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Abstract
Climate change has become one of the most compelling fields of empirical research over 
the last couple of decades, partly due to its socio-economic impacts. Using a meta-analy-
sis of 235 peer-reviewed articles published between January 2010 and July 2020, this paper 
appraises climate change adaptation (CCA) research in Nepal and draws lessons for future 
adaptation planning. The number of research is observed to have increased significantly in 
recent years (2015–2020) although there is no consistent pattern over the review period and 
at the thematic level. Findings submit that the agriculture and food security has the highest 
number of publications (37%) followed by gender equality and social inclusion (18%) and 
forest, biodiversity and watershed management (16%). There are no studies found in rural and 
urban settlement theme. Geographic distribution of CCA studies revealed that over 40% stud-
ies were carried out from central Nepal, while no study was conducted in ten districts of east-
ern and western Nepal. The study focus was also discrete, and the perception and attitude and 
impact assessment of climate change were common agendas; however, the drivers of change 
and options for adaptation were understudied. CCA with multipronged initiatives provide a 
broader understanding of dynamics and governance of climate change that not only affects 
rural livelihoods, but also influences regional and global environments and biodiversity.

Keywords Climate change adaptation · Research · Adaptation planning · Sustainable 
development

1 Introduction

Climate change is a global inevitable threat to our society (Smith et al. 2011; Cosofret and 
Bouriaud 2019). Climate change assessment report in the Hindu Kush Himalaya revealed 
that even if global warming is limited to 1.5 °C by 2100, there would be around 2 °C rise in 
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temperature in the Himalayas due to elevation-dependent warming, a phenomenon where 
mountains experience rapid and extreme changes with rise in temperature Wester et  al. 
(2019). The increase in global surface temperature is a contributor to changing precipitation 
patterns, and climate warming is associated with declines in snow, ice cover, glaciers and 
permafrost (Hock et al. 2019). Due to climate variability and extreme weather events, it is 
estimated that Nepal losses ca. NRs 60 Bl/year in 2017 prices (NPC 2017) which is about 
2% of GDP per year. Climate change brings greater water stress and scarcity and poses a real 
threat to food security (IIED 2015). The aftermath of these climate change impacts curtailed 
the health, hygiene, habitat and hospitality of environment and livelihood. Poor understand-
ing of impacts of climate change on species and ecosystems, weak assessment and learning 
pool, and inadequate capacity are some of the major gaps and issues in effective implemen-
tation of climate change adaptation and mitigation programmes (Kunwar 2020).

To address this challenge, climate change adaptation has become a priority alongside 
mitigation in global, national and local policy agendas. The IPCC AR5 (2014) defines adap-
tation as “the process of adjustment to actual or expected climate and its effects”. Despite 
the abundance of adaptation strategies, progress in turning these measures into implemen-
tation is feeble (Swart et al. 2014). In parallel to the policy progress, scientific endeavours 
on understanding different dimensions of climate change adaptation (CCA) have increased 
substantially in recent years (Berrang-Ford et al. 2011; Thapa et al. 2020). The IPCC AR5 
working group II synthesized the most recent assessment of the scientific progress on adap-
tation. Adaptation research and practice too often overlooks the wider social context within 
which climate change is experienced (Ensor et al. 2019). Adaptation research and practice 
must expand and be rooted in a broader framing to address the context and drivers of cli-
mate change, and, consequently, to be opened up to CCA options (Ely et al. 2014).

The distribution of CCA research is mostly in developed world and there is limited 
research in developing and least developed countries (Mertz et al. 2009; Ford et al. 2015). 
IPCC (2007) AR4 Report designated the Himalaya including Nepal as a “white spot” 
because of the limited number of scientific studies conducted. The need for adaptation var-
ies from place to place, depending on the sensitivity and vulnerability to the environmental 
impacts (Sarkodie and Strezov 2019). The research on CCA is limited in Nepal resulting in 
daunting response to climate change impacts (Bhattacharjee et al. 2017). Adaptation chal-
lenges grow with the magnitude and the rate of climate change, and confine in the areas 
where the management strategies are disintegrated. Thus, adaptation is especially impor-
tant in developing countries where the resources are limited and the effects of climate 
change are compounded (UNFCCC 2011).

