whereas the reactive adaptations are the measures which are implemented as a response to already
witnessed effects (Bhandari, 2013).

Despite its negligible contribution to global annual greenhouse gas emissions (0.05% annually) (Khadka &
Pathak, 2016), Nepal is one of the countries experiencing highly adverse impacts of climate change (UNDRR,
2019) and is ranked 4th in the climate change vulnerability index (Eckstein et al., 2019). Climate-induced disas-
ters (mainly hailstorms, avalanches, wind storms, cold waves, floods, landslides and erratic rainfall events) have
been frequently witnessed in Nepal in recent years (MoHA, 2019a, 2019b), of which floods, landslides and
glacial lake outburst floods (GLOF) in particular, result in very large socioeconomic and human losses
(Khadka et al., 2018). Meanwhile, atmospheric warming (Shrestha & Nepal, 2016) is also being experienced.
During 1971–2014, Nepal’s average annual temperature increased by 0.056°C and the minimum annual temp-
erature by 0.002°C per year (DHM, 2017), and mean temperature is expected to rise by 0.9–1.1°C during 2016–
2045 to 1.3–1.8°C during 2036–2065 (MoFE, 2019a, 2019b). For example, the annual rainfall of Tarai has
increased at an average of 0.49 mm per year since the 1960s (DHM, 2017). As the population of Nepal is pre-
dicted to reach 46 million by 2050 (UN, 2013), monsoonal precipitation is estimated to continue to increase by
15–20% (MoE, 2010) and flood hazards alone are projected to cause 82.9% of average annual damages. As well,
the proportion of the population vulnerable to climate change impacts is expected to increase (UNISDR, 2015).

Agriculture is the mainstay of Nepal’s economy contributing 27% to its GDP (MoF, 2019) – reflecting the
65.5% of the population engaged in agriculture for their livelihoods (MoALD, 2019). More than 86% of energy
demand is derived from agricultural residue, forest, and animal waste (CBS, 2014). Despite its contribution, the
agriculture sector has been under severe pressure due to climate change impacts in recent decades (Bandara
& Cai, 2014; Karki & Gurung, 2012). Farming is mostly subsistence (Devkota et al., 2011; Shrestha & Nepal,
2016) with around 60% rain-fed (CBS, 2011; Chalise et al., 2015), and variation in climate has resulted in declin-
ing crop productivity. In 2005, crop production declined by 12.5% in eastern Nepal due to early monsoonal
rainfall and large flooding events which destroyed crops in the western region. This resulted in a 30% decline
in crop production (Pokhrel & Thapa, 2007; Regmi, 2007). The FAO (2009) reports a reduction in Nepalese
wheat and barley production of 14.5% and 17.3%, respectively, due to the winter drought. Because of
unfavourable climatic conditions, the area under rice production in Nepal declined by 7.2% in 2012 and
11.3% in 2013 (MoF, 2013). The monsoon calendar has shifted from mid-July to mid-August in Kathmandu
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impacting paddy plantation. Unusual snowfall patterns in the mountain district of Darchula, the existence of
mosquitoes in the mid-hill districts, receding snowfalls and retreating glaciers are other observable impacts
which are the products of changed climatic conditions. Consequently, early ripening of crops, climatic
zone shifts and increased prevalence of pest and diseases are also showing up as impacts of climate
change (Malla,2009).

Adaptation strategies depend on socioeconomic and physical factors (Hussain et al., 2018). In Nepal, local
communities have been adapting to climate change impacts through their localized adaptation strategies.
These strategies are mostly local, reactive and generally ad hoc (Budhathoki & Zander, 2020; Nuorteva et al.,
2010), mostly associated with disaster risk management and diversification (Gentle & Maraseni, 2012), and
based on local indigenous knowledge (Maharjan & Maharjan, 2020). The National Adaptation Programme of
Action (NAPA) (GoN, 2010), the Local Adaptation Programme of Action (LAPA) (GoN, 2011) and the Climate
Change Policy, 2019 (GoN, 2019) are programmes being implemented through adaptation projects carried
out by a number of institutional arrangements and local stakeholders (Regmi & Bhandari, 2013). In recent
years, farmers are more concerned and informed about the impacts of climate change and are practicing adap-
tation through various mechanisms (Karki & Gurung, 2012). However, the existing experience, technology,
knowledge and capacity are inadequate to meet the adaptation needs of farmers.

