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Executive Summary 
 
The International Union for Conservation of Nature (IUCN), as an Accredited Entity, is submitting 
a project proposal to the Green Climate Fund (GCF) along with the Department of Soil 
Conservation and Watershed Management (DSCWM), and the National Trust for Nature 
Conservation (NTNC) to improve climate resilience of vulnerable communities and ecosystems 
in the Gandaki River Basin, Nepal.  The objectives of this study are to identify priorities to build 
resilience within the GRB communities in response to climate change, to establish baseline data 
for the proposed project and to adopt a comprehensive sustainable strategy for implementation 
at the national, subnational and community levels. 
 
Nepal is highly vulnerable to climate change and its impacts (see, Box 1). Climate risks (GoN, 
2011) (Government of Nepal, Ministry of Science, Technology and Environment, 2014) include: 
Box 1:  Climate change impacts, effects, risks and vulnerability in the Gandaki River Basin of Nepal 

 
Direct impacts from climate change in the GRB include changes in precipitation patterns and 
higher temperatures. These impacts adversely affect people, natural ecosystems and agricultural 
land, and the ecosystem services they provide1. Some of the most significant effects are: 

• Drying-out of water sources and wetlands during post monsson, winter and premonsoon 
• Changes in species composition of forests, grasslands and wetlands 
• Increased incidence of invasive species (Dukes, 2011) and diseases 

 
 
 

Climate Change Impacts 
- Temperature: 

o Increased average temperature in the middle hills and mountains (by 0.06 to 
0.120C per annum since 1977) 

o Increased incidence of heat waves 
- Precipitation: 

o Increasing average annual precipitation (estimated at 0.7mm/decade) in lower 
elevations  

o Decreasing snowfall and overall drier winters in upper elevations 
o Delayed monsoon, with increased incidence of torrential daily precipitation 
o Increased intensity and frequency of hailstorms 
o Decreasing precipitation during the winter period. 

 
Effects 

- Increased frequency, duration and intensity of floods and extreme rainfall events 
leading to rising riverbeds, increased frequency of landslides and soil erosion, 
decreased water-flow in the GRB and its tributaries 

- Increased frequency, duration and intensity of droughts and drying out of water sources 
- More favorable conditions for invasive species, adversely affecting biodiversity and 

crops 
- Increased heat stress 
- Changing cropping patterns and decreased agricultural production 
- Contributing to outmigration and abandonment of agricultural land 
- Increase in diseases (mosquitoes), and vectors (e.g. Citrus psylla) in higher altitudes 

 
Risks and Vulnerability 

- Death and injury from landslides and heatwaves 
- Damage to crops, infrastructure and natural systems from landslides and soil erosion 
- Declining productivity of agricultural systems and ecosystems from drought and fires 
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• Physical damage from floods and landslides 
• Changes in altitudinal zones for agriculture (requiring changes in cropping and grazing 

patterns) and natural ecosystems (Joshi, Rawat, Narula, & Sinha, 2012) 
 
Climate change, in combination with other pressures, including fire, overharvesting, invasive 
species, overgrazing, and pollution, threatens the GRB’s biodiversity, agricultural productivity, 
and increases risks to the livelihoods of the people living in the basin. 
 
Chapter 1 provides country background, its development context and challenges, reflecting the 
extreme diverse landscape. Climate observations as well as projections are presented, and 
potential impacts on the area are explored. Both the forest and agricultural sectors are impacted 
and they are the major source of livelihoods for the communities residing within the basin. The 
vulnerability of these sectors is especially critical with reports of increased landslides and 
flooding, land gradation, accelerated soil erosion and lack of water leading to food insecurity, 
limited water resources (especially during the more intense droughts during winter period) and 
infrastructure vulnerable to natural disasters. This Chapter describes in more detail the projected 
climate change impact as a key driver having impacting ecosystems linked to both long-term 
weather changes (temperature rise, precipitation changes) but also extreme weather events and 
damage to ecosystems (forests, grasslands and wetlands) and agriculture systems linked to high 
intensity rainfall events and related slope instability processes.  
 
In Chapter 2, the policy and institutional framework related to climate change is presented, 
highlighting the key national development policies and strategies. The institutional framework is 
discussed, highlighting the key national agencies and entities as key actors in the fields of climate 
change, forest management, agricultural development, water and soil resources, and rural 
infrastructure. The Chapter describes role of the key actors and stakeholders at decentralized 
provincial and local levels, in the districts and rural communities. 
 
Chapter 3 presents the past and on-going baseline efforts and experiences of related to 
ecosystem restorations, water resources security and improving livelihoods. The projects are 
subdivided over the themes of ecosystems, water, and agricultural production, but many of the 
projects have a broader multi-thematic coverage.  
 
In Chapter 4, provides an overview of gaps and barriers related to addressing the resiliency of 
ecosystems within the Gandaki.  It details the gaps and barriers for: 
 

1. Limited use of ecosystem-based adaptation approaches for supporting river based 
management. 

2. Limited capacity and recognition by planners to deal with climate change impact on 
ecosystem services in the region for the specific risk drivers across sectors. 

3. Limited understanding of the key vulnerabilities of this region to climate change impact to 
support long term sustainable planning. 

4. Recoginzes difference in knowledge and technical capacity barriers within the 
communities on adaptation practices. 

5. Understanding that there are limitations in financial capacity of communities to respond 
to the impact from the more frequent flooding and landslides causing damage to existing 
infrastructure and degrading ecosystems.  

6. Recognizes social and legal barriers to implementing equitable solutions. 
 
Chapter 5 presents best practices and lessons learned of the approaches considered to be 
suitable to support enhancing climate resilience and to contribute to transformational change of 
the management of ecosystems and climate proof agriculture infrastructure in Nepal. These 
lessons learned and good and best practices are extracted from the literature reviewed, the 
consultations with key stakeholders at national and local level and through discussions and 
dialogue with project and government staff.  
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The Feasibility Study ends with Chapter 6, presenting overall findings and recommendations. 
Based on the consultations with key stakeholders, the literature reviewed and building on past 
and on-going efforts a series of key barriers have been identified, which require a specific 
intervention approach to address Nepal’s goal in achieving a more climate-resilient forest and 
agricultural sector. These key barriers translate into potential solutions, interventions needed 
given the climate change risks presented, the lessons learned and best practices discussed, 
ranging from technologies, approaches, practices, capacity building and knowledge management 
and learning. Based on extensive reviews and analysis of relevant information, key findings are 
presented to articulate the pressing conditions to consider the mobilization of GCF project funds.  
 
Key findings are:  

• Considering Nepal’s low level of preparedness, relatively high vulnerability, weak 
economic structure and agriculture as a source of livelihood there is a strong justification 
for the GCF fund to support this proposed project.  

• The promotion of climate-resilient agriculture and climate-resilient irrigation systems. 
• Increasing scarcity of water for agriculture is a reality and is largely influenced and 

exacerbated by the impacts of climate change.  
 
Development of implementation of the river basin management framework and the basis in 
managing ecosystems and livelihoods is a top priority of the government and seen as the most 
feasible adaptation strategy for enhancing sustainable community resilience. In line with the 
government’s priority, the support on using nature-based systems (bioengineering) to limit the 
impact of landslides and flooding and provide climate resilient irrigation and infrastructure, 
introduction of climate smart irrigation technologies and promotion of irrigation for dry-land crops 
will directly enhance the resilience of agriculture and food security to climate change.  
The Government of Nepal (GoN) has prioritized a river-basin approach as one means to adapting 
and reducing vulnerability to climate change. The project proposes to enhance the resilience of 
people and ecosystems by using a river basin approach to improve the governance associated 
with climate change adaptation, and; the benefits that people, particularly women, poor and 
marginalized groups, obtain from resilient ecosystems.
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1. Introduction 
This feasibility study provides the justification for preparing a funding proposal for the planned 
project - Improving Climate Resilience of Vulnerable Communities and Ecosystems in the 
Gandaki River Basin, Nepal. The study includes a vulnerability assessment for the project sites. 
The population of the Gandaki River Basin (GRB) is mostly rural and heavily dependent on 
natural resources and the ecosystem services they provide. Degradation of the environment 
resulting from natural and human pressures reduces the flow of ecosystem services including 
water and protection from landslides and floods and increases vulnerability of people and 
ecosystems to climate change.  
 
Vulnerability is further worsened by poverty as it reduces livelihood opportunities that are 
necessary for increasing adaptive capability and reducing exposure and sensitivity to climate 
impacts. Many young men are migrating to escape the vicious circle of vulnerability that is 
exacerbated by climate change, leaving fewer people (mainly women and elderly) to manage the 
land. 
 
After years of civil conflict, the peaceful political transition of the country has brought social 
inclusion to the forefront. The ongoing federal restructuring of the nation provides opportunities 
for creating positive change, including for climate change adaptation. However, political change 
has also been accompanied by immense expectations for economic prosperity and this may 
result in dilution of environmental and climate concerns. For example, unplanned urbanization, 
environmentally insensitive infrastructure development (notably rural roads) can pose threats to 
ecosystems and ultimately to livelihoods.  
 
The project focuses on nature-based solutions incorporating local knowledge, skills and 
innovation in the use of local resources for climate change adaptation. It assumes that if forests, 
grasslands and agro-ecosystems are protected and managed in a manner that generates desired 
ecosystem goods and services, diversifies livelihood options and increases gender equality and 
social inclusion, then vulnerable communities and ecosystems will be more resilient to impacts 
of climate change. 
 
It is expected that the project will strengthen community-based organizations, particularly natural 
resource management groups (e.g. Community Forest User Groups, Buffer Zone User 
Committees), to undertake ecosystem management that supports climate adaptation. Vulnerable 
men and women will directly benefit through entrepreneurship, diversified livelihood 
opportunities, strengthened institutions and by improved information on climate issues.  
 
Overall, there will be more effective management of catchments and their resources, including 
water recharge, harvesting and conservation; timber and non-timber forest products 
management; and creating climate resilient watersheds and communities.  
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2. Climate Risk Profile 
This first section provides a description of the climate risk profile for Nepal, specifically for the 
Gandaki River Basin (GRB), which was chosen as the focus area for target sites by government 
stakeholders, by understanding its climate vulnerability and related impact to the local economy, 
income levels, resources, livelihoods and challenges. It provides information on the baseline 
identifying climate change risks and impacts (current and projected future) in relation to the GRB 
vulnerability and needs. 
 

 Country Background 
Nepal is a Himalayan landlocked country located between China and India. It covers an area of 
147,181 Km2.  Nepal can be geographically sub-divided mainly into three regions: The Himalayan 
region, the Middle Hill region and the Terai (Plain Land) region. The highest elevation of Nepal is 
the summit of Mount Everest at 8848m and the lowest elevation is 60m above sea level in the 
Terai. The climatic conditions range from subtropical to polar conditions. 
 
The Himalayan region covers 16% of the total land area. It is the least populated area due to cold 
weather and less fertile land. The Middle hill region covers 65% of the total land and includes 
forest ranges, terraced fields and conservation areas. The Terai region is covered by low lands 
and dense forests and covers 17% of the total land area. It has wildlife reserves and sub-tropical 
forests. Terai is the most populated region in Nepal. 
 
Following the adoption of a new Constitution in 2015, the GoN has recently established a new 
political/administrative structure throughout the country. Government now consists of three tiers: 
federal, provincial, and local. During the restructuring process, 217 Municipalities and 3,276 
Village Development Committees (VDCs) were merged into 753 local government bodies 
(Municipalities and Rural Municipalities) located in seven provinces across the country (see 
Figure 1). 
 
Figure 1: Political Map of Nepal 
 

 
 
Province 4 covers more than most area defined as the Gandaki basin catchment area as shown 
in Figure 3. 
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Figure 2: Major River Basins in Nepal 

 
The GRB Location Map (Figure 3) includes 151 local government bodies located within Provinces 
3, 4 and 5.  It is important to note that many environment-related responsibilities have been 
delegated to the provincial level and local levels, but at the time of designing the project, the 
climate-relevant policies, statutes, institutions, and individuals are not yet fully in place. Where 
climate related policies and plans exist, they are often out of date or do not align with the new 
government boundaries. For example, an assessment of climate change vulnerability of the 
newly formed local government areas has yet to be undertaken. 
 
(Please note that restructuring of Ministries and Departments was an active process being 
undertaken whilst the project was being designed, hence many of the Ministries and Departments 
described in this feasibility study are undergoing structural and name changes. Wherever 
possible the most current names have been used, but there are instances where the new names 
were not fully determined, in such cases the old names have been used). 
 
Figure 3:  Location map of Gandaki River Basin 
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 Income and Poverty - Socio-economic Context 
 
2.2.1 Population 
The census estimated a total population for Nepal of 26.5 million people, of which 5,131,932 
(1,172,558 households) are living in the 19 GRB districts (Government of Nepal, 2011) which is 
19.4 per cent of the total population of Nepal. Out of the GRB’s total population, 46 per cent are 
male and 54 per cent female, giving a male to female ratio of 0.85:1. The population of the GRB 
has increased at an average annual rate of 0.41 per cent over the past decade (Government of 
Nepal, 2011). The average family size is about 4.377 which is less than national average of 4.88. 
The population census conducted in 2011 has shown that 21% of the households in Nepal are 
women-headed as compared with the total households living in poverty (25.16%). The 
percentage of women-headed households within Nepal is 23.8% (MOPE, 2017) with 
approximately 47% of these households deriving their income from agricultural wages.  
 
Although Nepal is one of the least urbanized countries in the world, it is one of the top 10 fastest 
urbanizing countries. UNDESA, Population Division (2018) has shown 20% people live in urban 
region in Nepal. However, Nepalese statistics refer urban population to those who are residing in 
politically termed Municipalities. As compared to only 17.1% of Nepal’s population residing in 58 
designated urban areas, with the addition of 159 municipalities in 2014-15, 40% of Nepal’s 
population reside in 217 designated urban areas (MOUD, 2017). UNDESA (2018) has shown 
rate of urbanization in Nepal is 3%, while MOUD based on people residing in Municipalities has 
shown a rate of 3.43%.2 Based on people residing in Municipalities, 55% people live in urban 
area in the GRB. By assuming rate of urbanization in major cities and towns in the GRB districts, 
the rate of urbanization in the GRB is estimated at around 5%.3 
 
The GRB has more than 40 ethnic groups. Chepang, Gurung, Bhoti, Loba, Thakali, Tamang, 
Magar, and Tharu are the major indigenous peoples living in the project area. The Tharu are 
indigenous people of the Terai. Gurung, Tamang, Magar and Chepang are traditionally from the 
Middle Hills. Loba, Thakali and Bhoti are from the Himalayan area. Community consultation 
undertaken during the project design phase revealed that in the GRB, Thakali are the most 
economically powerful, followed by Newar and Gurung. Thakali and Newar are mostly involved 
in business while Gurung and Magar are employed in foreign military services (UK and India). 
Among the ethnic groups, Gurung are better placed in terms of political power in the GRB. 
 
2.2.2 Income and Poverty 
The overall per capita income in the basin is USD 446 (Rs 49,362) per annum, which is lower 
than the national average of USD  469 (Rs 51,879) (NPC, 2014). The human poverty index (HPI) 
is higher than the national average (31) (NPC, 2014). In 2014, the Human Development Index 
(HDI) for all ethnic groups in the basin was 0.482, compared to national average of 0.490 (NPC, 
2014).  The Human Poverty Index (HPI) of ethnic communities in the basin is higher than the 
national average (31) (NPC, 2014). The HPI in five districts in the GRB (Dhading, Rasuwa, 
Nuwakot, Mustang, and Gorkha) is very high (above 35).  
 
Due to migration of mostly male members in search of better employment prospects abroad, rural 
labour force is getting feminized. It has further increased burden of household chore on women. 
Due to migration of male-labour and declining agricultural productivity, agricultural lands are 
abandoned. Women have primary responsibility of maintaining households and also labor in 
agriculture leading to women and their dependents (children and elderly people) living in rural 
area deriving their income from agriculture have become more vulnerable.4 

 
 
2 UNDESA, 2018. United Nations, Department of Economic and Social Affairs, Population Division (2018). World 

Urbanization Prospects: The 2018 Revision. 
3 MOUD, 2017. Urban Development Strategy 2017. Ministry of Urban Development. Kathmandu 
4 National Population Report 2017. Ministry of Population and Environment (MoPE) Singha Durbar, Kathmandu 
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 General Climate 
The climate of Nepal varies in accordance with its geographical features. In the north summers 
are cool and winters severe, while in the south summers are tropical and winters are mild. Nepal 
has five seasons: spring, summer, monsoon, autumn and winter.  In the Terai (south Nepal), 
summer temperatures exceed 37° C and higher in some areas, winter temperatures range from 
7°C to 23°C. In mountainous regions, hills and valleys, summers are temperate while winter 
temperatures can plummet to subzero levels. The Himalayas act as a barrier to the cold winds 
blowing from Central Asia in winter, and forms the northern boundary of the monsoon wind 
patterns. Eighty percent of all the rain in Nepal is received during the monsoon (June-
September). Winter rains are more pronounced in the western hills and the winter months are 
very dry for all regions and receive less than 50mm per month.  
 
The average annual rainfall across Nepal is 1,600 mm, but it varies by eco-climatic zones, such 
as 3,345 mm in Pokhara and below 300 mm in Mustang. The lowland regions of Nepal have a 
warm and humid sub‐tropical climate, with temperature around 22‐ 27˚C in summer months, 
dropping to 10‐15˚C in the winter.  The high-altitude mountainous regions are considerably 
colder, at 5‐15˚C in summer months, and remaining well below zero in the winter.  Monsoon 
rainfalls arrive in June and continue until August or September, bringing 250‐ 450mm of rainfall 
per month in most of the country, but only 100‐150 to the north‐western mountain regions. 
 
Table 1: Physiographic Separated Annual Average Precipitation and Temperature 
Physiographic Zone Climate  

 
Average Annual 
Precipitation (mm) 

Mean annual 
Temperature (0C) 

High Himal and high 
mountains  

Arctic/alpine/ sub-
alpine  
 

150-200  
 

<3-10 

Midhills Cool/warm 275-2,300 10-20 
Siwaliks/Chure Tropical/sub-tropical 1,100-3,000 20-25 
Terai Tropical 2,000-3,000 25-30 
Source: Water Resources of Nepal in the Context of Climate Change 2011. Water and Energy 
Commission Secretariat Singha Durbar, Kathmandu, Nepal 2011 

 
Based on climatic features, there are four distinctive physiographic regions in the GRB. Even 
though there are four distinctive physiographic regions in the GRB, however Midhills and 
Siwaliks/Chure are merged in most research and together termed as Midhills.  
 

 Water Resources, Forests, Agriculture and Livelihoods in Nepal 
 
2.4.1 Water Resource Vulnerability 
In a review of the vulnerability ranking of main watersheds based on ecological and human 
sensitivity. Ecological sensitivity refers to sensitivity of different natural elements, forms and 
processes under any climate change whereas human sensitivity is a relation of human activity 
for livelihood and its sensitivity to ecology. Assuming the population density as a proxy indicator 
and considering the other human behaviour as constant, human sensitivity was derived. 
 
Various parameters such as land use and land cover (LULC), coverage of protected areas, 
topography (slope and aspect), dominant climate and drainage density were considered under 
ecological sensitivity.  LULC includes nine subclasses and the protected area includes national 
parks, wildlife reserves and buffer zones which are considered more balanced ecosystems from 
the management point of view. The ecological sensitivity was considered on the basis of their 
contribution to the land degradation process in the form of soil erosion, forest degradation, 
waterlogging and any other form of disturbance to natural balance. Figure 4 shows the results of 
this assessment with the majority of high-risk areas identified within the Gandaki Basin leading 
to GoN focusing attention of this project to this area.  
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The GRB is a highly sensitive region as per the discussion presented in Section 2.4.1 of the 
FS.  The Ecological Sensitivity Map (Figure 4 0 Feasibility Study) shows a large portion of high 
risk areas within Nepal susceptible to land degradation (soil erosion), forest degradation, 
waterlogging etc. that are within the GRB.  The general trend in the overall increase in 
precipitation may also increase the potential frequency of landslides and floods in this region due 
to its inherent sensitivity to land degradation. 
 
Figure 4: Ecological Sensitivity Map of Middle and High Mountain Regions5 

 
 
2.4.2 Water Resources Background for the Gandaki  
Water and forests are Nepal’s most abundant natural resources, with freshwater resources 
(derived from glaciers, snowmelt, and rainfall) accounting for 2.27% of the total world supply. This 
water feeds the country’s major rivers: Koshi, Gandaki, and Karnali; together, these river systems 
supply freshwater to a large portion of the 500 million people who live in the Ganges river basin. 
Any changes in the length and intensity of precipitation will not only impact snow cover and glacial 
density, but also affect these downstream populations. Nepal’s varied topography and social 
vulnerability make the country particularly susceptible to geological and climate-related disasters. 
Specifically, for the Gandaki River basin (GRB) the geographical features extend from the tropical 
lowland Terai (200m above sea level (asl)) to the high mountains and beyond to the cold and dry 
Trans-Himalayan region (above 4,000m asl), with peaks exceeding 8,000m. The GRB is the 
largest of Nepal's four major river basins, with seven major tributaries (sub-basins) – the Budi-
Gandaki, Badigad, Marsyangdi, Trishuli, Seti-Gandaki, Kali-Gandaki and Rapti rivers – 1,025 
glaciers and 338 lakes (see Figure 3). Within Nepal, the GRB includes four physiographic zones 
- High-Himal, High Mountains, Middle Mountains (or Middle Hills), Siwalik and Terai region 
(Churia). The Nepal portion of the GRB covers 32,090km2, 43.79 per cent of which is forest, 4.01 

 
 
5 Climate Change and Vulnerability Mapping in Watersheds in Middle and High Mountains of Nepal, Siddiqui et. al 
(2012) 
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per cent shrubland, 6.11 per cent grassland, 19.68 per cent settlements and agricultural land, 
10.43 per cent snow and glaciers, 1.93 per cent water bodies, and 0.76 per cent other lands 
(MoFSC, 2016) . The remaining area of the GRB is within China and India. 
 
Figure 5: Gandaki River Basin Physiographic Zones and Watersheds 

 
 

2.4.3 Land use 
The rapid assessment study published in 2013 showed that in the GRB for the period 1990 to 
2010, forest area remained stable, grassland area substantially decreased and agriculture areas 
slightly increased. Changes in area covered by alpine meadows and scrublands did not show a 
clear trend (see Table 2). 
 

Table 2: Area by land use class in the Gandaki River Basin - 1990, 2000, 2010 
 
Land Use Class 1990 2000 2010 

Area (ha) % Area (ha) % Area (ha) % 
Forest 1.133.621 35.4 1,137,718 35.5 1,136,709 35.5 
Alpine meadow/ scrub 275,518 8.6 251,863 7.9 260,682 8.1 
Grasslands 329,662 10.3 334,084 10.4 276,634 8.6 
Agriculture 663,505 20.7 675,471 21.1 677,456 21.1 
Snow/Ice 286,467 8.9 469,907 14.7 304,150 9.5 
Sand/bare soil 484,108 15.1 303,839 9.5 517,110 16.1 
Water 32,829 1.0 32,829 1.0 32,969 1.0 
Total 3,205,710 100 3,205,710 100 3,205,710 100 

 
Table 3: Percentage change in land use in the Gandaki River Basin 1990-2010 

Land Use Class Percentage change in land use 
1990-2000 2000-2010 1990-2010 

Forest 0.4 -0.1 0.3 
Alpine meadow/ scrub -8.6 3.5 -5.4 
Grasslands 1.3 -17.2 -16.1 
Agriculture 1.8 0.3 2.1 
Snow/Ice 64.0 -35.3 6.2 
Sand/bare soil -37.2 70.2 6.8 
Water 0 0.4 0.4 
Source of above tables: Chitwan – Annapurna Landscape: A rapid assessment 2013. 
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The total physical agricultural area has not increased, the agriculture increase reflected in Table 
3 above is due the increased crop intensificaition.  The overall area for number of crops taken 
per year is similar. For example - If three crops are taken in a year from one hectare, then the 
physical area is one hectare but the harvested area is three hectares. The increased cropping 
intensity has been possible due to establishment of irrigation facilities. But in the case of only 
rainfed agriculture, which is 45%6 of the agricultural area in Nepal, the productivity is negatively 
affected by climate change impacts. Farmers who are mainly reliant on rainfed agriculture thus 
find difficulty to continue farming and have started doing only one crop and/or left their land 
fallow/abandoned and migrated out for better employment opportunities. Youth migration, 
infrastructure development, landslides, floods, sedimentation, clearing forests for farming, 
promotion of community and agroforestry are accorded as the major drivers of land use change 
in Nepal. 
 

 Key Ecosystems 
Land degradation, particularly soil erosion, is currently a major challenge for Nepal. With a high 
rate of population growth, subsistence-based rural economy, and increasingly intense rainfall 
events in the monsoon season, Nepal is prone to several forms of land degradation, such as 
floods, landslides, and soil erosion.  Intense rainfall and conventional tillage practices coupled 
with poor soil structure and steep slopes are the main drivers of soil erosion. Soil erosion leads 
to losses in soil and crop productivity, pollution of land and water resources, and a loss of farm 
income. Strategies to manage erosion include mulching, cover cropping, contour farming, strip 
cropping, and conservation agriculture practices, along with landscaping and slope stabilizing 
bioengineering techniques. Land degradation issues are a prime policy focus in Nepal, including 
national three- and five-year plans. However, these policies have been generally ineffective in 
reducing soil erosion, landslides, and floods in relation to the set targets. Realistic plans need to 
be formulated in Nepal focusing more on capacity enhancement and local participation to actively 
influence land-degradation processes. 
 
Key ecosystems are impacted by degradation of soils and it is estimated that 3.16 million hectares 
(11.81% of the total area of Nepal) have been affected by this process (Table 4). Approximately 
38% of forest lands, 37% of pasture/rangeland, and 10% of agricultural land were seriously 
degraded. Floods and landslides damaged nearly 1% of the area between 1984 and 2003. 
 

Table 4: Degraded Land Area by Land-Use 

 
 
The consequences of land degradation and soil erosion are brought on by factors including 
human-induced activities such as overgrazing, unsustainable farming, excessive use of 
hazardous chemical fertilizers and pesticides, and deforestation have resulted in the loss of 
topsoil and biodiversity. In addition, landslides and soil erosion processes occurring in hilly 
regions cause damage to peoples’ lives and property, and runoff water from the hills may 
contribute to flooding in the plains especially prevalent in the monsoon season. 

 
 
6 MOAD. 2015. Agriculture Development Strategy. Ministry of Agriculture and Livestock Development, Singh Durbar - 
Table 15. 
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Climate risk factors also impact land degradation.  Floods are significant in the low land districts 
of Nepal (Chitwan and Nawalparasi), whereas Landslides in Mountainous district. Figure 148 of 
FS in terms of onset of monsoon (arrival date) does not show any significant trend but the 
withdrawal (departure date) is getting delayed, making the duration of summer monsoon period 
longer at the rate of five days per ten years. This is characterized by intense precipitation in rainy 
days accompanied by prolonged drought periods. There is predicted to be an increase in the 
amount of precipitation during the monsoon period which may increase the severity of water-
induced disasters, such as landslides in the Hill region and floods in the lowland region of the 
basin.  More detailed information on climate history, projections and impacts is described in later 
sections. 
 
2.5.1 Natural ecosystems 
An overview of the natural ecosystems with Nepal and specifically the GRB are provided in the 
next section to provide context.  
 
2.5.1.1 Forests 
In 2010 forests covered 1.14 million hectares in the basin. The Terai forests, which accounted 
for 58.1 per cent of the total forest area, are dominated by the economically important species 
Shorea robusta. The mid hills forests comprised 42.7 per cent of the total forest area, and 
generally occur as scattered patches within the agricultural landscape. The mid hills forests are 
important for livelihood and subsistence needs of the local population.  
 
The high mountain zone had around 59.6 per cent forest cover, and the high Himal (including the 
trans-Himalayan zone) had 4.8 per cent forest cover in 2010 (WWF, 2013).The field studies 
undertaken for the feasibility study revealed no recent significant change in forest area or 
condition, although there were anecdotal reports of increase in area and condition because of 
the shift to using gas for cooking, and the decreasing number of livestock being grazed in forest 
areas with a commensurate increase in stall feeding. However, consultations and field 
observations provided clear evidence of a substantial loss in forest area due to infrastructure 
development, resettlement, urban expansion, and agriculture expansion in many parts of the 
Siwalik lowlands. Likewise, unregulated construction of rural roads has caused forest loss in 
many locations of the mid hills along with soil erosion and failure of slopes resulting in increased 
frequency of landslides in natural forest areas. In addition, invasive alien species are reported to 
be increasing rapidly.  
 
Forest ecosystem services are important to Nepal’s economy because 80% of the population 
derives resources for livelihood from nature, such as food, fiber, freshwater, and medicine from 
natural habitats, and forest-based biomass provides nearly 90% of total energy consumption 
(BCN and DNPWC 2012). Approximately 45% of the country’s land area is under forest cover, 
and the majority of people live in an interface between agriculture-forest environments. Almost 
40% of Nepalese people are directly involved in the protection and management of forested land 
(Paudyal et al. 2017a). The sustainability of watersheds largely depends on the forest condition 
because it protects against soil erosion, reduces floods and supplies nutrients to downstream 
agricultural land and maintains water balance in the watersheds. Climate-induced changes in the 
vegetation structure and composition in a watershed could disrupt the water balance through the 
increased evapotranspiration rate (Sun et al. 2008), which could affect downstream water flow 
and transport of nutrients to agricultural land. Ekness and Randhir (2015) reported that climate 
change might alter the eco-hydrologic attributes of a watershed by changing available soil 
moisture, evaporation, precipitation patterns and runoff, which impacts soil degradation and 
erosion. Native vegetation cover can counteract many detrimental impacts, such as erosion and 
floods (Zuazo and Pleguezuelo 2008); however, this is uncertain in the event of reorganized plant 
communities as a result of a future warming climate lending to more favorable conditions for the 
growth of invasive species. 
 
Natural resources are depleting in GRB due to natural causes resulting in more frequent 
landslides, flooding and wildfires, while some causes are more development related such as 
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increase in infrastructure development, resettlement, urban expansion, agriculture expansion, 
and unregulated construction of rural roads. This was verified by field consultations and 
observations. Unfortunately, further depletion of natural resources is exacerbated by climate 
change. Changes in forest area within different physiographic zones revealed that forest area 
continuously and progressively increased in the Siwaliks and high mountain zones during 1999-
2010, whereas it continuously decreased in the mid hills during the same period (WWF, 2013). 
 
2.5.1.1.1 Community Forest 
Community forestry is the major forest management regime in the mid hills and also important in 
the Siwaliks and high mountains. As of 2012, a total of 305,296ha of forest land in the GRB (not 
including Mustang) was managed by 5,284 registered Community Forest User Groups (CFUGs), 
involving 448,753 households (DoF, 2012) (see Table 5). A passive approach to forest 
management, poor financial transparency and weak monitoring, inadequate attention to 
biodiversity and the management of NTFPs, inadequate technical capacity among CFUGs, and 
inadequate staff numbers in the District Forest Offices (DFOs) to assist CFUGs are the major 
issues related to the community forest management. 
 
2.5.1.1.2 Protected Forest 
The GoN has declared three blocks of forest in the GRB as protected forests (Barandabhar, 
Madhane and Panchase) to enhance biodiversity through rehabilitation of: habitats of rare and 
important species; biological corridors; and wetlands. The protected forests are also intended to 
achieve self-dependence of forest products through the development of multi-story and multiple 
use forests, and to enhance local livelihoods through income generating activities, including 
market-oriented green enterprises and tourism (Thapa Y. B., 2011). Barandabhar is an important 
natural forest corridor between Chitwan National Park and the Mahabharat Range. It is the only 
remaining natural forest that connects Chitwan National Park and the Siwalik Range with the 
Mahabharat Range. 
 

Table 5: Community forests in the Chitwan-Annapurna Landscape in 2012 

District Area Number of CFUGs7 Number of households 
Chitwan 18.055 64 34,056 
Nawalparasi 14,891 111 23,395 
Makwanpur 34,918 163 30,547 
Arghakhanchi 10.096 230 25,962 
Tanahu 33,229 513 50,097 
Palpa 14,567 319 25,213 
Gulmi 14,751 363 52,913 
Baglung 11,727 332 40,892 
Parbat 11,815 351 40,069 
Syangja 10,554 423 45,046 
Kaski 14,680 421 35,441 
Lamjung 19,334 304 24,825 
Dhading 25,241 628 64,799 
Nuwakot 20,755 277 30,348 
Myagdi 19,885 256 29,793 
Gorkha 21,480 447 53,333 
Rasuwa 2,580 63 4,972 
Manang 6,738 19 1,129 
Total 305,296 5,284 448,753 
Source: Department of Forest (2012a) 

 
 

 
 
7 Community Forest User Groups 
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2.5.1.1.3 Buffer Zone Community Forests 
Forest areas adjacent to protected areas have been declared as Buffer Zones to be managed as 
Buffer Zone community forest to promote people’s participation in the management of protected 
areas. In the GRB, the buffer zone program has been implemented in Chitwan National Park, 
Langtang National Park and Parsa Wildlife Reserve. About 40,303 households residing in these 
three buffer zones are managing 127 Buffer Zone Community Forests covering 18,046 ha. 
 
2.5.1.1.4 Leasehold Forest 
Leasehold forest is a pro-poor forestry program that involves 40 year rent free leasing of small 
areas (up to 10ha) of degraded national forest land to small groups (6-10 households) of local 
farmers living below the poverty line with little or no private land resources. The idea is to provide 
forest-based economic opportunities to poor hill farmers who are dependent on natural 
resources.  
 
2.5.1.1.5 Government-Managed Forests 
Forests that are not covered by any of the other governance regimes are directly under the control 
of the Department of Forests.  Government managed forests are scattered across the landscape, 
and are largely open access without any scientific management, except for occasional patrolling 
by forestry staff and collection of dead trees by the District Forest Office.  The lack of scientific 
forest management, encroachment of forest areas for expansion of settlements, infrastructure 
development, and agriculture due to i) lack of political will, (ii) weak central forestry administration, 
(iii) insufficient technical inputs, (iv) inadequate financial and material resources, (v) inadequately 
trained human resource, and (vi) lack of trust between central and district level authorities, and 
between government and non-government stakeholders are the major issues related to 
Government managed forests. 
 
2.5.1.2 Rangelands and Grasslands 
Rangeland/grassland ecosystems are distributed throughout the basin from the sub-tropical 
savanna in the Terai to sub-alpine grasslands in the high mountain region and alpine meadows 
above the tree line. The sub-tropical grasslands in the Terai, notably in Chitwan and Nawalparasi 
districts, is characterized by a mosaic of tall riverside grasslands with broadleaf forests of 
evergreen and deciduous species and is excellent habitat for the Royal Bengal tiger (Panthera 
tigris), greater one horned rhinoceros (Rhinoceros unicornis), Asian Elephant (Elephus maximus) 
and many important prey species like chital, sambar and other deer species. The high mountain 
rangeland and alpine meadows are exceptionally rich in floral and faunal diversity including 
economically important medicinal and aromatic plants and are home to the endangered snow 
leopard. The alpine meadows are heavily grazed during summer and rainy seasons and 
overgrazing and trampling by large herds of livestock (especially yak) and the unregulated 
commercial harvest of medicinal plants are the main threats to biodiversity in this region.  
 
Nepalese rangelands have high biodiversity and are estimated to cover nearly 12% of the 
country’s total area, providing habitat for various flowering plants, including endemic species and 
wildlife as well as globally threatened species. In addition, these grasslands also sustain domestic 
livestock that is an important source of local livelihoods.8 Rangeland ecosystems are under high 
grazing pressure and on the verge of depletion of palatable species, especially the legume 
components. 
 
2.5.1.3 Wetlands 
There are many wetland areas within Nepal and specific to the GRB, three natural wetlands - 
Beeshazari and associated lakes, and Fewa and associated lakes in Kaski; and Gosaikunda and 
associated lakes in Langtang National Park have been listed as Ramsar Sites.  In addition, there 
exist many other important natural wetlands with great significance for wetland biodiversity that 

 
 
8 https://www.cbd.int/countries/profile/default.shtml?country=np 

https://www.cbd.int/countries/profile/default.shtml?country=np
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still need to be explored. Although there is less published information on the biodiversity of these 
wetlands, they are considered to be biologically diverse and are known to provide a wide range 
of goods and services as well as income-generating opportunities for local people. Wetlands are 
threatened by encroachment, pollution, invasive species, overharvesting and destructive fishing.  
The field studies undertaken for the feasibility study revealed the per capita availability of water 
has declined due to an increasing population. Various forms of pollution have reduced water 
quality of many wetland ecosystems due to eutrophication and invasion of aquatic invasive 
species. Heavy rain events over short time periods have increased runoff causing landslides and 
reduced the time available for recharging groundwater. Construction of hydropower dams has 
had a negative impact on the ecological integrity of many wetland ecosystems. Excessive 
extraction of water for irrigation during the dry season and pumping wetlands dry for fish 
extraction are common, particularly in the lowlands of the Siwaliks, causing severe stress on 
aquatic life. Native fish populations have declined and aquatic invasive species have increased 
significantly. 
 
2.5.2 Biodiversity 
In general, due to the large number of habitats created by the extreme altitudinal variation, the 
GRB has high biological diversity. The GRB habitat has 14 plants listed in the Appendices of the 
Convention on International Trade in endangered Species (CITES) and is home to numerous 
CITES Appendix I species9, and provides a trans-Himalayan migratory corridor for many bird 
species. The basin also supports populations of endangered snow leopard, red panda, musk 
deer, Royal Bengal tiger, greater one-horned rhinoceros, pangolin and gharial. Lists of 
endangered plants and animals are provided in FS Appendix 8, including a list of invasive plants. 
 
2.5.2.1 Invasive Species 
Nepal is considered to be one of the countries with the greatest threat (ranked 3 out of 124 
countries for the agriculture sector) from biological invasions10. This can be attributed to the 
extreme climatic variation, ranging from tropical to alpine, so that alien introduced plant species 
native to any bioclimatic region can readily adapt to environmental conditions found in Nepal. 
Furthermore, the probability of introduction of alien plant species to Nepal appears high due to 1) 
increasing tourism activities particularly in mountain regions, 2) growing amount and diversity of 
imported agricultural products, 3) increasing quantity of imported crop seeds and other 
commodities, and 4) ineffective bio-security efforts including quarantine at international border 
points and airports.  Although the overall impact of biological invasions in Nepal has not been 
fully evaluated, the estimated annual cost of invasion to Nepal’s agriculture sector alone is nearly 
US$ 22.7 million. Furthermore, the biological invasions have emerged as a significant threat to 
biodiversity and ecosystem services in Nepal and its severity and extent is consistently growing.11  
In comparison to native species, the invasive species are usually more abundant, tolerant to a 
broad range of climatic condition, and possess highly competitive biological traits hence they are 
more likely to adapt to new climate conditions.12  
 
2.5.2.2 Protected Areas 
The basin contains six protected areas (out of 20 in Nepal), one world heritage site, and three 
Ramsar sites (out of ten in Nepal). The protected areas in the GRB include - Chitwan National 
Park and its buffer zone, a portion of Parsa National Park and its buffer zone, Shivapuri Nagarjung 
National Park, Annapurna Conservation Area, Manaslu Conservation Area, and a portion of 
Langtang National Park and its buffer zone. Protected areas are key sites for in-situ conservation 

 
 
9 Convention on Trade in Endangered Species - Appendix I include species threatened with extinction 
10 Paini, D.R., Sheppard, A.W., Cook, D.C., De Barro, P.J., Worner, S.P., Thomas, M.B., 2016. Global threat to 
agriculture from invasive species. P. Natl. Acad. Sci. U.S.A. 113 (27), 7575–7579.  
11 MFSC, 2014. Nepal National Biodiversity Strategy and Action Plan 2014-2020. Ministry of Forests and Soil 

Conservation (MFSC), Kathmandu, Nepal.  
12 Hellmann, J.J., Byers, J.E., Bierwagen, B.G., Dukes, J.S., 2008. Five potential con- sequences of climate change 

for invasive species. Conserv. Biol. 22 (3), 534–543.  
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with an outstanding variety of plants, animals, and ecosystems. In addition to climate change, 
illegal hunting and illicit trade in important wildlife species, human-wildlife conflict, degradation of 
habitat due to invasive species and forest fire are the major issues facing the sustainable 
management of protected areas in the GRB.  
 

 Agriculture and Livelihoods in GRB 
Agriculture is the mainstay of the Nepalese economy. It contributes almost one-third of total GDP 
and provides employment to 74% of the economically active population. Agriculture exports 
provide important revenues for the country. However, insufficient production of key crops (such 
as rice and maize) to meet domestic demand explains the high import rates of staple crops in the 
country. The slow growth of the agriculture sector in recent years has been associated with 
farming practices highly dependent on weather conditions, insufficient irrigation facilities, 
unavailability of agricultural inputs (particularly seed and fertilizers), and an increasing trend of 
land fallowing and abandonment13. Agriculture is dominated by small-scale farms of less than 
two hectares (ha)14. This occupies roughly 76% of the country’s cultivated land15. 
 
Likewise, agriculture sector is the mainstay of livelihoods for people in the GRB, around 74 
percent of the population, mostly marginal farmers, still depend on agriculture for their 
subsistence, and one third of the Gross Domestic Product (GDP) comes from this sector.  
A brief description of agriculture in different region is as follows16. 
 
Mountain region: The mountain region in the north, situated at more than 2,000 meters above 
sea level (m.a.s.l.), has a warm temperate to alpine climate. There are three districts namely 
Rasuwa, Manang and Mustang falling under GRB in this region.  
 
The farming system in the region is mainly potato, maize and millet based. The predominant 
agricultural activities in this zone are transhumant livestock production (e.g., hill cattle, goats, 
sheep, etc.), rain-fed crop cultivation (e.g., potato, barley, and buckwheat), and temperate fruits 
(e.g., apple and pear). Around 29% of the area is grazing land and crops are mainly rain-fed 
(‘bari’ land). The region is also characterized by high population migration rates to lower altitude 
areas, scarce road infrastructure, and minimal education opportunities.  
 
Mid-hill region: The mid-hill region, ranging between 700 and 2,000 m.a.s.l., has a climate that 
varies between subtropical to warm temperate. There are 14 districts namely - Nuwakot, Dhading, 
Makawanpur, Gorkha, Lamjung, Kaski, Syangja, Tanahu, Magdi, Baglung, Parbat, Gulmi, 
Arghakhanchi, and Palpa under GRB in this region. 
 
The farming system is mainly maize and wheat based. Crops are grown in upland terraces and 
irrigated fertile lands in river basins and valleys (‘khet’ land). Maize, millet, grams, potato, ginger, 
cardamom, and temperate fruits, particularly citrus, are the main crops grown in bari land, 
whereas rice and wheat are common in khet lands. Dairy and commercial vegetable production 
are rapidly growing in places nearby market centers in this zone.  
 