The Paris Agreement (PA) (2015) with the aim to offset the threat of climate change by 
maintaining global temperature well below 2 °C has resulted in a large number of publica-
tions on CCA and Nepal was not exempt. The key national policy frameworks such as the 
Three-Year Plan Approach Paper (2011–2013), National Adaptation Programme of Action 
(NAPA) (2010), LAPA (2011) and Climate Change Policy (2011) were early measures 
enabling the CCA research and investment environment (GoN 2019). In 2011, Nepal pre-
pared the National Framework on LAPA to implement the adaptation actions at local level 
and to ensure integration of CCA into every level of the national planning process (Regmi 
and Karki 2010; Regmi and Bhandari 2012) that opened up the plethora of spaces for CCA 
research. The research was facilitated by the project investment and funding (Karki et al. 
2021a). Research to support adaptation needs an advancement that better connects the 
societal needs, sustainability, science and study (S4) (Moser 2010; Deppisch and Hasibovic 
2013; Swart et al. 2014). A multidisciplinary or an interdisciplinary approach, where disci-
plinary knowledge is, respectively, exchanged or integrated, is deemed necessary in order 
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to ensure that resources are being appropriately invested, researches are undertaken and 
knowledge of current status and gaps in adaptation action is updated frequently and used to 
inform governments at all levels (Berrang-Ford et al. 2011; Biesbroek et al. 2013). In this 
connection, this paper (1) reviews the CCA researches in Nepal published between 2010 
and 2020, (2) identifies the research knowledge and gaps and (3) concludes the study with 
way forwards for the advancement of adaptation planning (Wang et al. 2018). This paper 
provides a meta-analysis of existing CCA researches, policies and practices to determine 
patterns and trends that can enable future progress in this field, specifically in Nepal.

2  Methodology

This paper is based on review information generated from a systematic literature appraisal 
of peer-reviewed published journal papers available via Google Scholar and a limited 
selection of grey literature documents. ‘‘Grey’’ literature documents such as government 
policy documents, project reports and university theses that do not pass through the sci-
entific peer-reviewed system but relevant to this paper were collected for analysis. Grey 
literatures selected are important as these basically follow external reviews and extensive 
multi-level consultations (proxy for a peer-reviewed process) (Lesnikowski et  al. 2013). 
An open web search research review and text mining were the foundation pillars of this 
research. Text mining pools the researches according to text characters, search string and 
sentence structure (Scherf et al. 2005; Regmi and Shrestha 2018) and this is an efficient 
tool to sort out the relevant literature for the review (Thomas et al., 2011). As the COVID-
19 pandemic limited the visits to institutions and libraries, the systematic web search was 
considered important and intensively adopted following Vij et al. (2017).

Systematic review, being a scope for conducting both quantitative and qualitative analy-
ses of trends in the literature while providing essential details on the review procedures 
applied, was used in validating interpretation and replicating the study to test interpretation 
(Berrang-Ford et al. 2011; Biesbroek et al. 2013). The review focussed on literature pub-
lished between January 2010 and July 2020 and was limited to English language (Fig. 1). 
The keywords used for searching (‘Nepal’, ‘climate change adaptation’, ‘forest’, ‘agri-
culture’, ‘disaster risk reduction’, ‘resilience’, and ‘health’) were referenced from Nepal 
National Adaptation Plan (NAP) documents. Only seven keywords limited the search 
resulted in limited literature on rural urban settlement, water and energy, finance, GESI and 
research. Using the keywords, and applying the inclusion and exclusion criteria (Table 1) 
(Sud et al. 2015), a total of 235 research articles were identified and their contents were 
reviewed. This review was facilitated by Backward Reference Searching (Weirtz et  al. 
2016).

After making extensive review (studies carried out in Nepal and to be precise 
between January 2010 and July 2020), the proper documentation and assessment were 
carried out in order to elucidate the way forwards based on the lessons learned and 
best practices. The analysis also followed a qualitative method with quantitative steps 
since the qualitative information was quantified and measured for qualitative content 
analysis (QCA) (Mayring 2014). The content analysis pursued based on the number of 
publications at spatial (at district level), temporal (annual average between 2010 and 
2020), thematic level (12 themes guided by NCCP-2019) (Supplementary file 1) and 
value-based (strength, weakness and way forward). The intensive reviews appraised 
the themes, adaptation actions, research areas, inputs, beneficiaries, strength, gaps, 
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lessons and etc. With this review, this communication contributed to a growing body 
of literature that argues for the need to evaluate adaptation researches that eventually 
eases advancement of climate change adaptation planning in Nepal.