Climate change adaptation strategies are essential to address the vulnerabilities and adverse effects of
climate change (Khadka et al., 2018). Implementation of appropriate strategic plans can minimize the
adverse impacts of climate change in agriculture (Chhetri et al., 2012). Thus, investigating and evaluating adap-
tation practices at the local level are imperative to enhancing the coping capacity for climatic hazards and
losses (Dhungana et al., 2020). Capturing reliable and accurate spatiotemporal data has been hindered due
to the limited number of meteorological stations (Dixit, 2018). Due to topographical complexity and limited
sub-district level data and research, simulating future climatic conditions and planning on a local scale
becomes difficult and perception-based autonomous adaptation strategies have become imperative to
combat the impacts (Vij et al., 2019). Understanding the past and current climate policy paradigms (Vij et al.,
2018) and localized adaptation strategies is essential in order to shape, formulate and implement future
effective climate policies.

How local people are adapting autonomously to the harsh impacts of climate change has been the topic of
interest of various researchers with a number of studies investigating adaptation strategies at the local level
(Chhetri et al., 2012; Dhakal et al., 2016; Gentle & Maraseni, 2012; Hussain et al., 2018; Khanal et al., 2019b; Man-
andhar et al., 2011; Prasain, 2018). However, such studies are based on a limited spatiotemporal framework.
Moreover, the narrative reviews are neither comprehensive nor can ensure an absence of reviewer’s bias.
Hence, there is an absence of studies that encompass a national scenario in a broader temporal scale. Therefore,
this study aims to comprehensively analyse the autonomous options that the Nepalese farmers have adapted
to combat the impacts of climate change and variability in the last two decades (2000–2021). Through a com-
prehensive and organized systematic review accompanied by a robust methodology guided by a central
research question, rigorous search strategy and screens, transparent and reliable results can be achieved.
The results of this research can assist researchers and policy-makers in their understanding and exploration
of how farmers in Nepal are coping and adapting to the impacts of climate change. They can also aid investi-
gation into what extent farmers’ adaptation strategies are effective and what are the areas which the govern-
ment needs to contribute to. Given that adaptation planning has been initiated in Nepal at the local, regional
and national level, comprehensive information on adaptation strategies generated through this study can con-
tribute to more robust planning and implementation of adaptation programs.

1.1. Generating the research question

The research question is generated using the Population, Interest and Context (PICo) guideline adapted by
various systematic review papers (Mohamad Shaffril et al., 2020). In this study, population refers to farming
communities, interest relates to climate change adaptation interventions and context provides the research
context in Nepal. The research question to be answered is: what are the major climate change adaptation strat-
egies Nepalese farmers need to employ to overcome the adverse impacts of climate change?
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Through this study, planners, policy-makers and researchers can acquire information about the fundamen-
tals of local strategies used to adapt to the impacts of climate change and variability. The integration of local
adaptation and knowledge are the basic inputs needed for the formulation of sustainable environmental and
climate-related plans and strategic programs. Such information also helps to identify the existing gaps in
current adaptation strategies.

2. Methodology

2.1. Review guideline – ROSES

The study is based on the RepOrting Standards for Systematic Evidence Syntheses (ROSES) review protocol
which is recognized as an important tool for environmental management (Haddaway et al., 2018; Mohamad
Shaffril et al., 2020). It is capable of guiding researchers through the process of accurately responding to
research questions. A systematic search process comprises a process of identification, screening (defining
inclusion and exclusion criteria) and eligibility assessment. It is followed by quality appraisal, data acquisition,
abstraction and analysis (Ishtiaque et al., 2020).

2.2. Systematic literature retrieval and processing strategy

A systematic search strategy was adopted for the acquisition of data which includes the planned steps of
research question formulation, identification, screening, eligibility, quality appraisal and data extraction
(Figure 1). This is presented in detail in the sections below.