Siwalik and Terai region: The Siwalik (300 to 700 ma.a.s.l.) and Terai region (60-300 m.a.s.l) 
in the south, has a tropical climate with two main districts namely Chitwan and Nawalparasi. The 

 
 
13 NPC, 2018. 14th Plan of Nepal 2017/18-2019/20. National Planning Commission, Singh Durbar, Kathmandu, Nepal  
14 World Development Indicators: Nepal. Washington, D.C.: World Bank (WB). Available at: http://data.worldbank.org/ data-
catalog/world-development-indicators 
15 CBS. 2013. National Sample Census of Agriculture Nepal 2011/12. Kathmandu, Nepal : Central Bureau of Statistics, National 
Planning Commission Secretariat, Government of Nepal 
16 CIAT; World Bank; CCAFS and LI-BIRD 2017. Climate-Smart Agriculture in Nepal. CSA Country Profiles for Asia Series. 
International Center for Tropical Agriculture (CIAT); The World Bank; CGIAR Research Program on Climate Change, Agriculture and 
Food Security (CCAFS); Local Initiatives for Biodiversity Research and Development (LI-BIRD). Washington, D.C. 26 p 
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Siwalik and Terai regions are the majority of croplands in the country and a key contributing area 
to the agricultural GDP of Nepal. The farming system is mainly paddy and wheat based and the 
highly fertile soils allow for the cultivation of rice (the main crop in the region), wheat, chickpea, 
lentil, oilseed, mustard, sugarcane and tropical fruits (e.g., mango, litchi) where crop 
intensification is very common in this region. Farmers in this zone also rely on livestock production 
- mainly cattle, goats, and buffalo. 
 
The distribution of land use pattern in these four regions (see Table  below) shows that the 
percentage of forest is more in the Terai followed by Hills and Mountains. Same is the pattern in 
the distribution of shrubs and agriculture lands as well.  
 
 
Table 6:Land Use Pattern in GRB (area in hectare) 

S.N. District  Forest  Shrub Agri. Water Barren Snow Others Total 
A Mountain                 
1 Rasuwa 47,494 15,667 9,443 54 8,983 25,138 44,308 151,087 
2 Manang 11,760 20,304 279 378 29,828 165,154 0 227,703 
3 Mustang 16,723 23,587 285 272 78,241 229,295 10,856 359,259 
  Sub total 75,977 59,558 10,007 704 117,052 419,587 55,164 738,049 
  Percent 10.29 8.07 1.36 0.10 15.86 56.85 7.47 100 
B Hill                 
1 Nuwakot 42,916 23,526 48,412 405 2,405 1,352 0 119,016 
2 Dhading 79,205 31,945 66,322 745 4,464 6,382 0 189,063 
3 Makwanpur 137,220 22,578 75,529 817 5,696 0 0 241,840 
4 Gorkha 101,158 52,885 62,886 497 23,616 119,141 0 360,183 
5 Lamjung 87,552 22,328 30,999 607 9,116 15,162 0 165,764 
6 Kaski 89,087 24,881 28,361 1,803 10,417 47,308 0 201,857 
7 Syangja 51,214 16,685 45,515 707 1,293 74 0 115,488 
8 Tanahun 71,949 18,881 60,850 1,004 1,410 49 0 154,143 
9 Myagdi 67,898 51,574 16,744 330 23,035 70,444 0 230,025 
10 Baglung 91,505 39,702 21,453 391 24,612 1,738 0 179,401 
11 Parbat 26,189 7,756 15,371 141 735 7 0 50,199 
12 Palpa 72,607 23,736 44,332 538 70 42 0 141,325 
13 Gulmi 51,649 26,853 36,524 364 3,033 80 0 118,503 
14 Arghakhanchi  69,961 19,414 24,292 302 865 0 0 114,834 
  Sub total 1,040,110 382,744 577,590 8,651 110,767 261,779 0 2,381,641 
  Percent 43.67 16.07 24.25 0.36 4.65 10.99 0.00 100 
C Siwalik and 

Terai 
                

1 Chitwan 132,746 6,230 77,280 2,465 3,696 0 0 222,417 
2 Nawalparsi 89,635 15,210 104,672 3,260 9,260 25 0 222,062 
  Sub total 222,381 21,440 181,952 5,725 12,956 25 0 444,479 
  Percent 50.03 4.82 40.94 1.29 2.91 0.01 0.00 100 
                    
  Grand Total  1,338,468 463,742 769,549 15,080 240,775 681,391 55,164 3,564,169 
  Percent 37.55 13.01 21.59 0.42 6.76 19.12 1.55 100 

 
 Climate Change – Risk and Impact in Nepal 

Nepal has a diverse array of landscapes and ecosystems. The risks of climate change across 
the country are consequently varied, and include: i) increased temperatures; ii) rainfall variability; 
and iii) increased frequency of extreme weather events.  
 
2.7.1 Predictions for South Asia 
Average annual temperatures across South Asia are projected to rise by 2ºC until 2050, 
exceeding 3ºC by 2100. These projections are made in comparison with conditions in the 20th 
century using a high emissions scenario. The predictions in terms of rainfall are that areas at high 
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latitudes in India will experience increased rainfall by 205017. This is part of a general pattern in 
which South Asia is predicted to experience increased frequency of extreme rainfall events 
because of monsoons and tropical cyclones. The science underpinning these predictions show 
that monsoons are sensitive to global warming, with multi-model projections of future global 
monsoons indicating regionally-varying increases in monsoon coverage area and rainfall weather 
events. 
 
2.7.2 Climate Change in Nepal 
 
2.7.2.1 Observed: 
Like in other parts of the world, climate change impacts have become highly visible affecting 
different aspects of human society and ecosystem in Nepal. Central Bureau of Statistics (CBS) 
of the National Planning Commission (NPC) of Nepal in its findings of the "National Climate 
Change Impact Survey 2016"18 has reported that Nepal has experienced direct impacts of climate 
change and is one of the most vulnerable countries to climate change in the world (CBS, 2016). 
Despite having only 0.4 percent of the total global population and being responsible for only 0.025 
percent of total GHG emissions in the world, Nepal will be affected disproportionately, especially 
from increasing atmospheric temperature. Changes in the annual rainfall cycle, intense rainfall 
and longer droughts have been observed. Similarly, both days and nights are presently warmer 
(CCP, 2011). 
 
The data trend from 1990 to 2016 shows that the mean annual temperature has been increasing 
by 0.06 °C. This rate of increase is higher in the mountains than in other regions.  
 
One of the visible impacts of temperature increase is melting of snow on the mountains which is 
observed in the glaciers and glacial lake in an unprecedented rate. In another study conducted 
by the Ministry of Population and Environment in 2012 it was found that Himalayan glaciers are 
retreating fast with the annual rate of about 10 to 60 m that has caused vanishing of small glaciers 
of less than 0.2 km2 19. Long-term data (1971-2014) analysed by DHM (2017)20 has reported that 
warm days and warm nights, and warm spell duration are increasing. It has further reported that 
cool days are decreasing while cool nights and cold spell duration are also decreasing. Due to 
extreme hot and cold days, number of people dying is also increasing (Figure 621). 
 

 
 
17 CDKN 2014. 
18 CBS, 2016. National Climate Change Impact Survey 2016. Central Bureau of Statistics, Kathmandu. 
19 MoPE, 2012. Mountain Environment and Climate Change in Nepal: National Report prepared for the International 

Conference of Mountain Countries on Climate Change, 5-6 April 2012, Ministry of Environment, Kathmandu, Nepal. 
20 DHM, 2017. Observed Climate Trend Analysis of Nepal (1971-2014). Department of Hydrology amd Meteorology, 

Kathmandu 
21 Niraj Prakash Joshi, Keshav Lall Maharjan, and Luni Piya. 2012. Understanding the Relationship between Climate 

Change and Poverty in Nepal. Journal of International Development and Cooperation, Vol.18:4, 2012, pp. 21-35 
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Figure 2: Deaths Caused by Heat and Cold Waves 

 
 
As presented earlier, the MOFE's recent report shows that the annual average precipitation 
willslightly increase in Nepal.  Similarly, changes in seasonal precipitation trend shows decreasing 
trends in post-monsoon season (Table below). 
 
Table 7:Seasonal Precipitation Changes (1971 to 2014) 

Region Rep. District Winter Pre-
monsoon 

Monsoon Post-
monsoon 

Annaul 

High 
Mountain 

Manang 0.24 -0.70 -2.76 -0.52 -3.88 
Mustang 0.12 -0.23 -0.94 -0.20 -1.16 

Mid-Mountain Myagdi -0.04 -0.33 4.14 -0.60 2.18 
Baglung -0.22 -0.19 4.53 -0.62 2.38 

Hill Nuwakot -0.13 -0.09 -1.97 -0.99 -2.74 
Dhading -0.19 -0.14 -2.94 -0.77 -3.86 
Tanahu 0.03 0.10 4.77 -0.18 3.76 
Syangja -0.10 0.69 9.04 -0.53 8.99 

Siwalik Chitwan -0.12 1.71 0.17 -0.33 1.32 
Nawalparasi 0.09 1.58 2.64 -0.30 3.72 

Source: DHM 2017. Observed Climate Trend Analysis of Nepal (1971-2014). 
 
Note: Allowing the Jomsom weather station (Index: 601) as representative of Mountain region, 
the Bobang Weather Station (Index: 615) as representative of Hills and the Ridi Bazar Weather 
Station (Index: 701) as representative of Tarai/Siwalik, the trends in extreme wet days (R99p) in 
Mountain, Hill and Siwalik/Terai are -0.91 mm/yr, -4.89 mm/yr, and -3.24 mm/yr, respectively22.  
 
These observed climate trend analyses above demonstrate a changing pattern of precipitation, 
with reductions in the annual trend in the mountains, and in some of the lower hill areas, and 
increases in the lower mountain and lower hill areas.  What is clear is that whilst the overall 
precipitation is likely to increase based on RCP scenarios and the observed baseline, the 
intensity of this change is different for different altitudes within the basin, and therefore a 
multitude of response strategies to adapt to this will be required. 
 
DHM (2017) in its long-term data analysis report has shown that number of rainy days and 
consecutive wet days are increasing. It has further reported that very wet days and extremely wet 

 
 
22 Manadhar S., Pandey VP, Futaba K (2012). Hydro-climatic trends and people’s perceptions: case of Kali Gandaki 

River Basin, Nepal. Climate Research, 54: 167-179. 
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days are decreasing. MOPE (2012) has also reported that the increased high intensity rain for 
shorter period of times has caused increased frequency of disasters including flash floods posing 
more than 1.9 million people to high vulnerability and exposing additional 10 million people to the 
risks of climate induced disasters.23 
 
Figure 7: Number of Rainy Days within Regions of GRB 
 

 
 
The Mountain and Hill regions have the highest number of rainy days (106 days in a year on 
average) while the Trans-Himalaya has the lowest number of rainy days (16 days in a year on 
average). The rate of change in number of rainy days was negative in Terai and Trans-Himalaya 
regions, but positive for Hill and Mountain regions. The analysis of precipitation trends for different 
seasons across different agro-ecological zones revealed that the monsoon precipitation is 
increasing whereas precipitation in other seasons is decreasing, although most of these trends 
for 1981–2012 are not statistically significant. The trends for annual precipitation indicate that the 
dry parts of the basin (Trans-Himalaya and Mountain) could become even dryer as there is 
decreasing trend and the wet parts (Hill region) could become even wetter as they show an 
increasing trend. Both of these patterns can affect the livelihood of the people in the region. 
 
Figure 8:  Monsoon Onset, Withdrawal and Duration 
 

 
 

 
 
23 CCP, 2011. Climate Change Policy 2011. Government of Nepal. 
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As shown in Figure 9 there is no significant trend on the summer monsoon arrival but there is a 
significant trend toward delay in departure (about a half day per year), therefore, the duration of 
the monsoon is increasing at the rate of five days per ten years. There is predicted to be an 
increase in the amount of precipitation during the monsoon period which may increase the 
severity of water-induced disasters, such as landslides in the Hill region and floods in the lowland 
region of the basin. An increased frequency and intensity of extreme precipitation events may 
also cause flash floods. The fragile and sensitive geology, deforestation and the heavy 
precipitation make the Hill region very susceptible to soil erosion and landslides. The decreasing 
post-monsoon precipitation may adversely affect paddy rice production as this time coincides 
with the sensitive stage of the paddy (season for spikelet formation, fruiting and ripening) that 
demands more water. In addition, the decreasing winter precipitation may lead to failure of winter 
crops such as wheat, barley and potatoes.  The farming system is strongly dependent on the 
timely arrival of monsoon rain and its distribution. Rising temperatures in combination with 
increasing precipitation anomalies can influence soil moisture, ultimately affecting the crop 
production and livelihood of the people depending upon rain-fed agriculture. 
 
2.7.2.2 Climate Extreme Events 
Economic loss due to climate change has already been huge in Nepal. Though no precise studies 
have been conducted, there are various sporadic studies being conducted wherefrom the Ministry 
of Home Affairs compiles the economic loss data. MOF (2017) has reported that in monetary 
terms, the average loss has already nearly doubled from NRs. 1.2 billion per year between 1983 
and 2005, to NRs. 2.2 billion between 2010 and 2016. Cumulatively, NRs. 28 billion in losses has 
been recorded between 1983 and 2005, increasing to NRs. 16.8 billion (Table 8) in just 7 years 
between 2010 and 2016. Loss due to floods alone was estimated to be about NRs. 15.5 billion, 
whereas that due to landslides was over NRs. 1 billion in that period (MOF, 2017). 
 

 
Table 8:Loss and damage due to climate related disaster events (2010-2016)24 

SN Incident type 
People 
killed 

People 
missing 

Houses 
destroyed 

Estimated loss 
(in '000 NRs) 

Estimated loss 
(in USD) 

1 Floods 499 405 10,353 15,518,718 140.8M 
2 Landslides 637 205 913 1,071,802 9.7M 
3 Flash Flood 43 32 31 11,000 100k 
4 Heavy rain 42 1 305 218,173 1.98M 
5 Thunderstorm 625 1 96 25,120 228k 
6 Drought - - - Not Available Not Available 
7 Forest fire - - - Not Available Not Available 
8 Avalanches 31 18 1 Not Available Not Available 
9 Epidemics 80 - - 1,800 228k 

 Total 1957 662 11,699 16,846,614 $ 153M 
 
Droughts 
During summer season of 2004, 2005, 2006, 2009 and winters 2006, 2008 and 2009 were the 
worst years of widespread droughts. Several incidences of dry spell/drought were also observed 
during 2012, 2013, and 2015.25 These dry periods have a serious impact on agriculture–livestock 
production of central Nepal. The decreasing post-monsoon precipitation may adversely affect 
paddy rice production as this time coincides with the sensitive stage of the paddy (season for 
spikelet formation, fruiting and ripening) that demands more water. In addition, the decreasing 
winter precipitation may lead to failure of winter crops such as wheat, barley and potatoes.  

 
 
24 MoF, 2017: Climate Change Financing Framework: A roadmap to systematically strengthen climate change 

mainstreaming into planning and budgeting. Ministry of Finance, Government of Nepal, Kathmandu, Nepal. 
25 Drought Impact and Adaptation Strategies in the Mid-Hill Farming System of Western Nepal, Environments (MDPI), 

Shankar Adhukari (2018) 
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Figure 3: Trend of Annual Precipitation in Central Nepal 
 
 

 
(SOURCE: Drought Risk Assessment in Central Nepal: Temporal and Spatial Analysis, Dahal et al (2016)) 

 

 
Based on drought risk assessment (2016)26 Nepal’s Central Region show a downward trend of 
annual precipitation between 1981 and 2012.  Red triangles facing downward and blue triangles 
facing upward represent decreasing and increasing trends, respectively, where solid triangles 
indicate significant trends. This reveals a clear tendency toward drought over central Nepal in 
past decades.  For the 12-month time scale, 65% (26 out of 40) stations have increasing trend of 
drought and out of these 20 have significant trend. Winter drought (3-month SPI at February) 
shows increasing trend of drought for 90% of stations. Although there is no overall trend in 
average precipitation, the area receiving large amount of precipitation showed an increasing 
trend of precipitation, while dry areas have decreasing trend of precipitation. Also, the driest 
months for Nepal, November and December, have significant decreasing trend of precipitation. 
Trend analysis reveals a clear tendency toward more droughts over the past decades and is 
more evident at the longer time scale.  
 
Both drought frequency and intensity in recent years were found to have increased. The impact 
to agriculture has been severe, Table 9 reflects some of these specifics. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
26 Drought Risk Assessment in Central Nepal: Temporal and Spatial Analysis, Dahal et al (2016) 
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Table 9:Impact of drought on production of major crops 

 
 
The major cause identified for these droughts are late onsets of monsoon, poor distribution of 
rainfall, and reduced intensity of rainfall.  Since drought phenomenon largely depends on both 
precipitation amount and surface temperature which greatly affect evapotranspiration and water 
stress and future projected change in temperature and precipitation, the result shows that 
precipitation in central Nepal will change by -8 to 12 % and temperature will change by 1.9–3 oC 
in 2031–2060 compared to the baseline period 1970–2000. Since the models27 show an increase 
in temperature across Nepal and with much of the drier high altitude region in central Nepal may 
experience decreasing rainfall, increasing drought conditions can be projected. 
 
The Standardized Precipitation Index (SPI) designed by McKee et al28 is used to quantify drought 
in central Nepal. SPI is widely used around the world for drought forecasting, frequency analysis, 
spatio-temporal analysis and climate impact studies29. SPI is also recommended as a 
meteorological drought index by the World Meteorological Organization30. In this study, the SPI 
was calculated on 3-, 4- and 12-month time scales, which correspond to the past 3, 4, 12 months 
of observed precipitation totals, respectively. SPI calculated for September on 4-month time scale 

 
 
27 Based on downscaling the data of HadCM3Q0 global model by PRECIS regional climate mode 
28 McKee T, Doesken N, Kleist J (1993) The relationship of drought frequency and duration to time scales. In: 8th 
conference on applied climatology. American Meteorological Society, Boston, pp 179–184 

29 Mishra AK, Singh VP (2010) A review of drought concepts. J Hydrol 391:202–216. doi:10.1016/j.jhydrol. 
2010.07.012 

30 Hayes M, Svoboda M, Wall N, Widhalm M (2011) The Lincoln declaration on drought indices: universal 
meteorological drought index recommended. Bull Am Meteorol Soc 92:485–488 
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is used to analyze monsoon drought, and SPI calculated for February on 3-month time scale is 
used to analyze winter drought over central Nepal. 
 
Landslides 
Based on studying the realtionship between rainfall and landslides31 a number of landslides were 
triggered in the Himalaya by continuous rainfall of 3 to 90 days. The correlation between 
continuous rainfall of 5 days or 7 days or 10 days are usually responsible for landslides in the 
Nepal Himalaya.  Figure 11 shows some examples of rainfall and landslide occurrence time 
during monsoon period in eastern Nepal. Monsoon rains usually fall with interruptions of 2–3 days 
and are generally characterized by low intensity and long duration. Thus, there is also a strong 
role of antecedent rainfall in triggering landslides. The study suggests that a moderate correlation 
exists between the antecedent rainfalls of 3 to 10 days and the daily rainfall and slope failure in 
Nepal Himalayas.  
 
Figure 4: Landslides location in Nepal and Historical Relationship  
 

 
Source: International Journal of Japan Erosion Control Engineering, Vol.5, No.1, 2012 
 
Monsoon rains usually fall with interruptions and are generally characterized by low intensity and 
long duration. As a result, landslides are usually initiated only after a few days of first monsoon 
rainfall and role of antecedent rainfall for landslides builds on this. The orographic profile of 
Himalayan range is responsible for extreme rainfall in central and eastern Nepal and as a result, 
central Nepal usually faces many landslides related disaster than western Nepal. With the 
monsoon season projected to have increased precipitation in especially in southern Gandaki 
there will be increased number of landslides. 

 
 
31 International Journal of Japan Erosion Control Engineering, Vol.5, No.1, 2012 
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Table 10:Watersheds ranked by landslides and flood risk32 

 
 
2.7.2.3 Projected: 
The World Bank provides the following summary of climate change for Nepal (World Bank, 2017) 

• Mean annual temperatures are projected to increase between 1.3-3.8°C by the 2060s and 
1.8-5.8°C by the 2090s, and this warming is expected to occur more rapidly during the 
dry months (December-May). 

• Winters are projected to be drier and monsoon summers wetter, with some estimating a 
threefold increase in monsoon rainfall. This could result in more frequent summer floods 
and winter droughts. 

• Currently, it is not possible to get a clear picture of precipitation change, due to large 
model uncertainties. However, increases in rainfall are more consistent for south-east 
Nepal. 

 
The impact of climate change on Nepal’s water resources is unclear due to the uncertain behavior 
of glaciers. However, glacier retreat will occur after an increase in temperature - according to 
some estimates, roughly 20% of glacier mass could be lost with a 1°C increase in temperature. 
These projections, however, are still subject to debate. Table 11 shows the predicted seasonal 
changes for the South Asia region calculated relative to the average temperature and 
precipitation in the period 1961- 1990. 
 
 
 
 

 
 
32 Climate Change and Vulnerability Mapping in Watersheds in Middle ad High Mountains of Nepal, Siddiqui et al. 
(2012, IWMI) 
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Table 11: South Asia seasonal temperature and precipitation projections (relative to 1961-90 
average) 33 

Future 
emissions 

2010-2039 2040-2069 2070-2099 
Temperature 
change °C 

Precipitation 
change % 

Temperature 
change °C 

Precipitation 
change % 

Temperature 
change °C 

Precipitation 
change % 

High Low High Low High Low High Low High Low High Low 
Dec-Feb 1.17 1.07  -3 4 3.16 1.97 0 05.22 5.44 2.93 -16 -6 
Mar-May 1.18 1.11 7  8 2.97 1.81 26 24 5.22 2.71 31 20 
Jun-Aug 0.54 0.55 5 7 1.71 0.88 136 11 3.14 1.56 26 15 
Sep-Nov 0.78 0.83 1 3 2.41 1.49 8 6 4.19 2.17 26 10 

 

 
Choosing RCP 4.5 and 8.5 as representations of extreme future scenarios based on different 
socioeconomic and developmental trajectories, MOFE has recently analysed climate change 
scenarios for the medium-term period (2016–2045) and the long-term period (2036-2065) with 
respect to the reference period 1981–2010, as laid out by the National Adaptation Plan process.  
However, for the purpose of the analysis we have only used RCP 4.5 scenario. The precipitation 
analysis was carried out based on 0.05 degree APHRODITE34 daily gridded data prepared for 
Nepal based only on DHM rain-gauge data. For temperature analysis, data at 92 DHM stations 
were used. The data length of 1971-2014 was used for both temperature and rainfall trend 
analysis.  
 
The study suggests that in general, the climate in all of Nepal will be significantly warmer and 
wetter in the future, except for a decrease in precipitation during the pre-monsoon season. Indices 
of climate extremes related to temperature and precipitation suggest that more extreme events 
are likely in the future. This is expected to affect different developmental sectors, such as water, 
disaster management, energy, biodiversity, agriculture, health, urban planning and livelihoods. 
The specific findings of the study are as follows35. 
 
A. Summary of changes in precipitation and temperature in future periods for Nepal: 

1. Average annual precipitation is likely to increase in both the medium-term and long-term 
periods. Average annual precipitation is likely to increase by 2–6% in the medium-term 
period and by 8–12% in the long-term period. 

2. Average annual mean temperature is likely to rise. Mean temperature could increase 
by 0.9–1.1 degrees Celsius (oC) in the medium-term period and 1.3–1.8 oC in the 
long-term period. 

 
 
34 Yatagai A, Kamiguchi K, Arakawa O, Hamada A, Yasutomi N, Kitoh A (2012) APHRODITE: Constructing a long-

term daily gridded precipitation dataset for Asia based on a dense network of rain gauges. Bulletin of the American 
Meteorological Society 93:1401–1 

34 Yatagai A, Kamiguchi K, Arakawa O, Hamada A, Yasutomi N, Kitoh A (2012) APHRODITE: Constructing a long-
term daily gridded precipitation dataset for Asia based on a dense network of rain gauges. Bulletin of the American 
Meteorological Society 93:1401–1 

35 MoFE, 2019. Climate change scenarios for Nepal for National Adaptation Plan (NAP). Ministry of Forests and 
Environment, Kathmandu 
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3. Both the average annual mean temperature and the average annual precipitation are 
projected to increase until the end of the century. Precipitation could increase by 11–
23%, and mean temperature might increase by 1.7–3.6 oC by 2100.  

4. The temperature is projected to increase for all seasons. The highest rates of mean 
temperature increase are expected for the post-monsoon season (1.3–1.4 oC in the 
medium-term period, and 1.8–2.4 oC in the long-term period) and the winter season 
(1.0–1.2 oC in the medium-term period, and 1.5–2.0 oC in the long-term period). 

5. Precipitation is projected to increase, barring the pre-monsoon season. Precipitation will 
increase in all seasons, except the pre-monsoon season, which is likely to see a 
decrease of 4–5% in the medium-term period. The post-monsoon season might have 
the highest increase in precipitation with respect to the reference period, possibly going 
up by 6–19% in the medium-term and 19–20% in the long-term.  

6. Projections about precipitation in the future have a large degree of uncertainty, greater 
than temperature projections. The uncertainty in temperature projections in this report 
is smaller than regarding precipitation. Agreement between different climate models is 
larger for temperature, as compared to precipitation. Collectively, these results suggest 
that projections regarding temperature-related changes are more certain than the 
projected changes in precipitation. 

 
B. Summary of changes in climate extremes in future periods: 

1. Intense precipitation events are likely to increase in frequency, with extremely wet 
days (P99) expected to increase at a higher rate than very wet days (P95).  

2. The number of rainy days is likely to decrease in the future. This, in combination with the 
increase in precipitation intensity, is likely to create more water-related hazards in the 
future.  

3. Future changes in consecutive dry days (CDD) and consecutive wet days (CWD) varies with 
the RCP scenarios. The RCP4.5 scenario projects a likely increase in CDD. In agreement 
with this trend, CWD is projected to decrease under the RCP4.5 scenario 

4. Both warm days and warm nights are likely to increase in the future. The number of warm 
days will rise sharply, from 36 days to 60 days a year in the medium-term, and to 68 days 
a year in the long-term period, under the RCP4.5 scenarios. This is in concurrence with 
increasing temperature trends in the future.  

5. Both cold days and cold nights are likely to decrease in future. The number of cold days 
decline by 42–53% under the RCP4.5 scenario over the two periods in this study. This too 
is in concurrence with increasing temperature trends.  

6. The duration of warm spells, of at least six days of high maximum temperatures, are likely 
to increase sharply in the future under RCP4.5 scenarios. This is in conjunction with 
increasing temperature trends and increasing warm days of the future periods.  

7. The duration of cold spells is likely to decrease in the future as indicated by the cold spell 
duration index under RCP4.5 which is in conjunction with increasing temperature trends 
and decreasing cold days of the future periods.  

 
Table 12: Summary of Overall Key Climate Factors - Observed and Projected Changes 

Climate 
factor 

Observed changes Predicted changes 

Temperature 
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Trends of 
Mean Temp 
Changes 

Mean annual temperature has been increasing 
by 0.06 °C.36 

Mean annual temperature is 
predicted to be increased between 
1.3 °C to 3.8 °C by the 2060’s and 
1.8 °C to 5.8 °C by the 2090’s (CBS, 
2016) 

Trends of Ave 
Min and Max 
Temp 
Changes 

Average maximum temperature is in increasing 
trend, and average minimum temperature is in 
decreasing trend in most of the northwestern 
districts in winter while in increasing trend in 
majority of southern areas (Tarai to Middle 
Mountains).37 

Both average minimum and 
maximum temperatures are 
projected to be increasing 

Per Decade 
Increase in 
Temp 

Increased seasonal and annual air temperature 
Observed annual trend of temperature was 0.41o 
C over the last few decades.38 

Rate of change projected to increase 

Seasonal 
Change in 
temp trend 

Seasonal and annual minimum temperature 
trends show positive trends in lower elevation 
and negative in the higher elevation (DHM, 
2017). 
Seasonal rising trend for temperature during pre-
monsoon, monsoon and winter periods are 0.430 
C, 0.430 C and 0.370 C per decade. 39 

Minimum temperature projected to 
increase during winter in lower 
elevation and decrease in higher 
elevation 

Increased 
Hot days and 
nights 
(Value) – is 
the trend 
observed to 
be 
increasing. 

DHM40 has reported that: 
• Warm days are increasing significantly in 

majority of the districts  
• Warm nights are increasing significantly in 

majority of the districts 
• Warm spell duration is increasing in majority 

of the districts 
• Cool days and nights are decreasing in 

majority of the districts  
• Cold spell duration is increasing significantly 

only in the FWDR districts and trends are 
insignificant in other districts 

The hottest 5% of days in the period 
from 1970 to 1999 are projected to 
increase by up to 55% by the 2060s 
and up to 70% by the 2090s. 
 
The hottest 5% of nights in the 
period from 1970 to 1999 are 
projected to increase by up to 77% 
by the 2060s and 93% by the 2090s 
(https://www.wri.org/our-
work/project/world-resources-
report/climate-change-nepal-
impacts-and-adaptive-strategies) 

Rainfall 
Annual mean Although there is no overall trend in average 

precipitation, the area receiving large amount of 
precipitation showed an increasing trend of 
precipitation, while dry areas have decreasing 
trend of precipitation. 

Annual precipitation could slightly 
increase in Nepal 

 
 
36 CBS, 2016. National Climate Change Impact Survey 2016. Central Bureau of Statistics, Kathmandu. 
37 DHM, 2017. Observed Climate Trend Analysis of Nepal (1971-2014). Department of Hydrology amd Meteorology, 

Kathmandu 
38 MOPE, 2004. Initial National Communication to the Conference of the Parties of the United Nations Framework 

Convention on Climate Change. Ministry of population and Environment, Singh Durbar. 
39 MOPE, 2004. Initial National Communication to the Conference of the Parties of the United Nations Framework 

Convention on Climate Change. Ministry of population and Environment, Singh Durbar. 
40 DHM, 2017. Observed Climate Trend Analysis of Nepal (1971-2014). Department of Hydrology amd Meteorology, 

Kathmandu 
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Monsoon 
mean 

Karki et. al41 has shown that: 
• monsoonal precipitation is significantly 

increasing over the lowlands 
• post-monsoonal precipitation is significantly 

decreasing across all of Nepal 
• There is a tendency toward later departure of 

monsoon from Nepal, indicating an increase 
in its duration. 

Monsoon precipitation could 
increase by 2% by 2030, 7% by 
2060 and 16% by 2090. 
 
Winter rainfall and days w/o rain will 
increase possibly leading to 
agriculture and livestock water 
resources shortfall. 

Intensity of 
extreme 
rainfall trends 

DHM42 has reported that: 
• Number of rainy days is increasing 

significantly, mainly in the northwestern 
districts and trends are insignificant in other 
districts  

• Very wet days and extremely wet days are 
decreasing significantly, mainly in the 
northern districts and trends are insignificant 
in other districts  

• Consecutive wet days are increasing  
• Consecutive dry days are decreasing  

Predicted that monsoon rainfall will 
increase while total rainfall will 
decrease 
 
Heavy rainfall is projected to 
increase slightly in the monsoon and 
post-monsoon seasons, and 
decrease slightly in the winter and 
pre-monsoon seasons.43 
 
 

Daily rainfall 
trends  

DHM44 has shown: 
• Increasing number of annual rainy days 
• Decreasing number of very wet days 
• Decreasing number of extreme wet days 
• Decreasing number of consecutive wet 

days 
• Increasing number consecutive wet days 

Projections to follow the same trend 
 
Precipitation in the lowlands 
increases by 10%28, exacerbating 
flooding and landslide conditions. 
 
Precipitation in highlands decreases 
by 9%45, exacerbating droughts 
 
More rainfall during monsoons and 
less rainfall during non-monsoon 
periods. 

Note: The monsoonal precipitation dominates annual precipitation with contribution of around 80% of the 
annual precipitation, whereas precipitation during winter, pre- and post-monsoon seasons contribute only 
3.5%, 12.5% and 4.0%, respectively.46 

 
The observed impacts of climate change are predicted to further worsen in future as presented 
in Table 12 above. Based on such predicted changes in climate variables, several predictions are 
made about their impact on people. To summarize, the PA (2008) has predicted the future climate 
change impact as follows: 

• The predicted decrease in precipitation during the winter months will reduce winter and 
spring crop production. Temperature increases are also expected to reduce wheat and 
maize yields, whilst increased variability in both temperature and precipitation will present 
significant challenges to farming practices. Irrigation fed agriculture will be increasingly 
threatened as water resources deplete during the post monsoon, winter and premonsoon 
periods. Landslides and flash floods have already reduced the area of land available for 
cropping and are likely to continue to reduce productivity in the future. However, some 
estimates suggest that rice production will increase if there are moderate temperature and 

 
 
41 Karki, Ramchandra, Shabeh ul Hasson, Udo Schickhoff, Thomas Scholten, and Jürgen Böhne, 2017. Rising 

Precipitation Extremes across Nepal. Climate 2017, 5, 4; doi:10.3390/cli5010004 
42 DHM, 2017. Observed Climate Trend Analysis of Nepal (1971-2014). Department of Hydrology amd Mateorology, 

Kathmandu 
43 NVAST-ISETN, 2009. Vulnerability through the eyes of the vulnerable. Nepal Climate Vulnerability Study Team 2009 

- Institute for Social and Environmental Transition Nepal (ISETN). Kathmandu 
44 DHM, 2017. Observed Climate Trend Analysis of Nepal (1971-2014). Department of Hydrology amd Mateorology, 

Kathmandu 
45 Adaptation for Climate Change by Livestock Smallholders in Gandaki River Basin, Panthi et. al, 2014. 
46 Study of Climate and climatic variation over Nepal 2015. Department of Hydrology and Mateorology, Kathmandu 
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precipitation increases, whilst wheat production may increase the westernmost areas of 
Nepal. 

• The monsoon onset (arrival date) does not show any significant trend but the withdrawal 
(departure date) is delaying, making the duration of summer monsoon period longer. This 
pattern shows intense precipitation in rainy days accompanied by prolonged drought. 
Although the harvesting and planting times of crops vary across agro-ecological zones, 
the farming system is strongly dependent on the timely arrival of monsoon rain and its 
distribution. Rising temperatures in combination with increasing precipitation anomalies 
can influence soil moisture, ultimately affecting the crop production and livelihood of the 
people depending upon rain-fed agriculture. 

• Increased temperature has increased the likelihood of glacial lake outburst flooding 
(GLOF) making the communities in the downstream vulnerable. 

• Increased annual precipitation of more than 20% will contribute to significantly increased 
sediment deposits – silting up river beds and increasing flood risk.  

• Irrigation problems will be compounded by changing rainfall patterns, which are predicted 
to provide greater rainfall during monsoon when river flow is already high and lower rainfall 
during the already dry winter months.  

• As ice stocks decrease and winter precipitation reduces, the areas in water stress will 
increase.  

• Ground water depletion is likely due to long dry seasons, irregular rains, and high intensity 
rainfall leading to high run-off rather than water absorption.  

• The glacial lake outburst flood (GLOF) has the potential to destroy hydropower 
installations.   

• Tropical wet forest and warm temperate rain forest will be at verge of disappearing, and 
cool temperate vegetation will turn into warm temperate vegetation.  

• The risk of malaria and kalaazar is likely to increase, particularly in the subtropical and 
warm regions of Nepal, with Japanese encephalitis risk is also rising in the subtropical 
region.  

 
IDS-Nepal, PAC and GCAP (2014)47 has predicted the economic costs in key sub-sectors as 
follows.  
Agriculture: In the Terai, the yields of some key crops are projected to decrease by 10–20% with 
climate change by the 2070s, leading to large impacts on national production. By the 2070s, 
climate change will lead to a net decrease in crop productivity and high economic costs from lost 
production, estimated at US$140 million/year. 
 
Water-induced disaster: The predicted results have indicated that the intensity and frequency of 
high flows – and thus water-induced disasters – increases significantly with climate change, even 
by mid-century (2040s). As the change varies with the river catchment, the increase in current 
high flows (intensity) associated with flood events were estimated to increase by 20–100% by 
mid-century (2040s) due to climate change.  At the same time, the return period of an event that 
currently occurs once in every 10 years was estimated to occur once in every five years (or less) 
with climate change. An analysis of the direct economic costs of these changes were at US$100–
200 million/year.  
 
Too little water: The total water availability in the country will drop from the present 176 km3/ year 
to 128 km3/year by 2100.48  Cases of Climate refugee have been already reported in Nepal. The 
settlement of 150 people of Dhe in Surkhang VDC of upper Mustang were resettled in 

 
 
47 IDS-Nepal, PAC and GCAP (2014). Economic Impact Assessment of Climate Change in Key Sectors in Nepal. IDS-

Nepal, Kathmandu, Nepal. 
48 Chaulagain, NP (2006) Impacts of climate change on water resouces of Nepal: The physical and socioeconomic 

dimensions. Thesis for the Degree of Doctor Engineer. Germany: University of Flensburg 
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Thangchung in lower Mustang due to acute shortage of water for irrigation over the last 6-7 
years.49   
 
Health impact: Nepal is endemic for seven major vector-borne diseases, namely malaria, 
lymphatic filariasis, Japanese encephalitis, visceral leishmaniasis, dengue, chikungunya and 
scrub typhus50. There is increased risk of spreading of vector-borne diseases in the hills and 
mountains with the increase in temperature. As compared to the average global costs of 
adaptation in the health sector for the prevention and treatment of diarrhea and malaria alone 
(not including malnutrition), over the period 2010–2050 it is estimated to reach $1.3 billion (in the 
dry weather scenario) to $1.6 billion per year (in the wet weather scenario), in 2005 dollar terms; 
the cost in South Asia alone was $0.5 billion51. Due to high cost of health facilities, Nepal would 
bear proportionately higher cost even in South Asia.  
 
2.7.3 Climate Change in the Gandaki River Basin 
 
2.7.3.1 Observed 
The increase in temperature in the GRB region is presented in the following three figures (Figure 
6, 7 and 8).  The sets of data both for precipitation and temperature were calculated from the 
data provided by the Climatic Research Unit (CRU) Time-Series (TS) version 3.5 
(https://catalogue.ceda.ac.uk/uuid/c311c7948e8a47b299f8f9c7ae6cb9af)52. The gridded CRU 
TS (time-series) 3.25 data are month-by-month variations in climate over the period 1901-2016, 
on high-resolution (0.5x0.5 degree) grids, produced by the Climatic Research Unit (CRU) at the 
University of East Anglia. At first, a set of coordinates of the metrological stations of the 19 districts 
of the Gandaki River Basins were identified. Based on the available coordinates of the 
meteorological stations, the data of temperature and precipitation were extracted from the source. 
The yearly averages of these two variables (temperature and precipitation) were calculated using 
the statistical softwareR. Now, the data were segregated based on the physiographical locations 
of the basin i.e. Mountain, Hills and Terai. The yearly average (1990-2016) was calculated based 
on these divided physiographical locations. Later, graphs were derived from these obtained 
average data.  
 
The historical trend in the basin for the mountain and terai areas is of increasing precipitation 
demonstrated in the figures below, with relatively stable precipitation in the hill areas. The 
implications of this is that basin discharge is likely to increase, along with the need to store and 
capture the water for domestic, productive, and agricultural needs.  The intensity of flood events, 
due to an overall increasing precipitation, may therefore require changes in infrastructure 
planning and development, changes in irrigation approaches, and other agricultural adaptation 
measures that are needed due to climate change impacts. 
 
Figure 5: Average Mean Temperature in the Mountain 

 
 
49 Shah, A (2010).  Nepal’s first climate refugee village in Mustang. Republica Daily (published on 2010-06-01) 
50 Meghnath Dhimal, Mandira Lamichhane Dhimal, Raja Ram Pote-Shrestha, David A Groneberg, Ulrich Kuch. 2017. 

Health-sector responses to address the impacts of climate change in Nepal.  South-East Asia Journal of Public 
Health. 2017 Vol 6 (2):9-14 

51 Accounting for Health Impacts of Climate Change. Asian Development Bank 2011. 
52 University of East Anglia Climatic Research Unit; Harris, I.C.; Jones, P.D. (2017): CRU TS3.25: Climatic Research 
Unit (CRU) Time-Series (TS) Version 3.25 of High-Resolution Gridded Data of Month-by-month Variation in Climate 
(Jan. 1901- Dec. 2016). Centre for Environmental Data Analysis, 05 December 2017. 
doi:10.5285/c311c7948e8a47b299f8f9c7ae6cb9af. 
 

http://www.who-seajph.org/searchresult.asp?search=&author=Meghnath+Dhimal&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.who-seajph.org/searchresult.asp?search=&author=Mandira+Lamichhane+Dhimal&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.who-seajph.org/searchresult.asp?search=&author=Raja+Ram+Pote%2DShrestha&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.who-seajph.org/searchresult.asp?search=&author=David+A+Groneberg&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.who-seajph.org/searchresult.asp?search=&author=Ulrich+Kuch&journal=Y&but_search=Search&entries=10&pg=1&s=0
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Figure 6: Average Mean Temperature in the Hills 
 

 
 
Figure 7: Mean Annual Temperature in Terai 
 

 
 
 
Figure 8: Mean Annual Precipitation in Mountain 
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Figure 9: Annual Mean Precipitation in Hills 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10: Annual Mean Precipitation in Terai 
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2.7.4 Evapotranspiration in the Gandaki River Basin 
 
There are a few studies conducted on crop evapotranspiration. In an evapotranspiration study 
on corn and wheat53, and maize54 in 2011 it was concluded that "higher temperature and lesser 
precipitation at the initial and mid-season of wheat growing period has increased Potential 
Evapotranspiration (PET). The greater precipitation and greater temperature at the crop 
development period has increased the PET of wheat". Likewise, the PET of maize was found 
more dependent on rainfall and temperature besides other factors. The PET increased as the 
amount of rainfall increased. Maintenance of sufficient moisture in a lysimeter resulted in higher 
yield and indicating that the yield of maize can be increased by providing sufficient moisture.  
 
Focus group discussions undertaken by the Himalayan Adaptation, Water and Resilience (HI-
AWARE) consortium with farmers in Laharepauwa VDC of the Gandaki River Basin revealed the 
impact of the late monsoon and other climate related changes on the farming pattern. From the 
FGDs, it was learnt that the traditional mixed crop barley/potato system relies on winter rains and 
moisture retention through snowfall to grow barley (or another cereal) in winter. In Daibung and 
Laharepauwa VDCs, the reduction in winter rain and snow has led to a shift away from the 
traditional cereal-based cropping to cash generating vegetable and organic farming in 
polytunnels. 55 
 
According to a study by Manandhar et al. (2011) in Mustang, in Kunjo, Lower Mustang, an 
increase in the number of rainy and foggy days has led to a decline in apple production as the 
humid conditions make the apple crop more prone to pests, forcing farmers to use chemicals or 
revert to cereal farming. In addition, cereal crops may also be affected in the long run and the 
use of chemicals may be unsustainable (Manandhar et al 2011: 345-346). 
 