Fig. 1  Process of systematic review and meta-analysis (qualified number of literature is in parentheses)

Table 1  Inclusion and exclusion criteria

Criteria included Criteria excluded

Literature published between 2010 and 31.07.2020 Literature published before 2010 and after July 2020
Policy and practice focus on climate change adapta-

tion
Scientific assessment, model validation, methodo-

logical refine
Reviews, articles and grey literature Proceedings, editorial, letters
Relevant to climate change adaptation research Non climate-related content
Literature relevant to Nepal and its geography Any research that was not focused on Nepal or a 

region within Nepal
Peer-reviewed documents and documents underwent 

external reviews and multi-level consultations
News, reports and unreviewed documents
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3  Results and discussion

Of the 235 (N = 235) articles that were analysed, 87 (37%) were from the agriculture and 
food security, a leading theme. There were 66 studies exclusively on the agriculture and 
food security, whereas the other 21 were dealt on both agriculture and food security and 
other themes. Profound articles from the agriculture and food security could be the influ-
ence of conventional research pattern. Earlier CCA researches were dealt more on rural 
adaptation practices mostly related to agriculture and food productivity (Gentle and Mara-
seni 2012; Chhetri et al. 2012). Theme gender equality and social inclusion (GESI) nar-
rowly overtaken the forest, biodiversity and watershed management theme (38, 16.1%) 
with 42, 17.8%. Disaster risk reduction (DRR) (33, 14%), water and energy (28, 11.9%), 
awareness raising and capacity development (23, 9.7%) and research and technology devel-
opment-related articles (13, 5.5%) made the consecutive positions. Drinking water, sanita-
tion and hygiene (WASH) (5, 2.1%), climate finance (6, 2.5%), tourism, natural and cultural 
heritage (5, 2.1%) and transport and infrastructure (1, 0.4%) themes each had less than 10 
articles. We could not found the CCA studies related to rural and urban settlement and this 
could be an aftermath of limited search string. Only seven search strings were used for this 
review and none was related to rural and urban settlement. There were 44 researches with 
focus on multiple themes. Some of the cross-cutting themes such as GESI, DRR, Aware-
ness Raising and Capacity Building were co-studied with major themes related to forestry, 
agriculture, water, energy, health and etc.

3.1  Climate change adaptation research in the last 10 years

The last 10 years (2010–2020) evidenced an increase in the number of scientific publica-
tions on CCA in Nepal although there is no linearity over the period. Despite the erratic 
pattern, a consistent increase was observed between 2015 and 2020. During the peak 
period (2015–2020), the average number of published articles was 32.8/year, while in the 
sample year (2010–2020), the average was 25.4/year (min 6 in 2010 and max 41 in 2018) 
(Fig. 2). The pattern was found declining after 2018. However, we also need to admit that 
there could be different patterns as the sample was limited only up to July 2020.

Analysis of the publication trend revealed that CCA publication gradually gained 
momentum between 2010 and 2015 and attained peak at 2018. As adaptation to climate 
change gained a prominent place next to mitigation on global, national and local policy 
agendas after 2010 (Swart et al. 2014), the successive adaptation protocols and researches 
were in place as a result. The resultant pattern was also supported by UNFCCC initia-
tives. The COP-16 Cancun, Mexico (2010) adopted the Cancun Adaptation Framework 
(CAF) as part of the Cancun Agreements and affirmed to enhance action on adaptation. 
Between 2009 and 2012, Nepal received a total commitment of approximately US$ 236 ml 
(Oxfam Nepal 2014), and between 2011 and 2016, a total of US$ 151.04 ml was pledged 
as international assistance for adaptation actions. It has been estimated that approxi-
mately US$ 652 ml of international public grant finance for climate change-related activi-
ties has been made available until 2016 (MoALD 2019). The dedicated funding for CCA 
through the projects such Hariyo Ban Programme (2011–2015), Multi Stakeholder For-
estry Programme (2011–2016), NCCSP (2013–2017) and Ecosystem-Based Adaptation-
I (2011–2016) were crucial in averting climate action into CCA (Seiff 2017; Maharjan 
and Maharjan 2020). These major projects have provided the opportunity to receive CCA 
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funding and this has invigorated researchers, resource managers and academia, whom have 
developed various tools and techniques for climate change adaptation research. Early CCA 
publications were dealt on rural adaptation practices mostly related to agriculture (Gentle 
and Maraseni 2012; Chhetri et  al. 2012). Other seminal CCA publications provided the 
information on perception of climate change, the needs for adaptation (Manandhar et al. 
2011; Becken et al. 2013; Khanal 2014).