2.2.1. Identification
The appropriate data were identified by the use of synonyms, central key words and related terms (Okoli, 2015)
generated on the basis of experts’ suggestions and previous studies. The search process was mainly focused on
Scopus and Web of Science, two of the most comprehensive databases for refereed published material on
climate change and adaptation (Zhu & Liu, 2020). These databases are widely used as they are systematically
managed and therefore appropriate for a systematic review process (Falagas et al., 2008) and for assembling
high quality research papers in multiple disciplines including environmental management (Gusenbauer &
Haddaway, 2020; Martín-Martín et al., 2018). In the search string, key and associated words were searched
using the Boolean operator (OR, AND), field code function, truncation and phrase search (Table 1). Google
Scholar, a publicly available database which contains scholarly journal articles of multiple disciplines (Gusen-
bauer, 2019; Orduña-Malea et al., 2017), was used as a supplementary database source (Haddaway et al.,
2015). A total of 2083 articles were provisionally retrieved from these sources.

Table 1. Boolean database search from Web of Science and Scopus, and advance search in Google Scholar.

Database Search string

Web of
Science

TS=((‘Climat* chang*’ OR ‘climat* variabilit*’ OR ‘climat* hazard*’ OR ‘climat* risk*’ OR ‘global warming* ‘ OR ‘glacial* melt*’
OR ‘climat* extrem*’ OR ‘extrem* rainfall*’ OR ‘drought*’ OR ‘flood*’ OR ‘wildfire*’ OR ‘hot wave*’ OR ‘climat* uncertainit*’
OR ‘climat* disaster*’ OR ‘climat* impact*’) AND (‘Adapt* abilit*’ OR ‘adapt* strateg*’ OR ‘adapt*’ OR ‘ adapt capacit*’ OR
‘adapt potential*’ OR ‘adapt *practice*’ OR ‘adapt* mechanism*’ OR ‘adapt* strength*’ OR ‘adapt* trend*’ OR ‘adapt*
capabilit*’) AND (‘Cultivator*’ OR ‘agronomist*’ OR ‘harvester*’ OR ‘agriculturist*’ OR ‘peasant*’ OR ‘farm-hand*’ OR ‘farmer*’
OR ‘planter*’ OR ‘rancher*’ OR ‘pastoral*’) AND (Nepal*))

Scopus (‘climat* chang*’ OR ‘climat variabilit*’ OR ‘climat* hazard*’ OR ‘climat risk*’ OR ‘extrem heat*’ OR ‘global warming*’ OR
‘glacial melt*’ OR ‘extrem cold*’ OR ‘extrem* rainfall*’ OR ‘extreme* heat’ OR ‘drought*’ OR ‘flood*’ OR ‘wild fire*’ OR ‘hot
wave*’) AND (‘Adapt* abilit*’ OR ‘adapt* strateg*’ OR ‘adapt*’ OR ‘adapt capacit*’ OR ‘adapt* potential*’ OR ‘adapt*
practice*’ OR ‘adapt* mechanism*’ OR ‘adapt* strength*’ OR ‘adapt* trend*’ OR ‘adapt* capabilit*’) AND (agronomist* OR
harvester* OR agriculturist* OR peasant* OR farmer* OR planter* OR rancher* OR pastoral*) AND TITLE-ABS-KEY (adapt*)
AND (nepal*)

Google
Scholar

‘climate change adaptation in Nepal’
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2.2.2. Screening
The research question was placed at the centre while screening the data. As the impact of and adaptation to
climate change and adaptation strategies have become more important in recent years, the journal articles on
climate change adaptation between 2000 and 2021 were selected. In particular, the journal articles published
relating to climate change adaptation in Nepal and in the English language were chosen. However, data before
2000, non-English language texts, conference proceedings and countries other than Nepal were excluded. Web
of Science produced 19 articles, Scopus 88 articles, while 21 articles were retrieved from Google Scholar’s search
engine. All articles’ abstracts were carefully examined to ensure the objective of the research was relevant to the
research question of this study. A total of 87 articles were eliminated leaving a total of 41 eligible articles. The
eliminated articles were found not eligible given they focused either on impacts, vulnerability, challenges or
problems relating to climate change adaptation, did not relate to Nepal or related to other occupations
apart from agriculture.