Estimation of Evapotranspiration - Region, Season and Crop-wsie 

 
 
53 Govinda Bhandari. 2012. Estimation of Potential Evapotranspiration and Crop Coefficient of Wheat at Rupandehi 
District of Nepal. International Journal of Agricultural Management & Development, 2(1): 41-47, March, 2012. 
54 Govinda Bhandari. 2011. Estimation of Potential Evapotranspiration and Crop Coefficient of Maize at Rupandehi 
District of Nepal. International Journal of Agricultural Management & Development, 2(4): 285-293, December, 2012. 
55 Dandekhya, S., England, M., Ghate, R., Goodrich, C. G., Nepal, S., Prakash, A., Shrestha, A., Singh, S.,Shrestha, 
M.S., Udas, P. B. (2017) The Gandaki Basin – Maintaining livelihoods in the face of landslides, floods, and drought. 
HI-AWARE Working Paper 9. Kathmandu: HI-AWARE 
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As most field crops are seasonal, there is no sense of carrying out annual evapotranspiration 
values. Hence, we have identified four seasons as Winter (December, January, February (DJF)), 
Pre monsoon (March, April, May (MAM)), Monsoon (June, July, August, September (JJAS)) and 
Post monsoon (October, November (ON)).  
 
If analysis is done involving a time series data, on an annual scale, the same analysis could also 
have been achieved by using the same dataset, truncated for that defined season. 
 
On this backdrop, we have estimated and presented seasonality of evapotranspiration (ET0) in 
terms of % distribution of ET across the seasons. We have presented calculations for three 
stations, representing three districts, one district in each region, in three physiographic regions 
(mountain, hill, and Terai). We have clearly defined baseline and future period, analysis methods, 
etc. in the response (Table 17 below).  
 
As there are several crops with different physiological characteristics, it was difficult to deal with 
all such crops. Hence, as suggested by the reviewer, we took dominant crops namely Paddy, 
wheat, maize, millet and potato. 
 
As suggested, we have carried-out evapotranspiration in the Gandaki River Basin (GRM) with 
respect to region, season and crop.  
 
Reference crop evapotranspiration (ET0), crop-specific evapotranspiration (ETcrop), and their 
seasonal variations were calculated at three stations, representing three districts, one each 
representing Mountain, Hill and Terai regions of Nepal (Table 17). Chitwan, Lamjung, and Manag 
are selected as representative of Terai, Hill, and Mountain districts. Four seasons were 
considered, namely, winter (Dec-Jan), pre-monsoon (Mar-May), monsoon (Jun-Sep), and post-
monsoon (Oct-Nov) for seasonal analysis. Historical baseline considered for analysis varied 
across the stations due to data availability; 1983-2013 for the station representing Hill (i.e., st802, 
Khudi Bazar station), 1990-2011 for the station representing Mountain (i.e., st816, Chame 
station), and 1996-2014 for the station representing Terai (i.e., st902, Rampur station). Observed 
data for historical period were taken from the Department of Hydrology and Meteorology (DHM), 
the government of Nepal. Projected future climate data were considered for the period of 2016-
2045 under the Representative Concentration Pathways (RCP) 4.5 scenarios (i.e. RCP4.5). 
Future climate projected by three RCMs (i.e., ACCESS-1, CNRM-CM5, and MPI-ESM-LR), which 
are suitable in the area, were bias corrected against observed climate at those stations using 
quantile mapping method, before using in the analysis. The RCMs were taken from the South 
Asia CORDEX data portal (http://cccr.tropmet.res.in/home/index.jsp). Results of ET0 are shown 
in Table 17 and those of ETcrop are shown in Table 18. 
 

Table 17: Seasonality and projected increase (w.r.t. baseline) in estimated evapotranspiration (ET0) values for 
the districts in different physiographic regions in the Gandaki River Basin (GRB). 

District 
[Region] 

Stn- 
ID 

Elev 
(masl) 

ET0 [mm/day] Seasonality of ET0 [% of 
annual] 

Projected change (+/-) in future 
[% of baseline] 

DJF MAM JJAS ON DJF MAM JJAS ON DJF MAM JJAS ON 
Manang [M] 816 2,680 1.50 3.18 2.95 2.03 14.7 32.1 39.5 13.6 +5.8 +1.9 +2.6 +1.8 
Lamjung [H] 802 823 1.88 3.91 3.46 2.45 15.3 32.7 38.4 13.6 +1.3 +1.0 +1.9 +0.7 
Chitwan [T] 902 256 2.38 6.42 4.51 3.13 13.2 38.2 35.6 12.4 +4.5 +2.2 +1.7 +2.8 

• Region: it refers to the physiographic region; M for Mountain, H for Hill and T for Terai; 
Elev is Elevation: DJF is Winter; MAM is pre-monsoon; JJAS is monsoon; ON is post-
monsoon seasons in Nepal. Furthermore, Manang, Lamjung, and Chitwan districts are 
taken as sample districts from Mountain, Hll and Terai regions to estimate 
evapotranspiration. 

• For projected values: Future period considered for all the stations is the near future 
(2016-2045) for RCP4.5 scenarios. Projected future values are based on an ensemble 
of three regional climate models (RCMs), namely, ACCESS-1, CNRM-CM5 and MPI –
ESM-LR were downscaled from the South Asia CORDEX data portal 

http://cccr.tropmet.res.in/home/index.jsp
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(http://cccr.tropmet.res.in/home/index.jsp). The RCMs were bias-corrected using 
Quantile Mapping methods before using for analysing. 

• For historical values: baseline varies from station to station; 1990-2011 for st816 
[Chame], 1983-2013 for st802 [Khuid], and 1996-2014 for st902 [Rampur]. Daily 
observed meteorological data were taken from Department of Hydrology and 
Meteorology (DHM), government of Nepal. 

 
Results of ET0 showed that seasonal distribution is consistent across the stations representing 
the three physiographic regions; with the highest proportion of annual ET0 for JJAS and then 
decreasing towards MAM, DJF, and ON seasons. ET0 decreases from Terai to Hill and then to 
Mountain consistently in all the seasons. ET0 is projected to increase in future at all the stations 
and for all the seasons, albeit with varying degrees. The percentage increase in ET0 is the highest 
for winter (DJF) season for all the stations. 
 
Similarly, estimated actual evapotranspiration of main crops (ETcrop) in the three districts 
representing the three regions for historical and future periods are shown in Table 18. They are 
calculated based on generalized crop calendar for each region in the Gandaki River Basin 
(GRMB). Five main crops are considering, they are paddy, wheat, maize, millet and potato. Paddy 
is not cultivated in mountain region and millet is not cultivated in Terai region, therefore they are 
left blank. Crop-specific evapotranspiration (ETcrop) too, as the case of ET0, decreases from 
Terai to Hill and then to Mountain regions for almost all the crops. Pre-monsoon ETcrop is quite 
high and available moisture will not be adequate to fulfil those evapotranspirative demands. 
Similarly, projected future ETcrop are higher than historical ones, for all the crops. The strong 
seasonality as well as projected increase in future ET indicates the need to invest on measures 
for moisture storage to deal with potential loss in agriculture in the study area from climate change 
impacts. 
 

Table 18: Estimated evapotranspiration of main crops in the Gandaki River Basin (GRB) 

Region Crop 
Name 

Seasonal distribution of crop evapotranspiration [mm]  
HISTORICAL ((1990-2011 for Mountain; 
1983-2013 for Hills, 1996-2014 for Terai) FUTURE ((2016-2045) 

DJF MAM JJAS ON Total DJF MAM JJAS ON Total 

M
ou

nt
ai

n 

Paddy                     
Wheat 137.8 165.8   13.2 316.8 145.4 168.4   13.5 327.3 
Maize 16.0 300.9 177.5   494.4 16.8 307.8 183.1   507.7 
Millet   112.5 238.5   351.0   115.5 245.5   361.0 
Potato 26.6 299.4 200.5   526.5 27.9 425 87.9   540.8 

H
ill 

Paddy     451.2 151.1 602.3     459.6 152.0 611.6 
Wheat 167.7 143.4   12.4 323.5 168.3 143.5   12.6 324.4 
Maize   288.8 253.2   542.0   292.9 258.5   551.4 
Millet     324.4 2.9 327.3     330.5 2.9 333.4 
Potato 48.5 407.1 102.2   557.8 48.5 411.6 104.3   564.4 

Te
ra

i 

Paddy     522.5 153.9 676.4     531.2 158.1 689.3 
Wheat 212.2 34.0   20.9 267.1 224.8 55.2   16.8 296.8 
Maize   279.5 338.7   618.2   286.7 345.9   632.6 
Millet                     
Potato 67.9 639.5     707.4 70.8 656.0     726.8 

 
 
Limitation on Seasonal changes in CDD, CWD, Warm Spell Duration Index, Cold Spell Duration 
Index, Rainy Days and P99 
 

http://cccr.tropmet.res.in/home/index.jsp
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This information was not available for Nepal. In the literature, this was presented in annual terms 
and not by season.  
There are two major documents regarding climate change scenarios in Nepal: 
1. DHM, 2017. Observed Climate Trend Analysis in the Districts and Physiographic Regions 

of Nepal (1971-2014). Department of Hydrology and Meteorology, Kathmandu 
2. MoFE, 2019. Climate change scenarios for Nepal for National Adaptation Plan (NAP). 

Ministry of Forests and Environment, Kathmandu 
 
In both the publications, seasonal data are not provided. We approached both organisations 
which made these publications and requested for this information. They explained us that such 
analyses have not been done and only annual data are presented. The data used by DHM and 
MoFE to produce the annual analysis will be analysed by season once the Government is able 
to come out of the COVID 19 lockdown and this analysis will be analysed to see what bearing it 
will have on the project design. It is proposed that this can be done in the first year of project 
implementation when the Government will be able to carry out this additional analysis. 
 
ICIMOD has established a National Agricultural Drought Watch - Nepal Portal 
(http://tethys.icimod.org/apps/dmlocal/?c=Nepal&d=l2Jumla&p=mm&i=rain,evap,soilMoist,temp
Extreme). From the portal, evapotranspiration vis-à-vis precipitation and drought condition was 
extracted in the Figures 18 and 19 as follows. 
 
As shown in the figure below specific for the Gandaki basin, there is highest evapotranspiration 
during the months of June, July and August whereas lowest during January, February and March. 
 
Figure 11: Evapotranspiration Gandaki basin Graph 1  

 
 
Figure 12: Evapotranspiration Gandaki Basin Graph 2 
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Evapotranspiration values were also calculated specific to the GRB and the results divided by 
the three physiographic regions are as follows: 
 
Figures 20, 21, 22 and 23 provide a breakdown of evapotranspiration trends over the course of 
the calendar year (baseline 1990 to 2016).  The annual peak values are experienced in March to 
June and this corresponds to annual precipitation patterns.  
 
Graphs showing the monthly average evapotranspiration of year 1990 – 2016 of three 
physiographic zone. 
 
The evapotranspiration trend follows the precipitation trend annually. 
 
Figure 13: Graph showing the monthly average evapotranspiration of year 1990 – 2016 
of Hill 
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Figure 14: Graph showing the monthly average evapotranspiration of year 1990 – 2016 
of Mountain 
 

 
 
Figure 15 Graph showing the monthly average evapotranspiration of year 1990 – 2016 of 
Terai 
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Figure 16: Graph showing the trend line Annual Mean Evapotranspiration of Mountain Region 
 

 
 
Figure 17: Graph showing the trend line Annual Mean Evapotranspiration of Hill Region 
 

 
 
Figure 18: Graph showing the trend line Annual Mean Evapotranspiration of Terai Region 
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The rate of evapotranspiration from the baseline years is rising in all three regions with the 
Mountain experiencing the greatest rate of change primarily due to experiencing higher 
temperatures with limited (or no) precipitation rise during this period.  The highest rate of 
evapotranspiration occurs during the April to June period for all three regions.  
 
Droughts  
 
More specifically, out of 40 stations, 31 stations lie within the GRB. Significant downward trends 
of annual precipitation were observed in 4 stations (1 in High Himalaya (Ranipauwa, Muktinath, 
Mustang district), 1 in Mountain (Timure, Rasuwa district) and 2 in Hill regions (Tamghas, Gulmi 
district and Pansaya Khola, Nuwakot district) and decreasing trends were found in 12 stations (3 
in High Himalaya (Lomanthang and Jomsom, Mustang district and Phu, Manang district), 2 in 
Mountain (Ghorepani, Myagdi district, Gharedhunga, Lamjung district and Dhadhing, Dhadhing 
district), 6 in Hill (Ghandruk, Lumle Bhadaure Deurali and Pokhara, Kaski district and Musikot, 
Gulmi district and 1 in Siwalik regions (Hetauda, Makwanpur district). 
Within GRB, significant downward trends of annual precipitation were observed in 4 stations (1 
in High Himalaya (Ranipauwa, Muktinath, Mustang district), 1 in Mountain (Timure, Rasuwa 
district) and 2 in Hill regions (Tamghas, Gulmi district and Pansaya Khola, Nuwakot district) and 
decreasing trends were found in 12 stations (3 in High Himalaya (Lomanthang and Jomsom, 
Mustang district and Phu, Manang district), 2 in Mountain (Ghorepani, Myagdi district, 
Gharedhunga, Lamjung district and Dhadhing, Dhadhing district), 6 in Hill (Ghandruk, Lumle 
Bhadaure Deurali and Pokhara, Kaski district and Musikot, Gulmi district and 1 in Siwalik regions 
(Hetauda, Makwanpur district). 
 
Cropping calendar of important crops is presented as follows. 
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The post-monsoon, pre-monsoon and winter rainfalls are decreasing significantly in most of the 
zones but monsoon rainfall is increasing throughout the basin. In the hill region, the annual rainfall 
is increasing but the rainy days do not show any trend. There is a tendency toward later departure 
of monsoon from Nepal, indicating an increase in its duration. These seasonally and 
topographically variable trends may have significant impacts for the agriculture and livestock 
smallholders that form the majority of the population in the GRB. 
 
The average annual precipitation in the Gandaki River Basin ranged from 152 mm to 5493 mm 
according to the gridded APHRODITE dataset. The Hill region (Kaski, Tanahun districts) receives 
the highest amount of precipitation whereas the Trans-Himalaya region (Mustang, Manang 
districts) receives the lowest precipitation amount. July is the highest precipitation month followed 
by August in the Mountain, Hill and Terai regions, but the precipitation in the Trans-Himalaya is 
bi-modal, peaking in May and December. November is the lowest precipitation month for the 
regions other than the Trans-Himalaya. In GRB, 78% of the annual precipitation occurs in 
monsoon (June–September). The monsoon contribution is the highest in the Hill region (83%) 
and lowest in the Trans-Himalaya region (32%). The proportion of winter precipitation to the 
annual amount is the highest in Trans-Himalaya region (26%)56. 
 
2.7.4.1 Projected 
 
 
Downscaled climate change projections made by the MOFE on the GRB districts are presented 
in the following Table57.  The model developed by the joint CCl/CLIVAR/JCOMM Expert Team 
(ET) on Climate Change Detection and Indices (ETCCDI) has identified 27 core indices (11 for 
precipitation and 16 for temperature) for the study of extreme climate events (Alexander et al., 

 
 
56  Panthi J et. Al (2015), Spatial and Temporal Variability of Rainfall in the Gandaki River Basin of Nepal Himalaya: 
Climate 2015, 3, 210-226; doi:10.3390/cli3010210 - Table 3 and Figure 3 
57 MoFE, 2019. Climate change scenarios for Nepal for National Adaptation Plan (NAP). Ministry of Forests and 
Environment, Kathmandu 
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2006). The NAP process has defined eleven indices (five for precipitation and six for temperature) 
of climate extreme to understand the historic and future change of climatic parameters. These 
indices have been selected as they represent most important climate change indicators in Nepal. 
These extreme indices for the historic period are available in DHM (2017).  shows the definition 
of these indices along with their dimension. A number of studies have used indices suggested by 
ETCCDI (Donat et al., 2013; You et al., 2011), including in Nepal (Manandhar et al., 2012; 
Rajbhandari et al., 2017). 
 
 

Table 13: Eleven selected climate indices for the NAP 

SN Indices  Definition  
1 Very wet days (P95)  Annual total days when the precipitation is higher than 95 

percentile  
2 Extreme wet days  

(P99)  
Annual total days when the precipitation is higher than 99 
percentile  

3 Number of rainy days  Annual total days when the precipitation is > 1 mm  
4 Consecutive dry days  Maximum length of consecutive days with daily precipitation 

< 1mm  
5 Consecutive wet days  Maximum length of consecutive days with daily precipitation 

>1mm  
6 Warm days  Percentage of days when maximum temperature >90th 

percentile  
7 Warm nights  Percentage of days when minimum temperature >90th 

percentile  
8 Cold days  Percentage of days when maximum temperature <10th 

percentile  
9 Cold nights  Percentage of days when minimum temperature <10th 

percentile  
10 Warm spell  

duration index  
Annual count of days with at least 6 consecutive days when 
maximum temperature > 90th percentile  

11 Cold spell duration Index  Annual count of days with at least 6 consecutive days when 
minimum temperature < 10th percentile  

] 
Note: In the tables below, there are 20 districts mentioned while GRB was referred to have only 
19 districts. This was because when this FS was prepared, the total districts were 75. Later in 
2018 after the parliamentary election took place, two districts including Nawalparasi of GRB were 
split into two districts each. Nawalparasi was split into Nawalpur and Parasi. Hence, we see 20 
districts in the tables below.  
 
Based on the indices chosen the following results have been determined for each of the indices. 
 
 
Table 14: Projected Change in Precip for Districts in GRB (1981 to 2010) 
Change in Precipitation (%) for districts of GRB from the reference period (1981-2010) 

S.N. District Name Reference Period (mm) RCP4.5 
2016-2045 2036-2065 

1 Manang 1721 3.03 10.59 
2 Mustang 1126 3.67 12.28 
3 Rasuwa 2054 4.33 9.6 
4 Arghakhanchi 1898 1.9 8.73 
5 Baglung 2145 3.31 10.41 
6 Dhading 2060 2.51 8.37 
7 Gorkha 1971 2.87 9.23 
8 Gulmi 2089 2.85 9.36 
9 Kaski 2437 3.4 10.66 
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10 Lamjung 2255 3.13 9.88 
11 Makwanpur 1958 1.62 8.16 
12 Myagdi 2053 3.48 11.18 
13 Nuwakot 2069 3.01 8.48 
14 Palpa 2118 1.58 8.34 
15 Parbat 2410 3.32 10.12 
16 Syangja 2401 2.97 9.52 
17 Tanahu 2319 2.5 8.86 
18 Chitwan 1974 0.41 6.92 
19 Nawalpur 1997 0.54 7.44 
20 Parasi 1997 0.54 7.44 

 
 

Table 15: Projected Change in Temp for GRB Districts (1981 – 2010) 
Change in Temperature (0C) for districts of GRB from the reference period (1981-2010) 

S.N. District Name Reference Period (ºC) RCP4.5 
2016-2045 2036-2065 

1 Manang -3.6 0.88 1.29 
2 Mustang -2.4 0.94 1.37 
3 Rasuwa 0.7 0.88 1.26 
4 Arghakhanchi 19.7 1.02 1.37 
5 Baglung 12.1 0.92 1.32 
6 Dhading 15.5 0.88 1.23 
7 Gorkha 5.7 0.88 1.25 
8 Gulmi 17.3 0.97 1.35 
9 Kaski 9 0.86 1.25 

10 Lamjung 11.1 0.85 1.23 
11 Makwanpur 20.7 0.83 1.13 
12 Myagdi 4.9 0.87 1.28 
13 Nuwakot 16.5 0.88 1.22 
14 Palpa 19.7 0.96 1.3 
15 Parbat 16.5 0.91 1.28 
16 Syangja 19.3 0.93 1.29 
17 Tanahu 21.3 0.91 1.25 
18 Chitwan 23.6 0.87 1.16 
19 Nawalpur 23.4 0.9 1.2 
20 Parasi 23.4 0.9 1.2 

 
 

Table 16: Projected Change in Wet Days for GRB Districts 
Change in Very Wet Days (P95) (%) for districts of GRB from the reference period (1981-2010) 

S.N. District Name Reference Period (days) RCP4.5 
2016-2045 2036-2065 

1 Manang 18.2 6.05 21.27 
2 Mustang 18 6.25 21.42 
3 Rasuwa 18.1 11.53 22.78 
4 Arghakhanchi 18.4 1.9 14.11 
5 Baglung 18.2 4.54 19.47 
6 Dhading 18.3 4.52 17.23 
7 Gorkha 18.4 5.46 19.99 
8 Gulmi 18.4 3.74 16.64 
9 Kaski 18.1 5 20.42 

10 Lamjung 18.2 5 20.01 
11 Makwanpur 18.5 1.61 12.4 
12 Myagdi 18.1 5.27 21.31 
13 Nuwakot 18.3 5.78 17.23 
14 Palpa 18.6 0.81 13.94 
15 Parbat 18.2 4.12 17.88 
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16 Syangja 18.1 3.22 16.37 
17 Tanahu 18.1 2.3 15.99 
18 Chitwan 18.3 -1.36 11.75 
19 Nawalpur 18.4 -0.84 12.29 
20 Parasi 18.4 -0.84 12.29 

 

Table 17: Projected Change in Extreme Wet Days for GRB Districts 
Change in Extreme Wet Days (P99) (%) for districts of GRB from the reference period (1981-2010) 

S.N. District Name Reference Period (days) RCP4.5 
2016-2045 2036-2065 

1 Manang 3.5 32.09 53.15 
2 Mustang 3.5 31.6 54.33 
3 Rasuwa 3.4 35.62 57.55 
4 Arghakhanchi 3.5 26.06 49.47 
5 Baglung 3.6 29.56 49.11 
6 Dhading 3.5 29.16 47.3 
7 Gorkha 3.5 31.55 51.62 
8 Gulmi 3.5 27.96 49.58 
9 Kaski 3.5 31.59 51.49 

10 Lamjung 3.6 31.79 51.06 
11 Makwanpur 3.3 24.98 35.7 
12 Myagdi 3.5 29.66 49.73 
13 Nuwakot 3.4 34.31 53.65 
14 Palpa 3.4 26.49 46.31 
15 Parbat 3.4 30.62 51.68 
16 Syangja 3.3 29.16 51.81 
17 Tanahu 3.4 27.45 49.72 
18 Chitwan 3.5 21.76 37.09 
19 Nawalpur 3.4 21.36 38.1 
20 Parasi 3.4 21.36 38.1 

 
 

Table 18: Projected Change in Rainy Days for GRB Districts 
Change in No. of Rainy Days (%) for districts of GRB from the reference period (1981-2010) 

S.N. District Name Reference Period (days) RCP4.5 
2016-2045 2036-2065 

1 Manang 189.1 -1.82 -0.94 
2 Mustang 163.2 -2.26 -0.97 
3 Rasuwa 188.9 -1.16 -0.34 
4 Arghakhanchi 150.1 -2.45 -1.48 
5 Baglung 168.2 -1.44 -0.74 
6 Dhading 175.2 -1.55 -0.8 
7 Gorkha 191.3 -1.5 -0.77 
8 Gulmi 160.4 -1.9 -1.07 
9 Kaski 189.4 -1.61 -0.82 

10 Lamjung 192 -1.63 -0.94 
11 Makwanpur 155.7 -1.91 -0.76 
12 Myagdi 176.3 -1.73 -0.87 
13 Nuwakot 174.2 -1.38 -0.84 
14 Palpa 158.2 -2.01 -1.16 
15 Parbat 179 -1.68 -1.02 
16 Syangja 176.6 -1.86 -1.26 
17 Tanahu 177.5 -1.94 -1.29 
18 Chitwan 156.4 -2.25 -1.17 
19 Nawalpur 153.8 -2.25 -1.13 
20 Parasi 153.8 -2.25 -1.13 
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Table 19: Projected Change in Consecutive Dry Days for GRB Districts 
Change in Consecutive Dry Days (CDD) (%) for districts of GRB from the reference period (1981-2010) 

S.N. District Name Reference Period (days) RCP4.5 
2016-2045 2036-2065 

1 Manang 36.6 4.56 3.14 
2 Mustang 41.9 2.62 1.9 
3 Rasuwa 38 4.17 1.13 
4 Arghakhanchi 48.2 11.35 6.89 
5 Baglung 42.4 6.93 4.43 
6 Dhading 41.1 8.25 5.14 
7 Gorkha 36 4.96 3.54 
8 Gulmi 44.3 10.24 6.68 
9 Kaski 37.3 5.43 3.56 

10 Lamjung 35.6 5.43 4.61 
11 Makwanpur 51.5 8.73 6.34 
12 Myagdi 40.7 5.51 3.14 
13 Nuwakot 41.4 9.32 4.34 
14 Palpa 47.2 10.33 5.84 
15 Parbat 40.6 7.84 4.77 
16 Syangja 41 9.36 5.92 
17 Tanahu 39.8 9.92 6.55 
18 Chitwan 49.5 9.43 6.18 
19 Nawalpur 50.5 9.43 4.72 
20 Parasi 50.5 9.43 4.72 

 
 

Table 20: Projected Change in Consecutive Wet Days for GRB Districts 
Change in Consecutive Wet Days (CWD) (%) for districts of GRB from the reference period (1981-

2010) 

S.N. District Name Reference Period (days) RCP4.5 
2016-2045 2036-2065 

1 Manang 78.9 1.66 2.57 
2 Mustang 56.9 1.11 4.17 
3 Rasuwa 101.6 -0.42 1.16 
4 Arghakhanchi 71 -5.5 -1.05 
5 Baglung 82.9 0.83 1.49 
6 Dhading 84.4 -2.54 0.34 
7 Gorkha 89.6 -1.29 0.67 
8 Gulmi 79.1 -2.04 0.19 
9 Kaski 86.9 -0.13 1.29 

10 Lamjung 86.8 -0.7 1.04 
11 Makwanpur 72.5 -13.72 -7.27 
12 Myagdi 83.6 1.47 2.45 
13 Nuwakot 92.4 -1.69 -1.38 
14 Palpa 73.7 -2.79 0.58 
15 Parbat 86.3 -1.27 -0.95 
16 Syangja 83.8 -0.66 0.33 
17 Tanahu 81 -0.88 1.89 
18 Chitwan 68.7 -11.34 -5 
19 Nawalpur 68.4 -10.61 -5.24 
20 Parasi 68.4 -10.61 -5.24 
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Table 21: Projected Change in Percentage Warm Days in GRB Districts 

Change in Warm Days (%) for districts of GRB from the reference period (1981-2010) 

S.N. District Name Reference Period (days) RCP4.5 
2016-2045 2036-2065 

1 Manang 36.8 5.59 7.4 
2 Mustang 36.8 5.63 7.43 
3 Rasuwa 36.8 6.09 8.36 
4 Arghakhanchi 36.9 6.77 8.87 
5 Baglung 37.2 7 9.46 
6 Dhading 37.2 7.33 9.48 
7 Gorkha 36.8 6.43 8.56 
8 Gulmi 37.2 7.13 9.5 
9 Kaski 37 6.67 9 

10 Lamjung 36.9 6.91 9.32 
11 Makwanpur 36.8 6.93 8.68 
12 Myagdi 37.1 6.27 8.36 
13 Nuwakot 37.1 7.33 9.64 
14 Palpa 37.3 7.31 9.21 
15 Parbat 37.4 7.29 9.77 
16 Syangja 37.3 7.4 9.73 
17 Tanahu 37.2 7.49 9.76 
18 Chitwan 36.9 6.84 8.53 
19 Nawalpur 36.9 6.78 8.45 
20 Parasi 36.9 6.78 8.45 

 
 

Table 22: Projected Change in Percentage Warm Nights in GRB Districts 
Change in Warm Nights (%) for districts of GRB from the reference period (1981-2010) 

S.N. District Name Reference Period (days) RCP4.5 
2016-2045 2036-2065 

1 Manang 37.3 6.14 8.85 
2 Mustang 37.3 6.37 9.11 
3 Rasuwa 37.6 7.48 10.33 
4 Arghakhanchi 37.7 10.87 14.73 
5 Baglung 37.2 7.82 11 
6 Dhading 37.5 9.42 13.03 
7 Gorkha 37.4 7.72 10.8 
8 Gulmi 37.4 9.56 13.16 
9 Kaski 37.5 7.4 10.51 

10 Lamjung 37.4 7.8 10.99 
11 Makwanpur 37.7 9.85 13.87 
12 Myagdi 37.4 6.59 9.49 
13 Nuwakot 37.5 9.62 13.39 
14 Palpa 37.3 10.44 14.61 
15 Parbat 37.5 8.95 12.45 
16 Syangja 37.5 9.95 13.8 
17 Tanahu 37.7 10.41 14.48 
18 Chitwan 37.6 10.42 14.64 
19 Nawalpur 37.6 10.66 14.92 
20 Parasi 37.6 10.66 14.92 

 
 
 
 
 

Table 23: Projected Change in Percentage Cold Days in GRB Districts 
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Change in Cold Days (%) for districts of GRB from the reference period (1981-2010) 

S.N. District Name Reference Period (days) RCP4.5 
2016-2045 2036-2065 

1 Manang 37.7 -4.23 -5.5 
2 Mustang 37.9 -4.25 -5.53 
3 Rasuwa 36.9 -4.28 -5.35 
4 Arghakhanchi 36.3 -4.21 -5.19 
5 Baglung 36.5 -4.3 -5.51 
6 Dhading 36.8 -4.12 -5.01 
7 Gorkha 37.1 -4.26 -5.42 
8 Gulmi 36.6 -4.32 -5.4 
9 Kaski 36.9 -4.22 -5.43 

10 Lamjung 36.8 -4.25 -5.43 
11 Makwanpur 36.7 -3.47 -3.93 
12 Myagdi 36.8 -4.21 -5.42 
13 Nuwakot 36.7 -4.12 -4.95 
14 Palpa 36.5 -4.02 -4.83 
15 Parbat 37 -4.28 -5.39 
16 Syangja 36.9 -4.28 -5.27 
17 Tanahu 36.8 -4.21 -5.12 
18 Chitwan 36.8 -3.65 -4.24 
19 Nawalpur 36.6 -3.66 -4.28 
20 Parasi 36.6 -3.66 -4.28 

 
 

Table 24: Projected Change in Percentage Cold Nights in GRB Districts 
Change in Cold nights (%) for districts of GRB from the reference period (1981-2010) 

S.N. District Name Reference Period (days) RCP4.5 
2016-2045 2036-2065 

1 Manang 38.1 -4.17 -5.2 
2 Mustang 37.7 -4.16 -5.18 
3 Rasuwa 37.3 -4.17 -5.22 
4 Arghakhanchi 36.8 -4.38 -5.65 
5 Baglung 37 -4.18 -5.17 
6 Dhading 37 -4.02 -5.42 
7 Gorkha 37.5 -4.15 -5.28 
8 Gulmi 36.9 -4.07 -5.25 
9 Kaski 37.6 -4.08 -5.08 

10 Lamjung 37.5 -4.11 -5.18 
11 Makwanpur 37.1 -3.46 -5.25 
12 Myagdi 37.5 -4.11 -5.03 
13 Nuwakot 37.1 -3.99 -5.31 
14 Palpa 36.7 -3.98 -5.42 
15 Parbat 37.2 -3.93 -5.02 
16 Syangja 37.1 -3.93 -5.2 
17 Tanahu 37.1 -3.97 -5.34 
18 Chitwan 36.9 -3.68 -5.42 
19 Nawalpur 36.7 -3.68 -5.37 
20 Parasi 36.7 -3.68 -5.37 

 
 
 
 
 

Table 25: Projected Change in Percentage Warm Spell Duration in GRB Districts 
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Change in Warm Spell Duration Index (WSDI) (%) for districts of GRB from the reference period (1981-
2010) 

S.N. District Name Reference Period (days) RCP4.5 
2016-2045 2036-2065 

1 Manang 15.4 97.89 129.02 
2 Mustang 15.8 97.66 127.93 
3 Rasuwa 14.7 104.86 150.58 
4 Arghakhanchi 19.9 104.03 139.49 
5 Baglung 16.6 116.07 162.48 
6 Dhading 15.8 126.78 166.34 
7 Gorkha 15.7 109.27 148.42 
8 Gulmi 17.8 115.28 154.97 
9 Kaski 15.5 113.84 158.29 

10 Lamjung 15.4 118.53 166.06 
11 Makwanpur 16 127.05 159.72 
12 Myagdi 16.1 104.59 143.98 
13 Nuwakot 15.5 129.83 171.54 
14 Palpa 18.2 117.87 147.61 
15 Parbat 16.5 119.79 167.32 
16 Syangja 17.2 121.05 160.04 
17 Tanahu 16.9 125.66 163.82 
18 Chitwan 17.2 122.33 154.18 
19 Nawalpur 17.9 116.31 146.88 
20 Parasi 17.9 116.31 146.88 

 
Table 26: Projected Change in Percentage Cold Spell Duration in GRB Districts 

Change in Cold Spell Duration Index (CSDI) (%) for districts of GRB from the reference period (1981-
2010) 

S.N. District Name Reference Period (days) RCP4.5 
2016-2045 2036-2065 

1 Manang 17.9 -50.58 -61.23 
2 Mustang 18.2 -49.69 -60.6 
3 Rasuwa 17.3 -50 -61.64 
4 Arghakhanchi 21.2 -52.57 -63.46 
5 Baglung 19.8 -51.4 -62.12 
6 Dhading 19 -50.06 -63.7 
7 Gorkha 17.9 -49.78 -62.27 
8 Gulmi 20.2 -49.32 -62.21 
9 Kaski 18.8 -48.89 -60.59 

10 Lamjung 18.3 -48.41 -61.37 
11 Makwanpur 20.9 -45.59 -62.8 
12 Myagdi 19.4 -49.33 -59.61 
13 Nuwakot 19.3 -48.29 -60.49 
14 Palpa 19.9 -47.46 -62.57 
15 Parbat 19 -47.7 -60.76 
16 Syangja 19.2 -46.9 -61.41 
17 Tanahu 19.6 -47.33 -62.31 
18 Chitwan 20.8 -47.45 -64.48 
19 Nawalpur 20.6 -47.16 -63.7 
20 Parasi 20.6 -47.16 -63.7 

 
Its findings suggest that temperature variables are expected to increase continuously throughout 
the 21st century. Mean temperature could rise by 0.9–1.1 degrees Celsius (oC) in the medium-
term period and 1.3–1.8 oC in the long-term period. Consequently, extreme climate events are 
likely to be more frequent and severe. The crux of the study findings is that the climate will be 
warmer and wetter by mid-century, and those trends can continue to the end of the century. 
Extreme events are also likely to increase in intensity. 
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Total precipitation on an average annual scale is slightly increasing (less than 4%) across the 
GRB districts, however, intensity of precipitation is increasing as indicated by increase in extreme 
wet days by 21-34%, decrease in CWD in hills & Siwalik where relatively more people live and 
do agricultural and other activities than in Mountains, and increase in CDD, and decrease in 
number of rainy days. Therefore, changing rainfall pattern affects water availability, agriculture, 
and other sectors. 
 
 
Table 27: Projected change in climate in near future (2016-2045) with respect to 
baseline(1980-2010) for RCP4.5 scenarios in the Gandaki River Basin  

Region Rep. District ΔP (%) ΔT (°C) Δ Rainy 
days (%) 

ΔCDD 
(%) 

ΔCWD 
(%) 

ΔP99 
(%) 

High 
Mountain 

Manang 3.0 0.88 -1.82 4.56 1.66 32.09 
Mustang 3.7 0.94 -2.26 2.62 1.11 31.60 

Mid-
Mountain 

Myagdi 3.5 0.87 -1.73 5.51 1.47 29.66 
Baglung 3.3 0.92 -1.44 6.93 0.83 29.56 

Hill Nuwakot 3.0 0.88 -1.38 9.32 -1.69 34.31 
Dhading 2.5 0.88 -1.55 8.25 -2.54 29.16 
Tanahu 2.5 0.91 -1.94 9.92 -0.88 27.45 
Syangja 2.3 0.93 -1.86 9.36 -0.66 29.16 

Siwalik Chitwan 0.4 0.87 -2.25 9.43 -11.34 21.76 
Nawalparasi 1.6 0.90 -2.25 9.43 -10.61 21.36 

Source: MoFE, 2019. Climate change scenarios for Nepal for National Adaptation Plan (NAP). Ministry 
of Forests and Environment, Kathmandu 

 
Evapotranspiration in the Gandaki River Basin 
In addition to the historical analysis, there was also evapotranspiration estimated for future years 
ranging from 2020 – 2080 for each of the three physiographic regions, which is presented below.  
Table 28: Calculated Evapotranspiration (mm/day) using the linear equation 

Years 
Mountains 

(Y = 0.0066x + 2.5573) 
Hills 

(Y= 0.0056x + 2.8418) 
Terai 

(Y= 0.0042X + 3.4313) 
2020 2.69 2.95 3.52 
2030 2.76 3.01 3.56 
2040 2.82 3.07 3.60 
2050 2.89 3.12 3.64 
2060 2.95 3.18 3.68 
2070 3.02 3.23 3.73 
2080 3.09 3.29 3.77 

 
Methodology for calculating evapotranspiration 
 
The sets of data for evapotranspiration were extracted from the data provided by the Climatic 
Research Unit (CRU) Time-Series (TS) version 3.5 
(https://catalogue.ceda.ac.uk/uuid/c311c7948e8a47b299f8f9c7ae6cb9af)58. The gridded CRU 
TS (time-series) 3.25 data are month-by-month variations in climate over the period 1990-2016, 
on high-resolution (0.5x0.5 degree) grids, produced by the Climatic Research Unit (CRU) at the 

 
 
58 University of East Anglia Climatic Research Unit; Harris, I.C.; Jones, P.D. (2017): CRU TS3.25: Climatic Research 
Unit (CRU) Time-Series (TS) Version 3.25 of High-Resolution Gridded Data of Month-by-month Variation in Climate 
(Jan. 1901- Dec. 2016). Centre for Environmental Data Analysis, 05 December 2017. 
doi:10.5285/c311c7948e8a47b299f8f9c7ae6cb9af. 
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University of East Anglia. A first set of coordinates of the meteorological stations of the 19 districts 
of the Gandaki River Basins were identified. Based, on the available coordinates of the 
meteorological stations the data of evapotranspiration was extracted from the source. The 
monthly averages of 27 years (1990 – 2016) of evapotranspiration data were calculated 
according to three different physiographic zone.  
 
This project as part of the development of the water balance model will undertake further primary 
analysis on evapotranspiration of major crops in the Gandaki Basin during Year 1 of project 
implementation.  
 
Climate Extreme Events  
The location specific impacts are presented in Table 33 which clearly show that the nature of 
events and impacts are different in different locations. Thus adaptation measures do also vary. 
Panchase is one of the protected forest in Kaski district. A study conducted59 in Panchase found 
that 81.40% of rainfall occurred during the monsoon season followed by pre-monsoon (11.10%), 
winter (4.0%) and post-monsoon (3.50%). The 2015 monsoon produced exceptionally high 
amounts of rainfall, including one extreme rainfall event on July 29, 2015 (150.4 mm, in 24 h 
recorded at Panchase metrological station and 135.2 mm at Gharelu the weather station). The 
event created five separate debris flows in the Harpan sub-watershed (Simpani village in 
Bhadaure VDC) which caused 9 casualties, the destruction of at least 10 houses and numerous 
fields. A first inventory reveals at least 50 roadside failures, landslides and debris flows with a 
large number of roads completely or partially destroyed60. 
 
 
Table 29: Observed Weather and Extreme Events61 

Year Month (s) Extreme Weather Event GRB districts 
2011 June Fire Arghakhanchi,  
 July Flood Chitwan,  
2012 May Fire Chitwan, Dhading, Makawanpur, 
2013 June Flood Darchula, Kalikot, Jhapa,  
 July Flood Jhapa, Saptari, Kailali 
 Aug Flood Darchula, Kanchanpur 
 Jan Thunderbolt Rukum, Bajura, Surkhet, Kavre, Gorkha, Baglung 
 Jun Landslide Baitadi, Dailekh, Palpa, Nawalparasi, Udayapur 
2014 Jan Lightening caused fires 

(Thunderbolts) 
Makawanpur, 

 Jul Lightening caused fires 
(Thunderbolts) 

Nuwakot 

 Sep, Oct Snow Storm Mustang, 
 Aug Landslide Gorkha, Rukum, 
 Jun Landslide Gulmi 
2015  Landslide Arghakhanchi 
 May Thunderbolt Lamjung 
2016 April Fire Arghakhanchi, Palpa, Syangja, Parbat, 

Makawanpur, Gulmi, Baglung 
 July, August Flood Gulmi, Rasuwa, Myagdi 

 
 
59 Sanjaya Devkota, Narendra Man Shakya, Karen Sudmeier-Rieux , Michel Jaboyedoff , Cees J. Van Westen, Brian 
G. Mcadoo and Anu Adhikari. 2018. Development of Monsoonal Rainfall Intensity-Duration-Frequency (IDF) 
Relationship and Empirical Model for Data-Scarce Situations: The Case of the Central-Western Hills (Panchase 
Region) of Nepal. Hydrology 2018, 5, 27; doi:10.3390/hydrology5020027 www.mdpi.com/journal/hydrology 
60 Geoffroy Leibundgut, Karen Sudmeier-Rieux, Sanjaya Devkota, Michel Jaboyedoff, Marc-Henri Derron, Ivanna 
Penna and Liliane Nguyen. 2016. Rural earthen roads impact assessment in Phewa watershed, Western region, 
Nepal. Geoenvironmental Disasters.. Geoenvironmental Disasters (2016) 3:13 DOI 10.1186/s40677-016-0047-8 
61 DRR Portal: Government of Nepal, Ministry of Home Affairs. http://drrportal.gov.np/document 
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 June, July, 
September 

Landslide Lamjung, Gorkha, Myagdi, Syangja, Gulmi,  

 March Windstorm Rasuwa 
2017 July, August Flood Chitwan, Makawanpur, Nuwakot, Nawalparasi 
 June-July Landslide Baglung, Dhading, Kaski, Parbat, Rasuwa,  
 April, June Thunderbolt Gulmi, Makawanpur, Parbat 
 March Windstorm Myagdi 
2018 April Fire Baglung, Tanahu 
 July, 

September 
Landslide Baglung, Lamjung, Parbat, Rasuwa,  

 April, June Thunderbolt Arghakhanchi, Dhading, Nawalparasi 
 May Windstorm Chitwan,  

 
2.7.4.2 Potential Climate Factors for Increased Occurence of Landslides and Floods: 
 
A new empirical study the first of its kind in the High Mountain Areas or Himalayan area, has 
applied a near-global landslide model called the Landslide Hazard Assessment for Situational 
Awareness (LHASA) with satellite and GCM precipitation estimates to better characterize 
potential landslide activity across the region including Nepal. Results from the studies GCM 
Ensemble suggest that intense precipitation will increase in frequency which will affect landslide 
activity in the concerned region.  
 