The research and publication on CCA in Nepal continued spiking until 2018. Cosofret 
and Bouriaud (2019) found similar trend in publications at the global scale. The world-
wide climate change budget cut (Zhang et al. 2017) and spill-over effect helped detract the 
research over adaptation resulting in less number of publications in post 2018 (Nelson et al. 
2009). We argued that the proliferation is based on availability of funding, literature, data-
sets and growth in policy environment along with the encouragement of IPCC AR5. Rob-
inson (2020) reported the increase attributed by the stronger research base, the availability 
of datasets and more climate-friendly agreements and commitments. Global trend on the 
publication of CCA remained increasing; however, there is also some paucity (Nalau and 
Verrall 2021).

3.2  Themes covered by CCA publication

CCA under the agriculture and food security theme was well studied during 2010 and 
2020; however, the most studied foci were perception and attitude survey and impact 
assessments (Fig. 3). The GESI, DRR and forest, biodiversity and watershed management 
themes were also frequently studied over the period.

CCA publication in Nepal between 2010 and 2020 showed a distinct feature as 
theme agriculture and food security was found to be associated with the high number of 

Fig. 2  Distribution of CCA publication over the study period (2010–2020)
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researches and publications. Ensor et al. (2019) reviewed the literature and found the simi-
lar focus to agricultural sector in Nepal. This skew is even more contrast at global scale and 
revealed that CCA studies are mostly focused on agriculture and food security (Aleixandre-
Benavent et al. 2017; Nalau and Verrall 2021). The theme GESI, forest, biodiversity and 
watershed management and DRR followed the pattern. In the middle of the last decade, 
Nepal was trembled by 7.8 Richter scale earthquake urging more investment and research 
on disaster (Rimal et al. 2017). Floods, landslides and drought are major natural hazards 
causing over 500 casualties and the same number of human fatalities in the last 2 years 
(MoHA 2017), which are likely to get exacerbated in the plight of climate change uncer-
tainties. DRR-related researches and projects were rife in the country in 2016. Increase of 
research in forest, biodiversity and watershed management could be due to the lobbying 
for environment and forestry conservation in recent years and the contribution of various 
series of natural resource management-related projects (e.g. Hariyo Ban I, II, EbA I, II, 
NCCSP I, II, Himalica). Very few studies considered other themes such as WASH (drink-
ing water, sanitation and hygiene), water and energy, and research and technical and capac-
ity development in CCA.

A systematic review conducted by Dhimal et al. (2015) reported the disparity on WASH 
and found only 12 publications that considered vector-borne diseases and CCA (Wirtz 
et al. 2016). The underlying reasons for low yield of publications on health sector could 
be attributed to weak health system attributed by low investment of the country having a 
difficult geographical terrain, and no linkages established between climate variables with 

Fig. 3  Number of CCA studies across the themes and over the years
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relevant vectors. In recent years, research on sustainable green development, energy, tech-
nology and water sector have gained momentum (Leal-Filho et al. 2018; Nalau and Verrall 
2021). Contrarily, we could not find any CCA research studies themed on rural and urban 
settlements. While advancing CCA, the emerging issues and solutions shaped by socio-
ecological system and community-specific attributes are to be addressed (Pandey et  al. 
2015; Chaudhary et al. 2016). Livelihood, vulnerability and risk assessment, and resilience 
building initiatives pertaining to climate change adaptation are imperative in Nepal (Karki 
et al. 2021b).

3.3  Spatial distribution of CCA publication across Nepal

Analysis of CCA publication at spatial scale was carried out to forward findings to guide 
long-term adaptation planning. The number and themes covered by the studies and pub-
lications were quantified by intensity and diversity indices. The number of publications 
(intensity) and coverage of themes (diversity) were taken into account to map the research/
publication. Intensification was defined as the number of research publications and diver-
sification as variety of themes covered in publication. From the 235 publications sam-
pled, the maximum number of publications (large circles in Fig.  4) and the wide cover 
(> 7 themes, green colour) were from Kaski (27, 8), Mustang (24, 8), Chitwan (24, 7) and 
Gorkha (19, 6) districts. From 2010 to 2020, there were no CCA publications from 10 
districts, namely Bhojpur, Dhankuta, Morang, Panchthar, Tehrathum and Siraha in eastern 
Nepal, and Jajarkot, Rolpa, Rukum E, Rukum W and Salyan in western Nepal.