2.2.3. Eligibility
The endnotes of the remaining 41 articles were exported and compared to each other. Five of them were
found to be duplicates and hence removed. Finally, 36 articles were selected for the systematic review
and were further organized for analysis using endnote reference managing systems. All 36 articles were pro-
cessed and manually observed for eligibility. The full texts of all 36 articles were then retrieved for quality
appraisal.

Figure 1. Flow diagram showing the steps of systematic search strategy.
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2.2.4. Quality appraisal
A total of 36 articles were processed for quality appraisal. This was conducted to ensure the content quality of
the selected literature (Mohamad Shaffril et al., 2020) and avoid bias (Ishtiaque et al., 2020). The selected articles
were sent to two experts who were asked to categorize the quality of literature as: (a) high quality, (b) moderate
quality, and (c) low quality in terms of content. The low quality literatures were to be excluded. Of the total 36
articles, experts identified 28 studies of high quality and 8 of moderate quality. Therefore, all 36 studies were
eligible for final review and hence were extracted for analysis.

2.3. Analysis of data

We used the integrative review method to analyse the acquired data. This is an approach which synthesizes the
previous literature and provides an inclusive understanding of the generated research question (Whittemore &
Knafl, 2005). Synthesizing the literature thematically is a well-recognized approach for an integrative review
(Flemming et al., 2019). The authors, in conducting the integrative review of the assembled literature, classified
the central idea – i.e. adaptation strategies – into themes and sub-themes. In doing so, an in-depth analysis of
the abstracts was carried out and the broad form of adaptation strategies (themes) and adaptation actions (sub-
themes) were identified and grouped. The categorization of themes was developed by Gentle et al. (2018). The
themes and sub-themes were cross-checked and verified by the corresponding author and the two co-authors
to ensure the relevancy of the groupings. An inclusive and representative nomenclature was applied to the
main group (theme). The factors of inclusion and consistency were duly focused in the process of generating
themes and sub-themes. Then, classification of the literature according to spatial and temporal scales was the
first step of analyses. This was followed by content analysis of individual studies to explore the impact of climate
change on agriculture and farmer’s autonomous adaptation strategies to combat their effects. Using the inte-
grative review approach, adaptation strategies reported in all the studies were summarized through descriptive
statistical analysis.

3. Results

3.1. Introducing the literature

Of the total 36 selected articles, seven were published in 2020, six in 2017, five in 2016 and 2018, three in 2013
and 2019, two in 2014 and 2021, one in 2011, 2012 and 2015. No literature was retrieved for the period 2000–
2010.

Spatially, 36 articles incorporated the cases and contexts of 31 administrative districts: Chitwan (5), Rupan-
dehi (4), Rasuwa (4), Mustang (2), Dhading (2), Lamjung (2), Kanchanpur (2), Banke (2), Sunsari (2), Sindhuli (2),
Kavre, Saptari, Sarlahi, Bardiya, Nuwakot, Sindhupalchowk, Solukhumbu, Dolakha, Gorkha, Ramechhap, Bara,
Ilam, Rautahat, Syangja, Jumla, Surkhet, Bhojpur, Kailali and Sankhuwasabha. Additionally, the selected articles
incorporated Koshi Basin, Budhigandaki Basin, Kaligandaki Basin, four watersheds of western Nepal (Seti,
Mohana, Bheri and Karnali), the Sindhukhola watershed, the Melamchi Valley (2), the Indrawati Basin (2), the
Khaptad and Panchase regions. Meanwhile, three works dealt with the overall national scenario. Two studies
were focused on the Hindu Kush region of the Himalayas: one study was simultaneously conducted in five
other countries (China, India, Afghanistan, Bhutan and Pakistan) including Nepal (Upper Mustang region);
and the other in Pakistan (upper Indus), Nepal (Koshi), India (Eastern Bramhaputra) and China (Salween and
Mekong regions). Two other works had simultaneously reported about the cases of India (Bihar) and Nepal
(Koshi Basin), and flood plains of India, Bangladesh and Nepal (Figure 2).