However, when comparising the current and future potential landslide activity from LHASA 
simulations using the GCM, the rate difference predicts a moderate increase in landslides in the 
21st century with the increase not being completely uniform.  There are a few locations such as 
area west of Pokhra which show minor decrease in landslides while the region in the China-Nepal 
border in the transition zone between Himalayan Mountains and Tibetan Plateau including the 
three Mountains districts of the GRB shows the greatest increase in potential landslide activity 
(30-70%). In addition, the largest changes to landslide activity in the future scenario of 2061-2100 
are expected during the summer months characterized by heavy monsoon rainfall. The most 
siginificant risk posed is to triggering glacial lakes outburst floods with results showing that within 
areas of glacial lakes, potential landslide activity is projected to increase by 20% or more for 128 
of the lakes and 50% or more for 42 of the lakes in Nepa. This impact to populations is projected 
to be considerable given most of the glacial lakes are situated behind earthen moraine dams 
which as a result of heavy rains leading to landslides will trigger GLOF which could inundate 
communities and infrastructure situated in the lower reaches of the GRB. As seen from the figure 
26 below the upper reaches of the GRB will have significant potential change in landslide activity 
triggered by extreme precipitationl62.  
 
Figure 26 plots the percent change in potential landslide activity comparing the present (1961–
2000) and future scenarios (2061–2100), where a positive value indicates an increase in potential 
landslide activity toward the end of the century. 
 
Subplot (a) highlights the spatial pattern over Nepal overlaid with the current locations of 131 
glacial lakes, (b) shows the total study area distribution for the full year (Figure S3 shows that 
these distributions for winter and summer seasons), and (c) plots the distribution of change 
comparing the potential landslide activity over the study area (black) and the distribution of values 
at each of the glacial lake in Nepal (red). The categories of change in potential landslide activity 
are exclusive of the upper value such that the 0–10% bin includes all values from 0 to <10%, 
20% bin includes 10% to <20%, etc. 
 

 
 
62 Citation: Kirschbaum, D., Kapnick, S.B., Stanley, T., & Pascale, S. (2020). Changes in extreme 
precipitation and landslides over High Mountain Area. Geophysical Research Letters, 47, e2019GL085347. 
https://doi.org/10.1029/2019GL085347 
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Figure 19: plots the percent change in potential landslide activity comparing the present (1961–
2000) and future scenarios (2061–2100)63 
 

 
 
 
 
 
Table 34 provides a full list of potential climatic factors which can affect landslides. The first three 
factors of increased precipitation total, higher intensity rainfall and increased air temperature are 
projected in the available climate models. These same reasons are expected to also increase the 
risk of flooding and related mudflows. Landslides and floods  
 
Table 30: Climate that Affect Landslides 

Change in 
climatic factor  

Process affected  Effects on landslide response  

Increased 
precipitation 
total  

Wetter antecedent 
conditions 
Increased weight  
Higher water table 
for longer periods  
Increased river 
discharge  

Less rainfall required to attain critical water content  
Reduction in soil suction and cohesion Increased shear stress  
Higher water table and reduction in shear strength Increased bulk 
density  
More frequent achievement of critical water content Increased 
bank erosion and removal of basal slope support  
Higher lake levels Higher coastal water tables  

 
 
63 Kirschbaum, D., Kapnick, S.B., Stanley, T., & Pascale, S. (2020). Changes in extreme precipitation and landslides 
over High Mountain Area. Geophysical Research Letters, 47, e2019GL085347. https://doi.org/10.1029/2019GL085347 
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Larger drawdown events and related drag forces  

Increased 
rainfall 
intensity  

Infiltration exceeds 
subsurface 
drainage  
Increased through 
flow  
Increased surface 
runoff  

Build of perched water tables Reduction of effective normal 
stress  
Reduction in shear strength Increase seepage and drag forces  
Piping  
Increased surface erosion  

Increase in air 
temperature  

Higher 
evapotranspiration  
More abundant 
vegetation  
Higher hydraulic 
conductivity  
Rapid snowmelt  
Reduction in 
interstitial ice and 
permafrost  

Reduction in antecedent water conditions  
More rainfall required to trigger landslides  
Higher evapotranspiration  
Reduced infiltration rate  
Higher root cohesion  
Higher infiltration  
Buildup of water tables, reduction of effective normal stress  
Higher runoff and infiltration  
Reduction in shear strength, reduction in cohesion in jointed rock 
masses  
Reduction in rock mass strength  

Change in 
wind speed 
and duration  

Enhanced 
evapotranspiration 
Enhanced root 
levering by trees 
Increased wave 
action on 
shorelines  

Reduction in soil moisture  
Enhanced cracking, reduction of cohesion and soil strength  
Reduction of root cohesion Loosening and dislodging joint blocks 
Removal of slope lateral support  

Change in 
weather 
systems  

Areas previously 
unaffected 
(affected) subject to 
higher (lower) 
rainfall  

Adjustment of slopes to changed weather conditions  

Larger 
meteorological 
variability  

More (less) 
frequent wetting 
and drying cycles  

Increased fissuring  
Widening of joint systems  
Reduction of cohesion and rock mass friction  

Source: 
https://www.researchgate.net/profile/Stefano_Luigi_Gariano/publication/307874498_Landslides_in_a_changing_clim
ate/links/59e0d519a6fdcc7154cd7b28/Landslides-in-a-changing-climate.pdf?origin=publication_detail 
 
 
 
Water-Induced Disasters 
 
Moreover, the impact of climate change on the water balance and hydrological regime of the 
snow dominated Kaligandaki Basin, which is an important sub-basin of the GBR, was modelled 
in a study64. The results are also indicative for the GRB as a whole. The Soil and Water 
Assessment Tool (SWAT) was used for a future projection of changes in the hydrological regime 
of the Kaligandaki basin based on Representative Concentration Pathways Scenarios (RCP 4.5) 
of ensemble downscaled Coupled Model Intercomparison Project's (CMIP5) General Circulation 
Model (GCM) outputs. 
  
 

 
 
64 IDS-Nepal, PAC and GCAP (2014). Economic Impact Assessment of Climate Change in Key Sectors in 
Nepal. IDS-Nepal, Kathmandu, Nepal. 
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There would be a maximum increase during the 2090s, of 41% under RCP 4.5. Such a significant 
increase was also reported by Immerzeel et al.65 and Bhattarai and Regmi66 in a study of the 
Langtang basin, another sub-basin of the GBR. The increase in discharge is mostly contributed 
by increases in precipitation and temperature. The latter contribute to more snowmelt runoff, 
which, in turn, causes higher discharge of the river. Immerzeel et al. also reported that higher 
temperature will increase evapotranspiration and increased melt of ice and snow. 
 
Modeling results, using a 10km X 10km grid, show these will lead to significant changes in the 
basin's water balance and hydrological regime. In particular, 50% increase in water discharge is 
expected at the outlet of the basin with snowmelt contribution largely affected by climate change 
which is projected to increase by 90% by 2090. Water availability in the basin is not likely to 
decrease during the 21st century. The study demonstrates that the important water balance 
components of snowmelt, evapotranspiration, and water yield at higher elevations in the upper 
and middle sub-basins of the Kaligandaki Basin will be most affected by the increasing 
temperatures and precipitation 
 
Figure 20: Impact of Climate Change on Discharge of GRB 
 

•  
 
Impact of climate change on the discharge at the outlet of the Kaligandaki basin during the 2030s, 
2060s, and 2090s under RCP 4.5 scenario: 
In terms of percentage change, snowmelt is mostly affected by an increase in precipitation and 
temperature. It occurs mostly during the monsoon for all timelines under RCP 4.5. After snowmelt, 
water yield is the most affected water balance component in the basin. It is expected to increase 
throughout all the seasons under RCP 4.5 scenarios. An increase is projected of over 20% during 
the 2030s, whereas during the 2060s it is just below 30%. A maximum increase could be 
expected during the 2090s, of over 45%, under RCP 4.5. Climate change has a moderate impact 
on evapotranspiration. It could increase by 10% under an RCP 4.5 scenario during the early 
(2030s) and mid-century periods (2060s). 
 

 
 
65 Immerzeel, W.W., Droogers, P., De Jong, S.M., Bierkens, M.F.P., 2009. Large-scale monitoring of snow 
cover and runoff simulation in Himalayan river basins using remote sensing. Remote Sens. Environ. 113 
(1), 40–49. 
66 Bhattarai, B.C., Regmi, D., 2016. Impact of climate change on water resources in view of contribution of 
runoff components in stream flow: a case study from Langtang Basin, Nepal. J. Hydrol. Meteorol. 9 (1), 
74–84. 
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Figure 21: Climate Change Impact on Overall Water Balance 
 

 
 
Climate change impacts on annual average water balance components in the Kaligandaki basin 
during the 2030s, 2060s, and 2090s under RCP 4.5, compared to the simulated historical (1990s) 
period. 
 
Figure 29 shows a spatial increase in the amount of snowmelt (mm) during the 2030s, 2060s, 
and 2090s compared to the reference period (1990s) under RCP 4.5 scenario. The spatial 
distribution shows very little or no snowmelt at lower elevations; however, A progressive increase 
in the amount of snowmelt (mm) was observed at higher elevations. 
 
Figure 22 Spatial Distribution of Projected Change of Snowmelt 
 

 
 
Spatial distribution of projected change in snowmelt (mm) of Kaligandaki basin for RCP 4.5 
compared to 1990s reference period. 
 
Glacier lakes are formed by the accumulation of runoff from the glacier and snowmelt in natural 
depressions. The water level in these lakes is increasing at an alarming rate due to deglaciation 
caused by climate change. A higher lake level poses the serious threat of a glacier lake outburst 
flood (GLOF) as well as by higher incidence of landslides as evident from the Geophysical 
Research Letters article which is quoted earlier in the FS. A GLOF phenomenon occurs as a 
result of the failure of glacier lakes to retain the extra water resulting in the release of a large 
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amount of water downstream. Two unknown occurrences of GLOF in the Kaligandaki Basin67. 
More than 1000 glaciers have been identified in the Kaligandaki Basin covering an area of over 
2000 km2. A study carried out by ICIMOD, Nepal, reported 26 glacier lakes in the basin as of 
2009, based on satellite images (Ives et al., 2010). Bajracharya (2010) observed: ‘Warming 
temperature, 50 lakes are growing with the additional formation of 22 new glacier lakes at higher 
elevation in Nepal.’ As the increase in temperature results in glacier melt and an expansion of 
glacier lakes, planning necessary precautions and mitigation measures is essential to prevent 
any catastrophic disaster in future resulting from a GLOF. 
 
The synergetic effect of an increase in temperature and precipitation shows the aggravated effect 
on the discharge and water yield with an increase of N50% at the outlet of the basin. Snowmelt 
largely contributes to the increase in discharge, for snowmelt is anticipated to increase by as 
much as 90% during the 2090s. 
 
The Glacial Lake study68 used existing climate model projections of future climate change. This 
focused on downscaled outputs for Nepal, which have the high spatial resolution needed to 
capture the elevation gradient from the low plains to the high mountains. The study used 
downscaled regional climate model simulation projections for Nepal, focusing on a medium-high 
emission scenario (the SRES A1B scenario) but with interpretation of uncertainty from other 
model runs (including the DHM portal and statistically downscaled climate model results). The 
climate projections were used to consider the impacts of future climate change on water-induced 
disasters, using alternative climate model projections and hydrological models. 
 
Due to the historical trend in precipitation and evapotranspiration and the projected future 
changes showing an increase in annual precipitation but with seasonal changes, water resource 
availability is projected to change within the basin.  For example: 

 
• There is expected to be a decrease in low river flows by 23.1% at the outlet of the Gandaki 

River Basin based on scenarios of an increase in 3°C of temperature69,, with discharge 
likely to be highest during the pre-monsoon period under RCP 4.5 (due to increased 
precipitation melting more snow, and more precipitation falling as rainfall).  These 
predictions are consistent from the 2030’s through to the end of the century, dramatically 
increasing risks posed by higher and more unpredictable and erratic river discharge, and 
matched by the baseline trend in increasing precipitation.  The peak of discharge timing 
is also expected to be the same during the 2030’s under RCP 4.5 , but in the long term, 
the timing is expected to shift, as well as the magnitude of flows70 

• Basin discharge is therefore likely to increase overall due to increases in precipitation, 
and increased snowmelt due to higher temperatures mainly demonstrated for the 
monsoon under RCP 4.5.  An increase of 20% of water yield is predicted over the 2030’s 
and this steadily increases through to the 2090’s26.  There is a likely decrease in discharge 
in winter and post-monsoon seasons, by 84 and 24% respectively, as projected with 

 
 
67 Bajracharya, S.R., 2010. Glacial lake outburst flood disaster risk reduction activities in Nepal. Int. J. 
Erosion Control. Eng. 3 (1), 92–101. 

 
69 Kharbuja R.G., Sharma, K.P. (2008). Impacts of climate changes on hydrology of the Narayani Basin: Distributed 

TOP Model-based assessment. Journal of Hydrology and Meteorology, 5 (1): 1-14. 
70 Bajracharya, A.B., Bajracharya, S.R., Shrestha, A.B., and S.B. Maharjan (2018) Climate change impact assessment 
on the hydrological regime of the Kaligandai Basin, Nepal.  Science of the Total Environment, 625, 837-848. 
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ACCESS data and RCP4.5 scenarios for near future (2021-2045)71 in the Marshyangdi 
watershed by way of example. 

 
2.7.4.3 Other Down-Scaled Model Discussions: 
There are also specific downscaled water models available for Narayani, Kaligandaki, Setibeni 
Sub-basins, watersheds in Gandaki Province - Marshyangdi, Madi, and Budhigandaki. The 
studies at different sub-basins have used different types of models, calibrated for different time 
scales, and have not projected future climate for the entire basin. As an Output of this project, a 
water model will be established for the entire GRB by reconciling various studies conducted in 
different sub-basins within GRB. This will be useful to prepare River Basin Management 
Framework for the GRB. See Annex 2b for detail procedure. 
 

In addition, specific downscaled climate model projections were made for the Kaligandaki basin 
which is an important sub-basin of the Gandaki Basin and the results are indicative for the GRB 
as a whole.  In this study72, the modelled impact of climate change on the water balance and 
hydrological regime of the snow dominated Kaligandaki Basin is studied. The Soil and Water 
Assessment Tool (SWAT) was used for a future projection of changes in the hydrological regime 
of the Kaligandaki basin based on Representative Concentration Pathways Scenarios (RCP 4.5) 
of ensemble downscaled Coupled Model Intercomparison Project's (CMIP5) General Circulation 
Model (GCM) outputs. Modeling results, using a 10km X 10km grid, show these will lead to 
significant changes in the basin's water balance and hydrological regime. In particular, 50% 
increase in water discharge is expected at the outlet of the basin with snowmelt contribution 
largely affected by climate change which is projected to increase by 90% by 2090. Water 
availability in the basin is not likely to decrease during the 21st century. The study demonstrates 
that the important water balance components of snowmelt, evapotranspiration, and water yield 
at higher elevations in the upper and middle sub-basins of the Kaligandaki Basin will be most 
affected by the increasing temperatures and precipitation.  
 
 

Table 31: Downscaled Results from the Kaligandaki Basin 

Variables 2030 2060 2090 Comments 
Temp RCP 4.5 Increase 2.80C Increase 

3.00C 
Increase of 
5.50C 

 

     
Precip RCP 4.5   24% increase  

     
Evapor-transpiration 0 to 15% 

increase 
20% increase 45% increase Highest 

Impact in the 
uppermost 
basin areas  

Based on inmcm4, CMCC CMS, BNU-ESM and CSIRO-MK3-6-0 models (for RCP 4.5) 
 

Kali Gandaki Sub-Basin Evapotranspiration Study 
Based on the Kaligandaki study73 evapotranspiration is expected to increase approximately by 
7%during the late century under RCP 4.5 scenario. Evapotranspiration is more pronounced at 
the upper and middle basins at higher elevations than the lower basins at lower elevations. 

 
 
71 Sharma S (2017). Climate change impacts on water resources of Marshyangdi River Basin, Nepal. A dissertation 

submitted for partial fulfilment of Master of Science in Environmental Science. Central Department of 
Environmental Science, Institute of Science and Technology, Tribhuvan University, Nepal. 

72 Climate Change Impact assessment on the hydrological regime of the Kaligandaki Basin, Nepal, Bajracharya et. al. 
(2018) 

73 Climate change impact assessment on the hydrological regime of the Kaligandaki Basin, Nepal – 
Science of the Total Environment 
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Bharati et al. (2014) concluded similar results for the Koshi basin in Nepal. During the winter and 
dry season, most GCMs studied project decreased annual average precipitation. December, 
January, and February (dry/winter season) are the driest, receiving the least rainfall. The 
uncertainty range is expected to be small in this period. June, July, August, and September 
(monsoon season) are the wettest with the maximum rainfall. The results are consistent with 
descriptions in NAPA and results from the National Climate Change Impact Survey (2016). 
 
Snowmelt contribution will largely be affected by climate change, and it is projected to increase 
by 90% by 2090.Water availability in the Kaligandaki basin is not likely to decrease during the 
21st century. The study demonstrates that the important water balance components of snowmelt, 
evapotranspiration, and water yield at higher elevations in the upper and middle sub-basins of 
the Kaligandaki Basin will be most affected by the increasing temperatures and precipitation. 
Kaligandaki River is expected to increase in size and flow significantly in future due to increased 
precipitation and temperature. Increase in discharge is projected to be maximal during the pre-
monsoon under RCP 4.5. There would be a maximum increase during the 2090s, of 41% under 
RCP 4.5. 
 
Higher temperatures are expected to increase the evapotranspiration of the basin temporally and 
spatially. This increase is projected higher at upper and mid-basins during the 2090s, by impact 
of winter drought by10–15% under RCP 4.5compared to 1990s reference period. 
 
Evapotranspiration is more pronounced at the upper andmiddle basins at higher elevations than 
the lower basins at lower elevations.  
 
A mild increase was observed during the 2030s under the RCP scenarios, ranging from0 to 15%. 
A moderate increase (up to 20%) is projected during the 2060s. Maximum evapotranspiration is 
projected in a late century (2090s) - up to 45% at the uppermost sub-basin of the study area. This 
might be the influence of a projected increase in minimum and maximum temperatures, which 
causes a shortening of the snow-cover season in the sub-basins at a higher elevation and causes 
the largest increase in evapotranspiration (Dankers and Christensen, 2005). Higher evaporation 
might decline natural grassland coverage and the grass yield in the upper part of the Kaligandaki 
basin. 
 
Note: Since the stations measuring precipitation and temperature adequately represent the 
spatial and topographical variation of the basin, only the gridded pixel stations were used for the 
analysis. This method enabled comparison of the climate datasets with observed historical 
datasets for validation. The GCM climate dataset 1990s (1981–2010) was used as a reference 
data and 2030s (Present-2040), 2060s (2041–2070), and 2090s (2071–2100) as a projected 
future data to see the change in climate between the reference and future projection in the 
Kaligandaki River Basin. The calibrated and validated Soil and Water Assessment Tool (SWAT) 
model (which was forced with historical ensemble climate variables from different GCMs) was 
used in this study from 1980 to 2010. The water balance components such as evapotranspiration 
and discharge obtained from simulated SWAT model were treated as baseline data for the 
reference period of 1980 to 2010. The water balance components hence obtained from the 
reference period were compared with the future simulated water balance components for an 
ensemble of 4 GCMs with RCP 4.5 scenario. 
 
2.7.5 Vulnerability to Climate Change in GRB 
The impacts of climate change cause direct social and economic losses, and have been shown 
to exacerbate poverty in Nepal, which suggests that the social and economic situation is likely to 
worsen. Considerable discussion about the impact of climate change took place with participants 
including targeted vulnerable beneficiaries at various levels during the feasibility study. A 
summary of climate challenge impacts perceived by the communities for the GRB is provided in 
Box 2. 
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The development of human settlements, expansion of related infrastructure and increases in 
economic activities are all threatening the ecological functioning of the GRB area. These societal 
and economic needs are therefore increasingly putting pressure on natural resources that 
underpin the livelihoods of the local communities. Climate change is intensifying these pressures 
and further undermining the resilience of GRB based communities and ecosystems to climate 
and non-climate risks. 
 
The following sections: i) examine the vulnerability of the GRB as a whole to the impacts of 
climate change; ii) prioritise the regional areas in terms of their climate change adaptation 
requirements; and iii) describe the specific climate change impacts occurring in these key regions. 
 
2.7.5.1 Vulnerability Ranking and Mapping for the GRB 
The GRB is one of the most climate vulnerable river basins of Nepal. The most serious 
vulnerability issues related to weather and climate in the GRB are: 

• Mountains- drought; changes in snowfall; and floods, landslides, and glacial lake outburst 
floods (GLOFs) triggered by heavy rainfall. 

• Middle hills - landslides and drying up of springs 
• Terai-floods (NDRI, 2010). 

 
Siddiqui et al. (Siddiqui, Bharati, Pant, Gurung, & Rakhal, 2012) notes that watersheds of the 
GRB are facing chronic disturbances and various climate related extreme weather events. 
Vulnerability mapping of the GRB was carried out using inputs from the vulnerability layer 
generated by ICIMOD (Chitale, et al., 2014). The layer used multiple inputs from remote sensing 
indicators, spatial variables, topographic variables, climatic variables and bio-physical variables. 

 Increased temperatures are leading to: 
o Increased summer temperatures that result in increased evaporation and reduced water availability 

in the basin 
o Increased winter temperatures, less snowfall in the mountains, and reduced snow cover that results 

in decreased water for irrigation and drinking water supply in the spring season. 
 Changing precipitation patterns are leading to: 

o Drying up of water sources 
o Increased intensity and prolonged duration of drought 
o Erratic rainfall affecting agricultural productivity (e.g. in 2017-18 the oilseed crop (Nepali - toria) was 

destroyed in most parts of Gulmi and Baglung districts) 
o Rising riverbeds, changed river course and inundation downstream 
o Increased water pollution, and deterioration of water quality for drinking and irrigation  
o Increased damage to infrastructure - hydropower, road and irrigation infrastructure 
o Increase in the incidence of GLOFs 

 A combination of changes to temperature and precipitation is leading to: 
o Decrease in the agriculture productivity due to increased drought conditions. 
o Increased pest prevalence and crop damage, leading to decreased productivity and contributing to 

abandonment of agricultural land thereby negatively affecting food security 
o Increase in human diseases, increase in mosquito invasion and vector borne disease 
o Increased incidence and intensity of harmful forest fires resulting in forest degradation 
o Increases spread and impact of invasive species in forest and agriculture land 
o Shifting of the vegetation line and changes to cropping patterns  
o Loss of native fish species, reduction in the fish stocks,  

 Climate change is contributing to outmigration of farmers, particularly youth, for employment resulting in 
greater workloads for women and the feminisation of rural labour force 

Source: Field study by the project design team 
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Vulnerability was calculated considering the functions of exposure (temperature, rainfall, 
ecological risk, flood and landslide risk, drought and GLOF), sensitivity (human, ecological), and 
adaptive capacity (socio-economic condition, technological capability, infrastructure capacity) as 
suggested by IPCC (2006) using the five categories of the vulnerability scale (from 0 to 1) i.e. 
Very Low (0.000), Low (0.001-0.476), Medium (0.476-0.629), High (0.630-0.786) and Very High 
(0.787-1.000).  
 
GRB watersheds originate from seven major tributaries (sub-river basins) namely Kaligandaki, 
Seti Gandaki, Marshyandi, Budi Gandaki, Trishuli, Badigad and Rapti. The southern part of the 
GRB also falls within the Chure (Siwalik) belt which is highly vulnerable to landslides, sediment 
flow resulting in agricultural land degradation, as a result was also considered as one more area 
for this feasibility study. These subriver basins basin are comprised of multiple watersheds and 
this Feasibility Study (FS) included analysis of vulnerability studies conducted for these areas by 
ICIMOD and reflected in NAPA. Refer to FS Section 6.2 and FS Section 11 for more detailed 
information on the process used in determining the vulnerability status and also the related 
climate risk factors/impacts. 
 
Table 32: Detrimental Impact due to Extreme Events (For period covering 2010 to 2018 in 
GRB) 

Cluster 
 

Disaster Location Month and year Human 
Lives 
Lost 

Number of 
Houses 
Damaged 

Estimated loss 
(Million NRs) 
 

Cluster 1  
Kaligandaki 

Flood 
Landslide 
Fire 
Thunderbolt 
Fire 
Landslide 

Myagdi 
Myagdi 
Parbat 
Parbat 
Syangja 
Syngja 

1 Sep 2016 
2 Sep 2016 
30 Apr 2016 
30 Apr 2016 
30 Apr 2016 
4 Sep 2016 

1 
2 
 
4 
 
4 

18 
2 
13 
4 
20 
1 

4.15 
0.5 
NA 
NA 
21 
NA 

Cluster 2  
Seti 
Gandaki 
and Madi 

Landslide 
 
 
Fire 
Flood 
Landslide 
Fire 

Upper 
Pokhara 
Valley of Seti 
River, Kaski 
Gulmi 
Gulmi 
Kaski 
Tanahu 

5 May 2012 
 
 
30 April 2016 
22-26 Jul 2016 
2 Jul 2017 
21 Apr 2018 

10 
 
 
1 
1 
1 
 

10 
 
 
71 
115 
1 
8 

NA 
 
 
150 
NA 
NA 
0.45 

Cluster 3  
Marshyandi 

Landslide Lamjung 29 Jun 2016  12 NA 

Cluster 4  
Budi 
Gandaki 

Landslide 
Thunderbolt 

Gorkha 
Gorkha 

18 Jul 2018 
8 Feb 2018 

 
1 

13 
1 

NA 
NA 

Cluster 5  
Trishuli 

Landslide 
 
 
 
 
Fire 
Fire 
Flood 
Flood 
Landslide 
Windstorm 

Thanau, 
Nubakot, 
Kaski, 
Gorkha,  
 
Dhading 
Dhading 
Makawanpur 
Makawanpur 
Nuwakot 
Rasuwa 
Rasuwa 

2010 
8 Aug 2017 
 
 
 
27 Feb 2012 
30 April 2016 
14 Aug 2017 
18 jul 2017 
26 Jul 2018 
23 Mar 2016 

7 
 
 
 
 
 
 
9 
 

350 
25 
 
 
 
41 
25 
37 
16 
41 

NA 
17.8 
 
 
 
41 
NA 
NA 
1.2 
NA 
NA 
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Cluster 6  
Badigad 

Fire Gulmi 
Baglung 
 

26 Feb 2013 
30 April 2016 

 24 
4 

170 

Cluster 7  
Rapti 

Fire 
Flood 
Windstorm 
Flood 
Fire 

Chitwan 
Chitwan 
Chitwan 
Nawalparasi 
Palpa 

4 May 2012 
12-14 Aug 2017 
5 June 2018 
4 Aug 2017 
30 Apr 2016 

 
 
 
2 
 

4 
540 
342 
487 
28 

10.8 
NA 
 
NA 
NA 

Total  43 lost 
lives 

2253 
Household 

$3.75M USD 
(416.9M NRs) 

 
2.7.6 Life and livelihood vulnerability 
The GRB has experienced an increased frequency and intensity of floods and landslides. Of the 
2,719 fatalities from floods and landslides recorded in Nepal between 2000 and 2014, 35 per cent 
of fatalities were in the GRB. Over a 15-year period, Dhading had the basin’s highest incidence 
of floods and landslides with 123 events. Whilst flood and landslide events are common in the 
middle hills (notably in Parbat, Syangja, Gorkha, Dhading, and Nuwakot), flood impacts are 
generally greater in downstream areas. For example, in a recent flood event, 8,187 out of 22,637 
households in Nawalparasi were affected families (MoHA, 2015). Although the most common 
weather-related disasters are floods and landslides, the greatest economic loss in the basin is 
from forest fires which are reportedly worsening as average temperates increase and droughts 
are longer and more frequent. 
 
Vulnerability in the GRB is also highly correlated with gender, caste, ethnicity, regional identity, 
and geographic location and poverty. Women, because of gender based discrimination and 
ingrained patriarchal socio economic and political system and their lower socio-economic status 
in comparison to men are more vulnerable to impacts of climate change and natural disasters. 
The level of socially inclusive participation, decision making, leadership roles played by poor, 
women, marginalized ethnic groups, Dalits and disabled people is more theoretical, than actual 
practice. 
 
Dalits, because of poverty and caste-based discrimination and their settlement location that are 
usually near the landslide prone river banks, are highly vulnerable. Similarly, ethnic groups or 
indigenous peoples whose livelihoods are closely connected to ecosystems and/or are 
dependent on forests and water resources for their livelihoods are highly vulnerable.  Even within 
the better-off districts of the GRB, there are pockets of poverty in certain remote areas. Some 
specific groups within the GRB, including small farm holders, cattle herders, poor and 
marginalized groups, elderly people, children and women are particularly vulnerable due to 
climate change and are impacted mostly.  The poor and socially excluded groups often live in 
disaster-prone areas such river corridors, foothills, near slumps and landslides and as a result, 
they are more vulnerable than others. For example, the Chepang are the poorest ethnic group in 
Chitwan district. They live in the hilly areas and because of drought and landslides their land 
productivity has declined, and they are forced to work in stone quarries for their livelihoods. 
Quarrying has accelerated landslides and as a result, the Chepang are pushed further below the 
poverty line. 
 
The Chepang linguistic communities have lost their land rights through a combination of abrupt 
changes in land tenure laws, the influx of Brahmin and Chhetri settlers and the communities’ lack 
of literacy and awareness of legal procedures. In this process, land once cultivated as common 
land comes gradually into the hands of immigrant groups that are able to register land they initially 
cultivated as tenants (Minority Rights Group International, n.d.). 
 
2.7.7 Vulnerability of agriculture and livestock 
Evidence suggests that climate change has already impacted agricultural productivity, 
livelihoods, food security, the natural and built environment, social and cultural settings, personal 
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security, infrastructure, and personal and public health (GoN/MoPE, 2017). The findings of the 
feasibility study corroborate with these impacts for the GRB. Interviews with farmers during the 
feasibility study revealed that farming systems have become increasingly vulnerable, with 
decreasing agricultural productivity leading to increasing food scarcity. Local adaptation 
mechanisms include shifting to hybrid crop varieties, using improved seeds and changing crops 
and cropping patterns. The shift of farming to monocultures and the use of hybrid and improved 
varieties of crops and livestock is potentially leading to increased vulnerability to pest and disease 
outbreaks. It is alos leading to the loss of agro-biodiversity. 
 
Agriculture and livestock management systems are affected by changing precipitation patterns 
and the consequent impact on water supplies. The majority of agriculture in the GRB is based on 
rain fed systems with only about 35 per cent of agricultural land having some kind of irrigation 
(MOAD, 2013). 
 
Landslides and undercutting by rivers have destroyed productive agricultural land in the mountain 
and high hill districts including Manang, Mustang, Rasuwa, Gorkha, Myagdi, and Baglung. 
Likewise, flooding and increased sedimentation has reduced the productive capacity of 
agricultural land in downstream districts including Chitwan, Nawalparasi, and the riverine areas 
of the GRB. IFAD 2013 reported that a total of 847,648 hectares of agricultural crop land was lost 
during the period 1971-2007. These vulnerabilities are exacerbated by an increasing shortage of 
labor available for agriculture in rural areas due to labor market competition and outmigration.  
 
As presented earlier, Nepal has already experienced several climate change events including the 
drought events in various districts and years. The climate impacts will exacerbate the existing 
conditions include reduced water availability, due to a combination of increases in temperature, 
increase in rainfall intensity and a reduction in rain fall days.  Changes in water sources, and their 
implication on farming system, have been reported on in the national climate change impact 
survey, from 201674. The survey result shows that 74.29% of total households observed changes 
in water sources, and 84.47% observed a decrease in amount of surface water. Likewise, the 
majority of households (74.56%) in mountain region reported surface water completely drying up, 
and a high percentage (48.81%) in hilly areas observed underground water sources dying up, 
due to insufficient rainfall.75 
 
The Terai here includes the Terai of GRB as well. But in terms of production, in the Hill region 
contributes more followed by Terai and Mountain. For example, in case of paddy, hill production 
was 66.66% (581,227 mt) followed by 32.92% (287,010.30 mt) in Terai and only 0.43% (3,730.23 
mt) in mountain. This was mainly because of the number of districts in each region as well as 
varying climatic conditions prevailing in these districts. 
 
The Asian Disaster Preparedness Centre (ADPC) conducted a study in 2010 in Nepal for major 
hazard risk assessment76 including drought. Regarding the impact of drought, three periods 
(Winter: December, January, February; Pre-monsoon: March, April, May; Monsoon: June, July, 
August, September; and Post-monsoon: October, November) and four cereal crops namely were 
considered for various physiographic regions as follows in view of their importance to national 
food security. 

a. Impact of winter drought on: Wheat in Mid-hill and Terai, and wheat and barley in the High 
hills 

 
 
74 Central Bureau of Statistics. National Climate Change Impact Survey 2016; A Statistical Report; Central Bureau 
of Statistics: Kathmandu, Nepal, 2017. 
75 Central Bureau of Statistics. National Climate Change Impact Survey 2016; A Statistical Report; Central Bureau 
of Statistics: Kathmandu, Nepal, 2017. 
76 Asian Disaster Preparedness Center (ADPC), Norwegian Geotechnical Institute (NGI), and Centre for International 
Studies and Cooperation (CECI). 2010. Nepal Hazard Risk Assessment. Ministry of Home Affairs, Government of 
Nepal.  
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b. Impact of Pre-monsoon on: Wheat in Mid-hill and Terai, and wheat and barley in the High 
hills 

c. Impact of Monsoon on: Paddy in Terai, and Paddy and Maize in Mid-hills 
d. Impact of Post-monsoon on: Paddy in Terai 

 
By considering three categories of drought (extreme, severe and moderate) and four levels of 
probability (<5, 5-10, 10-15, 15-20, >20) of exposure of these crops to corresponding drought, 
ADPC has shown that: 
- In the winter season, wheat crops in the Terai zone are largely affected by all drought 

conditions. The hills are the second most exposed zone. When there is extreme or moderate 
drought, the western and mid-western regions are the most exposed. There is drought 
exposure on wheat crops during the pre-monsoon season. In Terai, 96 percent of the wheat 
crop area is exposed to a 5-10 percent probability of extreme drought. In hill areas, 81.5 
percent of the wheat crop area is exposed to a 5-10 percent probability of drought. For extreme 
drought conditions, 64 percent of the Terai wheat field area is exposed to a 10-15 percent 
probability of drought.  During extreme drought conditions, more than 58 percent of the area 
in the eastern zone is exposed to a 10-15 percent probability of drought. Around 96 percent of 
the area in the central zone is exposed to a 5-10 percent probability of drought. Almost 99.5 
percent of the western zone is exposed to a 10-15 percent drought probability.   

- Large barley cultivation areas in the mountain zones are the most exposed area to all three 
drought conditions. Barley crop areas are least exposed in the Terai zone. The mid-western 
zone is the most affected.    

- The exposure of paddy crops to drought during the post-monsoon season is similar for paddy 
crops during the monsoon season. During the post-monsoon season, the Terai zone is the 
most exposed to drought, followed by the hill zones. Extreme drought exposure is identified in 
the eastern and central zones. Moderate drought during the post-monsoon is most likely in the 
western and mid-western areas. The Terai zone is the most exposed to drought, followed by 
the hill zones. The analysis further reveals that the eastern and western zones are the most 
exposed to extreme drought with a probability range of 5-10 percent.   

- Regarding the exposure profile for maize crops during the monsoon season, the hill zones 
experience the highest drought exposure, as do the central and eastern zones 

- The damage to the crops were evaluated as follows. 
- The damage to the crops in the whole of Nepal using general technical coefficient were 

evaluated by the ADPC as follows.  
 

Table 33: Percentage crop loss due to impact of drought in the whole of Nepal (ADPC) 

Description 
  
  

Percentage loss 
Extreme drought Severe drought Moderate drought 

High-Hill Mid-Hill Terai High-Hill Mid-Hill Terai High-Hill Mid-Hill Terai 
Impact of winter drought 
on wheat and barley 70 60 50 50 40 30 30 20 10 

Impact of pre-monsoon 
drought on wheat and 
barley 

65 65 65 55 55 55 35 35 35 

Impact of monsoon 
drought on paddy and 
maize 

70 60 50 65 60 50 30 20 20 

Impact of post-monsoon 
drought on paddy 70 70 65 60 50 40 30 20 20 

 
When evaluated in 2010, the value of crop loss due to drought was revisited as suggested. From 
ADPC (2010) estimates, the loss due to various droughts during different seasons on a few 
important crops for the GRB were estimated as presented in the Table below. 
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Table 34: Value of crop loss due to drought on a few important crops in the GRB (Western region) 
('000 NRs) 

SN Description of crop and drought season Crop loss at varying intensity of drought 
Extreme Severe Moderate 

1 Loss in wheat due to pre-monsoon 
drought 877,837 742,785 472,681 

2 Loss in wheat due to winter drought 430,523 266,474 102,424 
3 Loss in barley due to pre-monsoon 

drought 5,368 4,542 2,891 

4 Loss in paddy due to monsoon drought 1,651,280 1,651,280 648,222 
5 Loss in paddy due to post monsoon 

drought 2,122,083 1,327,169 648,222 

6 Loss in maize due to monsoon drought 694,610 693,830 235,629 
 
The above table clearly shows that drought has created significant loss in important crops.  
 
 
 
-  
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When evaluated in 2010, the value of crop loss due to drought was estimated as follows. 
 

Table 35: Value of crop loss due to drought 

Season 
Pre-

monsoon Probability level (%) at different levels of severity of drought in wheat 
Crop Wheat Extreme drought during premonsoon Severe drought during premonsoon Moderate drought during premonsoon 
Development 
Region   

<5 5-10 10-15 Total <5 10-15 15-20 Total 5-10 15-20 >20 Total 

Eastern Value 
('000 Rs) 0 186,425 370,596 557,022 0 23,278 0 471,326 199,440 23,847 0 299,935 

Central Value 
('000 Rs) 0 326,699 13,313 340,012 0 25,511 0 287,703 11,496 17,628 0 183,084 

Western Value 
('000 Rs) 0 422 877,414 877,837 0 0 0 742,785 14,146 22,744 0 472,681 

Mid Western Value 
('000 Rs) 0 661,931 0 661,931 0 529,713 205 560,096 0 120,230 0 356,424 

Far Western Value 
('000 Rs) 0 0 0 0 0 0 0 0 0 0 0 0 

Nepal Value 
('000 Rs) 0 1,175,478 1,261,324 2,436,802 0 578,503 205 2,061,909 225,082 184,450 0 1,312,124 

 
 
 

Table 36: Loss of wheat crop due to drought during winter 

Season Winter Probability level (%) at different levels of severity of drought  
Crop Wheat Extreme drought during Winter Severe drought during Winter Moderate drought during Winter 
Region   <5 5-10 10-15 15-20 >20 Total 5-10 10-15 15-20 >20 Total 5-10 10-15 15-20 20-25 >25 Total 
Eastren Value 

('000 Rs) 391,349 65,894 0 0 0 457,243 19,284 266,568 0 0 285,852 0 22,692 91,768 0 0 114,460 
Central Value 

('000 Rs) 11,021 219,196 48,450 0 0 278,666 150,587 23,460 0 0 174,047 31,982 25,787 11,178 481 0 69,428 
Western Value 

('000 Rs) 0 381,912 48,612 0 0 430,523 76,762 23,347 163,002 3,362 266,474 62,966 38,215 1,244 0 0 102,424 
Mid-
Western 

Value 
('000 Rs) 0 700,434 55,663 0 0 756,098 34,221 148,992 163,002 3,362 349,577 92,249 53,656 0 0 0 145,906 

Far 
Western 

Value 
('000 Rs) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nepal Value 
('000 Rs) 402,370 1,367,436 152,724 0 0 1,922,530 280,853 462,367 326,005 6,724 1,075,950 187,197 140,351 104,189 481 0 432,219 
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Table 37: Loss of wheat crop due to drought during premonsoon 
Season Premonsoon Probability level (%) at different levels of severity of drought  

Crop Wheat Extreme drought during premonsoon Severe drought during premonsoon 
Moderate drought during 

premonsoon 
Development 
Region   <5 5-10 10-15 Total <5 10-15 15-20 Total 5-10 15-20 >20 Total 

Eastern Value ('000 
Rs) 0 186,425 370,596 557,022 0 23,278 0 471,326 199,440 23,847 0 299,935 

Central Value ('000 
Rs) 0 326,699 13,313 340,012 0 25,511 0 287,703 11,496 17,628 0 183,084 

Western Value ('000 
Rs) 0 422 877,414 877,837 0 0 0 742,785 14,146 22,744 0 472,681 

Mid Western Value ('000 
Rs) 0 661,931 0 661,931 0 529,713 205 560,096 0 120,230 0 356,424 

Far Western Value ('000 
Rs) 0 0 0 0 0 0 0 0 0 0 0 0 

Nepal Value ('000 
Rs) 0 1,175,478 1,261,324 2,436,802 0 578,503 205 2,061,909 225,082 184,450 0 1,312,124 

 
Table 38: Loss of barley crop due to drought during premonsoon 

Probability level (%) at different levels of severity of drought  
Extreme drought during premonsoon Severe drought during premonsoon Moderate drought during premonsoon 

<5 5-10 10-15 Total <5 10-15 15-20 Total 5-10 15-20 >20 Total 
0 1,487 0 1,487 0 126 0 1,259 19 619 0 801 
0 3,352 84 3,436 0 34 0 2,908 15 325 0 1,850 
0 87 5,281 5,368 0 0 0 4,542 11 546 0 2,891 
0 13,018 0 13,018 0 5,085 6 11,015 0 1,992 0 7,010 
0 0 0 0 0 0 0 0 0 0 0 0 
0 17,945 5,365 23,310 0 5,245 6 19,724 45 3,483 0 12,552 
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For the past century, important deviations from the average climate in Nepal have been observed. 
Data on intra-annual rainfall and monsoon rainfall for the years 1921-2010 show trends going 
from negative to positive deviations. Similarly, a study on dates of onset and withdrawal of 
monsoon for the period 1948-2011 reveal that the onset date is now later than the normal date 
of 10 June for a majority of the years, with the maximum delay being 18 days in 2009. The dates 
of withdrawal are also found to be latter than the existing normal date of 23 September, the 
maximum delay being 25 days in 2008. Finally, the duration of the monsoon is found to be longer 
than normal with increasing trends in recent years, especially after 1990. Analysis show that the 
standard deviation of onset and withdrawal dates is 6 and 9 days respectively, while the standard 
deviation for duration is 11 days. These late onsets coupled with late withdrawals and longer 
durations suggest a general shift in monsoon activity. 
 
Climate risks could cost the country a total loss of 42 percent of the paddy crop followed by 
potatoes at 17.5 percent, maize and wheat at 16.5 percent and 15.8 percent respectively. 
Delayed onset of monsoon has also been affecting crop production while some harvesting 
seasons have been badly hit by the heavy rainfall and hailstorm. Since paddy is the most climate 
sensitive crop, analysis was made to assess the impact of intra-seasonal variation (e.g., late 
onset of rains, long dry spells and early withdrawal of monsoon) on paddy for the years 2001–
2010. Analysis estimates the total risk from weather exposure at USD 753 million, about 30 
percent of which is due to extreme events during the years 2006 and 2009, which resulted in as 
much as USD 229 and USD 125 million in production loss respectively. 
 