There is a great disparity in geographic distribution of CCA research and publica-
tion in Nepal and this could be a result of funded project-driven researches and the 

Fig. 4  The number of themes covered by researches in each district of Nepal
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associated publications. Funding opportunity is attributed to the number researches and 
publications (Acharya et al. 2019). About 42% of the publications were from four dis-
tricts, namely Kaski, Chitwan, Mustang and Gorkha. There were 76 CCA projects in 
Nepal run by the government and non-government actors between 2010 and 2020 (Kun-
war 2020). Out of them, almost 13% projects were exclusively focused in four districts 
(Kaski, Chitwan, Mustang and Gorkha). Of the four major CCA projects implemented 
in early last decade, two were confined at central Nepal, resulting in high number of 
researches and publications from Kaski, Chitwan, Gorkha and Mustang districts.

The corpus of CCA research publication from Kaski and Chitwan districts could be 
entrenched to the prevailing academic institutions. The research works at the Institute 
of Forestry—Kaski (founded in 1981) and the Institute of Animal and Agriculture Sci-
ences—Chitwan (founded in 1974) significantly led the outstanding publications on 
CCA from these two districts. Among the 76 CCA projects, 20 were co-implemented 
by Local Initiatives for Biodiversity Research and Development (LiBIRD). LiBIRD is a 
Kaski-based non-governmental organization working largely on CCA on agriculture and 
food security theme. Similarly, the LAPA was tested through various institutions under 
“Climate Adaptation Design and Piloting Nepal” (CADPN) project, under which Kaski 
was one of the pilot districts (Regmi et al. 2016). While the central Nepal was invested 
more on research and publication, the districts from hills, mountains and eastern Nepal 
were under-emphasized for CCA research. Bhojpur, Dhankuta, Morang, Panchthar, Teh-
rathum, Taplejung and Siraha districts in eastern Nepal and Jajarkot, Rolpa, Rukum and 
Salyan in mid-western hills had no publication aftermath of low investment on CCA 
research. Among the drivers, inaccessibility to the area could also be a driver of this 
limitation (Huber 2015). Limited CCA research and studies in mid-western hills curtail 
the chronic poverty of the area (Gentle et  al. 2014; ADB 2017; Mainali and Pricope 
2018).

3.4  Challenges

The major foci of the researches were perception, attitude and status survey, and con-
sequence focused not on the appraisal of the cause, drivers and options of the CCA. 
A total of 20 studies out of 235 focussed on perception and attitude survey of climate 
change. Studies assessing the impact of climate change on biodiversity are rife in Nepal 
(Bhattacharjee et al. 2017). Moreover, CCA research has mainly focused on aggregated 
perspectives; this can neglect critical issues of poverty reduction, food security, ethics 
and the rights of many CCA refugia and other vulnerable communities. Rural moun-
tains, traditional culture and livelihoods have been in the hardest hit (Dhakal and Kattel 
2019), but there are least number of researches in comparison (Pandey and Bardsley 
2015). These disparities have been constrained by large-scale socio-cultural, and politi-
cal drivers, especially bureaucratic structures (Sapkota et al. 2019), and other barriers 
ranging from technical, access, institutional, financial and not yet well integrated devel-
opment plans (Regmi et al. 2014). The less and discrete researches on CCA could be a 
reason of inadequate knowledge (Budhathoki et al. 2020) of nexus of research-science-
practice (Moss et  al. 2013). Research helps connect the societal needs, sustainability, 
science and study (Swart et al. 2014). It links direct adaptation options with scales of 
decision. It is required to research and develop adaptation measures for ecosystem-based 
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adaptation and long-term best practice documentation and service delivery and empha-
size the benefits of addressing social inequalities.

4  Conclusions

Climate change is comparatively a new domain of science, and adaptation is a craft of sci-
ence and practice. Localized experience and observation-based climate knowledge is cru-
cial to robust the stock of climate change adaptation science. For this, more action research 
on agro-ecology, geography and adaptation exercise is essential together with its dissemi-
nation at global scale. As climate change continues to challenge sustainable development 
globally, there is an imperative to have research that analyzes the knowledge of and extent 
to which climate adaptation is being integrated into regional, national and international 
policies and practices (Chaudhury et al. 2016). This review contributes to a growing body 
of theoretical and applied literature conceptualizing how CCA research interventions have 
developed and interplayed with the different disciplines in Nepal. The present meta-analy-
sis revealed that there are still several challenges. One of the prominent gaps is the under-
representation of CCA studies from several geographical regions, sectors, themes, needs 
and options. The CCA research on wide range of scopes provides a broader understand-
ing of CCA dynamics and governance of how CCA will affect livelihood, biodiversity and 
environment. Further research and publications on drivers and options of CCA and sus-
tainable generation and supply of adaptation services are needed to establish fundamental 
baseline for advancement of NAP and long-term adaptation planning.
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