Researchers have investigated how a change in climatic conditions has adversely impacted agriculture
sectors. Some of the reported visible impacts of climate change are due to a rise in temperature, irregular pre-
cipitation, extreme weather events and increased natural hazards causing land desertification and degradation.
Such events have several far-reaching consequences such as degradation of natural resources, pest attacks,
delayed planting time, decreased crop yield and increased hazardous events. All of these have directly
impacted the livelihoods of poor farming communities, which have been employing a range of corrective
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strategies such as diversification of livelihood practices, income sources and agricultural practices, adoption of
spatial and technological practices, communal and collective efforts, and application of traditional and local
knowledge. Such adaptation practices investigated in the selected literature are thematically presented in
the section below.

3.2. Thematic categorization

In this analysis, the adaptation strategies identified were thematically categorized into 7 themes and 29 sub-
sequent sub-themes. The adaptation priorities explored in the literature are presented in Table 2.1

3.3. Analysis of the adaptation strategies identified in the selected articles

The first theme- access to financial resource/credit and risk transfer are considered good means to adapt to the
impact of climate change. In order to combat financial hardship and food scarcity during crop failures and
emergencies, local people rely on immediate financial assistance from formal and informal institutions, while
crop insurance is a longer term strategy to reimburse loss and damage from adverse climatic impacts.

Diversification of livelihoods, income sources and agricultural practices is the second theme in this article
which includes other strategies farmers have incorporated to adapt to climate change. When sustaining a liveli-
hood becomes difficult, people tend to become involved in multiple professions and ways of earning, farming
and land utilization practices. Livelihood and income diversification related adaptation mechanisms include:

Figure 2. Physiographic map of Nepal indicating the locations of the reviewed 36 selected articles.
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wage and labour based income, selling livestock, milk and eggs, selling and/or mortgaging land, shifting to a
skilled job, changes in eating habits and dropping off children from school, collection and sale of non-timber
forest products (NTFP) such as medicinal herbs, and tourism-related activities. Similarly, diversification of agri-
cultural practices includes changed farming practices, improved crop varieties, alternative cropping patterns
and planting less water consuming species. Meanwhile, land-related diversification options refer to mulching,
minimum tillage, terracing and sloping, changed land use, intercropping and mixed cropping. To combat the
climate-induced hazards or minimize the effects, farmers typically make adjustments to the crop calendar. They
continuously change the date and time of planting, weeding and application of agro-chemicals.

Another strategy, spatial adaptation, is categorized into two sub-themes: internal/external migration and
seasonal movement of people and livestock. Spatial adaptation options are supportive of farmers during the
failure of the subsistence peasant economy in rural Nepal. For example, studies have reported on labour
migrations within the country, overseas and to Indian labour markets. People also migrate from hazard-
prone areas and resettle in safer regions in order to avoid loss and damage from disaster events. The movement
of livestock at various carefully chosen altitudes can control overgrazing and minimize the damage caused by
overexploitation of resources.

Climate smart technologies – the fourth theme in this work-include practices which are water-smart,
weather-smart, nutrient-smart, energy-smart and knowledge-smart. Thus, they range from simple adjustment
practices such as sowing, planting, irrigating, and using agro-chemicals, to harvesting and transforming agri-
cultural productions (Poudel et al., 2017). Climate smart agricultural practices have been further classified
under the following sub-themes in this analysis: use of agro-chemicals, improved varieties of seeds, new
breeds and sheds, tunnel farming, alternative energy, weather forecasts technology, improved/alternative irri-
gation, and drought and flood tolerant species and varieties. Similarly, studies have also reported on farmer’s

Table 2. Summary of the local adaptation strategies adopted by the farmers explored from the systematic review of the selected articles.