The study in GRB based on 32 years of monthly precipitation data from 40 meteorological stations 
from 1981 to 2012 indicate that, while there is no distinct trend in regional precipitation, 
interannual variation is large. Trend analysis of drought index shows that most stations are 
characterized by increases in both severity and frequency of drought and trend is stronger for 
longer drought time scales. Over the study period, the summer season of 2004, 2005, 2006, 2009 
and winters 2006, 2008 and 2009 were the worst widespread droughts. 
 
For the 12-month time scale, 65 % (26 out of 40) stations have increasing trend of drought and 
out of these 20 have significant trend. Three-month drought trend also follows a similar pattern. 
Winter drought (3-month SPI at February) shows increasing trend of drought for 90 % of stations, 
but only 1 of them is significant and for monsoon drought (4-month SPI at September), 23 stations 
show increasing trend of drought and 4 of them are significant. 
 
Increase in dry periods have a serious impact on agriculture production. Severe winter drought 
experienced in 2008–2009 in Western Nepal was unprecedented in both scale and severity and 
received less than 50 % of the average precipitation for the period November 2008 to February 
200977 In 2009, production of wheat and barley, which are the two major winter crops, had 
decreased about 50 % in comparison with the previous year and 66 % of rural households 
experienced food shortages. This constituted a record low decrease in production and had 
created a record annual deficit in supply versus demand in Nepal (2008/09 Winter Drought in 
Nepal Crop and Food Security Assessment 2009). During the same period, mountain 
communities of Nepal also reported that decreasing and erratic rainfall patterns and drought are 
the most serious hazard for agriculture, causing decreasing food production and crop failure. A 
livelihood vulnerability assessment in the GRB found that, due to limited adaptive capacity and 
greater climate variability, rural people in the mountain zone were more vulnerable than those in 
the lowland and hill zones78 . Poor households without irrigated land were found to be facing 

 
 
77 Wang S-Y, Yoon J-H, Gillies RR, Cho C (2013) What caused the winter drought in western Nepal during recent 

years? J Clim 26:8241–8256. doi:10.1175/JCLI-D-12-00800.1 
 
78 Panthi J, Aryal S, Dahal P, Bhandari P, Krakauer N, Pandey V (2015b) Livelihood vulnerability approach to assessing 

climate change impacts on mixed agro-livestock smallholders around the Gandaki River Basin in Nepal. Reg Environ 
Change 1–12. doi:10.1007/s10113-015-0833-y 
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greater risks and stresses due to these prolonged droughts than well-off people79 During fiscal 
year 2005/06, food production was adversely affected by drought with reported decrease in the 
average paddy and wheat production. Overall paddy production decreased by 12.55 % compared 
to previous year and in some districts of the Eastern and Central regions, reduction was from 20 
to 50. 
 
For the past century, important deviations from the average climate in Nepal have been observed. 
Data on intra-annual rainfall and monsoon rainfall for the years 1921-2010 show trends going 
from negative to positive deviations. Similarly, a study on dates of onset and withdrawal of 
monsoon for the period 1948-2011 reveal that the onset date is now later than the normal date 
of 10 June for a majority of the years, with the maximum delay being 18 days in 2009. The dates 
of withdrawal are also found to be later than the existing normal date of 23 September, the 
maximum delay being 25 days in 2008. Finally, the duration of the monsoon is found to be longer 
than normal with increasing trends in recent years, especially after 1990. Analysis show that the 
standard deviation of onset and withdrawal dates is 6 and 9 days respectively, while the standard 
deviation for duration is 11 days. These late onsets coupled with late withdrawals and longer 
durations suggest a general shift in monsoon activity  
 
In general, irrigation coverage is only 55%80.Therefore, large part of the country is rainfed. In the 
rainfed condition, the changes in the climate pattern has impacted the farming systems including 
the planting and harvesting times of many crops in the hills and mountains. The upstream 
population in the Gandaki basin mostly rely on rainfed farming. Around 80% of the agricultural 
land in Mountains and more than 50% in the Hills is rainfed. Thus, farming in the upstream areas 
is particularly vulnerable to water stress and uncertainty resulting from climate change81. 
 
In 2016, total production of summer crops (paddy, maize, millet and buckwheat) was estimated 
at 6.8 million mt, a decrease of 5.63 percent compared to 2014/15 and a decrease of 5.3 percent 
compared to the preceding five-year average. At 6.8 million mt, the production of paddy, maize, 
millet and buckwheat was estimated at 4.3 million mt, 2.23 million mt, 302,398 mt and 11,641 mt 
respectively. The production of paddy decreased by 9.95 percent compared to the five-year 
average and decreased by 10.22 percent compared to 2014/15. Despite the decrease, paddy 
contributed to 63 percent of the total summer crop output in 2015/16. The central region produced 
an estimated 1.1 million mt of paddy, which was 26.9 percent of the national aggregate and the 
largest of the five development regions82. Overall, growing conditions for 2015/16 summer crops 
were reported as poor. The monsoon was delayed and weak at the onset, which delayed paddy 
transplantation, especially in the eastern Terai.  
 
In one of the International Rice Research Institute (IRRI) reports, it was reported that under 
rainfed environment, rice productivity and sustainability suffer with biotic and abiotic stresses, 
which are compounded by climate forced changes such as extreme temperatures, severe 
changes in rainfall pattern resulting in drought and submergence at different crop growing 
stages83.  
 
 

 
 
79 Gentle P, Maraseni TN (2012) Climate change, poverty and livelihoods: adaptation practices by rural mountain 

communities in Nepal. Environ Sci Policy 21:24–34. doi:10.1016/j.envsci.2012.03.007 
80 MOAD. 2015. Agrigulture Development Strategy. Ministry of Agriculture and Livestock. Singh Durbar, Kathmandu 
81 ICIMOD. 2017.  The Gandaki Basin Maintaining Livelihoods in the Face of Landslides, Floods, and Drought 
82 MOAD, WFP, FAO. 2016. Crop Situation Update - A joint assessment of 2015/16 summer crops and outlook of 2016 
winter crops. Ministry of Agricultural Development the World Food Programme, and the Food and Agriculture 
Organization. http://www.neksap.org.np/ 
83 Bhaba P Tripathi1, Hom N Bhandari and JK Ladha. 2019. Rice Strategy for Nepal". Acta Scientific Agriculture 2.9 
(2018): 171-180 
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2.7.8 Vulnerability of biodiversity 
In response to a changing climate, the temperate broadleaf and subalpine conifer forests will be 
more resilient to climate change, whilst the lower and mid-hill forests that comprise of Lowland 
sal, Hill sal, and subtropical broadleaf and chir pine forests are vulnerable to climate change 
(Thapa, Wikramanayake, & Forrest, 2013).  
 
The sal forests of the middle hills are projected to change to other forest vegetation types and 
become more fragmented. The subtropical broadleaf forests will become fragmented and 
disappear from Chitwan, Tanahu and Nawalparasi districts.  
 
The subtropical broadleaf forests in Dhading, Gorkha, Palpa and Makawanpur will be 
considerably reduced over the next 30 years. The hill sal forests will become highly fragmented 
within a matrix of different vegetation types, and the lowland sal forests will be completely 
converted. However, because of the dissected terrain in the mid and lower mountains, several 
forest areas lie within climatically stable micro-refugia. Thus, despite the regional influences of 
climate change, these refugia forests will likely remain largely unchanged.  
 
The GRB supports Nepal’s most threatened and endangered biodiversity, including habitat 
specialists and endemic species. The alpine habitat supports snow leopard and several large, 
montane ungulate species. The temperate and conifer forest in the upper hill region supports red 
panda, musk deer and many more species, while the mid-hill subtropical forests serve as a 
habitat for migrant bird species. The snow leopard prefers alpine habitat that is vulnerable to 
forest encroachment under climate change conditions that could fragment the snow leopard’s 
habitat.  
 
Both red panda and musk deer require old growth temperate broadleaf, mixed conifer-broadleaf 
and subalpine conifer forests. The climate projections indicate that these higher elevation habitats 
will be relatively more resilient than the lower hill forests, and that several large habitat blocks 
should remain. 
 
Changes to the forest vegetation types or composition due to climate change can affect forest 
dependent bird species, although more proximate and shorter-term non-climate related 
anthropogenic drivers are likely to be more severe threats that require urgent and immediate 
attention.  
 
Climate impact projections suggest that the alpine grasslands could become encroached by 
upslope forest migrations. However, changes to the lowland grasslands will likely happen more 
quickly since they are fire and flood maintained and undergo succession into forests. The drivers 
that maintain grasslands operate at shorter time scales than climate change related impacts on 
distribution and migration of vegetation types. However, natural disasters that may increase in 
severity and frequency due to climate change could impact birds.  
 
As the subtropical broadleaf forests are more vulnerable to climate-related conversion than the 
temperate broadleaf and conifer forests, the birds that show a preference for subtropical zone 
forests will be especially vulnerable to climate change. Due to the vegetation changes caused by 
climate change, birds that spend winters in the subtropical zones may lose preferred habitats, 
especially specific food plants or structural habitat features. Other migratory birds that spend 
summers further south, but winter in the mid and low hills may lose nesting habitats. The 
hydrological and riparian changes caused by climate change can potentially affect threatened 
bird species that are adapted to riverine habitats.  
 
2.7.8.1 Invasive Species 
Evidence indicates that invasive species are expanding in range and impact in the GRB. Invasive 
species including Mikania, Lantana, Eupatorium, Ageratum and Eichhornia already pose a threat 
to biodiversity (NBSAP, 2014). Various studies have indicated climate change as the driving force 
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for the increase in invasiveness of species (Dukes, 2011).  The MFSC study84 predicted the 
potential distribution of six representative highly problematic invasive alien plants (IAPs) to future 
climate change in Nepal to examine if their current potential elevation-range will shift with climate 
change. These six included some of the most problematic Invasive Alien Plants (IAPs): 
Chromolaena odorata, Lantana camara, Mikania micrantha, Ageratum houstonianum, Hyptis 
suaveolens and Parthenium hysterophorus) of Nepal (Table 42) which were selected for 
modelling their distribution. The first three species are present in the list of 100 of the World’s 
worst invasive species85 and the remaining three are emerging as highly problematic IAPs in 
Nepal due to their rapid expansion and negative impacts. 
 

Table 392: List of Common Invasive Species 

 
 
 

 
Presence of IAPs present several negative impacts on the livelihoods and ecosystems, such as 
reduction in agriculture production and forage supply, livestock poisoning, and adverse effects 
on forest regeneration.86  Figure 30 depicts the expected expansion of six invasive species due 
to climate variation exacerbated by climate change which affects the soil conditions and habitat 
suitability leading to expansion of growth of IAP’s and subsequent reduction of native species.  
 

 
 
84 Bhujel, Krishna Bahadur, Rejina Maskey-Byanju and Ambika P. Gautam. Wildfire Dynamics in Nepal from 2000-

2016. Nep J Environ Sci (2017), 5, 1-8 
85 Lowe, S., Browne, M., Boudjelas, S., De Poorter, M., 2000. In: 100 of the World's Worst Invasive Alien Species: A 

Selection from the Global Invasive Species Database (Vol. 12). The Invasive Species Specialist Group (ISSG) a 
specialist group of the species survival commission (SSC). Union (IUCN), pp. 

86 Shrestha, B.B., Joshi, S., Bisht, N., Yi, S., Kotru, R., Chaudhary, R.P., Wu, N., 2018b. Inventory and Impact 
Assessment of Invasive Alien Plant Species in Kailash Sacred Landscape, Working Paper 2018/3. International 
Centre for Integrated Mountain Development (ICIMOD), Kathmandu.  
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Table 40: Expected expansion of six invasive species due to climate variation 

 
 
 

 
Figure 23: Projecting Changes in the Habitat suitability of Representative Six Invasive Species87 
 

 
 
There is currently no holistic study to map the distribution of invasive species in Nepal in addition 
to lack of climate change policies reflected in the National Biodiversity Strategy and Action Plan, 
NAPA and other national level conservation to account for the threats posed by IAPs. 
 
2.7.9 Climate Change Impact on economic sectors and infrastructure 
 

 
 
87 Potential impact of climate change on the distribution of six invasive alien plants in Nepal, Shrestha et. al, 2018 
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2.7.9.1 General economic trendline for increasing impact of climate change 
MOSTE (2014) conducted a study on Economic Impact Assessment of Climate Change in Key 
Sectors88 in Nepal. It has summarized the major climate change economic impacts as follows: 

• The economy and the livelihoods are dependent on the climate, because a large 
proportion of GDP is associated with climate sensitive activities. 

• Current climate variability and extreme events lead to major impacts and economic costs. 
The key stressors include floods and also rainfall variability impacting agriculture (rain-fed 
agriculture, soil erosion, droughts) and low season river flows reducing hydro-electricity 
generation. 

• The annual direct costs of current climate variability, on average, are estimated to be 
equivalent to 1.5% to 2% of current GDP/year (approximately US$270 million to 360 
million/year in 2013 prices). In extreme flood years they can be much higher, rising to 5% 
or more. This is high in comparison to international level. These estimations exclude the 
wider indirect and macro-economic costs of current variability and extremes. Including 
these additional effects could increase the estimations by 25-100%. 

• A key conclusion is that Nepal is not adequately adapted to the current climate and 
projected climate changes. The country has a large existing adaptation deficit, which is a 
priority for early action. 

MOF (2017)89 in its "Climate Change Financing Framework" has shown that the average loss in 
value terms has already nearly doubled from USD 10.8M (NRs. 1.2 billion) per year between 
1983 and 2005, to USD 19.8M (NRs. 2.2 billion) between 2010 and 2016. Cumulatively, over 
USD 252M (NRs. 28 billion) in losses has been incurred between 1983 and 2005, with losses of 
USD 152M (NRs. 16.8 billion) in just 7 years between 2010 and 2016. The economic loss due to 
floods alone was estimated to be about USD 140M (15.5 billion NRs), whereas that due to 
landslides was over USD 9 M (NRs. 1 billion) in that period. Just in 2017, the total estimated loss 
in 35 flood affected districts was USD 556M (NRs. 61.7 billion (NPC, 2017)).90 Drought and forest 
fires have also increased in frequency and coverage in the recent years, causing serious damage 
to agriculture, infrastructure and the environment. The sectoral analysis was complemented with 
a series of local case studies that included new field surveys. These found recent changes in the 
climate are already leading to impacts on local communities and also indicated differentiated 
impacts to women for some key risks. 
 
2.7.9.2 Agriculture: 
A number of climate risk and factors that impact agriculture production including erratic rainfall 
and delayed monsoons have direct negative impact on the productivity of rainfed agriculture. 
Nepal has also experienced its 12 warmest years in the period from 1975 to 2007, unusual 
precipitation patterns, decreasing number of rainy days and intense rainfall events – causing 
more runoff and low groundwater recharge; and rainfall of Mid-June and Mid-July has shifted to 
Mid-August and Mid-September91.  These factors resulted in the following impacts to agriculture 
production: 

• There has been increase in pest damage to crops. Many outbreaks of fungal diseases 
such as late blight and ascochyta blight in potato have already been directly related to 
climate change92. This has led to decreased productivity and food security 

• Landslides and undercutting by rivers has destroyed productive agricultural land in the 
mountain and high hill districts including damaging the existing irrigation systems 

 
 
88 MOSTE, 2014. Economic Impact Assessment of Climate Change in Key Sectors in Nepal. Government of Nepal, 

Ministry of Science, Technology and Environment, Kathmandu. 
89 MOF, 2017. Climate Change Financing Framework: A roadmap to systematically strengthen climate change 

mainstreaming into planning and budgeting. Ministry of Finance, Government of Nepal, Kathmandu, Nepal 
90 NPC, 2017: Nepal Flood 2017, Post Flood Recovery Needs Assessment, National Planning Commission, 

Government of Nepal, Kathmandu. 
91 Malla, G. 2008. Climate Change and its Impact on Nepalese Agriculture. The Journal of Agriculture and Environment 

Vol:.9, Jun.2008 
92 Synnot, P. 2012.Climate Change, Agriculture, & Food Security in Nepal Developing Adaptation Strategies and 

Cultivating Resilience. Mercy Corps Nepal 
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• Flooding and increased sedimentation has reduced the productive capacity of agricultural 
land in downstream districts  

• Changes in altitudinal zones for agriculture (requiring changes in cropping and grazing 
patterns) have impacted cropping patterns as well as intensity. 

 
IDS-Nepal, PAC and GCAP (2014) assessed historical information on floods and landslides over 
the last 30 years and built up an analysis of the economic costs of these events, as shown in 
Figure 31. The study included the costs due to damage to buildings and infrastructure as well as 
the economic costs of the events in terms of people’s health and welfare. The economic cost was 
found to be as high as 1.5% of the current GDP/year on average (approximately USD 270 million 
in 2013 prices). In the extreme years, the cost was found reaching to even 5% of the GDP. There 
were several indirect effects of such events through business disruption, lost wages and the shift 
of resources to relief and reconstruction. As a broad indication, these issues would increase the 
costs reported above by 25–100%.93 
 
Figure 24: Economic costs (national) of water-induced disasters (flood and landslide) in Nepal 1983–201094 
 
 
 
 
 
 
 
 
 
 
 
 
Table 36 Includes infrastructure, property and health damages, based on data from the 
Department of Water-Induced Disaster Prevention, Nepal; 2013 prices.  
 
Most of the existing irrigation systems (CMIS) are fed by streams or riverlets. They draw water 
from the second or third order tributary rivers whose flows depend almost exclusively on monsoon 
rains. Their infrastructure is generally in a poor state. Leaking earthen canals, frequent damage 
by landslides, inappropriate structures, and increasing competition over the use of water in some 
locations are some of the common problems encountered. Nepal has a long history of also 
community farmer-centered management to planning, implementation, operation and 
management, with high emphasis on Water Users Groups (WUG) to ensure community led water 
governance. Under the power and functions of WUG, water governance rules and procedures 
are extensively and adequately laid out, including penalties for infringement of agreed rules, such 
as in the case of unauthorized water usage. 
 
The history of irrigation indicates that farmers initiated the development of earthen irrigation 
channels based on the terrain, climatic conditions and their social needs. Due to the increasing 
scarcity of water as result of increasing variability in the pattern of precipitation, the demand and 
need for irrigation facilities has become a high priority to enhance agriculture production for 
poverty reduction. 
 

 
 
93 IDS-Nepal, PAC and GCAP (2014). Economic Impact Assessment of Climate Change in Key Sectors in Nepal. IDS-

Nepal, Kathmandu, Nepal. 
 
94 IDS-Nepal, PAC, & GCAP. (2014). Economic Impact Assessment of Climate Change In Key Sectors in Nepal. IDS-

Nepal, Kathmandu, Nepal.  
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2.7.9.3 Infrastruture: 
Infrastructure such as transport, water supply and sanitation, hydropower, irrigation, industrial 
and residential housings, communication, and electric transmission lines are the basic 
requirements for socioeconomic development. In Nepal, more than 50% of the annual 
development budget is spent on infrastructure development and related maintenance. This 
infrastructure sector is impacted by floods, landslides, mass waste and debris flow, 
sedimentation, rise in groundwater levels, intense rain and windstorms. Water induced disasters 
such as flood and landslides have swept away roads, bridges, irrigation and hydroelectricity 
dams, electric transmission lines, communications and buildings. Climate change is expected to 
exacerbate these events in frequency and intensity: 
 
Examples include:   

• Climate change is expected to exacerbate existing pressures and challenges for urban 
development in general, and exacerbate climate risks more particularly in rural 
municipalities where infrastructure are of poor quality. 

• Infrastructure, such as roads, bridges, water and sewage infrastruture are damaged 
through extreme weather events. 

• With rural-urban migration occurring, urban density is increasing which puts further 
pressure on exisiting urban infrastructure. 

• Critical concerns for the urban development sector include inter alia: i) inadequate city 
drainage that cannot accommodate extreme rainfall events; ii) increased demand for 
water, leading to increasing pressure on water supply and infrastructure; iii) increased 
generation of solid waste and sewerage; and iv) increased pressure on road infrastructure 
from private transportation; v) increased health service costs, particularly in high- altitude 
settlements as in the cases of diseases, against which locals are often not immunized 
against, are increasing 

• Increase in energy demand and cost of cooling to reduce the impact of heat stroke and 
escalating 'urban heat island' effect.95 

 
Critical concerns for the urban development sector include: i) inadequate city drainage that 
cannot accommodate extreme rainfall events; ii) increased demand for water, leading to 
increasing pressure on water supply and infrastructure; iii) increased generation of solid waste 
and sewerage; and iv) increased pressure on road infrastructure from private transportation. 
 
2.7.10 Climate Change Impact on Ecosystems 
Identified in earlier sections there are a variety of ecosystems within the GRB: 

1. Forests: Community, Protected, Buffer Zone, Lease hold, Government Managed Forests 
2. Rangelands 
3. Wetlands 
4. Protected Areas 

 
A review of the impact of Climate Change on each ecosystem is provided. 
 
Forests: The most critical impacts stem from change in precipitation, floods, landslides and 
droughts. Climate change has exacerbated the conditions that cause landslides, forest 
degradation, expansion of invasion of alien species, decreasing forest biodiversity and the 
endangerment and potentially extinction of species. Due to the impacts of climate change, tropical 
wet forest and warm temperate rain forests are on the verge of disappearing, and cool temperate 

 
 
95 KC, Shambhu, 2018. Climate Proofing Urban Development in Nepal - Ministry of Urban Development, Nepal: A 

paper presented in Regional Dialogue on Climate Resilient Growth and Development, 20th – 22nd February 2018, 
Bangkok, Thailand 
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vegetations are likely to turn to warm temperate vegetation. In the sub-alpine and alpine regions, 
the vegetation system could be pushed up as much as 500 m in elevation.96 
 
Rangelands: The evaporation and runoff, changes in vegetation composition and diversity, 
changes in above-ground productivity, changes in decomposition rates, changes in carbon 
sequestration effects, increased risk of fire disasters, drying-up of wetlands/peatlands, drowning 
of pastures close to glacier lakes, and changes in wildlife habitats are the major impacts of climate 
change on rangeland ecosystems. Indirect impacts include decreased livestock productivity, 
deteriorating health of people and livestock e, impact on soil characteristics and nutrients of the 
rangelands, and invasion by alien species. Generally speaking, the drier the rangelands, the more 
sensitive they are to climate change and the faster they degrade towards desertification.97  
 
Wetlands: Encroachment, overgrazing, unsustainable tourism, infrastructure development, 
unsustainable harvesting of wetland resources, the spread of invasive species and sedimentation 
have also resulted in the rapid degradation of the health of wetlands.98 
 
However, these impacts have been exacerbated due to climate change affecting the wetlands 
including larger floods due to accelerated glacier melt and increased rainfall intensity, 
temperature and rainfall variation, etc. Climate change is altering hydrological regimes and 
increasing the vulnerability of the wetlands.  
  
Protected area: The protected areas represent and protect specific natural features, species, 
and communities. But, due to temperature, precipitation, fire, and carbon dioxide regimes 
change, species are moving, plant and animal communities are being reassembled, and iconic 
landscapes are changing or at the verge of disappearing. In the extreme cases when species 
move outside protected areas, and species cannot migrate to new regions due to fragmented or 
degraded landscapes, or suitable habitat becomes too scarce, populations of such species starts 
declining and such species may face extinction. Literature on climate change in Nepal show that 
the tree line is also shifting to higher altitudes in Nepal that can ultimately affect species 
distribution in the near future. Increased temperatures will lead to longer drought periods 
extending fire seasons by up to several weeks in many areas. Ultimately, the species composition 
will be also dominated by fire tolerant species. Incidence of fire in the protected areas has been 
an increasing trend in Nepal. Bhujel et al (2017) study has shown that wildfire incidence and burnt 
areas are increasing over the 17 years in Nepal. Protected areas help conserve ecosystems that 
provide habitat, shelter, food, raw materials, genetic materials, a barrier against disasters, a 
stable source of resources and many other ecosystem goods and services – and thus can have 
an important role in helping species, people and countries adapt to climate change.99 
 
 
 
 

 
 
96 MOPE. 2004. Nepal Initial National Communication to the Conference of the Parties of the United Nations 

Framework Convention on Climate Change July, 2004. Ministry of Population and Environment, Kathmandu, Nepal 
97 ICIMOD, 2009. Climate Change and the Hindu Kush-Himalayan Rangelands. ICOMOD, Kathmandu 
WWF, 2016. Preserving Wetlands of Nepal. WWF, Kathmandu 
98 Bhujel, Krishna Bahadur, Rejina Maskey-Byanju and Ambika P. Gautam. Wildfire Dynamics in Nepal from 2000-

2016. Nep J Environ Sci (2017), 5, 1-8 
99 Mansourian, S., A. Belokurov and P.J. Stephenson, 2008. Adaptation of Forests and Forest Management to 

Changing Climate with Emphasis on Forest Health: A Review of Science, Policies and Practices (Umeå, Sweden, 
August 2008): FAO http://www.fao.org/3/i0670e13.htm. 
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Table 41: Watersheds ranked by landslides and flood risk100 

 
 
2.7.11 Impact at household and community levels 
Climate change threatens the well-being and livelihoods of people in the GRB by negatively 
impacting agriculture, forestry, infrastructure, water availability and health.  Local farmers are 
experiencing a decrease in income as changes in rainfall patterns pose challenges to agriculture 
where dry periods reduce the production of crops such as rice. Infrastructure like roads and 
buildings, are also threatened and directly damaged by the effects of changing climatic 
conditions, including erosion, intense rainfall causing landslides and flooding. These damages 
can impede local value chains, for example, by hampering transport of goods to local markets. 
Such effects will have negative effects on the local economy and undermine the capacity of these 
communities to build their climate resilience. In addition to the economic impacts on livelihoods, 
climate change threatens the health and well-being of people. The effects of climate change on, 
for example, rainfall and evaporation rates are predicted to diminish water availability and will 
contribute to the spread of diseases such as cholera in the country. This will have severe 
repercussions on public health in GRB.  Key observable and projected impacts taken from NAPA 
include: 

• Because of drying of water sources and degrading forests, the workload of women is 
increasing in terms of collecting firewood and fetching drinking water. 

• Declining agricultural productivity has worsened food security due to Invasive Alien 
Species (IAP’s) affecting agricultural production and degradation of existing ecosystems. 

• Between 2000 and 2014 the economic loss due to floods and landslides in the GRB was 
about USD2.4 billion (ICIMOD, 2016). 

 
 
101 IIED, 2012. Climate Change Working Paper No 2, November 2012; Mainstreaming gender and climate change in 

Nepal.  
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• Of the 2,719 fatalities that resulted from floods and landslides in Nepal between 2000 and 
2014, 939 fatalities (35 per cent) were in the GRB. 

• Climate vulnerability in the GRB is correlated with gender, caste, ethnicity, regional 
identity, and geographic location and poverty. Women, because of gender based 
discrimination and ingrained patriarchal socio economic and political system and their 
lower socio-economic status in comparison to men, are more vulnerable to the impacts of 
climate change.101 Ethnic groups are primarily dependent on forests and water resources 
for their livelihoods. The indigenous communities dependent on forest and wetland 
biodiversity resources are becoming more vulnerable as these are climate sensitive 
sectors coupled with increased pressure stemming from climate change.102  The stake of 
the Dalit community in environment are high due to their dependence on natural resources 
for livelihoods. Dalits, who are highly dependent on earnings from agricultural labour and, 
livestock rearing dependent on forests and other common lands, have fewer resources 
and options to combat the damages to the resource base because of climate change. The 
internalization of discrimination and exclusion continue to deprive them of their social, 
economic and political rights and opportunities. Dalits, because of their locational, social 
and economic vulnerabilities, poverty and caste-based discrimination and their settlement 
location usually near the landslide prone river banks, are more vulnerable to impacts of 
climate change and natural disasters. 103 

• Decreased precipitation and snowfall in the trans-Himalayan region has resulted in a 
decline in the production of pastures, which has a substantial negative socio-economic 
effect on the communities that practice transhumance grazing. As a result, transhumance 
herders are migrating to urban centres and abandoning pastureland, consequently 
invasive plant species are expanding their range and density, and herders suffer from a 
reduction and/or removal of their livelihoods104 

• Local water shortages result from changes in the flow of surface and ground water 
because of climate change, meaning livestock and crop farmers who depend on it will see 
productivity and resultant income reduced. 

• Migration from hill and mountain districts leads to labor shortages and land abandonment. 
High outmigration of young men has led to the agricultural system being increasingly 
dependent on women and the feminization of the agricultural system. 

 
2.7.11.1 Livelihoods, employment and markets 
The major sources of livelihoods for people in the GRB are remittances, agriculture, livestock, 
forests, off-farm business, and wage labour.  
 
Remittances contribute almost half (46 per cent) of average household income in the GRB (WWF, 
Chitwan-Annapurna Landscape: A Rapid Assessment, 2013) as compared to the national 
average contribution to GDP of 29.6 per cent  (MOF, 2017).  Remittances have become the most 
powerful economic force transforming rural life and livelihoods in the GRB.  
 
Salaries and pensions contribute an average of 20 per cent of household income, labour 
contributes 7 per cent, tourism 5 per cent and other sources 3 per cent (WWF, 2013). Even 
though agriculture employs more labour, it is third in terms of contribution to GDP in GRB. 

 
 
101 IIED, 2012. Climate Change Working Paper No 2, November 2012; Mainstreaming gender and climate change in 

Nepal.  
102 Charmakar, Shambhu, 2010. Report on Exploring Existing Local Adaptation Practices and Potential Strategic 

Options to Address Climate Change Impact on Biodiversity and its Dependents of Nepal. National Adaptation 
Programme of Action/Ministry of Environment, Government of Nepal. 

103 NCDHR and SPWD, 2013. Impact of Climate Change on Life and Livelihood of Dalits: An exploratory study from 
disaster risk reduction lens. National Dalit Watch of National Campaign on Dalit Human Rights, and Society for 
Promotion of Wasteland Development, New Delhi, India 

104 Popular Gentle and Rik Thwaites, 2016. Transhumant Pastoralism in the Context of Socioeconomic and Climate 
Change in the Mountains of Nepal," Mountain Research and Development 36(2).  

https://bioone.org/search?author=Popular_Gentle
https://bioone.org/search?author=Rik_Thwaites
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Agriculture contributes an average of 19 per cent of household income in monetary value in the 
GRB, compared to 30 per cent of GDP nationally (MoF, 2017).  
 
As the GRB covers a large altitudinal range, a wide variety of agricultural crops (cereal crops, 
tropical and temperate fruits and vegetables, sugarcane, coffee, and ginger) can be produced in 
various parts of the basin.  Cereal crops are grown primarily for local markets. Apples grown in 
Mustang and Manang districts are exported to India and Bangladesh and mandarin oranges 
grown in Gorkha, Lamjung and Palpa districts are exported to India. 
 
In terms of livestock, buffalo, cattle, goats, sheep, pigs, poultry, fish and honeybees are raised in 
the basin. Livestock products are primarily for local markets, and often for the tourist market.  
 
Although the GRB overall is notnet food deficit, three mountain districts within the GRB, Rasuwa, 
Manang and Mustang, are food deficit districts (MOAD, 2016).  
 
As agricultural productivity is low (3.1 mt/ha per annum of paddy; 2.3 mt/ha per annum of wheat 
(MOAD, 2016)) and the average landholding is small (more than 50 per cent of households hold 
less than 0.5 ha (MoAD, 2015)), income from farming is often not enough to sustain the family. 
As a result, people are leaving farming and going abroad for employment. As the trend of out-
migration is high in the GRB, an increasing amount of agricultural land is being left unused and 
underutilized. The scale of land abandonment is higher in the high hills (44 per cent) compared 
to the mid hills (23 per cent) and the Terai (33 per cent) (Dahal, Pandit, & Shah, 2017). It is 
possible that total agricultural production will decline, resulting in increased food insecurity and 
price rises for agricultural products. Women play a major role, and increasingly important role in 
agriculture and the management and care of farm animals. It is estimated that they contribute 70 
per cent of the labor in livestock rearing. Their role is particularly important in day-to-day decisions 
on animal grazing, collection of water, fodder and forest leaf-litter collection, watering and feeding 
the livestock, application of compost, and home-based processing of livestock products (ADB, 
2010). 
 
Poudel et al 2009 notes that women are mainly responsible for fodder and forage collection, 
cleaning gutters and sheds, and feeding animals. Whereas they found that milking animals and 
selling of milk to provide for quick cash income was men’s domain. Likewise, women contribute 
55 to 88 percent labour in production of cash crops, but their participation in marketing is less 
than 20 percent ( (WFFD, 2000); (CECI, 2008); (Thapa R. , 2012). The field work for the feasibility 
study revealed that 80 per cent of women in the communities visited are involved in agriculture 
and livestock sectors.  
 
Tourism activities in the GRB include trekking, mountaineering, white water rafting, mountain 
biking, game-viewing and bird watching, with opportunities for tourism circuits with a wide range 
of activities for international, regional and domestic tourists.  Homestays are also becoming 
popular.   The proportion of economically active women in Nepal is quite high compared to other 
South Asian countries. According to the National Labor Force Survey, 80.1 per cent of women 
are economically active compared to 87.5 per cent of men (CBS, 2008). This is in part due to the 
predominance of women in subsistence agriculture, where women are highly active following 
high levels of male outmigration. Of those employed, 89 per cent of women are engaged in 
agriculture compared to 70 per cent of men. However, the wages of women lag well behind those 
of men. In non-agricultural wage employment, women are concentrated in low-paying and less-
productive jobs of low capital intensity.  
 
Female migration is increasing, with official figures reaching 11,007 in 2008 (of a total of 266,666 
migrants in that year), although this probably understates the volume given the numbers 
migrating without official permission (ADB, 2010). It has been estimated that 11 per cent of total 
remittances are from women migrants. Increased female participation in the agricultural sector is 
emerging as an outcome of high male outmigration, the role of women is increasingly critical for 
food security. However, despite substantive engagement of women in the sector, they are often 
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not treated as farmers and they do not have the same access to land, water, seeds, training and 
financial credit as men. Of the total agricultural technicians, women comprise only 10.9 percent 
(MoAD, 2017) which limits access to training/agricultural knowledge and innovation.  Only 10 per 
cent of the total farms of Nepal are owned or jointly owned by women (MoAD, 2014). This has 
restricted access to credit as well and this situation is likely to be similar in the GRB.  
 
Table 42: Climate Change Vulnerability for Women/Children in GRB 

Vulnerability Impact on Women/Children 
Economic Activities High participation in agriculture sector by women and its inherent exposure 

to climate change impact. 
Women also have limited access to government schemes and 
programmes that support the rural economy such as agricultural 
insurance. 

Climate Change Impacts Women and children are typically more impacted (food and water 
shortages) or displace after a severe climate events. 
Following disasters or during resource conflicts, women often face 
increased violence. 
Women are usually responsible for nursing and feeding children and are 
affected most during food shortages for example caused by extreme 
weather events. 

 
Furthermore, the economic and market systems tend to produce significant negative effects on 
women and marginalized groups. Most of the economic decisions in rural areas are made by 
men. They often do not consider the future consequences of such decisions on women or the 
poor. Although agriculture is the most significant economic sector in Nepal, market linkages are 
weak, the sector often has high transaction costs and low value addition (UNNATI, 2013). 
 
The GRB is relatively more developed than other river basins in Nepal. It also has several 
traditional trade routes and has benefited historically from trade between China and India. Today, 
the traditional trading businesses are being replaced by activities such as tourism. The GRB is 
an internationally recognized tourism destination with a variety of national parks and trekking 
routes. 
 
In recent years, several market centres have emerged in the GRB, including Narayanghat and 
centres in the Terai. The expansion of the road network has facilitated links to markets, but at the 
same time many of the roads are not well built and are poorly maintained, often leading to 
landslides, increased soil erosion and damage to crops and infrastructure. 
Women belonging to different castes and indigenous ethnic groups have different status in the 
society and suffer different modes of oppression. The indigenous women groups enjoy more 
access and control of resources. Likewise, their power is also different in various sectors as 
presented in the following Table. 
 
Table 43: Social inclusion in NRM in the Gandaki River Basin 

Social 
groups 

Role in 
politics and 
influence 

NRM use 
and access 

NRM management NRM conflict 
resolution 

Brahmin 
elite 

High High in hills 
and 
mountains 

Majority of the participation in top 
management body 
Key decision makers of plans and policies 
Key leadership position 
Control resources 
Key role in benefit sharing 

High 
involvement 

Chhetri 
elite 

High to 
medium 

High in all 
sectors 

Key decision makers  
Key leaders 

Medium 
involvement 
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Brahmin 
poor 

Low High Low in management and decision making 
Not participatory in management bodies 
No roles in benefit sharing 

Low but more 
in conflict due  

Chhetri 
poor 

Low High Low participation in decision making and 
leadership 
No role in benefit sharing 

Low 
participation 

Tamang Medium High in use 
and 
medium in 
access 

High in mountain areas but low in Terai 
areas 
Medium access to benefit sharing 

Low 
participation 

Magar Low High in use 
and low in 
access 

Low participation in decision making and 
leadership 
Low in benefit sharing 

Low 
participation 

 
 Climate Change Adaptation through Ecosystem Approach 

Section 1 provided context for the current and projected impact of climate change on vulnerable 
ecosystems and the livelihoods of communities within the Gandaki River Basin. The river basin 
varies in geography resulting in a variety of ecosystems and weather. The communities are 
threatened by a range of climate and non-climate factors. These threats include: 

• pollution 
• population and urbanization development 
• flooding – more rainfall during monsoon and higher intensity rainfall 
• Drought – less rainfall during winter periods. 
• Landslides – results from more intense rainfall. 
• More extreme events – more intense storms and intensity of rainfall. 

 
There are several investments being made by both governmental and nongovernmental agencies 
that are addressing these threats. However, it is also clear that climate change will compound 
the threats of many of the non-climate factors in the basin and further impact negatively on the: 
i) economy; ii) ecosystems and; iii) lives and livelihoods.  
The communities living with the GRB rely on functional ecosystems to:  

i) protect the riverine systems from landslides that have a compounding affect 
ii) protect water supply quantity and quality;  
iii) provide critical habitats for forest species and rangelands species (for livestock);  
iv) provide food and livelihood security to the GRB communities.  

 
Moreover, these ecosystems play a critical role in increasing the resilience of local communities 
to the impacts of climate change. For example, well conserved and managed forests, grasslands 
and wetland ecosystems have been shown to reduce impacts from landslides and flooding from 
storms, while protecting and supporting communities’ livelihoods and their property from the 
impacts of climate change-induced disasters. 
Through community-based conservation and restoration, the sustainability and viability of the 
GRB livelihoods can be enhanced and existing development investments can be safeguarded, 
despite the impacts of climate change. Ecosystem restoration will provide an effective option for 
reducing the vulnerability of GRB communities to climate change. Furthermore, utilizing an 
ecosystem-centred and community-based approach would be more cost-effective and accessible 
to poor rural communities throughout the GRB in comparison with other climate adaptation 
mechanisms. Detailed recommendations for specific ecosystem-centred and community-based 
inventions are described in Section 6. 
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Keith and Jeremy 2011105 mentioned that in hilly and mountainous areas in Asia, hillslopes with 
healthy and intact forests receive protection from landslides and forests, and in particular trees 
and shrubs, have a direct impact on the stability of hillslopes. The landslide protection service 
provided by forest is mechanical in terms of supporting the hydrological aspects as well as the 
characteristics of hill slope soils. Guthrie et al 2010106 found that debris flows deposited much of 
their load when hitting a forest boundary and stopped entirely within 50 meters of that boundary 
in 72 percent of the 1,700 cases examined in coastal British Columbia. 
 
A while ago a study conducted in Nepal showed the evidence that besides logging, other activities 
such as grazing and agriculture, lead to increased landslide incidence. Between 1972 and 1986 
in Lele catchment in the Middle Hills of Nepal, 650 shallow landslides were recorded where the 
areas were cleared for grazing, agriculture and firewood. Most of these took place on steep (>33°) 
deforested slopes during an intense rain storm, whereas only a few landslides occurred in the 
thickly vegetated headwater area (Manandhar 1989)107. 
 
A number of complementary actions can be deployed to manage landslide risk at two geographic 
scales i.e individual slopes within a sub-catchment, and upland landscapes ranging in size from 
sub-catchments to entire river basins. At the landscape level, forest-related options include 
retention, rehabilitation or restoration of forest. Retention of intact natural and plantation forests 
in upland areas is the first and best means of protecting uplands from landslides. Prevention of 
landslides will require management of vegetation at the landscape level. Due to the scale of 
hydrologic and geomorphic processes, off-site impacts, and other related objectives of water 
management, the river sub-basin is the appropriate unit of management (Keith and Jeremy 2011). 
EbA approach improved ecosystem service maintenance/provision through slope management 
which reduced landslide risks at some sites, and in Chile, healthy forest ecosystems were shown 
to protect infrastructure and communities from avalanche and landslide hazards (Monty et al. 
2017)108. The EbA approach also reduced the risk of disaster events, including: landslides (Potato 
Park); flooding and erosion; crop failure (Potato Park) and also provide economic benefits i.e. 
decreased losses from disaster events i.e. Reduced risks to downstream areas from protecting 
upstream areas, reduced flood damage alongside rivers, reduced landslide impacts and reduced 
economic impacts of crop losses due to diversification on farms (Reid et al. 2019)109. Maintaining 
and restoring ecosystems through agroforestry, forest resource conservation, and fodder species 
and broom grass plantations – known locally as Amriso (Thysanolaena maxima) – particularly 
alongside roads to reduce landslides (Reid and Adhikari, 2018)110. Conservation and restoration 
of forests and other natural vegetation to stabilize slopes, prevent landslides and regulate water 
flow, preventing flash flooding (Pramova et al. 2012; Renaud et al. 2016)111, and Broom grass 
cultivation and cultivation of sichuan pepper helped control invasive species, soil erosion and 

 
 
105 Keith Forbes and Jeremy Broadhead 2011. Forest and Landslides: The role of trees and forests in the prevention 
of landslide affected areas in Asia. FAO, Thailand  
106 Guthrie, A. Hockin, L. Colquhoun, T. Nagy, S.G. Evans, C. Ayles 2010 An examination of controls on debris flow 
mobility: Evidence from coastal British Columbia Geomorphology, Volume 114, Issue 4, 1 February 2010, Pages 601-
613 R.H. 
107 Manandhar, I.R. and N.R. Khanal cited in  Bruijnzeel, L. A. and C. N. Bremmer (1989). Highland - lowland 
interactions in the ganges Brahmaputra river basin: a review of published literature   Kathmandu (Nepal), International 
Centre for Integrated Mountain Development (ICIMOD) 
108 Monty, F, Murti, R, Miththapala, S and Buyck, C (eds.) (2017) Ecosystems protecting infrastructure and 
communities: lessons learned and guidelines for implementation. IUCN, Gland. 
109 Reid H, Hou Jones X, Porras I, Hicks C, Wicander S, Seddon N, Kapos V, Rizvi A R, Roe D (2019) Is ecosystem-
based adaptation effective? Perceptions and lessons learned from 13 project sites. IIED Research Report. IIED, 
London. 
110 Reid, H and Adhikari, A (2018) Ecosystem-based approaches to adaptation: strengthening the evidence and informing policy. 
Research results from the Mountain EbA Project, Nepal. Project report. IIED, London. 
111 Pramova, E, Locatelli, B, Djoudi, H and Somorin, O (2012) Forests and trees for social adaptation to climate variability and 
change. WIREs Climate Change 3: 581–596. 
Renaud, F, Sudmeier-Rieux, K, Estrella, M and Nehren, U (eds) (2016) Ecosystem-Based Disaster Risk Reduction and Adaptation 
in Practice. Springer International Publishing, Switzerland. 
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also overgrazing. Broom grass plantations on the sides of roads, barren/eroded areas, sloping 
land and farmland stabilised slopes and reduced erosion, thus preventing climate change-
induced hazards such as landslides, soil erosion and flash flood (Kandel 2015 and UNDP 
2015)112. 
 