Themes Sub-themes
Number of
articles

Access to financial resource and risk transfer (AFR) Access to formal and informal institutions (ACI) 7
Farm and crop insurance (FI) 5
Consumption of loans from money lenders (CL) 5

Diversification of livelihood, income sources and
agricultural practices (DLIA)

Livelihood and income diversification (LID) 25
Agricultural diversification (AD) (intercropping/mixed cropping/
quitting failed species)

23

Land-use related diversification (LD) 11
Change in crop calendar (CC) 14

Spatial adaptation (SA) Internal/external migration (IEM) 9
Seasonal migration (SM) 6

Climate smart agriculture (CSA) Use of agro-chemicals (AC) 9
Drought and flood tolerant crop species and varieties (DFC) 4
Improved varieties introduce high yielding crops/breeds/shed (IV) 15
Tunnel farming (TF) 4
Alternative energy use (AE) 3
Weather forecasting (WF) 7
Improved/alternative irrigation (IAI) 14
Agricultural and veterinary information (AV) 5

Common pooling of resource and social action (CRS) Structural adaptation measures (water, irrigation, roads,
embankments) (SAM)

9

Measures for hazard controlling (MHC) 5
Knowledge and experience sharing (KES) 2
Kinship support (KS) 4
Rotational resource use (RU) 5
Social bonding (SB) 7

Traditional and local knowledge (TaLK) Less water consumption (LWC) 2
Organic farming (OF) 10
Soil management practice mulching, contour farming, terracing
and traditional sloping (SMP)

2

Food and water storage and security (FWS) Food storage (FS) 4
Water storage and management techniques (WMT) 17
Agricultural residue storage (ARS) 2
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accessibility to technical support such as agricultural and veterinary information, weather forecasting systems
and to a choice of alternative energies such as LPG gas, biogas and improved stoves in place of firewood.
Farmers use chemical fertilizers, pesticides and insecticides in order to increase crop yields (Sujakhu et al.,
2016b). Additionally, farmers are making use of productive inputs such as improved forage, vaccines, medicines
(Dhakal et al., 2016), and varieties of higher yielding crops, breeds or sheds. Management of water resources is
one of the crucial challenges raised by climate change (Iglesias & Garrote, 2015), where improved/alternative
irrigation is the only option. Studies have reported that farmers – who are often exposed to water-stress
and crop failure – use cost-effective plastic ponds to reduce water seepage. Additionally, concrete ponds
and rainwater harvesting systems are also used to irrigate vegetable gardens using sprinkler systems
(Sugden et al., 2014).

Common pooling of resource and social action is the next theme which incorporates five sub-themes: struc-
tural adaptation measures for hazard controlling, knowledge and experience sharing, kinship support,
rotational resource use, and social bonding. To cope with disastrous events, people become collectively
involved in hazard control and infrastructure development activities, such as collective action in bio-engineer-
ing mechanisms, the plantation in landslide and flood hazard prone areas, constructions of gabion walls, and
dam construction on riverbanks for flood hazard control. Consequently, there is collective sharing of knowledge
and experience, and rotational use of resources such as irrigation systems, water, pastures and grazing lands
(Aryal et al., 2018; Bastakoti et al., 2017). Furthermore, during adverse situations, people seek kinship
support for loans from friends and family circles which is noted to be an effective practice acting as a form
of insurance during times of crop failure (Chhetri et al., 2013; Hussain et al., 2016; Sujakhu et al., 2016a; Aryal
et al., 2018).

Similarly, traditional and local knowledge includes three sub themes: less water consumption, organic
farming and traditional soil management. Studies have reported that people collect kitchen water for
kitchen gardens and create deep irrigation around fields as techniques for water management (Adhikari
et al., 2018; Biggs et al., 2013). As terracing can control topsoil erosion during periods of high rainfall and
can maintain water storage during dry seasons, farmers use terrace management practices. Similarly, mulching,
cover crops, and flood control are also practiced by farmers in the three ecological regions of Nepal (Mountain,
Hill and Tarai) (Pradhan et al., 2015).

Finally, studies also report water storage, food storage and agricultural residue storage for future consump-
tion during emergencies as important strategies. Rainwater collection, kitchen-waste-water collection, ground-
water trenching, and plastic ponds are some of the water management techniques used to cater to water
demand during the dry seasons.

4. Discussion

In this section, we further discuss what we found from the review of existing literature on climate change adap-
tations employed in Nepalese agriculture. Additionally, we present the research gaps and scope for future
research, policy implications and make recommendations for adaptation strategies.

The livelihood options in practice primarily benefit those farmers who have access to financial resources and
who can diversify their land and income resources through utilizing alternative options. For example, access to
financial services and credit was found to be a coping strategy for farmers. However, access to formal insti-
tutions is limited to those who can provide collateral or financial assurance. Receiving remittance through over-
seas labour migration is an important source of income for the Nepalese economy, but extremely poor
households who cannot invest in the minimal overseas travel costs do not stand to benefit from this option
and therefore have to rely on local money lenders for emergency loans. Taking loans from money lenders at
high interest rates pushes them towards indebtedness, thereby limiting their livelihood options and drawing
them into a vicious circle of poverty. Moreover, land and agriculture related diversification as a livelihood
option is viable only for farmers who possess their own land. Extremely poor landless households typically
sustain themselves through income diversification options such as being paid a daily wage or off farm
labour, changing food behaviour, dropping off children at school, and selling their belongings including
food and grains. The loss of production – even in productive farm lands – due to high labour and production
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costs and lack of productive farmland ownership by poor farmers accounts for share farming (sharing cost and
production by both owners) being reported as a useful option for increasing crop yields (Gentle et al., 2018).
Crop insurance in Nepal has very limited expansion potential due to multiple inhibiting factors such as lack
of manpower, poor distribution networks and high transaction costs (Dhakal, 2019). The adaptation measures
that are autonomous are conventional and do not overcome the inefficacy of such strategies, therefore their
revitalization is seen as essential (Pathak, 2021).

Regarding spatial adaptation, farmers in hill and mountain areas typically migrate to city cores and their out-
skirts due to wider economic opportunities and the quest for a better quality of life (Rijal et al., 2020). Due to the
failure of subsistence agriculture, farmers have migrated overseas by borrowing money from local lenders Yet
others have shifted permanently to other rural areas due to water scarcity in the original region (Gentle et al.,
2018). Despite its potential, national and local adaptation plans have not recognized the role of spatial adap-
tation options such as transhumant pastoralism and the traditional herders as a form of institutional support in
continuing these age-old practices.

Most of the adaptation strategies are reactive in nature and have been implemented autonomously by
farmers. Rather than following adaptation plans based on an analysis of potential hazards, assessing the impli-
cations on their livelihoods and using science-based adaptation measures, most of the responses are largely
based on farmers’ traditional and local knowledge (Regmi & Bhandari, 2013). This analysis shows that the adap-
tation practices in use are inadequate in comparison to increasing risks and the vulnerabilities that are com-
monly indicated as the limitations of autonomous adaptation. This analysis further reveals that although
reactive and autonomous practices based on local knowledge and practice are important as survival strategies
for farmers, such practices cannot be effective unless they are blended with modern knowledge, science and
technology (Race et al., 2016). Studies also claim that unplanned and short term coping practices applied to
address climate change impacts may not always be supportive; rather they may lead towards mal-adaptation
(Brooks et al., 2009; Gentle et al., 2013). This has important policy implications in the context of ongoing adap-
tation planning in Nepal.

Given interlinking local adaptation practices with national level adaptation strategies is one of the major
challenges of developing countries (Regmi et al., 2016), there is an urgent need to integrate and mainstream
adaptation into development plans and thereby promote climate-smart development rather than implement-
ing climate change adaptation and development as separate strands (Regmi & Bhandari, 2013). To understand,
specify and implement policy, organizational structure has a crucial role so that the process-driven, rational and
bureaucratic meta organizations can ensure legitimacy and effectiveness of local and national adaptation inter-
linkage (Chaudhury et al., 2016). We, therefore, suggest involving farmers and farming communities in the
adaptation planning process for the effective design and implementation of climate change adaptation
plans, programs and actions. This review shows that strengthening social capital in the form of local institutions
such as agriculture groups and forest user groups is an important adaptation strategy (Aryal et al., 2018; Mahar-
jan et al., 2017; Sujakhu et al., 2018). This in turn suggests that local government bodies and extension agencies
need to create enabling environments for farmers to be organized and institutionalized. Additionally, location
specific low cost technology, wider adaption know-how, structural development to combat hazards, weather-
resilient crop varieties, better use of weather forecasting system and the need for technical knowledge to mini-
mize the rampant use of fgchemical fertilizer and pesticides are imperative (ANPFa, 2011).