Lessons learned from the past eco-systems based efforts are summarized and presented in 
Section 4 
 
3. Policy 
 

 National Climate Policies and Strategies 
Nepal has made progress with climate change issues including: assigned a separate ministry 
responsible for environment and climate change affairs; established high authority Council for 
Climate Change under the Prime Minister's leadership; formulated the climate change policy; 
implemented the National Adaptation Programme of Action (NAPA) and Local Adaptation Plans 
for Action (LAPA); developed a Climate Resilience Planning Framework; formulated a Strategic 
Programme on Climate Resilience (SPCR) including implementing pilot programmes; initiated a 
Pilot Programme on Climate Resilience (PPCR) in the agriculture sector; and developed and 
operationalised the Clean Development Mechanism.  
A list of major legislation, policies, strategies and plans relevant to climate change and natural 
resource management is summarized below. 
 
Table 44: List of Legislation, policies and plans relevant to climate adaptation in Nepal 

The Constitution, relevant Acts and Regulations 
• The Constitution of Nepal 2015  
• Local Self-Governance Act (1999)  
• Local Self-Governance Regulations (1999) 
• National Park and Wildlife Conservation Act 1973 
• National Park and Wildlife Conservation Regulation 1973 
• Soil and Water Conservation Act 1982 
• Soil and Water Conservation Regulation 1985 
• Forest Act 1993 
• Forest Regulation 1995 
• Environment Protection Act 1997  
• Environment Protection Regulation 1998 
• Disaster Risk Reduction and Management Act 2017 

Policies 
• National Agriculture Policy, 2004   
• Climate Change Policy 2011 
• National Wetland Policy 2012 
• Rangeland Policy 2012 
• National Land Use Policy 2013 
• Forest Policy 2015 

Strategies and Plans 
• Water Resource Strategy, 2002 National Water Plan 2005 
• Forest Fire Management Strategy, 2010 
• National Adaptation Programme of Action, NAPA 2010 

 
 
112 Kanel, K. R. (2015) Cost-Benefit of EbA Interventions: Case Studies from Panchase Project Area. Cost Benefit 
Analysis Report. Government of Nepal, United Nations Development Programme, Kathmandu. 
UNDP (2015) Making the Case for Ecosystem-Based Adaptation: The Global Mountain EbA Programme in Nepal, 
Peru and Uganda. United Nations Development Programme, New York. 
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• National Framework for Local Adaptation Plans for Action, LAPA 2011 
• National Development Vision 2030, 2011 
• National Biodiversity Strategy Action Plan (2014-20) 
• National Low Carbon Economic Development Strategy 2014 
• Nature Conservation National Strategy Framework for Sustainable Development 2014-30 
• National Adaptation Plan formulation process NAP, 2015 
• Forestry Sector Strategy 2015 
• Agricultural Development Strategy, ADS 2015 
• REDD+ Strategy 2015 
• Environmental Friendly Local Governance Framework, 2015 
• Terai Arc Landscape (TAL) Strategy and Action Plan (2015-24) 
• Fourteenth National Periodic Plan (2016-18) 
• Chitwan-Annapurna Landscape (CHAL) Nepal Strategy and Action Plan (2016-25) 
• Chure-Terai Madesh Conservation and Management Master Plan 2017 

 
Key topics covered by specific legislation, policy, strategy and plan that are relevant for the project 
are described below. 
 
The Constitution of Nepal - Schedule 5 to 9 of the Constitution of Nepal (2015) describes 
Federal, Province, and Local Government rights as well as concurrent authority:  

• Schedule-5 (Relating to clause (1) of Article 57, and Article 109) - List of Federal Powers 
o National and international environment management, national parks, wildlife 

reserves and wetlands, national forest policies, carbon services 
• Schedule-6 (Relating to clause (2) of Article 57, clause (4) of Article 162, Article 197, 

clause (3) of Article 231, clause (7) of Article 232, clause (4) of Article 274 and clause (4) 
of Article 296) -List of State Powers 

o Use of forests and waters and management of environment within the State 
• Schedule-7 (Relating to clause (3) of Articles 57, Article 109, clause (4) of Article 162, and 

Article 197) List of Concurrent Powers of Federation and States- 
o State boundary river, waterways, environment protection, biological diversity 
o Utilization of forests, mountains, forest conservation areas and waters stretching 

in inter-State form 
• Schedule-8 (Relating to clause (4) of Article 57, clause (2) of Article 214, clause (2) of 

Article 221 and clause (1) of Article 226) List of Local Level Powers 
o Local market management, environment protection and biodiversity 
o Protection of watersheds, wildlife, mines and minerals 
o Disaster management 

• Schedule-9 (Relating to clause (5) of Article 57, Article 109, clause (4) of Article 162, 
Article 197, clause (2) of Article 214, clause (2) of Article 221, and clause (1) of Article 
226) List of Concurrent Powers of Federation, State and Local Levels 

o Forests, wildlife, birds, water uses, environment, ecology and biodiversity 
o Disaster management 

 
How these direct and concurrent powers are to be implemented in the new federal structure is 
yet to be fully determined, but it can reasonably be assumed that the local level and provincial 
(state) levels will have considerable responsibility for natural resources and any climate 
adaptation approaches that involve natural resources. 
 
The Constitution is also a significant milestone for gender equity and social inclusion (GESI). It 
enshrines equal rights for women, the poor, the vulnerable and people from different social 
groups. Provisions in the Constitution include affirmative action to address historical 
disadvantage and a ban on sex or caste/ethnicity-based discrimination.  
 
The article on Rights of Women establishes the right to equal lineage; right to safe motherhood 
and reproductive health; right to participate in all bodies of the State; right to property and family 
affairs; and positive discrimination in education, health, employment and social security. It also 
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makes any act of violence against women punishable by law. The Right to Equality includes 
special provisions for the protection, empowerment or development of citizens. The Right to 
Social Justice establishes the right of the people to participate in state bodies based on the 
principles of inclusion and proportional representation. Social inclusion and gender equity 
elements of the Constitution are important directives for climate adaptation projects. The Eleventh 
Amendment of the Civil Code (2002) and the Gender Equality Bill (2006) have accorded women 
equal inheritance and property rights, providing the basis for women to access loans and credit 
for agricultural production if the land is registered in their name.  
 
The Constitution has enshrined the right to food as a fundamental right for citizens. Article 36 (1) 
of the Constitution ensures the right to food for every citizen. Article 36 (2) ensures that every 
citizen has the right to be protected against food scarcity that may cause a threat to life. Article 
36 (3) ensures that every citizen has the right to food sovereignty as provided by law, and Article 
42 – the right to social justice - includes the provision on food. The constitutional recognition of 
the right to food is an important tool for addressing food insecurity in the 30 districts situated in 
the middle hill and mountain areas of Nepal. The earthquake affected districts of Gorkha, 
Dhading, Rasuwa and Nuwakot that lie within the GRB remain highly food insecure districts. 
Accordingly, addressing food security is a key element of climate adaptation. 
 
The constitution’s strong focus on social inclusion, gender and ending of all forms of 
discrimination and oppression provides important guidance for climate adaptation given the 
burden of climate change falls disproportionally on women, ethnic groups, the poor and 
marginalized people. 
 
The 13th and 14th National Development Plans - In the thirteenth plan climate change was 
considered as one of the challenges to overcome in reaching national goals. Important priorities 
in the plan were the conservation of natural resources and the environment, and agriculture. The 
plan included mandatory implementation of climate change adaptive development initiatives, 
whilst keeping current and future negative impact of climate change in mind.  
 
The Fourteenth Plan noted the challenge of transforming subsistence agriculture into competitive 
and commercial agriculture and need for climate change adaptation to reduce energy crises and 
possible disasters. The plan recognizes that large numbers of small and medium farmers 
engaged in agriculture present a challenge to building adaptive capacity to climate change. The 
plan aims to develop and disseminate climate smart agriculture technology for reducing negative 
effects of climate change. 
 
Climate Change Policy, 2011 - The climate change policy lists existing problems and challenges 
that Nepal faces, links the national climate change context with the international climate regime, 
and creates space for future work on climate change issues. The policy recognizes the National 
Adaptation Programme of Action (NAPA) and Local Adaptation Plans for Action (LAPA) need to 
channel climate funds to the grassroots level.  
 
The policy includes a national strategy for carbon trading, and a low carbon economic 
development strategy. Additionally, it focuses on technology development and transfer along with 
recognition of the value of local knowledge, skills and technologies in adaptation and mitigation 
measures, especially towards reducing climate induced disasters and risks.  
 
The policy provides opportunities for carrying out climate change activities, focusing on 
livelihoods, and climate change awareness and capacity building of local bodies, including: 

• Climate adaptation and disaster risk reduction  
• Low carbon development and climate resilience  
• Access to financial resources and utilisation  
• Capacity building, peoples’ participation and empowerment  
• Study and research  
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• Technology development, transfer and utilisation  
• Climate-friendly natural resources management  

The policy acknowledges that the impact of climate change is greater on the poor, marginalised 
and rural women. The policy provides for women’s participation in the implementation of climate 
adaptation programs. Whilst, section 8.4.2 of the Policy calls for ‘ensuring the participation of 
poor people, Dalits, marginalized indigenous communities, women, children and youth in the 
implementation of climate adaptation and climate change related programs’.  
 
The policy identifies the need for capacity building of local bodies and the implementation of local 
level activities. It recommends drought resistant crops and livestock, sustainable forest 
management, agroforestry, rangeland development and management, and soil conservation 
activities. 
 
Despite being the umbrella policy of climate change, the Climate Change Policy does not provide 
clarity regarding the institutional arrangements for the implementation of climate funds. While the 
policy recognizes sustainable forestry, it lacks clarity on the role of forestry in climate change. As 
of Feb 2018, the Ministry of Environment was the main entity responsible for the implementation 
of the Climate Change Policy, but in the absence of decentralized staff, the implementation of the 
policy on the ground remains weak. Additionally, there is a lack of effective supporting laws for 
the implementation of the climate change policy to facilitate implementation of this policy. In the 
new federal structure, the Ministry of Environment has been merged with the Ministry of Forests 
and the departmental structures and operational modalities are expected to be defined soon.  
The project focuses on strengthening the resilience of ecosystems and communities which is 
consistent with the Climate Change Policy goal of improving livelihoods by mitigating and 
adapting to the adverse impacts of climate change. 
 
National Adaptation Programme of Action (NAPA) - The NAPA is the most widely used 
document for guiding climate action in Nepal. It recognizes the need for having Local Adaptation 
Plans for Action (LAPA) and requires 80 per cent of all climate funds to be spent at the grassroots 
level.   
The NAPA identifies over 250 adaptation activities that were suggested by thematic groups. 
These are grouped and prioritized into nine integrated activity packages (see below) with a total 
cost of implementation estimated at USD 350 million: 

• Promoting community-based adaptation through integrated management of agriculture, 
water, forest and biodiversity sectors 

• Building and enhancing adaptive capacity of vulnerable communities through improved 
systems and access to services related to agricultural development 

• Community-based disaster management for facilitating climate adaptation  
• Glacial Lake Outburst Flood (GLOF) monitoring and disaster risk reduction 
• Forest and ecosystem management for supporting climate-led adaptation innovations 
• Adapting to climate challenges in public health 
• Ecosystem management for climate adaptation 
• Empowering vulnerable communities through sustainable management of water 

resources and clean energy supply 
• Promoting climate smart urban settlement 

 
Despite such a comprehensive list, the key adaptation needs do not clearly recognize 
communities as the main actors who will need to implement the programs. There is a substantial 
opportunity to assist the government (at all three levels) to develop more effective and 
accountable climate fund disbursement mechanisms, achievable community level plans, and 
genuine devolution processes. 
 
National Adaptation Plan (NAP) 2015 - The NAP process was established under the Cancun 
Adaptation Framework. It enables Parties to formulate and implement national adaptation plans 
as a means of identifying medium- and long-term adaptation needs and developing and 



Improving Climate Resilience of Vulnerable Communities and Ecosystems in the Gandaki River Basin, Nepal 

 

Annex 2a: Feasibility study               84 

implementing strategies and programmes to address those needs. It is a continuous, progressive 
and iterative process, which follows a country-driven, gender-sensitive, participatory and fully 
transparent approach. Nepal has identified seven thematic and two cross cutting areas for the 
NAP process. The NAP is being formulated through multi-stakeholder working groups 
coordinated by nine ministries and supported by the UNFCCC (Uprety, 2017). Nepal's NAP 
priority is adaptation to protect climate vulnerable communities from accelerated climate change 
impacts.  
 
The project will support NAP objectives to address medium and long-term adaptation needs, and 
to reduce climate vulnerability.  
 
Intended Nationally Determined Contributions (INDC) - In December 2015, the 
UNFCCC Conference of Parties (COP 21) in Paris agreed to a historic international climate 
agreement. Prior to reaching the Agreement, developed and developing countries submitted their 
national post-2020 climate action commitments, known as Intended Nationally Determined 
Contributions (INDCs). Nepal's INDCs directly related to the project are (GoN, 2016):  

• The NAP process that will identify Nepal's adaptation needs. 
• Strengthening implementation of Environment-Friendly Local Governance (EFLG) 

Framework in Village Development Committees and municipalities to complement climate 
change adaptation, promoting renewable energy technologies, and water conservation 
and greenery development. 

• Study and understand further loss and damage associated with climate change impacts 
with the support from scientific and academic communities. 

• Formulate a Low Carbon Economic Development Strategy that will envision future plans 
to promote economic development through low carbon emissions with particular focus on: 
(i) energy; (ii) agriculture and livestock; (iii) forests; (iv) industry; (v) human settlements 
and wastes; (vi) transport; and vii) commercial sectors. 

• Maintain 40 per cent of the total area of the country under forest cover. Forest productivity 
and products will be increased through sustainable management of forests. Emphasis will 
equally be given to enhance carbon sequestration and forest carbon storage and improve 
forest governance. 

The project will assist with the delivery of the NAP and the INDCs by helping to: 
• Improve the agricultural sector through the adoption of climate-resilient technologies and 

reducing climate change impacts 
• Capacity building at institutional level to plan and implement adaptation  
• Better understand loss and damage associated with climate change impacts, and develop 

and implement measures to reduce climate vulnerabilities; 
 

REDD+ Strategy - Nepal’s REDD+ strategic goals include reversing deforestation and forest 
degradation, conservation of existing forest and enhancing forest carbon stocks, while 
addressing livelihoods concerns at the same time. Drivers of deforestation and forest degradation 
in Nepal are diverse, complex and differ across the various physiographic regions. The REDD+ 
strategy has identified five priority proximate drivers (illegal logging, fuelwood consumption, 
encroachment and road construction) and eleven priority underlying causes (increased demand 
for forestland and products, high dependency on forest, lack of deliberative and inclusive forest 
policy process, poor transparency and corruption, weak law enforcement, weak land tenure, 
prolonged political transition and instability, social differentiation and inequality, population 
growth, migration, pressure on resources and related conflicts, limited access to improved 
technology). The following actions are mentioned in the REDD+ strategy:  

• Enhancing carbon stocks, increasing the supply of forest products and reducing carbon 
emission from the existing forest and shrub land area  

• Increase non-carbon benefits by promoting climate resilience, ecological integrity, 
ecosystem-based adaptation and integrated watershed management.  

• Promoting private and public land forestry  
• Promoting optimal land use through improved land use planning and implementation  
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• Clarify forest tenure, ensure carbon rights and fair and equitable benefit sharing among 
various right holders  

• Promoting enterprise, livelihoods and employment opportunities to forest dependent poor, 
women, Indigenous Peoples and Dalits  

• Increasing agricultural productivity of forest dependent subsistence and near landless 
farmers  

• Increasing access to affordable and gender-friendly technologies of alternative wood and 
energy to poor and marginalized people 

• Improving collaboration, cooperation and synergy among various stakeholders, sectors, 
sectoral policies.  

• Strengthening capacity, institutional performance and service delivery  
• Promoting forest and climate-friendly infrastructure planning, construction and 

maintenance  
• Establishing and maintaining a well-equipped national forest information monitoring 

system  
The MOFE has established a three-tiered institutional mechanism for REDD including:  

1. REDD+ multi-sectoral and multi-stakeholder coordinating and monitoring committee;  
2. REDD+ Working Group at the operational level;  
3. REDD+ Implementation Center. A variety of other institutional arrangements are foreseen 

by the government to support implementation of the REDD+ strategy.  
 
Whilst a multi-stakeholder approach to benefit sharing has been stressed by the REDD+ strategy, 
REDD+ implementation appears to involve considerable recentralization, and for revenue from 
collaborative forest management programmes to be passed back to the central government. How 
such approaches will fit with recent broader decentralization efforts of the government is yet to 
be seen. 
 
As described above, whilst there are numerous law and policy arrangements related to climate 
change in Nepal, in many instances weak law enforcement has created difficulties for the effective 
implementation of climate change adaptation. Governance measures are mostly limited to 
particular sectors, despite climate-related challenges emanating from multiple sectors. 
Inadequate transparency and accountability at political, bureaucratic and community levels have 
aggravated such problems. 
   

 Other policies and strategies relevant to climate adaptation 
Forestry sector strategies 
The MOFE is the lead agency in conservation and management of natural resources especially 
protected areas, forests, and watersheds. The Master Plan for the Forestry Sector 1988 is the 
driving plan and strategy in the ministry that has paved the way to enhance community forestry, 
soil and watershed conservation on watershed bases, and protection of nationally important 
watersheds and protected areas.  
 
Building on over twenty years of experience in the forestry sector, the ministry developed a 
Forestry Sector Strategy (FSS) (2016-2025) in 2016 (GoN/MoFSC, 2017). The FSS envisions 
eight strategic pillars and identifies seven key thematic areas to achieve the vision of the forestry 
sector. The strategy aims to deliver five major outcomes ranging from sustainable production and 
supply of forest products; improvement of biodiversity; watersheds and ecosystem services; 
increased contribution to national economic development; and inclusive and accountable forestry 
sector institutions and organizations to develop a climate-resilient society and forest ecosystems.  
 
To achieve the outcome - biodiversity, watersheds and ecosystem services improved - the FSS 
includes the following strategies:  

• Promote landscape approaches and conservation corridors to manage, restore, conserve 
and improve habitats, strengthening biodiversity at ecosystems, species and genetic 
level;  
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• Promote scientific, socio-economic, recreational and cultural values of biodiversity;  
• Adopt people-centric approaches for management of floral and faunal diversity;  
• Control wildlife poaching and illegal trade in wild animals and plants and reduce human- 

wildlife conflicts;  
• Conserve biodiversity hotspots and rehabilitate degraded and fragile ecosystems;  
• Promote safety and food security by enhancing and restoring land productivity and water 

quality;  
• Promote integrated watershed management by strengthening upstream and downstream 

linkages, integrity of wetland and rangeland resources; and  
• Promote research and studies on watersheds, ecology and wildlife biology.  

 
The project will support operational level participatory management plans in line with the FSS. 
 
The National Biodiversity Strategy and Action Plan (NBSAP) - Nepal has been preparing a 
new NBSAP to provide a strategic framework for the conservation of Nepal’s biodiversity.  
 
In 2012-13 the Biodiversity Strategy (2002) and Implementation Plan (2006-2010) were revised 
after extensive consultation with a wide range of stakeholders from national to community levels 
to produce the National Biodiversity Strategy and Action Plan (NBSAP) 2014-20.113 The NBSAP 
complies with the Convention on Biological Diversity (CBD) and commits to mainstreaming all 
sectoral activities that have an impact (positive and negative) on biodiversity.  
 
The NBSAP 6th report envisions conserving biodiversity for sound and resilient ecosystems and 
national prosperity. It recognizes legitimate rights of indigenous and local communities, women, 
Dalits, and other disadvantaged social groups over local biological resources. Strategies and 
priority actions for managing biodiversity include: improving understanding of biodiversity and 
ecosystem services; promoting environment friendly economic development and alternative 
livelihood opportunities through development of local forest and agriculture-based enterprises; 
designing and implementation of ecosystem-based adaptation programmes; and promoting 
public–private partnerships and regional cooperation. As mentioned above, Nepal has yet to 
develop legislation for access, use and benefit sharing of genetic resources. The proposed 
project will support the NBSAP and follow the processes through which communities make 
decisions on where, when, and how biodiversity and ecosystem services should be conserved, 
used sustainably, and the benefits are shared equitably. 
 
Under the NBSAP mandate Aichi Biodiversity Target (ABT) 9 Nepal has initiated to develop 
distribution maps, conduct inventories, develop strategy, improve awareness and monitor results. 
The Invasive Alien Species (IAS) Management Strategy has been prepared but not endorsed to 
this date. There is progress towards target but at an insufficient rate. 
 
Nature Conservation National Strategic Framework for Sustainable Development -the 
National Planning Commission developed the ‘Nature Conservation National Strategic 
Framework for Sustainable Development (2015-2030)114’ that aims to integrate conservation and 
development efforts. The framework intends to promote nature-responsive development as a 
contribution to achieving the sustainable development goals. The framework serves as an 
umbrella strategic framework to guide sectoral agencies on nature-responsive development. The 
framework has five strategic pillars: 1) Mainstream nature conservation in development efforts, 
2) Harmonize sectoral policies and strategies, 3) Strengthen coordination among sectoral bodies, 
4) Valuing and accounting ecosystem goods and services on investment decision, and 5) 
Improving accountability on conservation. 

 
 
113 http://www.mfsc.gov.np/downloadfile/Strategy per cent20and per cent20action per cent20plan_1426572431.pdf 
114https://www.iucn.org/downloads/nepali_nature_conservation_national_strategic_framework_for_sustainable_devel

opment.pdf 
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The Water Resource Strategy, 2002 and National Water Plan 2005 -The Water Resource 
Strategy (WRS)115 2002 emphasizes protection and development of water resources through 
integrated water resources management (IWRM), while the National Water Plan (NWP)116 
emphasizes a river basin management approach.  
 
The rationale for undertaking management of water resources on a basin scale instead of on a 
project-o-project basis is that water and land resources are interrelated and form a unit and 
therefore they must be treated as fundamental planning entities. River basin planning and 
management is a complex task because there are many development options available, potential 
existence of water use conflicts and trade-offs, and inherent interdependence among water, soil 
and land use. It is essential to include as many stakeholders as possible in the deliberations and 
decision-making processes.  
 
The WRS and NWP include provisions for the sustainable management of watersheds and 
aquatic ecosystems, appropriate and efficient irrigation, management and mitigation of water 
induced disasters including drought (identification of potential drought prone areas and 
preparation and implementation of a national plan to cope with drought). 
 
The WRS and NWP have some weaknesses including institutional arrangements that are 
idealistic in the context of administrative divisions not based on watershed boundaries, overly 
ambitious targets, and a focus on disasters rather than mitigating hazards. 
 
Overlapping activities with other policies include the preparation of land-use maps at watershed 
level, and erosion hazard maps, training programmes on soil and water conservation, 
rehabilitation programs for degraded watersheds, and the promotion of the SALT model.  There 
is need to for more coordination of activities.  
 
The Hydropower Development Policy, 2001 - Aims to generate electricity at low cost and 
provide reliable and qualitative electric service for both Nepal and as an exportable commodity. 
This includes connecting electrification with economic activities and extending rural electrification. 
The strategies to accomplish these objectives include extension of hydropower services to the 
rural economy, implementation of small, medium, and large storage projects for hydropower 
development, attracting investment from both private and governmental sectors and minimizing 
the potential risks in hydropower projects with a joint effort of government and private sector.  Key 
implementation policies include development of electricity systems for domestic use and storage 
projects, provision of appropriate incentives and transparent processes, contribution to 
environmental protection by developing hydropower as an alternative to biomass and thermal 
energy, restructuring institutions in the public sector to create a competitive environment and 
fixing electricity tariffs in rational and transparent manner.  
 
National Wetland Policy - has a vision of sustainable development and environmental balance 
for healthy wetlands. This policy includes provisions for implementing watershed-based plans for 
wetland protection requirements.  
 
The Sustainable Development Agenda of Nepal (SDAN) 2003 - was one of the first policy 
documents to include climate change as an issue of relevance to national level planning and 
policies. It includes a section on climate change and establishes a future agenda for action. It 
argues that only vigorous economic growth can provide Nepal with the means to withstand and 
adapt to the effects of a changing climate.  
 
 

 
 
115  http://wecs.gov.np/uploaded/water-resources-strategy.pdf 
116 http://wecs.gov.np/uploaded/national-water-plan.pdf 
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Land Use Policy 2012- classifies land into various categories (agricultural, residential, 
commercial, industrial, forests, public, industrial, and other) and anticipates that land use will be 
consistent with the land use plan.  The policy aims to check rapid unplanned use or 
encroachments of forest land amidst rapid migration induced urbanization and enhanced forest 
cover117. 
 
The policy focuses on maintaining forests on 40 per cent of national land, conservation of 
Government owned land, identification and conservation of environmentally sensitive and critical 
areas, and the promotion and conservation biodiversity through balance among land, 
environment and development. 
 
 The policy is more specific compared to the Forest Policy 2015 in terms of conservation of critical 
areas such as the erosion prone Chure and Bhabar area, which is a watershed of Terai area, and 
a biodiversity rich area. The policy requires replacement areas and plantations in cases where 
forestland is converted to other land uses. It emphasizes resettlement from critical areas and 
maintenance of biological corridors.  
 
The National Agriculture Policy (NAP) 2004 - includes a long-term vision for the agriculture 
sector to bring improvement to living standards through sustainable agricultural development by 
transforming subsistence agricultural system into a commercial and competitive agricultural 
system. The policy emphasizes increased agricultural production and productivity, making 
agriculture competitive in regional and world markets with commercial agriculture systems, and 
conserving, promoting and utilizing natural resources, environment and biodiversity. 
 
The NAP gives priority to a set of high-value agricultural products and seeks to develop 
commercial and competitive farming systems by a gradual extension of livestock insurance 
programs and organic farming.  
 
The Agriculture Development Strategy (ADS) 2014 - highlights the need for a self-reliant, 
sustainable, competitive, and inclusive agricultural sector that drives economic growth and 
contributes to improved livelihoods and food and nutrition security. The main thrusts of ADS are: 
improved governance, higher productivity, profitable commercialization, increased 
competitiveness and farmers’ rights. 
 
The ADS provide institutional mechanisms to ensure farmers’ participation in the planning, 
decision making, implementation, and monitoring of the agriculture development and 
management activities.  
 
The Ministry of Agriculture Development’s gender policy requires that women farmer participation 
of 50 per cent in agricultural extension programs is ensured and includes a section addressing 
the needs of women farmers.  
 
The National Trade Integration Strategy 2010 - aims to promote forage crops to ensure 
uninterrupted availability of feed and fodder to livestock. It also aims to systematize and 
strengthen livestock quarantine services.  
 
The Agro-Business Promotion Policy 2006- focuses on diversification, service delivery and 
private sector involvement to transform agriculture from subsistence to commercial farming. The 
policy aims to reduce poverty by encouraging production of market-oriented and competitive 
agro-products and promoting internal and external markets. The policy’s specific measures 
include public-private partnership in services delivery, and in infrastructure for storage, marketing 
and processing.  

 
 
117 http://www.molrm.gov.np/downloadfile/land per cent20use per cent20policy__2015_1505895657.pdf 
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The policy emphasizes a partnership approach between Government and the private sector for 
generating export quality goods.  
 
Rangeland Policy 2012 – Rangelands - grasslands, pastures, shrub-lands and other grazing 
areas - play an important role in the farming system and are a major resource for livestock and 
wildlife. The Rangeland Policy focuses, among others, on the enhancement of rangeland 
productivity, conservation of biodiversity and improvement of livelihoods of people dependent on 
rangelands.  
 
Dairy Development Policy 2007 - emphasizes increasing the number of improved breeds of 
cattle and buffalo to produce milk; the development of fodder and forage crops needed for 
increasing livestock population and increasing the participation of women and marginalized 
communities in livestock, especially the raising of milk cattle and buffalo to improve income and 
employment opportunities. 
 

 Synergies, conflicts and trade-offs between different initiatives and policies 
Over the last three decades, Nepal has been implementing national sustainable development 
strategies, periodic plans, and sectoral plans and policies for conservation of natural resources 
and protection of the environment. A range of policies and laws are in place to achieve the 
overarching goals of sustainable development and to address climate change. More recently, 
Nepal has sought to improve the integration of climate issues within sectoral policies and 
institutional arrangements. Nevertheless, the analyses undertaken for this feasibility study 
indicate that there is substantial room to improve the integration of climate change into 
agriculture, forestry, water resources, and health sectors, all of which are climate- 
sensitive sectors. Moreover, climate change efforts tend to be undertaken along sectoral lines 
with little evidence of cooperation or coordination between sectors, in spite of the obvious 
interdependencies. Accordingly, there is an opportunity to develop mechanisms to enhance 
cross-institutional cooperation on climate change. 
 
Policies such as community forestry that have empowered local communities to manage natural 
resources have had considerable success in Nepal, although questions remain about the 
equitable distribution of benefits and the willingness of the GoN to allow communities to market 
products generated through community endeavor. Nevertheless, there is substantial scope to 
apply the lessons from community-based approaches to climate adaptation. 
 
The NAPA and NAP acknowledge gender specific vulnerabilities and women are recognized as 
a vulnerable group, but they do not provide specific targets for women’s involvement or capacity 
building, nor do they contain any gender specific projects. The NAPA project profiles generally 
target vulnerable groups and communities and recognize that climate change impacts affect poor 
communities more severely. Although at the local level women are key environmental managers, 
they are usually not included in the decision-making processes of NAPA projects (Mainlay & Tan, 
2012). Various sector ministries have also taken the lead and developed their own sector specific 
Gender Equality and Social Inclusion (GESI) strategy, policy or guideline, the Ministry of 
Population and Environment does not have a standalone GESI strategy/policy or operational 
guidelines for climate change which is a critical gap in the sector.  
 
The GoN has prioritised a river-basin approach to climate adaptation. Such an approach may 
provide an opportunity to improve coordination and cooperation on climate change adaptation 
and mitigation between stakeholders.  It is, however, too early in the development of the new 
provinces and local government bodies to identify how effective these bodies will be in terms of 
coordinated approaches to climate change adaptation. This provides an opportunity for the 
project to assist both provincial and local levels of government to find cost effective, efficient and 
results-oriented approaches to climate policy and practice. 
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 Provincial, State and Local – Based on Sectoral Initiatives 
3.4.1 Local Adaptation Plan of Action framework  
Aims to ensure that the process of integrating climate change resilience into local-to-national 
planning is bottom-up, inclusive, responsive and flexible. It aims to ensure that the most 
appropriate service providers carry out the best sequence of adaptation actions in a timely and 
resource-efficient manner. The main entry points to the LAPA are: agriculture; forestry; health; 
water and sanitation; watersheds; microfinance; education; infrastructure; and disasters.  The 
planning units for LAPAs are Rural Municipalities and Municipalities, which are the major intended 
local partners of the proposed project. The project has an opportunity to support the development 
and re-development of LAPAs to fit with the new local government boundaries and to seek a 
more cost-effective means to adaptation that focuses on the role of local communities and 
households. 
 
3.4.2 Chitwan-Annapurna Landscape Strategy  
In 1999, the Chitwan-Annapurna Landscape (CHAL) was identified as a conservation landscape 
to maintain north-south ecological connectivity between Chitwan National Park in the south and 
Annapurna Conservation Area, Manaslu Conservation Area, and Langtang National Park in the 
north.  
 
In 2016 the GoN prepared a Strategy and Action plan 2015-2025118 for the CHAL.  The CHAL is 
a priority due to the urgency of conserving hydrological flows in the river basin and the need to 
create north-south corridors for seasonal migrations. 
 
The CHAL covers all the GRB and focuses on an integrated, river basin planning approach for 
‘climate-smart’ conservation. This strategy promotes sustainable practices for development and 
the management of natural resources to conserve biodiversity and ensure continued provision of 
ecosystem goods and services, which support equitable and inclusive economic prosperity. This 
project is in line with the CHAL strategy as it will ensure the ecological integrity of the landscape; 
and enhance socio-economic wellbeing of the people within the GRB through close, effective and 
efficient partnership and coordination among key stakeholders (government, civil society 
organization, and community-based groups).  
 
3.4.3 River basin management 
A study by Acharya (Acharya, 2000) concluded that the institutional and operational capacity of 
watershed management is still in an early stage of development; similar to where community 
forestry was 15 years ago. Acharya suggests that implementation of activities by communities, 
rather than the District Soil Conservation Offices, provides an opportunity to expand the 
watershed management work program utilizing available local labor (Acharya, 2000).  
 
Participatory and integrated watershed management will likely have more success if a demand-
driven approach is followed. Community forestry and income generation programs are key 
programs that can be used as entry points, whatever the primary objective of watershed 
management is. A specific policy on watershed conservation that could bring together different 
sectoral programs is lacking. This has led to reduced opportunities for coordination and 
collaboration between MOFE departments and local government, civil society and community 
groups and between the MOFE and other ministries. Where local groups have been established 
for soil and water conservation purposes, they lack the legal basis of other groups such as 
Community Forest User Groups (CFUGs).  
 
Respondents to interviews identified four main vulnerability factors related to degradation of 
natural resources and watershed management: availability of water; soil erosion; illegal resource 

 
 
118http://d2ouvy59p0dg6k.cloudfront.net/downloads/strategy_and_action_plan_2016_2025__chitwan_annapurna_lan

dscape__nepal.pdf 
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use, and unplanned development creating landslides. The vulnerability of watersheds in the GRB 
is shown in Table 49. 
 

Table 45: Vulnerability of watersheds in the Gandaki River Basin 

Criteria Sub-watersheds Vulnerability rank 
Exposure 
Risks from 
Rainfall and 
Temperature 

Upper Kali Gandaki Very high 
Myagdi Khola and Taman Khola  High 
Daram Khola _Kali Gandaki, Bhabil Khola_Budhi Gandaki, 
Modi Khola, Upper Badigad Khola, Nisi Khola and Budi 
Gandaki  

Moderate 

Ecological 
Risk 

Trishuli_Koplu Khola, Middle Trishuli, Bhyaure_Trishuli, 
Marsyangdi, Mahesh Khola_Trishuli, Lower Trishuli,  

Moderate 

Physical 
Ecological 
Risk 

Budhi Gandaki, Lower Kali Gandaki, Marsyangdi  Very high 
Upper East Seti, Ridi Khola, Upper Kali Gandaki  High 
Madi, Middle Kali Gandaki, Tadi Khola, Arun Khola, Middle 
Trishuli, Upper Trishuli  

Moderate 

Combined 
Ecological 
Risk 

Budi Gandaki, Lower Kali Gandaki, Marsyangdi  High 
Middle Trishuli, Upper East Seti, Upper Trishuli, Ridi Khola  Moderate 

Combined 
Multiple Risk 

Upper Kali Gandaki, East Rapti, Budi Gandaki, Lower Kali 
Gandaki  

High 

Daram Khola, Upper East Seti, Marsyangdi, Upper Badigad, 
Myagdi Khola, Aandi Khola  

Moderate 

Sensitivity 
Ecological 
sensitivity 

Marsyangdi and Upper Kali Gandaki, Lower Kali Gandaki, 
Upper East Seti  

Very high 

Ridi Khola-Kaligandaki, Madi_East Seti  High 
Middle Trishuli, Middle Kali Gandaki, Tadi Khola, Daraudi, 
Aandhi Khola, Modi Khola  

Moderate 

Human 
sensitivity 

Upper East Seti, Lower Badigad Kholamm Aandi Khola, 
Middle Kali Gandaki  

Very high 

Mahesh Khola_Trishuli, Kolpu Khola_Trishuli, Ridi Khola, 
Bhyaure Khola, Middle Trishuli and Tandi Khola  

High 

Daraudi Khola, Lower Kali Gandaki, Lower Trishuli, Modi 
Khola and Daram Khola, Upper Trishuli, Upper Badigad, East 
Rapti and Marsyangdi  

Moderate 

Combined 
Sensitivity 

Upper East Seti  Very high 
Ridi Khola, Lower Badigad, Middle Kali Gandaki, Budhi 
Gandaki, Lower Kali Gandaki, Marsyangdi, Middle Trishuli, 
Mahesh Khola, Tadi Khola, Kolpu Khola  

High 

Upper Kali Gandaki, Bhyaure Khola, Daraudi Khola, Modi 
Khola, Upper Trishuli, Lower East Rapti, Lower Trishuli  

Moderate 

Adaptive Capacity 
Socio-
economic 
capability 
index 

Madi Khola  Very high 
Upper East Seti, Madi, Aandi Khola, Gorandhi Khola, East 
Rapti, Upper Badigad Khola, Taman Khola, Daram Khola, Nisi 
Khola, Upper Kali Gandaki  

High 

Middle Kali Gandaki, Lower East Seti, Trisuliseti, Lower Kali 
Gandaki, Ridi Khola, Lower Badigad Khola, Myrsyangdim 
Myagdi, Mahesh Khola, Dadraudi Khola, Kolpu Khola 

Moderate 

Vulnerability 
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Combined 
Multiple 
Vulnerability 
index 

Budi Gandaki (Dhading, Gorkha, Nuwakot)  High 
Upper Kali Gandaki (Baglung, Mustang, Myagdi, Parbat), 
Upper East Seti (Kaski, Syangja, Tanahun), Lower Kali 
Gandaki (Nawalparasi, Palpa, Syangja, Tanahun), Kolpu 
Khola (Dhading, Nuwakot), Marsyangdi (Gorkha, Lamjung, 
Manang, Tanahun, Kaski), Lower Badigad Khola (Baglung, 
Gulmi), Middle Kali Gandaki, Aandhi Khola 

Moderate 

 
The GoN has adopted the river basin approach for comprehensive watershed management and 
considers it an appropriate means to establish linkages between upstream and downstream. 
Improved management of river basins is seen as the way to address insufficient access to water 
resources and poor sanitation, as well as a way to adapt to the challenges of climate change. 
This approach acknowledges that the livelihoods of rural people depend on land productivity, 
which is largely influenced by water-related events including erosion, and floods, and by climate 
change. 
 
Despite substantial efforts in natural resources conservation and utilization within the GRB, the 
impact of climate change is increasing. Lesson learned from existing projects include: 

• Ownership of the plan - Whether basin level strategic plan, micro-watershed level plan, 
or operational plan, one institution should take the lead and overall ownership of the plan. 

• Legal mandate - The plan should be approved and implemented as per relevant legal 
arrangements.  

• Sustainability - climate change adaptation needs continuous support through strong 
institutions in each basin, watershed, and micro-watershed. 

• Coordination mechanisms - Watershed management is a multidisciplinary subject that 
requires the establishment of various levels of coordination.  

• Integrated Planning approaches - Mitigation and adaptation programs must be 
implemented by all sectors in an integrated way based on one plan.  

• Joint Effort - Stakeholders who are directly related to the program must be involved in 
design, implementation and joint monitoring of the programs. 

 
Whilst the above lessons are relevant, the reality is that the actions being implemented 
through watershed programmes remain small compared with actual requirements. 
Interventions tend to be limited to relatively small areas. Some of the key problems with existing 
approaches to river basin management include: 

• Sub-watershed management plans: 
o were prepared on technical grounds requiring expensive technical measures 

could never be implemented owing to inadequate resources. 
o did not cater adequately to needs and problems of poorer people and there was a 

lack of community consultation in planning processes. 
o failed to achieve co-ordination as other development agencies/organizations did 

not consider watershed boundaries relevant for their activities. 
o rarely apply a coherent upstream-downstream approach due to lack of resources. 

• Existing approaches tend to be based on very limited data on socio-economic issues. The 
data that were collected and analysed were often not reflected in the activity plan. In the 
name of participatory planning, a wish list was included in plans without considering their 
relevance to the watershed management concept. 

• Planning does not explicitly provide scope for impact assessment. This has constrained 
the selection of activities suitable for different ecological zones. 

• Watershed prioritization methods over-emphasize biophysical elements. Marginalized 
and poor people did not get adequate benefits.  

 
These challenges have hampered replication of watershed management activities. The project 
has an ideal opportunity to address these challenges with the new local and provincial 
government levels by supporting integrated efforts that are backed up by sound governance, built 
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on interventions that are effective and affordable, and built on approaches that can be scaled up 
and replicated. 
 

 Key Institutions arrangements for climate change action 
The Ministry of Finance is the National Designated Authority for the Green Climate Fund and the 
Operational Focal Point for the Global Environment Facility. A Multi-Stakeholder Climate Change 
Initiatives Coordination Committee (MCCICC) was constituted in 2010 to coordinate with different 
ministries and development partners, and the government also established a REDD Cell within 
the MOFE in 2010. 
 
Following the recent realignment of the mandates and titles of government ministries, the 
MOFE119 is Nepal’s UNFCCC focal point and climate change coordination ministry.  The 
Alternative Energy Promotion Centre works to develop and promote renewable and alternative 
energy technologies in Nepal. The proposed interventions will ensure that the above multiple 
ministries collaborate to plan, implement and maintain the investments in ecological infrastructure 
and associated livelihoods. This will facilitate cross-sectoral land-use planning and governance 
for building the climate resilience of GRB communities. 
 
Note: Most of the civil society stakeholders have their local level offices in GRB. Some of the 
organizations with field offices in many of the GRB districts are: Community Forest User Groups 
(CFUGs); Community Forest Management groups (CoFMGs); Leasehold Forest User Group 
(LFGs); Buffer Zone -Community Forest User Committee (BZ-CFUC); Conservation Area 
Management Committee (CAMC); Nepal Chepang Association(NCA); Himalayan Grassroots 
Women's Natural Resources Management Association (HIMAWANTI); Community Forestry 
Supporter Networker (COFSUN); Municipal Association of Nepal (MuAN); Local Initiatives for 
Biodiversity, Research and Development (LIBIRD); Nepal herbs and herbal products 
Associations (NEHHPA); Federation of Nepalese Chamber of Commerce and Industry (FNCCI); 
and Micro Enterprise Development for Poverty Alleviation (MEDPA). Likewise, Water User 
Association, Agricultural Producers' Groups, Livestock Husbandry Groups, and Agrovet 
Suppliers' Association also have field level offices in each municipality.  
 

 Regulatory Framework 
The National Planning Commission is the central agency for monitoring and evaluating 
development plans, policies and programmes. Almost all economic development and economic 
policies and programmes that come into force either at the initiative of the Commission or on its 
advice or recommendations. Periodic plans prioritise and allocate resources to sector specific 
programmes and budgets, which are all brought together through a medium-term expenditure 
framework - a three-year rolling budget system that bridges its periodic plans and annual budget 
to ensure that resources are mobilized in priority sectors.  
 