Studies have well-documented adaptation strategies. However, not all strategies are equally effective in
adapting to different types of impacts imposed by climate change. Comprehensive appraisal of each adaptation
option against specific climate change impacts would provide clear policy implications. Furthermore, given the
distinct agro-ecological regions in Nepal, not all adaptation strategies are applicable in all the regions. Regional
and local level analysis of adaptation strategies can have important implications relating to whether policies
aimed at minimizing climate change impacts in one region can be applied to others. Moreover, some adap-
tation strategies identified are effective only in the short run. For example, climate-induced seasonal migration
might not be a long-term solution, whereas common pooling of resources and social action could be a sustain-
able adaptation strategy. Studies have mostly focused on climate change impacts and adaptations at the pro-
duction stage. However, climate change and variability have affected farmers throughout the food production
channel starting from input supply to marketing of the final produce. There is also a need to properly document
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and analyse various coping strategies adopted by farmers and turn them into local adaptation plans. Equally,
the adaptation needs of farmers need to be integrated with local governments’ planning processes to provide
continuous support to farmers and help make the local investment market more robust. Furthermore, existing
climate adaptation studies and programs have generally focused on the strategies combatting climate change
at a general level. However, it is imperative to identify adaptation strategies that can be applied to specific types
of disasters and natural hazards.

5. Conclusions

This study has revealed that the farming communities in Nepal have been adapting to the decline in agricultural
production and its effects on their livelihoods through multiple coping strategies. However, these strategies are
short term and reactive rather than sustainable and proactive, and they are inadequate in terms of the adap-
tation needs of farmers and local communities. Farmers are confronted with numerous difficulties in their adap-
tation, such as weak institutional and managerial capacity, limited access to finance, and risk transfer measures
such as crop and livestock insurance. Due to a lack of access to formal financial institutions, poor farmers are
depending on money lending which is leading to prolonged indebtedness and dependency of poorer farmers
on the well-off. Weather related information is not accessible to most rural farmers and is not farmer-oriented.
Even in areas of technological advancement, farmers have not benefitted as anticipated, due to a lack of climate
awareness. Despite efforts in terms of national and local adaptation plans of action, there is very limited insti-
tutional, technical and financial support from the government to integrate and mainstream local adaptation
plans into development plans and strategies. Overseas migration has been widespread with previously pro-
ductive farm lands left barren or subject to reduced crop yields. Hence, proactive adaptation strategies are
essential to cater to changing climatic conditions. Traditional local knowledge, therefore, needs to be inte-
grated with modern scientific knowledge as a blended approach. Also imperative is building greater institutions
within the government together with better development of technical, financial and longer term adaptation
plans.

This study does have limitations. Given the geographical and resource base differences across the different
ecological regions in Nepal, different adaptation strategies would be appropriate in a number of regions. More-
over, this study is solely based on a review of previous studies. The adaptation strategies identified via a sys-
tematic review such as this can be usefully further validated through field assessment so as to identify
actual farm-based adaptations. As the outputs indicate the need of mainstreaming local adaptation strategies
in local and national level plans to make the adaptation practices sustainable and proactive. Further research
and analysis is therefore clearly warranted to explore region-specific adaptation strategies employing systema-
tic review and field assessments.

Note

1. Detail of the reported adaptation strategies in the selected literature is presented in Supplementary Table 1 (S1). The
summary of thematic results (in tabular form) is presented in Supplementary Table 2-a (S2-a). Similarly, detailed results by
theme and spatial descriptions are presented in Supplementary Table 2-b (S2-b) (sections 3.2.1 to 3.2.7).
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