To improve the allocation of funds for climate change, the Ministry of Finance introduced a 
Climate Change Budget Code in 2011. This code is considered an important step towards 
ensuring that all development programmes allocate a certain amount of budget to address climate 
change issues.  The budget code will enable ministries to prioritise, allocate and track expenditure 
against activities that reduce the negative impacts of climate change 
 
Nepal’s LAPA framework guides bottom-up adaptation planning and implementation, giving local 
bodies the mandate to coordinate adaptation planning. But climate finance remains poorly 
understood at the local level.  With the current political transition into stability and relatively recent 
election of local bodies there are new opportunities for climate financing. 
 

 
 
119 Previously climate change has been coordinated in Nepal by the Ministry of Science, Technology and Environment 

(MoSTE) and then the Ministry of Population and Environment 
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Key acts and regulations that are related to the project include: 
 
The Forest Act 1993 – does not include provisions directly related to climate change, although 
provisions for Community Forestry do provide for measures to mitigate climate change.  The 
Forests Regulations 1995 place the ownership of all forest land with the government. Under the 
regulations, forest users can secure rights to manage and use forests, but not the rights to carbon. 
Both the Act and the Regulation are silent on ecosystem services generated by forests. 
Accordingly, it is unclear whether water and carbon are legally considered forest products or 
ecosystem services.   
 
The legal framework of the forest sector does not recognize the customary use rights and 
management practices of indigenous communities. The ‘Access to Genetic Resources and the 
Fair and Equitable Sharing of Benefits Arising from their utilization’ bill is still awaiting 
parliamentary approval. However, forest polices require at least 35 per cent of revenue accrued 
from community forestry to be invested in the enhancement of livelihoods of the ultra-poor, 
backward communities and indigenous ethnic groups of the same region. The gender and social 
inclusive strategy of the forestry sector requires the participation of at least 50 per cent women 
in the committees of community forests user groups. 
 
It is worth noting that there are conflicts between the Forest Act and Regulations and Local Self 
Government Act 1999 over use of resources. The Local Self-Governance Act empowers Village 
Development Committees (VDCs – these have now been merged into municipalities) to sell 
specified natural resources and products and stipulates that the proceeds of such sales are to be 
deposited to the VDC fund. It also stipulates that any proceeds accrued from the sale of river 
sand, stone, concrete, soil, driftwood, and the bone, horn, feathers and skin of any wildlife, which 
is not prohibited by prevailing laws in Nepal, go into the VDC fund. The Forest Act, on the other 
hand, empowers Community Forest User groups (CFUGs) to sell the same products by 
independently fixing their prices. Such conflicts will need to be considered and addressed. 
 
The National Parks and Wildlife Conservation Act, 1973 - covers the management of national 
parks, conservation of wildlife and their habitat, regulates hunting; and provides for conserving, 
promoting, developing the use of places which are of special importance. It does not include 
provisions directly related to climate change. The Act and Regulations make limited reference to 
the rights of indigenous people, particularly customary rights of use and management practices. 
 
National Trust for Nature Conservation Act, 1984 - aims to conserve and manage the nature 
and natural heritage. The Trust was established as an autonomous body corporate with perpetual 
succession. The Act provides for three Conservation Areas (CA) to be managed by the National 
Trust for Nature Conservation (NTNC) - Annapurna, Manaslu and Gauri Shanker. 
 
The Soil and Water Conservation Act, 1983 - includes legal provisions for land and watershed 
conservation by controlling floods, landslides and soil erosion and maintaining economic interests 
of the general public. It includes provision for declaring protected watershed areas and for the 
formation of District Soil and Watershed Conservation Committees to coordinate the 
implementation of activities pertaining to soil and watershed conservation. 
 
The Water Resource Act 1996 - is the umbrella act governing water resource management. It 
addresses the formation of district water resource committees, water users’ associations, and 
licensing. The Act assumes that all people will receive access to and benefit equally from water 
and sanitation services and has provision for ensuring 33 per cent representation of women on 
water user committees and proportionate representation of caste and disadvantaged ethnic 
groups. The Act does not address the negative impacts of climate change on water resources. 
 
The Lands Act 1964 - aims to divert inactive capital and burden of population from the land to 
the other sectors of the economy in order to accelerate the pace of economic development of the 
country; to bring about improvement in the standards of living of the actual farmers dependent 
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on the land by making equitable distribution of the cultivable land; by making easily accessible 
the necessary know-how and resources on agriculture; and to keep up the convenience and 
economic interests of the general public by providing encouragement to maximise production.  
 
Seed Act 1988 - aims to maintain the convenience and economic interest of the general public 
by providing the Seeds of quality-standards in a well planned manner upon producing, processing 
and testing the Seeds of high quality-standards to have the production of different crops 
increased. It has also made provision for the formation of National Seeds Board. 
 
National Pesticide Act 1991 - has made provision of the import, export, production, purchase, 
sale and use of the pesticides used to destroy fatal pests. It has made a provison to form a 
Pesticide Committee to advise the government on pesticide related issues. This act requires the 
registration of pesticide for sale and a person dealing with the pesticides to have a license from 
the government.  
 
Plant Protection Act 2007 - aims to make legal provisions for preventing the introduction, 
establishment, prevalence and spread of pests while importing and exporting plants and plant 
products, promoting trade in plants and plant products by adopting appropriate measures for their 
effective control. It has also made a provision to form a Plant Quarantine Committee. 
 
Town Development Act 1998 - aims to provide for necessary provisions in order to provide 
necessary services and facilities to the residents of the town by reconstructing, expanding and to 
develop existing towns and by constructing new towns and to maintain health, convenience and 
economic interest of general public. 
 
Tourism Act 1978 - aims to make necessary arrangement of health, facility and interest of 
tourists and Nepalese tourist who visit various places and to serve the economic interest of the 
general population through tourism development. It requires travel and trekking agencies to have 
a licence.  
 
Animal Health and Livestock Services Act 1999 - aims to systematize and develop the animal 
husbandry business which occupies an important place in the national economy and to provide 
necessary arrangement relating to healthy production; sale, distribution, export and import of 
animal products or animal production inputs. 
 
Aquatic Animal Protection Act 1960 - aims to control killing of aquatic animals by using electric 
current and poisons, to build a fish ladder while building dyke for electricity, water supply, 
irrigation or any other purpose, and to prohibit the catching, killing and wounding of certain kinds 
of aquatic animals: 
 
Food Act 1967 - aims to maintain proper standard of foodstuff and prevent any undesirable 
adulteration in foodstuff or prevent from reducing in, or extracting, any natural quality or utility 
from foodstuff in order to maintain health and convenience of the general public. It prohibits 
production, sale or distribution of adulterated foodstuff or sub-standard foodstuff, prohibits sale 
of foodstuff by lying or misleading, and has made provision for setting out within what limitation 
the quality, standard or amount of any ingredient shall have to be used in any foodstuff.  
 
Solid Waste Management Act 2011 - aims to make the management of solid waste in a 
systematic and effective way by reducing at its source, reusing, processing or discharging and 
for maintaining a clean and healthy environment through the reduction of adverse effects that 
may be caused to the public’s health and environment by amending and consolidating the laws 
relating to the management of solid wastes like any other essential services law. 
 
Irrigation Rules 2000 - has made provision of the registration of Users' group and Users' 
Coordination Association. It has also made provisions of generating a separate fund for the 
maintenance of irrigation system and structures.  
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4. Baseline Efforts 
Many programmes and projects that are relevant to climate adaptation have operated or are still 
operating within the GRB. A summary of the more relevant programmes and projects are 
presented in Sub-sections 4.1 to 4.4. There are several lessons learned from the past projects 
that can be applied that serve as a source of information, technology and process to ensure past 
mistakes are not repeated. The major lessons from the past projects are summarized as follows. 
• Healthy forests contribute significantly in preventing landslides and protecting watersheds 

and thus contribute to reduce climate shocks 
• EbA is an effective nature-based solution to climate change adaptation in mountainous 

regions 
• Long-term climate resilience can be built through an integrated water resource and 

ecosystem-based approach 
• Early warning systems can reduce disaster risk to a great extent 
• Communities can improve their lives and withstand the challenges posed by climate extremes 

and natural hazards if they are supported with new technologies, modern farming, and greater 
flood mitigation measures. 

• Climate vulnerability of people can be reduced through investing on biodiversity conservation 
and anthropogenic activities 

• In order to change the adaptation capacities of the vulnerable households, they should be 
supported in the transfer of appropriate technologies 

• Increasing vulnerable communities' access to services and opportunities enhances their 
livelihoods and wellbeing 

• Community resilience is enhanced through the protection and rehabilitation of agricultural 
land and infrastructure, diversification of crops and development of improved agricultural 
practices 

• Timely climate & weather information and products are essential for the agricultural sector 
which empower farmers to make decisions that would help reduce their vulnerability to 
weather and climate extremes and ultimately promote food security 

• Climate change impacts needs to be reduced to enhance agricultural productivity and retain 
families and youths in the agriculture sector 

• Microenterprise development for poverty alleviation (MEDPA) model provides a unique 
opportunity for local governments to reach the hard to reach people impacted by the climate 
change 

• People's participation from planning to monitoring enhances adoption of nature-based 
solution such as integration of land, soil and water management with balanced linkage of up- 
and down-streams in order to stream line fund flow from different agencies in the watershed 
for climate change adaptation. 

• When communities are empowered to manage their resource base through enhanced 
adaptation and provided with enterprise options that are linked to biodiversity, it can generate 
incomes and employment to reduce the poverty while providing incentives to conserve the 
resources 

• Systematic communication on climate change issues is needed at local level for the 
facilitation of the implementation of Climate Change policies including NAPAs and LAPAs 

• Coordination across multiple sectors supported at the highest levels of government is the 
most effective approach for shaping a program of resilient investments 

 
The detail on the past efforts are in the following sub-sections. 
 

 Ecosystems: 
Soil conservation programmes – have protected key watershed areas to reduce soil erosion, 
floods and landslides, and whilst increasing soil fertility and land productivity. They have provided 
support to conservation of development infrastructure. 
 
Afforestation and Enhancing Carbon Sequestration - The GoN has a strategy to maintain at 
least 40 per cent of the total area of the country under forests. It promotes afforestation in public 
and private lands, environment friendly infrastructure development and the conservation of 
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biodiversity. It seeks to include climate adaptation in forest management plans and to implement 
REDD+ policies. The Government has announced the forest decade 2014-2023, with a theme: 
'one house one tree, one village one forest and one town several parks' which aims to create 
new forests and tree groves in areas where forests have been lost, in addition to managing 
natural forests.  
 
REDD+ Forestry and Climate Change Programme – is preparing a carbon sequestration 
programme, and a forest investment plan. 
 
President Chure-Terai Madhesh Conservation Programme – has prepared a master plan for 
conservation and development of Chure-Terai Madesh. Implementation is focusing on degraded 
forest and land reclamation, integrated management of 64 river systems, gully control and 
landslide treatment, water source protection and improvement, water conservation ponds and 
wetlands development. 
 
Hariyo Ban - the GoN-identified two biodiverse landscapes in the GRB, the Chitwan Annapurna 
landscape and the Terai-Arc landscape. The first phase of the Hariyo Ban Program ended on 31 
December 2016 and the second phase will run for another five years. The Hariyo Ban Program 
works to empower local communities in safeguarding the country's living heritage and 
emphasizes the links between people and forests. The program has a focus on biodiversity 
conservation, and also climate change adaptation, market-based livelihoods and governance. 
The program is funded by USAID, managed by WWF with CARE Nepal, FECOFUN and NTNC 
as partners. The LAPAs prepared at VDC level by the program provide a good reference for the 
proposed project. The project’s activities will complement each other. 
 
Community forestry - for the period of 2015/16, 1,800,573 ha of forest comprising 19,332 
community forests had been transferred by the GoN to Community Forest User groups (CFUGs) 
for local mangement. This very successful programme has benefitted 2,381,403 households.  To 
date, 1,000 CFUGs have prepared Climate Change Adaptation Plans. It is estimated that income 
and livelihoods opportunities for 300,000 households belonging to poor, disadvantaged, ethnic 
groups and women have been enhanced through sustainable forest management, and 100,000 
have people received full time employment through implementation of such activities, broadly. 
 
Scaling Up Mountain Ecosystem-based Adaptation: building evidence, replicating 
success, and informing policy - Using nature-based solutions to adapt to climate change - 
Scaling Up Mountain Ecosystem-based Adaptation: Building Evidence, Replicating Success, and 
Informing Policy’ project, consolidates and replicates effective and sustainable EbA measures in 
mountain flagship sites and countries in East Africa, South Asia, South America, and globally. 
“EbA measures” refer to a single intervention, or a suite of integrated interventions (reforestation, 
afforestation, grassland seeding, water channeling, spring recovery, livestock management, etc.), 
that contribute to an ecosystem management objective of relevance to climate change 
adaptation, such as wetland, grassland, or forest restoration; biodiversity and soil conservation; 
water storage; aquifer replenishment; flood and landslide risk abatement; agroforestry; climate-
smart agriculture; or sustainable livestock production. Achieving this outcome will directly and 
indirectly contribute to ecosystem resilience, sustained ecosystem services, reduced disaster 
risks, and diversified and sustainable livelihoods—all underpinning climate change adaptation. 
The duration of the project is August 2017 to June 2020. The project is implemented in two 
districts: Kaski and Rasuwa. The project is funded by BMUB and is implemented by TMI and 
IUCN. The project budget is Euro 640,000. The learning from this project will be directly replicated 
in the proposed project site. 
 
Enhancing Rural Livelihoods by Increasing Productivity of Underutilised/abandoned 
Agriculture Land -Addressing the changing rural economy through agroforestry - This 
Project attempted to address the issue of land underutilisation/abandonment in Nepal’s two hill 
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districts. The rate of land abandonment has been as high as 44 per cent in the hills120. The 
utilisation of the under-utilised/abandoned agricultural land directly contributed to an increased 
area of productive agriculture land and its productivity at the local, sub-national and national 
levels. Through developing a greater understanding of the drivers of underutilised/ abandoned 
land – especially in the hill districts and their consequences, and by identifying and providing 
viable best bet agroforestry options for utilisation of underutilised/abandoned agriculture land, 
this initiative directly contributed to the national and household food and nutrition security and 
thereby alleviating poverty. In addition, it also contributed to retain the out-migrating youth/men 
thereby contributing to bring back the abandoned agricultural land into production. Overall, the 
project diversified the livelihood opportunities and strengthened the livelihoods of farming 
communities. The duration of the project was from Jan 2017 to December 2018. The project was 
supported by FAO. The project budget was US$ 200,000. The learning from this project will be 
directly replicated in the proposed project. 

 
 
120 Dahal, G. R., Pandit, B., & Shah, R. (2017). National Assessment of Abandoned/underutilized Agricultural Land in 
Nepal. FAO Technical Cooperation Programme, TCP/NEP/3602. IUCN Nepal. 
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Table 46: Eco-Systems Projects - Summary 

Project Title Location Implementati
on Period 

Funding 
Agency 

Implementing 
Partner 

Objectives Lessons Learned 

Soil 
Conservation 
Programmes 

Nationwide Regular 
programme of 
the 
government 

Nepal 
Government 

Local 
governments 

To conserve fragile soil 
resources in a way that is 
integrated with watershed 
management; and conserve 
land productivity. 

• At present the whole management is based on 
district area level irrespective to the up-stream 
and down-stream concept. There is no linkage 
between the activities up-stream and down-
stream within the same river basin. Therefore, 
appliying a river-basin approach is best suited for 
overall management of soil erosion, landslides, 
and sedimentation flow in the downstreams 
effectively 

• Integrated package that includes vegetative, 
agronomic and water management measures is 
a good tool to tackle erosion problems 

• Sub-watershed area as the unit of planning, 
implementation and management; best ensures 
the multiple use of land and water to fulfill diverse 
needs; and people's participation through 
education and demonstration of appropriate 
technologies. People's participation from 
planning to monitoring enhances adoption of 
nature-based solution such as integration of land, 
soil and water management with balanced 
linkage of up- and down-streams in order to 
stream line fund flow from different agencies in 
the watershed for climate change adaptation 
 

Government's 
regular Forest 
management 
programme in 
the GRB 
 

Nationwide Regular 
programme of 
the 
government 

Nepal 
Government 

Local and 
provincial 
governments 
(annual US$ 
6.735 million) 

Effective Programmatic 
Forest Management 

• Accurate information about the forest is needed 
and prepared guidelines and other sources of 
information for the user to manage their forest 
technically. Most of the existing plans lack 
specific information to target of sustainable yields 
and well managed ecosystem services. 

• Healthy forests contribute significantly in 
preventing landslides and protecting watersheds. 
Forests contribute to reduce climate shocks. 

Afforestation 
and 
Enhancing 

Nationwide Regular 
programme of 
the REDD+ 

REDD+, 
World Bank's 
Forest 

Local 
governments 

To carry out readiness 
activities, implement 
emission reduction 

• Multi-stakeholder governance arrangement in 
needed in formulating the payment mechanism at 
local forest management unit level. Benefit 
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Carbon 
Sequestration 

Cell of the 
government 

Carbon 
Partnership 
Facility 

and forest user 
groups (FUGs) 

programs and demonstrate 
results related to REDD+ in 
Nepal 

distribution should follow a differentiated payment 
approach and consider social variables in 
addition to carbon storage/sequestration in order 
to ensure that REDD+ benefits is realized by 
marginalized groups and that remains free from 
elite capture. 
 

President 
Chure-Terai 
Madhesh 
Conservation 
Programme 

Chure-Terai 
Madesh 

Regular 
programme of 
the 
government 

Nepal 
Government 

Local 
governments 
and forest user 
groups (FUGs) 

• To mitigate the damage 
likely to be caused by 
the climate change and 
natural disasters in the 
Chure hills and Bhavar 
region  

• To mitigate the damage 
likely to be caused by 
the water-induced 
disasters and to 
continue the flow of the 
environmental services 

Maintain accessibility in the 
household use of energy, 
and to increase the 
accessibility of the residents 
 

• Broad participation in designing REDD + 
strategies are key to successful implementation 
of measures. It enhances legitimacy of benefit 
sharing arrangements and distribution of RBF. 

• Conflicts over the management of the Chure 
Region can be addressed by building trust and 
cooperation between and among government 
authorities and local communities 

• An effective coordination between forest user’s 
groups and local government should be built. The 
prevailing forest act does not recognize the 
importance of local and indigenous communities 
in manageing the overall forest resources. 
Conservation of their customs, institution and 
innovations must be recognized.  

• Capacity of local communities can be built by 
recognizing their rights in relation to the 
management and use of resources121. 

 
Community 
forestry 

Nationwide 2015 - 16 Membership 
fees and own 
income from 
the 
management 
of community 
forests 

Governement 
of Nepal 

 To achieve sustainable 
management of forest 
resources by converting 
accessible national forests 
into Community Forests on 
a phase wise manner 

• Accurate information about the forest is needed 
and prepared guidelines and other sources of 
information for the user to manage their forest 
technically. Most of the existing plans lack 
specific information to target of sustainable yields 
and well managed ecosystem services. 

• Community participation and ownership led to 
sustainable forest management for 1.8M ha 
leading to over 100,000 people being employed. 

• Communities that are not getting meaningful 
benefits from forest resources are indifferent to 

 
 
121 Ghimire, Prakash. 2016. Chure Conservation Area: Lessons for the Management and Use of Natural and Biological Resources in Nepal. Case Study Report. Kathmandu: South 

Asia Watch on Trade, Economics & Environment (SAWTEE). 
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the conservation practices. When communities 
are empowered to manage their resource base 
and provided enterprise options that are linked to 
biodiversity, it can generate incomes and 
employment to reduce the poverty while providing 
incentives to conserve the resources122. 
 

Scaling Up 
Mountain 
Ecosystem-
based 
Adaptation 

Two 
districts 
(Kaski and 
Rasuwa) 

August 2017 
to June 2020 
(US$ 240,000) 

BMUB The Mountain 
Institute (TMI), 
IUCN 

To up-scale the effective 
and sustainable EbA 
measures in Flagship 
countries and replicate in 
other mountainous areas. 
 

• EbA is an effective nature-based solution to 
climate change adaptation in mountainous 
regions. 

 
 

 
 
122 Enterprise-Oriented Community Forestry in Nepal: Strategies and Lessons Bhishma P. Subedi, Surya B. Binayee and Indu B. Sapkota.2004. Asia Network for Sustainable 

Agriculture and Bioresources (ANSAB) New Baneshwor, Kathmandu 
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BCRWME:  The project is one of five components in Nepal's Strategic Program for Climate 
Resilience (SPCR), which was endorsed in June 2011. The Government's SPCR aims to build 
long-term climate resilience through an integrated water resource and ecosystem-based 
approach, and to provide lessons on how best to build resilience in vulnerable mountain regions. 
It responds to the GON's National Adaptation Programme of Action (NAPA) for climate change, 
which was finalized in September 2010. 
 
The project aims to provide access to more reliable water resources for domestic purposes, 
livestock and irrigation for communities living in about 100 VDCs located in the West Seti and 
Budhi Ganga watersheds lies in six districts in Far Western Development Region, which are 
significantly vulnerable to climate change. Access and reliability to water resources will be 
improved through a participatory program of integrated watershed management only of priority 
water sources catchment area with interventions in upland areas to increase surface water 
storage, reduce erosion, enhance soil moisture and groundwater recharge and stabilize slopes 
and gullies. 
 
As indicated above the project is designed and implemented based on Government’s SPCR aims 
to build long-term climate resilience through and integrated water resource and ecosystem –
based approach, it adopted the EbA approach and the project identified this is an effective and 
useful approach for integrated watershed management. The project analyzed the isotopes of 
mountain springs to understand the hydrology which is useful in planning management 
interventions that recharge springs. The project identified where the recharge area located, what 
is the source of the spring water, how long water sits in the recharge aquifer before emerging 
from the spring The project also established hydro-metrological stations to identify the relative 
contribution of surface and deep groundwater aquifers in spring systems as well as dominant 
recharge elevation zones. Based on the results the project improved catchment management 
and developed new or improved water storage infrastructures in participation of communities. 
The project identified the effective interventions to improve watershed management and 
developed the integrated watershed management plan of selected watersheds; build the capacity 
of all levels of the government specially DSCWM for integrated watershed development specially 
focusing on water resources. The project developed knowledge series of project such as 
guideline for watershed planning and management, mapping of groundwater potential of 
recharge zones, field guide for strong development and protection, a seven step approach for 
springshed development and management etc.  
 
PAANI: It is the USAID funded project and implemented by DAI.  The project aims to enhance 
Nepal’s ability to manage water resources for multiple uses and users through an integrated, 
whole-of-basin approach focused on climate change adaptation and the conservation of 
freshwater biodiversity. Through activities at the watershed, basin and national scales, Paani 
aims to reduce threats to freshwater biodiversity and strengthen the resilience of targeted 
communities in the Karnali, Mahakali and Rapti river basins to adapt to the adverse impacts of 
climate change through improved water resource management. Some of the activities carrying 
under project are providing training to diverse groups (engineers, teachers, planners, village 
groups, and government staff) in the importance of and methods for freshwater conservation and 
protection of local ecosystems, Creating multi-stakeholder platforms to share lessons, plans, and 
news through roundtable discussions and information communication and technology tools such 
as websites, social media, listserves, and text messages, Creating a Freshwater Center of 
Excellence to serve as a repository for technical tools, training, and scientific assessments and 
transition knowledge to local institutions for sustainability, Collaborating with engineering and 
construction firms and government ministries to develop a best practices guide for green 
infrastructure construction and Developing and implementing a university-level green engineering 
curriculum and provide scholarships, internships, and/or mentorships for Nepali students 
pursuing related fields. 
 
The results achieved so far by project are developed an Aquatic Animals and Biodiversity 
Conservation Bill, which was endorsed by three municipalities, Launched an Integrated Water 
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Resources Management course and scholarship program at Mid-Western University. The 
scholarship program expanded the reach of the program to humanities and social science 
students, as well as those from marginalized backgrounds, completed, by engaging hundreds of 
citizen scientists, comprehensive watershed profiles and watershed health reports for eight 
priority watersheds.  
 
BRBIP: The project is funded by ADB and executed by Ministry of Urban Development (MoUE), 
and Implemented by High Power Committee for integrated Development of the Bagmati 
Civilization (HPCIDBC), Water and Energy Commission Secretariat (WECS), Department of 
Hydrology and Meteorology (DHM), Department of Irrigation (DoI) with the aim to improve river 
health and flood management in the Bagmati River Basin (BRB). The project focus on the 
beautification of BRB and building a green belt along the river banks to promote a separate track 
for bicycles and pedestrians, which will reduce both traffic congestion and air pollution.  
 
Project-related activities include removing contaminated riverbed material through the 
construction of the river training wall, constructing weirs and providing phytoremediation to 
enhance the river’s self-cleaning capacity, divert the polluted water from entering the main river, 
establishment of Park along the river stretch, develop the basin as a green corridor, re- establish 
the natural aquatic habitat in the river, raise the awareness about environmental issues, and 
building the capacities of local governments and communities for riverbank management and 
maintenance. Currently, the cleaning campaign has been conducting to remove solid waste from 
the river.  
 

 Water Resources 
Water Induced Disaster Prevention Programme – has sought to mitigate debris flow in 
watersheds and sub-watersheds. It has mapped water induced disaster hazard areas. 
Integrated Water Resource Management - The Ministry of Agricultural Development (MoAD) 
has established production plots, and seed production blocks, it operates four mobile vans for 
soil testing, and has a programme to establish plastic tunnels for off season vegetables and seed 
production.  
 
Rural Water Supply and Sanitation Project in Western Nepal Phase II (RWSSP-WN II) - 
RWSSP-WN II is a bilateral development cooperation project funded by the governments of 
Nepal and Finland. The Phase II started in September 2013 and ends in September 2019. The 
overall objective is to support the Government of Nepal (GoN) to achieve, improved health and 
fulfilment of the equal right to water and sanitation for the inhabitants of the Project area. 
 
Building Climate Resilience of Watersheds in Mountain Eco-Regions (BCRWME) - This 
project is led by the Department of Forests and Soil Conservation and is one of five components 
of Nepal's Strategic Program for Climate Resilience (SPCR). The project aims to provide access 
to more reliable water resources for domestic purposes and irrigation for communities living in 
the watersheds of Nepal river systems, which are significantly vulnerable to climate change. The 
watersheds selected lie in 6 districts in the Far Western Development Region: Achham, Baitaidi, 
Bajhang, Bajura, Dadeldhura and Doti. IWMI will be assessing the hydrological impacts of 
watershed management and interventions. Lessons learned from this project will be incorporated 
into Nepal's water sector development plans that will be used for future replication and up-scaling. 
 
Sustainable, Just and Productive water resources development in western Nepal (Digo Jal 
Bikas) - This project is implemented by a consortium of partners, where IWMI will has the overall 
responsibility for coordination. The financial support is provided by International Development 
Research Center (IDRC). The overall goal of this program is to promote sustainable water 
resources development in Western Nepal through balancing economic growth, social justice and 
healthy, resilient ecosystems. The objective of the project is to enhance the resilience of local 
communities with special focus on those left behind, such as women, girls and elderly from 
disadvantaged and marginalized communities in order to improve their ability to cope with climate 
related disasters. 
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Nepal Irrigation & Water Resources Management Project - The project plans to manage 239 
irrigation schemes such as Narayani, Sunsari Morang, Kankai and Mahakali irrigation schemes 
to the respective water user’s associations (WUG), The main aim is to support the formulation of 
water resources policy, installation of water resources information systems at Water and Energy 
Commision Secretariat (WECS), installation of telemetry systems in the selected hydrological 
and meteorological stations; help WECS prepare 4 river basin management plans (RMBPs) for 
Babai, West Rapti, Gandaki and Karnali rivers. The primary target group of beneficiaries of the 
project is the water users of the selected irrigation schemes that will now cover about 214 
farmers-managed irrigation systems (FMIS) with about 26,808 ha mainly in the hill regions. It will 
also target the irrigation management transfer in four agency-managed irrigation systems (AMIS) 
and essential structural improvements at about 29,000 ha.  
 
Rural Village Water Resources Management Project (RVWRMP) - The Project was started in 
2006, with joint funding from the Governments of Finland and Nepal. it is a water resources 
management project, which in addition to water supply and sanitation, supports community-
based irrigation, micro-hydro power, improved cooking stoves and water mills, a number of 
environmental improvements, as well as food security, nutrition, sustainable livelihoods and 
institutional capacity building activities. The broad range of activities address poverty and as 
such, provide ample opportunities to develop different approaches promote good practices and 
trigger a range of ideas for improved well-being in these very remote villages. The Project is 
designed to improve health and enhance the local economy through three result areas of 
intervention. The Purpose of the Project is to achieve universal access to basic WASH services, 
and improved livelihoods with establishment of functional planning and implementation 
frameworks for all water users and livelihoods promotion in the project area. 
 
Bagmati River Basin Improvement Project- The project has been developed based on the 
Integrated Water Resources Management (IWRM) principle in which the ultimate goal is to bring 
stakeholders to share a common vision of water resource management and development. The 
project will invest in setting up a river basin organization with the capacity to plan and manage 
the basin water resources in a fully integrated manner. Other improvements include an upstream 
water storage dam system to increase the river flow in the dry season and riverbed oxygenation 
weirs. The project will complement ongoing efforts of the Government of Nepal and civil society 
to improve water management and the river environment in the Bagmati River Basin (BRB). The 
project will invest in forming a river basin organization with adequate capacity and decision 
support systems for integrated water resources management (IWRM). It will finance the 
construction of upstream water storage, riverbed oxygenating weirs, riverbank beautification, and 
community initiatives to improve the river environment in Kathmandu Valley. The project is the 
first attempt in Nepal to apply the concept and principles of IWRM since its adoption under the 
2005 National Water Plan. The project focuses on priority issues selected by the basin 
stakeholders from the basin strategic investment road map. The road map is based on the 2009 
Bagmati Action Plan and further consultations with basin stakeholders.  
 
Indrawati Sub Basin Project- Indrawati sub basin, one of the seven sub basins of Koshi River 
Basin, is located in the mid-hills of central region of Nepal, which originates from the higher snowy 
range of the Himalayas and joins downstream with Sun koshi. This sub basin comprises of three 
districts, Sindhupalchok, Kathmandu and Kavre. Considering the river basin as a single unit, 
WWF Nepal implemented the Indrawati sub basin project. Currently WWF and The Coca-Cola 
Foundation have joined hands to promote sustainable use of water, enhance livelihoods of local 
communities and conserve freshwater ecosystems in Nepal. The two-year project is located in 
Indrawati sub-basin in Nepal’s mid hills and Barandhavar corridor in Chitwan in the Terai Arc 
Landscape. 
 
Under the Indrawati sub-basin, the project is being implemented in Dhand Khola and Cha Khola 
catchments. Housing vital ecosystems of forests and freshwater, the two catchments are affected 
by growing urbanization, land use and land cover change and reduced water availability. These 
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problems have been further exacerbated by climate change making the entire catchments 
vulnerable. Through an integrated water resources management approach, the project will work 
with local communities to promote wise use and management of water for household and 
agriculture use while replenishing ground water. This will be done through interventions such as 
spring source conservation and conservation ponds. Likewise, in Barandhavar corridor, the 
project will work on restoring and maintaining the ecological integrity of the Beeshazari and 
Associate Lakes by engaging local communities in conservation. 
 
Koshi River Basin Management Project- For the efficiency of Koshi River Basin, the Koshi 
River Basin Management pilot project was formulated, which has an integrated water resources 
and river basin management approach guided by the National Water Plan and was jointly initiated 
by Water and Energy Commission Secretariat (WECS) and WWF Nepal in the year 2007. Later 
on, the project was developed and implemented in two phases. This project is designed to act as 
a showcase to demonstrate integrated river basin management approach and help replicating 
successes in other parts of the country. The project has long term plan to upscale this IRBM 
project to cross border basin wide initiative. The strategy is focused on stepwise approach and 
demonstration, which are the main characteristics of this project. 
 
PAANI Project- The project is primarily focusing at the watershed, basin, and national scales. 
The project aims to reduce threats to freshwater biodiversity and increase the ability of targeted 
human and ecological communities in the Karnali, Mahakali, and Rapti river basins to adapt to 
the adverse impacts of climate change through improved water management.  It is applying an 
integrated, whole-of-basin perspective to freshwater biodiversity conservation and sustainable 
water management in the three critical river basins in Mid-West and Far-West Nepal in response 
to changing climate conditions. 
 
Summary of Hydropower Projects in GRB123- There are more than 15 hydroelectric power 
projects in operation or approved by the government for construction and installation of power 
plants (Table 51). These projects are financed by various companies and government. 
 
 
Table 47: List of Hydro-Power Projects 

Name Installed Capacity River Established Head Cost US D M 
Kaligandaki A 144.0 Gandaki 2002 115 355 
Middle Marsyangdi 70.0 Marsyangdi 2008 108 257 
Marsyangdi 69.0 Marsyangdi 1989 91 222 
Kulekhani I 60.0 Kulekhani 1982 550 118 
Kulekhani II 32.0 Kulekhani 1986 284  
Trisuli 24.0 Trisuli 1967 54 - 
Gandaki 15.0 Gandaki - 130 - 
Modi khola 14.8 Modi Khola 2000 67 30 
Devighat 15.0 Trisuli 1984 40 8.5 
Tanahu 140 Seti - 116 404 
Rasuwagadi 111 Trishuli - 168 120 
Upper Trisuli 3A 60 Upper Trisuli - 95 115 
Kulekhani III 14 Kulekhani    
Upper Modi A 42.0 Modi - - - 
Upper Modi 18.2 Modi - - - 

 
 
123 Firoz Alama, Quamrul Alamb, Suman Rezac, SM Khurshid-ul-Alamc, Khondkar Salequeb, Harun Chowdhurya, 

2017. A review of hydropower projects in Nepal. Energy Procedia 110 (2017) 581 – 585 
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Table 48: Water Resources Projects - Summary 

Project Title Location Implementation 
Period 

Funding 
Agency 

Implementing 
Partner 

Objectives Lessons 
Learned 

Water 
Induced 
Disaster 
Prevention 

Nationwide Government's 
regular 
programme 

Government 
of Nepal 

Local 
governments 

To prevent water 
induced disasters 

Early warning 
systems can 
reduce disaster 
risk to a great 
extent. 

Building 
Climate 
Resilience of 
Watersheds 
in Mountain 
Eco-Regions 
(BCRWME) 
 

Six districts of 
Far-western 
Development 
Regions of 
Nepal (West 
Seti and Budhi 
Ganga 
Watersheds)  

January 2014 – 
July 2020  

ADB and 
NDF (3.6 
Million Euro) 

MoFSC (EA) 
and Institute of 
Forestry (IOF), 
Nepal, National 
Institute of 
Rookre (NIH-
Rookre) 
(Research 
Collaborators) 
  

Provide access to 
more reliable water 
resources for 
domestic purposes 
and irrigation for 
communities living 
in the watersheds 
of Nepal's river 
systems, which are 
significantly 
vulnerable to 
climate change 

Long-term 
climate 
resilience can be 
built through an 
integrated water 
resource and 
ecosystem-
based approach 

Sustainable, 
Just and 
Productive 
Water 
Resources 
Development 
in Western 
Nepal  

Karnali and 
Mahakali 
Basins and 
Mohana Sub 
Basins 

December 2018 
to February 
2022 

USAID (2.5 
Million USD) 

IWMI Duke 
University, 
Kathmandu 
University and 
Nepal Water 
Conservation 
Foundation 
(NWCF) 

Enhance the 
resilience of local 
communities with 
special focus on 
those left behind, 
such as women, 
girls and elderly 
from disadvantaged 
and marginalized 
communities in 
order to improve 
their ability to cope 
with climate related 
disasters 
particularly  
• Construction 

of Sound 
Knowledge 
Base 

• Development 
and 
Application of 
tools, models 
and 
approaches. 

• Creation of 
integrated 
policy and 
management 
guidelines.  

Prioritisation of 
the schemes by 
the community; 
application of 
quality 
implementation 
and user 
committee 
management are 
the keys to 
safeguard the 
functionality of 
rural water 
services 
infrastructure 
systems.  

Nepal 
Irrigation & 
Water 
Resources 
Management 
Project 
 

In the Hilly 
Region of 
Nepal  

December 
2007-June 
2018. 

The World 
Bank  (60 
Million USD) 

Ministry of 
Agriculture and 
Livestock 
Development, 
Department of 
Agriculture, 
Ministry of 
Energy, Water 
Resources and 
Irrigation, 
Department of 
Water 
Resources 
and Irrigation, 
Water and 
Energy 
Commission 
Secretariat 

Improve irrigated 
agriculture 
productivity and 
management of 
selected irrigation 
schemes and 
enhance 
institutional 
capacity for 
integrated water 
resources 
management 
 

For better 
outcomes, 
infrastructure 
works should be 
combined with 
institutional 
strengthening 
and maintaining 
strong working 
relations among 
the agencies. 
Such integrated 
projects will 
require adequate 
financing and 
engagement 
with both 
aspects of 
infrastructure 
and agricultural 
production from 
the start. 
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Rural Village 
Water 
Resources 
Management 
Project 

10 Districts of 
Province 6 
and 7 
(Achham, 
Baitadi, 
Bajhang, 
Bajura, 
Dadeldhura, 
Dailekh, 
Darchula, 
Doti, Humla 
and Kailali ) 

Phase I: 
October 2006 – 
August 2010 
Phase II: 
Spetember 
2010 – 
February 2016  
Phase III: 
March 2016 – 
August 2022  

Government 
of Finland 
(GoF), 
European 
Union (EU), 
Government 
of Nepal 
(GoN)- 
(43.363 
Million Euro)  

Ministry of 
Federal Affairs 
and General 
Administration/
Department of 
Local 
Infrastructure 
Development 
and Agricultural 
Roads, Nepal, 
together with 
participating 
Local Level 
Governments 

Improved health 
and reduced 
multidimensional 
poverty within the 
project working 
area  

Water Use 
Master Plan 
should be 
institutionalized 
in the local 
bodies in order 
to achieve 
efficiency in 
water resource 
conservation 
and utilization.  

Bagmati 
River Basin 
Improvement 
Project 

Bagmati River 
Basin  

October 2013 – 
February 2020  

ADB (31.5 
Million USD) 

Ministry of 
Urban 
Development- 
(EA) 
High Power 
Committee for 
iNtegrated 
Development 
of the Bagmati 
Civilisation 
(HPCIDBC), 
Water and 
Energy 
Commission 
Secretariat 
(WECS), 
Departmern of 
Hydrology and 
Meteorology 
(DHM), 
Departement of 
Irrigation (DoI)- 
(IA) 

Improve water 
security and 
resilience to 
potential climate 
change impact in 
the Bagmati River 
Basin 

All the 
stakeholders 
(including GOs, 
NGOs, CBOs 
and local 
people) need to 
work in close 
tandem for the 
restoration of 
Bagmati river. 
 
 

Indrawati 
Sub-Basin 
Project 

Indrawati Sub 
basin 
(Sindhupalcho
k, Kathmandu 
and Kavre) 
and 
Barandhavar 
corridor in 
Chitwan in the 
Terai Arc 
Landscape 

March 2010-  
April 2013  
August 2017 – 
August 2019  

Minsitry of 
Foreign 
Affairs of 
Finland and 
WWF-Finald 
Coca-cola 
Foundation 

Water and 
Energy 
Commission 
Secretariat 
(WECS) and 
WWF-Nepal 

Reducing 
significantly the 
vulnerability of 
people, biodiversity 
and economic 
investments in the 
face of climate 
change and 
growing 
anthropogenic 
activities 

Climate 
vulnerability of 
people can be 
reduced through 
investing on 
biodiversity 
conservation 
and 
anthropogenic 
activities. 

Koshi River 
Basin 
Management 
Project  

Koshi River 
Basin  

June 2007 – 
June 2010  
Phase I- 2010 – 
2012  
Phase II – 
2013- 2016  

Minsitry of 
Foreign 
Affairs of 
Finland and 
WWF-Finald 
(3 Million 
Euro) 
 

Water and 
Energy 
Commission 
Secretariat 
(WECS) and 
WWF-Nepal 

Ensure optimum 
use of Koshi basins 
water and other 
resources to 
promote socio-
economic 
development of the 
people and 
maintain ecological 
balance in the area 

Communities 
can improve 
their lives and 
withstand the 
challenges 
posed by climate 
extremes and 
natural hazards 
if they are 
supported with 
new 
technologies, 
modern farming, 
and greater flood 
mitigation 
measures. 

Programme 
for Aquatic 
Natural 
Resources 
Improvement 
(PANI) 
Project  

Karnali, 
Mahakali, and 
Rapti river 
basins 

2016- 2020  U.S. Agency 
for 
International 
Development 
(USAID) (25 
Million USD) 

DAI Enhance Nepal’s 
ability to manage 
water resources 
through climate 
change adaptation 
and the 
conservation of 
freshwater 
biodiversity. 

Nepal's ability to 
manage water 
resources 
requires: 
improving 
knowledge base 
for basin-level 
resource 
management 
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 Climate Change Initiatives – National and Local 

ASHA – Adaptation for Small farmers in Hilly Area – has established climate change 
knowledge centres at community level, and prepared and implemented local adaptation plans of 
action. 
 
Building Climate Resilience – A range of projects including building climate resilient watersheds 
in mountainous eco-regions, building resilience to climate related hazards, mainstreaming 
climate change risk management in development, and building climate resilient communities 
through private sector participation are under various stages of implementation. Reducing 
Vulnerability and Increasing Adaptive Capacity to Respond the Impacts of Climate Change 
and Variability for Sustainable Livelihood in Agriculture Sector : aims to increase technical 
and institutional capacities in agriculture and livestock sectors to respond to the impacts of climate 
change and variability; promote transfer and adoption of sustainable, climate-resilient and 
environment friendly agriculture practices and technologies to increase adaptive capacities of 
rural livelihoods to climate change and variability; and promote awareness raising, knowledge 
and education on climate change adaptation among local communities and stakeholders. The 
project is implemented by FAO. It overlaps with one district of the project, Arghakhanchi which 
falls within the GRB. This project was for four years from 2015 to 2018. The project was funded 
by GEF/LDCF with a budget of US$ 2,670,000. The focus of the project was on natural resource 
conservation and CCA. 
 
Adapting to Climate Change - The GoN is implementing climate change adaptation and 
resilience programmes and projects with support from the Least Developed Countries Fund 
(LDCF), multilateral agencies and bilateral support. The Nepal Climate Change Support 
Programme (NCCSP), Community-based Flood Risk and GLOF Risk Reduction programme, 
Ecosystem-based Adaptation Programme, and Hariyo Ban Project (climate adaptation 
component) are under various stages of implementation. 
 
Supporting Developing Countries to Integrate the Agricultural Sectors into National 
Adaptation Plans (NAPs) - The overall objectives of the project is to build technical capacities 
of MoAD and other relevant ministries to integrate climate change concerns into relevant national 
and sectoral plans and budgets. The project was funded by UNDP and implemented by FAO. 
The project was for 3.5 years from July 2015 to Dec 2018. The project budget US$ 420,000. This 
national project aimed to reviewi national policy framework and foster enabling policy 
environment for production diversification and dietary diversity in the context of climate change. 
The production diversification lessons will be customized in this proposed project.
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Table 49: Climate Change Initiatives - Summary 

Project Title Location Implementation 
Period 

Funding 
Agency 

Implementing 
Partner 

Objectives Lessons Learned 

ASHA – 
Adaptation for 
Small farmers 
in Hilly Area 

Dailekh, 
Kalikot, 
Salyan, East 
Rukum, West 
Rukum, 
Jajarkot and 
Rolpa 

2015-2021 International 
Fund for 
Agricultural 
Development 
(IFAD) 
(NPR 215.14 
million) 

Ministry of 
Forests and 
Environment 
(MOFE) 

Strengthening the 
framework for local-level 
climate  
 
Improving the resilience of 
vulnerable people  

Building adaptive capacity of 
participating communities and 
institutions, through adoption of more 
holistic planning approaches 
improves the resilience of vulnerable 
people  

Nepal Climate 
Change 
Support 
Programme 
(NCCSP) 

13 districts 
(Humla, 
Mugu, Dolpa, 
Bajura, Jumla, 
Achham, 
Kalikot, 
Dailekh, 
Jajarkot, 
Rolpa, 
Rukkum, 
Dang, 
Bardiya)  

Phase I: 2013-
2017 
Phase I 
Transition 
Extension: 2018- 
Oct 2019 
 

DFID, EU and 
Government 
of Cyprus, 
UNDP 

Central: 
Ministry of 
Forests and 
Environment 
(MoFE), 
District: 1 
Palika from 
each 14 
project districts 
 

Implementing LAPA in its 
working districts, 
 
Establishing and 
strengthening institutional 
mechanisms at the district, 
municipality and village level 
to implement and promote 
scalable adaptation and 
resilient measures, 
 
Developing and 
strengthening GoN’s 
institutional and financial 
mechanism to support CCA, 
including a collaborative 
model to implement climate 
change initaitives 

A special focus should be given to 
the establishment of local funds for 
climate change adaptation. 
 
In order to change the adaptation 
capacities of the vulnerable 
households, they should be 
supported in the transfer of 
appropriate technologies 
 
Systematic communication on 
climate change issues is needed at 
local level for the facilitation of the 
implementation of Climate Change 
policies including NAPAs and 
LAPAs. 

Hariyo Ban 
Program 
Phase II 

CHAL and 
TAL 

July  2015- June 
2021 

USAID 
(US$ 18 
million) 

WWF, CARE, 
FECOFUN and 
NTNC 

Improve the conservation 
and management of GoN-
identified bio-diverse 
landscapes - Chitwan 
Annapurna Landscapes 
(CHAL) and Terai Arc 
Landscapes (TAL) 
 

National adaptation plans should 
focus on decreasing the current and 
future vulnerabilities across sectors, 
and on increasing the adaptive 
capacities of the most vulnerable 
people and communities to climate 
change. 
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Reduce climate change 
vulnerability in CHAL and 
TAL 

Building 
Resilience 
Adapting 
Climate 
Extremes 
and 
Disasters 
(BRACED) 
ANUKULAN 

 

Kailali, 
Kanchanpur, 
Dadeldhura, 
Doti, Bardiya, 
and Surkhet  

2015-2017 UK Aid 
(UK 791,164) 

IDE, ADRA, 
Rupantaran, 
SAPPROS, 
RIMS, IWMI, 
NTAG, 
Renewable 
World, 
Middlesex 
University, 
Netafim, 
CIMMYT 

To improve the well-being of 
rural poor, especially women 
and children, coping with 
climate change related 
shocks and stresses.  

Enabling vulnerable people and 
communities to gain more control 
over decisions that affect their lives  
 
Increasing vulnerable communities' 
access to services and opportunities 
enhances their livelihoods and 
wellbeing. 

Climate 
Change 
Adaptation In 
Agriculture  

Udayapur, 
Siraha, 
Argakhanchi, 
Kapilbastu 

Sep 2015 to Aug 
2019 

GEF 
(USD 
2,689,498) 

Ministry of 
Agriculture and 
Livestock 
Development 

To strengthen institutional 
and technical capacities for 
reducing vulnerability and 
promoting climate-resilient 
practices, strategies and 
plans for effectively 
responding to the impacts of 
climate change and 
variability in agriculture 
sector. 

A focus on reducing vulnerability and 
increasing adaptive capacity to 
respond to impacts of climate 
change and variability is crucially 
needed to save agricultural 
livelihoods. 

Building 
resilience to 
landslides and 
the 
establishment 
of early 
warning 
systems in 
Nepal  

Nuwakot Sep 2016 to Aug 
2018 

USA/FAO 
(USD 482, 
800) 

Ministry of 
Forest and 
Environment, 
Ministry of 
Agriculture and 
Livestock 
Development, 
and 
Community 
and Rural 
Development 
Society 

To identify and reach 
communities and agricultural 
areas highly affected and 
prone to landslides and to 
establish safer agricultural 
livelihood strategies and 
community-based early 
warning and preparedness 
systems 

Community capacity in identifying 
risk areas and ability to implement 
local solutions is enhanced through 
improved governance. 
Government partners’ decision-
making power and capacity in 
landslide treatment and mitigation is 
increased by practical experience in 
low-cost local technologies and best 
practices  
Community resilience is enhanced 
through the protection and 
rehabilitation of agricultural land and 
infrastructure, diversification of crops 
and development of improved 
agricultural practices 
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 Improving Livelihoods in Gandhaki 
Strengthening Capacities for Implementation of the Nagoya Protocol in Nepal - 
Strengthening Capacities for implementation of the Nagoya Protocol in Nepal’ Project focuses on 
the Nagoya Protocol and particularly on two of the three core activities that are specified for 
Program 8 of the biodiversity focal areas of GEF. The project aims to 1) build capacity of key 
stakeholders at national, sub-national and local level to implement Access and Benefit Sharing 
(ABS) in Nepal; 2) strengthen the capacity to develop, implement and enforce domestic 
legislative, administrative or policy measures on ABS; 3) strengthen the capacity to negotiate 
mutually agreed terms; 4) strengthen the capacity of indigenous and local communities and 
relevant stakeholders, including the business sector and the research community, in relation to 
the implementation of the Nagoya Protocol; and 5) strengthen the capacity of countries to develop 
endogenous research capabilities to add value to their own genetic resources. The project 
supports Ministry of Forests and Environment to ensure that the draft ABS law meets 
constitutional requirements and adequately incorporates agro-biodiversity and implementation of 
the ITPGRFA, and will also support to advocate on its enactment. The project is for three years 
from November 2016 to November 2019. The project budget is US$ 1.5 million. The project is 
GEF funded and is implemented by the Ministry of Forests and Environment of the Government 
of Nepal with technical assistance from IUCN Nepal Country Office. The project is implemented 
in two districts including Kaski district in the GRB. The project learning on the capacity 
development of the local government will be directly replicable in this proposed project. 
 
The Agriculture management information system is a web portal that includes: maps of 
climate affected areas in districts; an early warning system for climate disasters; information on 
the effects of climate change on agriculture; and a farmers’ call centre (in collaboration with Nepal 
telecom). 
 
Agricutural Extension Program (Gov’t Run National and GRB) - Capacity enhancement cost 
for training, workshops, seminars, technology transfer, material support, demonstration, field 
piloting of corp production, fruit production, vegetable production, beekeeping, plant protection, 
nursery raining, soil improvement, travel; and monitoring and evaluation.  It also provides some 
capital development funding small infrastructure and equipment. 
 
Promoting Climate Resilient Agriculture has demonstrated climate adaptive methods, 
practices and technologies in selected locations for three crops—rice, sugarcane and maize. 
Home garden Programme (Fourth phase) – has contributed to food security through capacity 
building of farmers, awareness raising and collaboration with civil society organizations. The 
programme is implemented by District Agriculture Development Offices and District Livestock 
Development Offices. 
 
Prime Minister’s Agriculture Modernization Project – has classified the agriculture sector into 
pockets, blocks, zones and super zones. It has established production zones for commercial 
agriculture and processing, and 75 super zones for agriculture entrepreneurs (cereal crops (rice, 
maize, wheat), vegetables and fish). The aim is to make the country self-reliant in agriculture 
production and livestock within a decade. 
 
HIMALI High Mountain Agribusiness and Livelihood Improvement – It was an ADB funded 
project for a period of September 2011-18. The project budget was US$ 30.23 million out of which 
US$ 20m was ADB support and US$ 10.23 m was counterpart fund. The project was 
implemented by the Ministry of Agriculture and Livestock Development in 10 Himali districts out 
of which Rasuwa, Manang and Mustang fall within GRB. The project aimed to increase income 
and employment of high mountain people through the value chain development of agriculture, 
livestock and Non Timber Forest products. Its expected outputs were 1) increased number of 
mountain agribusinesses making use of agribusiness grants; 2) Mountain agribusinesses have 
knowledge and access to improved production technologies and value-addition; and 3) Effective 
project management at central and district levels. It aimed to stimulate private sector agribusiness 
development through the provision of Agribusiness Grant Assistance to eligible farmers, farmers’ 
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groups, cooperatives, and other related entrepreneurs or enterprising bodies that have 
commercially viable plans for production, product aggregation, quality improvement, processing, 
value adding and marketing. 
 
Enhancing Livelihoods and Food Security from Agroforestry and Community Forestry in 
Nepal (EnLiFT): The project ran from 2013 until 2018 in Lamjung district of the GRB. This project 
aims to enhance the capacity of household agroforestry systems and community forests to 
generate livelihoods and food security. This project improved management of agroforestry and 
community forestry systems through biophysical practices and institutional and governance 
models. It provides insights into improving existing markets, creating markets for forest products, 
and bringing abandoned agricultural land back into productive and equitable use. IUCN Nepal 
will bring in the experience from this project, as it is a collaborating institution in the project.  
 
Micro Enterprise Development Program (MEDEP): aimed to cater the needs of the rural 
poor, women and disadvantaged groups living below the poverty lines by promoting off-farm 
employment. MEDEP started in 1998 and completed its fourth phase in 2018. The total budget 
of the four phases was US$ 54.32million. It was jointly implemented by UNDP and the Ministry 
of Industry. Based on the project, the government is now implementing Micro Enterprise 
Development for Poverty Alleviation (MEDPA) since 2010. After the phasing out of MEDEP in 
2018, government is implementing MEDPA in all districts that include 19 districts in the GRB as 
well. The project has supported diverse enterprises in different geographic, social and cultural 
settings with different success and failure cases. This project can benefit from MEDEP 
experiences and learning. This project will use MEDPA modality and collaborate with MEDPA for 
the promotion of on- and off-farm enterprises. 
 
Mothers Groups   Two types of Mothers Groups were found in Begnas Tal and Rupa Tal area 
of the GRB during the feasibility study — traditional groups and groups initiated by projects. The 
traditional groups (mostly from Gurung and Magar communities) are functioning better than the 
new groups (mostly Dalit communities). The Dalit women reported that they could not afford to 
devote enough time to attend meetings. 
 
POWER Groups - Poor, Occupational caste, Women’s Empowerment for Resource 
Management Group -is an empowerment project that promotes active participation of women in 
community resource management in JICA supported projects. Participation of POWER Groups 
in Watershed Management has been an effective strategy for empowering women and 
disadvantaged groups in participatory watershed management and local governance projects. 
Participation of Women, Dalits and Janajatis in various income generating activities implemented 
through POWER groups has provided equal opportunities for poor and marginalized members in 
the community. 
 
Ward Coordination Committees (WCC) - organized at the Ward level these committees 
administrate and facilitate the preparation and implementation of Community Resource 
Management Plans. The SABIHAA Model (community development and greenery promotion) 
has been used to mobilize local people to participate in all stages of watershed management. 
The Model incorporates the principles of integrated watershed management and good 
governance. The Model also aligns with Nepal’s decentralization policy, as outlined in the Local 
Self Governance Regulation Act and the Local Self- Regulation. Both the WCC and POWER 
members actively engage in local governance institutions including community forestry user 
groups, community school management committee and Ward Citizen Forum (WCF).  The public 
auditing, and joint monitoring and preparing of progress reports with gender disaggregated data 
provide a good example of gender mainstreaming and addressing crosscutting issues at local 
level. 
 
Women in NRM groups – evidence indicates that simply involving women in CFUGs, and water 
user groups did not ensure change in gender roles and responsibilities. The mandatory inclusion 
of women and Dalit has increased social acceptance and discriminatory barriers are breaking 
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down, but groups are still dominated by Brahmins and Chhetris. Savings and Credit schemes 
have given women opportunities for income generation activities. Importantly, women’s groups 
have enabled women to build organizational strength as group members, an enhanced their 
ability to interact and express concerns regarding matters that affect their lives and that of their 
children. They have developed self-confidence and through the non-formal education classes are 
abler to manage money matters. 
 
Value Chain Development of Fruit and Vegetables in Nepal – The project aims to increase 
incomes of farmers through production support with enhanced access to extension, postharvest 
loss management, and market linkage improvement. The project is for four years from 2018-
2022. The project is funded by KOICA (US$ 5 million) and UNDP (US$ 0.5 million) and is 
implemented by the Ministry of Agriculture and Livestock Development in 12 districts including 
Dhading, Makawanpur, Chitwan, Nawalparasi, Tanahun, Gorkha, Kaski, and Syanja districts of 
the GRB. Lessons learned on value chain development and enterprise promotion from this project 
will be replicated in the proposed project.
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Table 50: Improving Livelihoods Summary 

Project Title Location Impelementation 
Period 

Funding 
Agency 

Implementing 
Partner 

Objectives Lessons Learned 

The Agriculture 
management 
information 
system 

Nationwide Regular 
programme of the 
government 

Nepal 
Government 

Local 
governments 

To promote agriculture as 
a source of livelihoods 
and employment adapting 
to climate change impacts 

Nepal agriculture is already impacted 
by climate change and thus need major 
improvements to adapt to climate 
change 

Livestock 
Extension 
Programme 

Nationwide Regular 
programme of the 
government 

Nepal 
Government 

Local 
governments 

To promote livestock as a 
source of livelihoods and 
employment adapting to 
climate change impacts 

Livestock is an integral part of Nepal 
agriculture that is already impacted by 
climate change and thus need major 
improvements to adapt to climate 
change 

The Agriculture 
management 
information 
system: Role of 
ICT for Climate 
Smart and 
Sustainable 
Agriculture 

Nationwide 5 years (2013-
2018) 

World Bank 
(6 million 
USD  

Ministry of 
Agriculture 
and Livestock 
development 

To provide critical and 
timely agro-climate and 
weather information to 
farmers in order to 
increase productivity and 
reduce losses from 
meteorological and 
hydrological hazards 

Coordination across multiple sectors 
supported at the highest levels of 
government is the most effective 
approach for shaping a program of 
resilient investments. 
Mandatory and documented 
stakeholder engagement built 
ownership and support for the planning 
and investment selection process124. 
Timely climate and weather 
information and products under Early 
Warning System are inevitable to 
support agriculture livelihoods for 
sustainable growth 
Timely climate & weather information 
and products are essential for the 
agricultural sector which empower 
farmers to make decisions that would 
help reduce their vulnerability to 
weather and climate extremes and 
ultimately promote food security.125 

 
 
124 Key Lessons from the Pilot Program for Climate Resilience - Shaping Climate Resilience for Transformational Change. www.climateinvestmentfunds.org/sites/cif_enc/files/WBG-

PPCR-Top_10_Lessons_Learnt.pdf 
125 Nepal Agriculture Management Information System: Role of ICT for Climate Smart and Sustainable Agriculture. 2015 Ministry of Agriculture Development, Kathmandu 
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Promoting 
Climate 
Resilient 
Agriculture 

Bara, Parsa, 
Morang, Sunsari, 
and Rautahat  

September 2013 
to June 2019 

PPCR, 
International 
Finance 
Corporation 
(IFC) 
(US$ 
290,000) 

Government of 
Nepal 

To expand agricultural 
adaptation measures to 
manage current climate 
change and prepare for 
future impacts by 
overcoming  significant 
barriers that prevent 
private investment, 
including a lack of 
information, knowledge, 
and inputs (water, seeds, 
fertilizers, machinery, and 
finance) and weak 
commercialization 
(storage, processing and 
transportation). 

Project design should promote more 
systemic (comprehensive and 
integrated) approaches, focus on 
feasible activities, and promote longer 
time frames to allow for unforeseen 
events.  
 
Stakeholder roles, including 
government involvement, must be 
clearly defined. 

Home garden 
Programme 
(Fourth phase) 

20  districts (of 
Far, Mid and Mid 
Western and 
Central 
development 
Regions)  

4 years (2013-17) SDC (about 
US$ 2.75 
million) 

Government of 
Nepal 
(Ministry of 
Agriculture 
Development) 

To contribute to improve 
family nutrition and 
resilience of smallholders 
and disadvantaged 
groups, especially 
women, by scaling up 
home garden practices 

Home garden is a good entry point for 
reaching poor, women and 
disadvantaged groups 
 
Home garden serves as 
complementary interventions for 
livelihood diversification 
Home garden, being low input and less 
labour intensive technology, is resilient 
to the effect of male out-migration in 
rural communities 
Home garden interventions are more 
adaptive to the impacts of climate 
change 

Prime Minister 
Agriculture 
Modernization 
Project 

Nationwide 10 years (2017-
2027) 

Government 
of Nepal 
About US$ 
1.307 billion 

Ministry of 
Agriculture 
Development 
in 
collaboration 
with other 
ministries 

Establishing special areas 
of major crops 
Enhance competitiveness 
through value addition in 
exportable agricultural 
commodities 
Create employment 
opportunities by making 
agriculture dignified and 
profitable business  

Agriculture commercialization is 
possible through public-private 
collaborations around sustainable 
intensification issues in Nepal. 
 
Mechanisation heavily reduces the 
cost of production and supports in 
catching-up with the cropping 
calendar. 
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Ensure flow of effective 
services through 
functional coordination of 
multi-stakeholder 
agencies 

Dignity of work is equally important as 
profit from the business 

HIMALI High 
Mountain 
Agribusiness 
and Livelihood 
Improvement 

10 Mountain 
districts (Jumla, 
Mugu, Humla, 
Dolpa Mustang, 
Manang Rasuwa, 
Dolakha 
Solukhumbu, 
Sankhuwasaba) 

7 years (2011-18) ADB (US$ 
20 Million) 

Ministry of 
Agriculture 
and Livestock 
development 

To enhance socio-
ecological resilience of 
rural mountain 
populations to climate 
change induced water 
shortages and land 
degradation in selected 
arid watersheds in Nepal. 

Proper harvesting techniques of wild 
herbs and proper grazing and not to 
overpopulate with animals is required 
to check environmental degradation in 
the mountains 
 
Capacity enhancement in processing 
and marketing is required in order to 
expand the natural resource-based 
enterprises in the mountain districts.  

Enhancing 
Livelihoods and 
Food Security 
from 
Agroforestry 
and Community 
Forestry in 
Nepal 
(EnLiFT): 

4 districts 
(Kavrepalanchok, 
Lamjung, 
Sindhupalchok 
and Kaski) 

5 years (2013-18) ACIAR (US$ 
0.798 
million) 

University of 
Adelaide, 
University of 
New South 
Wales, ICRAF, 
IUCN, Forest 
Action Nepal, 
Nepal 
Agroforestry 
Foundation, 
CFD, MOFE) 

To improve the capacity of 
household based 
agroforestry systems to 
enhance livelihoods and 
food security, 
To improve the 
functioning of community 
forestry systems to 
enhance the livelihoods 
and food security of 
Community Forest User 
Group members, and; 
To improve the 
productivity of, and 
equitable access to, 
underutilized and 
abandoned agriculture 
land. 

Agricultural production can be 
increased by bringing back the 
abandoned/fallow agricultural land into 
production 
Agriculture should be promoted as a 
dignified and attractive enterprise to 
attract youths' interest and private 
sectors investments  
Facilitating community-based and 
market-oriented enterprises is 
challenging and requires higher level 
of input from external expert  
 

Micro 
Enterprise 
Development 
Program for 
poverty 
Alleviation 
(MEDPA): 

Nationwide Regular 
programme of the 
government (after 
the termination of 
UNDP supported 
MEDEP in 2018) 

Government 
of Nepal 
(nearly 
annual US$ 
109 million) 

Ministry of 
Industry 

To create and develop 
microenterprise for 
poverty alleviation of the 
target group 

MEDPA is a tool to trigger latent 
entrepreneurship skills of hardcore 
poor    
Result based sub-contracting system 
can increase the outreach of the 
government's development efforts  
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MEDPA model provides a unique 
opportunity for local governments to 
reach the hard to reach people; 
 
Non-resilient micro-enerpreneurs 
require timely interval graduation 
supports for their economic 
empowerments. 
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Summarizing Results of Baseline Initiatives – Realizing a Paradigm Shift 
A number of baseline investments are ongoing or completed in Nepal and also specifically with 
GRB addressing key issues in ecosystem restoration, biodiversity conservation, livelihood 
improvement, capacity building, climate change risks and the promotion of river basin 
management. 
 
Many of these projects interventions apply some climate adaptation planning and also i) 
community-based natural resource management; ii) education and awareness programmes; iii) 
research and data collection; and iv) the promotion of adaptive livelihoods but gaps in penetration 
of benefits exist despite considerable achievements out of these investments. Several of the 
baseline investments, for example, focus on ecosystem restoration and livelihood improvements 
yet have not taken climate change impacts into consideration or there are local communities 
within projects are not being trained on how to climate-proof their livelihoods and to maximise the 
benefits of surrounding ecosystems for building climate resilience. Efforts and investments are 
consequently needed to fully climate-proof existing baseline projects. This can be achieved by 
using collaborative governance and integrating adaptation measures – such as EbA – into river 
basin management plans. 
 
A paradigm shift towards river basin management, planning and governance that integrates an 
ecosystem-based and community-centric approach into climate change adaptation strategies 
within both the public and private sector is the focus of this project. Such an approach would 
target vulnerable communities by focusing upon and implementing: i) climate resilient 
development using natural ecosystems wherever feasible; ii) biodiversity conservation that also 
strengthens the climate change adaptation benefits provided by ecosystems; and iii) the 
promotion of climate-resilient livelihoods for local communities. The EbA approach would include 
using interventions based upon best practices (see Best Practices Section) and lessons learnt 
from past and on-going initiatives. Gaps and barriers in baseline investments (see next Section) 
should also be used to inform EbA interventions. The implementation of such an EbA approach 
would require additional investments to: i) build upon and climate-proof the existing baseline 
investments; ii) unlock and capitalise on the value of ecosystem services (provisioning, 
regulating, supporting and cultural) provided by ecological infrastructure; iii) enhance the 
resilience of river basin ecosystems; iv) develop climate-resilient livelihoods to enhance the 
adaptive capacities of local communities; and v) strengthen national and regional governance for 
climate change adaptation. The recommended interventions (final Section of FS), which are 
based upon the gaps and lessons learnt from past and on-going projects, provides the basis for 
the project design. 
 
This alternative scenario for the Gandaki River Basin will shift from the fragmented approach that 
does not consistently and effectively consider climate change adaptation, to coordinated, at-scale 
river basin management which, by focussing on the most climate-vulnerable locations, 
significantly safeguards natural and agricultural systems and the goods and services they 
provide, thereby improving the resilience of the people who live in the GRB.  This approach will 
ensure that the whole river basin will become more resilient to climate change, which will remove 
a risk for private partners to invest in the long run. Such a shift would seize the opportunity 
presented by Nepal’s new federal structure to demonstrate how climate resilience can be 
introduced at a strategic level, and therefore be extended and replicated to other river basins in 
Nepal. 
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5. Eco-system Based Adaptation for GRB – Gaps and Barriers 
 

 Gaps 
5.1.1 Gaps in Integrating Ecosystem based adaptation and addressing climate risks in 

local river basin management  
There has been limited integration of EbA measures into existing baseline investments that focus 
on biodiversity, conservation, and sustainable development. The impacts of climate change and 
the need for EbA interventions are generally not considered within these baseline investments 
because: i) there is limited access to downscaled, local, climate data; ii) awareness and technical 
knowlege of EbA amongst government officials and the communities is minimal; and iii) the 
potential of ecosystems to build climate resilience of local communities tends to be vastly 
underestimated by decision-makers. Consequently, there is little investment into maintaining 
ecosystem goods and services. This gap threatens the success of many of the baseline 
investments in the GRB. 
 
The local planning system in Nepal is based on political unit such as district and municipality126 
and not the riverbasin approach. Planning based on political units does not consider the 
ecological factors such as upstream and downstream of river system, biological corridors, 
habitats, etc. Implementing EbA at e.g. watershed scale requires planning and oversight beyond 
community level, and across sectors.127 Hence the holistic and multidisciplinary approach of 
ecosystem-based adaptation for sustainable use of biodiversity and ecosystem services to adapt 
to climate change needs to be considered integrating all political units (districts and 
municipalities) that are related with the concerned riverbasin. Some of these issues include: 

• Poor understanding on how and the extent to which climate change affects ecosystems, 
ecosystem services and communities 

• The effectiveness of bioengineering has not been fully realised as recommended by the 
Mountain EbA Project in Nepal (GON/UNDP, 2016).128  

• EbA is relevant across sectors, but policy change is still needed for integrating EbA into 
sectoral planning and budgeting. Despite promising progress being made, however, the 
policy initiatives with the private sector has not been undertaken through the programme 
on a significant scale (UNDP, 2015). 

 
The 2016 Adaptation Finance Gap Report outlined the importance of up-to-date estimates of 
adaptation needs and costs, suggesting that adaptation costs in developing countries were 
significantly higher than previously estimated, and arguing for improved tracking of finance flows 
in order to support the operationalization of the global goal on adaptation.129 This case is similar 
to Nepal as well. 
 
Studies reveal substantial gaps in knowledge and data coverage that need to be overcome in 
order to improve assessments of progress on adaptation efforts, although improvements can be 
expected as tracking the SDG and Sendai Framework targets gets underway. In addition, there 
is a gap in how to programme adaptation, for example, to learn the best ways to address various 
barriers (whether market, policy or information failures) and to find out which programming 
modalities work well for particular risks or sectors130. Gaps in Reporting and Knowledge 
Dissemination across multiple stakeholders. 
 

 
 
126 NPC, 2017. Fourteenth Plan. National Planning Commission Nepal, Kathmandu. 
127 UNDP, 2015. Making the Case for Ecosystem-based Adaptation: The Global Mountain EbA Programme in Nepal, 

Peru and Uganda. UNDP, Bureau for Development Policy One United Nations Plaza New York, NY, 10017 USA 
128 GON/UNDP, 2016. Policy brief: Lessons learned from Panchase to Mountain Ecosystem. GON/UNDP Nepal 
129 UNEP, 2016. Adaptation Finance Gap Report 2016. United Nations Environment Programme. 
130 UNEP, 2018. Adaptation Gap Report 2018. United Nations Environment Programme. 
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5.1.2 Gaps in Inter-Sectoral Planning (Nationally and Regionally) 
There is a wide range of climate-related policy at national level, but implementation is poorly 
coordinated between line agencies. Sectoral approaches of the various line agencies involved in 
climate action are not integrated at any level. 
 
Nepal is undergoing a period of rapid political transformation with a new constitution and a new 
federal structure. It is also benefiting from technological change through the rapid adoption of the 
internet and penetration of mobile devices and telecoms to even remote areas. Nevertheless, 
there remain large gaps in data, information and knowledge and challenges to accessing reliable, 
accurate, timely and useable information. 
 
Obtaining information on land use, tenure and land use change is improving, there remains a gap 
in information and knowledge on climate change.  Knowledge of government policies and 
programmes at local village level, often remains limited. Extension programmes exist, but their 
penetration across the country varies tremendously and rural communities often have limited 
access to information about how their livelihood and sustainable investment returns relate to 
sustainable eco-systems. 
 
A key challenge is the lack of disaggregated data, information, and monitoring and evaluation in 
terms of ethnic minority groups and indigenous peoples regarding climate vulnerability and risk. 
This can result in a poor understanding of -differentiated risks and inappropriate policies, 
decisions and interventions. In order to respond to the impacts of climate change at national and 
local levels, government of Nepal established a Nepal Climate Change Knowledge Management 
Center (NCCKMC) in 2010. The main objective of the Centre is to facilitate the acqusition, 
documentation, management and dissemination of climate-related knowledge. The Centre is in 
Nepal Academy of Science and Technology (NAST). NAST in collaboration with Oxford Policy 
Management Limited (OPML) conducted a study on "Understanding Demand and Supply of 
Climate Change Knowledge Management in Nepal" in 2016.131 From the review of literatures, the 
study report has summarized the following gaps in climate change knowledge management in 
Nepal. 

• There is a gap in reliable information and knowledge base on climate change in Nepal, 
which has impacted decision-making at local level 

• Knowledge management has not been a priority at central level and thus a sound 
evidence base is lacking for scaling up current efforts and sharing learning widely 

• Major knowledge—action gaps exist with respect to adaptation to climate change in the 
Asia Pacific region, including Nepal. Knowledge—action gaps arise because knowledge 
is missing, inaccessible or unused  

• There is inadequate focus on climate research and on strengthening the capacity of 
researchers, which has impacted knowledge generation and flow. 

• The responses to, and management of, climate change at local level are constrained by 
limited information and knowledge of climate change, inadequate access to information, 
knowledge and technology. It has led to the application of universal strategies that may 
not be appropriate for different areas and micro-climates that prevail in various sub-
watersheds in the GRB. 

• Lack of disaggregated data by geography, income group, gender, and ethnic group on 
the impact of climate change to set a baseline 

• Lack of reliable forecasting models against the natural disasters for planning and 
administration of adaptation measures 

• Lack of knowledge on long-term costs and benefits of climate change adaptation 
 

 
 
131 NAST and OPML, 2016. Understanding Demand and Supply of Climate Change Knowledge Management in Nepal. 

Nepal Academy of Science and Technology, Nepal and Oxford Policy Management Limited, India, Action on Climate 
Today Initiative 
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From its own finding the NAST and OPML (2016) has noted that: 
• The study found that, despite the establishment of the NCCKMC, there was absence of 

well-coordinated and harmonised institutional mechanisms to coordinate and manage 
generation, codification, sharing and use of climate knowledge in Nepal. 

• Effective response to climate change is hindered by knowledge and technology gap. 
• There is a mismatch between the demand for and supply of climate change knowledge 

at local level. 
• There is an overwhelming need and demand for generating climate change knowledge at 

national level.  
• Despite the huge demand for knowledge at national level, the supply side of knowledge 

management is inadequate.  
• There is lack of an institutional culture and mechanisms for knowledge sharing among 

district-based agencies. 
• Climate change knowledge management should be mainstreamed within the policy and 

institutional mandate and work. 
• Research and academic institutions should take the lead role in knowledge generation. 

 
In large parts of GRB there is a limited local level presence of key institutions and a lack of 
enforcement capacity. For example, there is a lack of watershed management officers at 
watershed, sub watershed and micro-watershed levels. Limited upstream and downstream 
interactions for flood and drought-risk management reduce the effectiveness of actions. 
In many instances indigenous groups, ethnic minorities or groups from a lower caste do not have 
legally registered land and are less able to take risks incurred by adopting new approaches to 
reduce their vulnerability to climate change. Another consequence of the lack of land titles are 
difficulties in accessing credit needed for investments in land management.  
Inter-sectoral planning132 is required in climate change adaptation because physical, social, and 
economic impacts of climate change often lie outside the domain of conventional sectoral plans. 
The common gaps include: 

• Absence of linkage between sectoral plans dealing with physical, social, and economic 
impacts of climate change 

• Inefficient resource exploitation, ineffective coordination among institutions, and limited 
information and knowledge about area-specific problems. 

• NPC (2011) has identified a lack of climate lens for screening development plans to 
identify risks, inter-linkages, potential areas for building synergy, and ways to enhance 
local-level climate knowledge at the implementation level.  

• Inadequate knowledge to build the capacity of multiple sectoral actors to relate the climate 
change risks and issues to the local conditions and encourage them to act collectively 
and cooperatively.  

• Limited understanding of climate change and its impact in a broad sense. There is a lack 
of clarity about what a particular development sector should focus on in order to make its 
plans and programs climate-resilient. Development organizations need to come to terms 
with their own specific limitations and to identify those potential climate risks that might 
jeopardize their sectoral goals 
 

5.1.3 Gaps in exisiting Vulnerability Studies to determine most appropriate adaptation 
measures. 

There are several climate change vulnerability studies being conducted in Nepal. Most of the 
studies have shown a severe data gap in climate change vulnerability analysis.  
Research gaps exist in Nepal on identifying relationship between climate change, range 
expansion and new assemblage. There is a need to identify and verify the likelihood of such 

 
 
132 NPC, 2011: Climate-Resilient Planning. [Working Document], Government of Nepal, National Planning 

Commission, Kathmandu, Nepal. 
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impacts at the landscape ecosystem level, and prioritize national-level research programs to 
minimize existing knowledge gaps.133 
 
ISET (2008) in its research publication on "Climate Adaptation in Asia: Knowledge Gaps and 
Research Issues in South East Asia' has pointed out that: 

• While a substantial amount of research on migration in the region exists, this has not been 
contextualized within climate change adaptation; hence there is little understanding of 
how climatic impacts may further amplify or affect movement. 

• Research has not yet established how formal and informal institutions and mechanisms 
support or constrain each other regarding social security mechanisms in the context of 
climate change stress and shocks could 

• Adequate research has not been conducted to better understand how livelihood security 
of small farmers may be threatened by climate change combined with other stressors, 
and explore mechanisms that could strengthen their adaptive capacities. 

• Not much research has been conducted to strengthen health systems and services to 
better anticipate and address potential health challenges, and also respond to the 
uncertainty of climate change, such as unexpected and sudden changes in temperature 
and precipitation. 

 
Nepal has just entered into a federal system of governance with three tiers of government. In the 
new federal system, local governments are required to prepare their integrated development 
plan. As the dynamics, forces and characteristics at work and their potentials at the local level 
are least explored, it is not clear how should climate change vulnerability should be addressed. 
 

 Barriers 
Barriers to reducing climate risks 
For the purposes of this project, the term barrier means the factors that impede the adaptation to 
climate change. The barriers to adapting to climate change can be categorised as follows: 

• Information and knowledge barriers. 
• Governance and rule of law barriers. 
• Social license barriers. 
• Capacity, capability and access barriers. 
• Market and Financial barriers 

 
Each category is elaborated below and a summary of climate risks, consequences and barriers 
is provided in Table 55.  

 
 
133 Lamsal, Pramod, Lalit Kumar, Kishor Atreya, Krishna Prasad Pant, 2017. Vulnerability and impacts of climate 

change on forest and freshwater wetland ecosystems in Nepal: A review. Ambio 2017, 46:915–930. DOI 
10.1007/s13280-017-0923-9 
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Table 51: Summary of climate risks, consequences, gaps and barriers 

Vulnerability Climate risks Consequences Gaps/Barriers  

Ecosystem  

Temperature- related 
• Increasing average 

temperature  
• Number of extreme hot 

days (Churia and Terai) 
 
Precipitation related: 
• Drought 
o Changing precipitation 

patterns: 
o Decreasing rainfall / 

snowfall 
o Altered timing of the 

monsoon 
o Lack of winter rainfall 

 
• Floods 
o Changing precipitation 

patterns: 
o Torrential rain events 
o Consecutive rain days 

increasing 

Biodiversity change 
and loss (increased 
threat to species, loss 
and degradation of 
habitat, loss of 
genetic diversity) 
Soil erosion 
Changes to 
hydrological systems 
 Pollution of 
waterways from 
floods (e.g. plastic 
pollution on farmland 
after floods)  
Changes to micro-
climate 
Loss of ecosystem 
services 

Information and knowledge gaps 
• Inadequate data and information to inform 

good decision making 
• Local bodies often have inadequate 

knowledge about climate change adaptation 
Lack/inadequate availability of adaptation 
technology 
• Expensive and cumbersome process of 

accessing technology 
• Gap in the translation of technology into 

practice (education, skill) 
Governance and rule of law gaps. 
• Implementation of climate-related policy is 

poorly coordinated between line agencies 
• Political transition over the past 20 years 

and more recently the move to federalism 
has created some uncertainty in terms of 
who has authority and responsibility for 
climate action 

• In large parts of GRB there is a limited local 
level presence of key institutions  

• Lack of land tenure security is a barrier to 
the reutilisation of unused and underutilized 
agriculture land as an adaptive mechanism 

• The regulatory framework and institutional 
structures are often impediments to 
conducting business and using natural 
resources 

Social license barriers. 
• Women, ethnic groups, disabled and others 

often have limited access to decision 
making 

• Local political bodies and politicians often 
have high expectations and they can readily 
affect the social license 

Capacity and capability barriers  
• Poverty/low income levels 
• Out-migration of youth/ men leads to a lack 

of labour and in places underutilized land 
• Poor physical access (roads) 
Market and finance barriers 
•  Lack of access to finances and resources 

for adaptation 
• No access to markets due to low scale of 

production while adopting CC responsive 
production system thereby limiting farmers 
to remain without adopting new 
crops/varieties and techniques  

• Lack of access to input market to adapt to 
best recommended technology 

• Unwillingness of private sectors to invest on 
CC adaptation measures 

Socio- 
economic  

Increasing risks to, and 
declining productivity of, 
agriculture, livestock and 
natural systems from 
drought, pollution, landslides 
and soil erosion 

• Decreasing access 
to water 

• Increased food 
insecurity 

• Increase in vector 
and water borne 
diseases 

• Death and injury 
from landslides and 
heatwaves 

• Loss of livelihoods 
• Displacement of 

people from 
severely affected 
areas 

• Increase in 
community conflict 

• Increasing inequity 

 
5.2.1 Information and knowledge barriers 
There are two key gaps to the introduction and operation of climate resilient solutions in the GRB, 
these include: 

• Basic data are not available, making it difficult to ensure decisions are well informed  
• Local bodies often have inadequate knowledge about climate change adaptation. 
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In addition, the general low level of education and literacy amongst women often means they 
have low levels of awareness and knowledge of climate change risks and adaptation solutions. 
As a result, many decision-makers do not have access to data from comprehensive assessments 
of climate change vulnerability that includes: i) exposure to current and future climate change 
risks; ii) potential for ecological restoration and EbA measures; and iii) socio-economic 
vulnerabilities, including sensitivity and adaptive capacity of local communities. Without detailed 
and comprehensive spatial data on climate vulnerability in GRB, decision-making for climate-
resilient planning by national ministries, state-level departments and local communities will 
remain sub-optimal in the face of current and future climate change impacts. 
 
Due to extreme variation in topography and existence of micro-climates in short distances, the 
geographic domain of one specific technology is small in general in Nepal and more particularly 
in the hills and mountains. This makes the technology generation expensive for each specific 
pockets facing different forms of climate change impacts. In addition, researchers are not well-
versed with the impact of climate change and the adaptation technology required.  
 
5.2.2 Governance and rule of law barriers 
The phenomena of rapid outmigration from rural areas of Nepal has left a legacy of unused and 
underutilized agriculture land. Lack of land tenure security is a barrier to the reutilization of these 
lands for climate adaptation purposes. 
 
The regulatory framework and institutional structures are often impediments to conducting 
business and using natural resources. For example, to establish a shop, hotel or any other 
business requires documents that show legal status. This requirement is one of the major barriers 
in diversifying the livelihood options of disadvantaged communities such as Dalits and indigenous 
peoples. 
 
Government rules and regulations for forest product marketing pose substantial barriers to 
communities seeking to generate financial returns from community forests. 
 
5.2.3 Social license barriers 
There are a wide range of mechanisms for citizens to participate in planning and decision making 
about climate adaptation. However, women, ethnic minorities, indigenous peoples, Dalits, 
disabled and others often have limited access to decision making. 
 
The degree of trust between rural communities and government line agencies varies. Long 
standing programmes such as community forestry have built links with local user groups.  
 
Local political bodies and politicians often have high expectations and they can readily affect the 
social license of the project to operate as they hold substantial influence over communities. 
 
5.2.4 Capacity, capability and access barriers 
Key capacity, capability and access barriers include: 

• Poverty/low income levels 
• Out-migration of youth/ men leading to a lack of labour, and, in places, unused an 

underutilised agricultural land and high cost of labour 
• Lack of access to finances and other resources for adaptation. Financial mechanisms for 

climate change adaptation are largely absent and there is inadequate financial/budgetary 
support for adaptation at watershed level. 

• Poor physical access (roads) 
• Low diversity of livelihood options increase vulnerability to shocks and changes 

 
In addition, there is limited human and technical capacity for a multi-disciplinary approach that 
climate adaptation demands. This includes a lack of skills in dealing with climate change risk and 
vulnerability assessment methods in the context of watershed management planning processes. 
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Local people are often not aware of technology that reduces vulnerability and increases resilience 
to climate change. 
 
Social norms and values, and lack of livelihood opportunities are important barriers. For example, 
low education levels in poor, marginalized and Dalit households create barriers to the adoption 
of climate change adaptation solutions by these groups. Due to their high influence in decision 
making, participation of men and wealthier people in economic development interventions in the 
project sites is high. In contrast, due to low influential power in decision making, participation of 
women and ethnic groups in income generation is moderate, and participation of poor 
households, marginal groups and Dalit households in economic development is low. 
 
Women, poor, ethnic groups, marginalized peoples and Dalit households do not usually hold 
influential positions in community institutions, nor do they have the financial means to implement 
new innovative measures. They also have less access to the services provided by government 
line agencies. 
 
The heavy unpaid workload of rural women and inequitable division of labor is not counter 
balanced by income, meaningful representation in decision making forums, or an equitable share 
of benefits. Social norms mean that a large portion of unpaid work is assigned to women and 
girls, especially collecting firewood, water, and fodder, and caring for livestock, crops, and 
households (child care, cooking and cleaning). 
 
The high and increasing rate of outmigration of males from rural areas has increased the burden 
on women. Outmigration is resulting in a lack of rural labor, and an increase in unused and 
underutilized farm land. This has implications for food security, health and nutrition of women and 
children. The marginalization of women and their heavy workload present substantial barriers to 
addressing climate change. Conversely, if adaptation approaches are designed with women and 
other marginalized groups and such approaches take fully into account their needs and 
capabilities, such barriers can be overcome as evidenced by some very successful community 
forestry groups. 
 
Gender discrimination and physical vulnerability of girls and women often leads to lack of 
opportunity for economic and social advancement, a repetitive life -cycle of poverty and 
disempowerment. Climate induced disasters are increasing the vulnerability of girls and young 
women in terms of safety and security and increasing the risk of human trafficking and exploitative 
work in the entertainment sector. Women and marginalised groups have limited livelihood options 
and poor access to productive assets (finance, property, markets) due to social norms.  
 
5.2.5 Financial Capacity for community to adopt climate resilient livelihoods 
Nepal, as a LDC, is focusing on development and economic growth (baseline efforts referred as 
well), climate change is jeopardizing and reversing hard won gains. The fiscal capacity for both 
government and community resources (of the poor and vulnerable) are limited to cope with the 
additional burden of adapting.  Local communities in GRB are presently highly vulnerable to the 
impacts of climate change on their economic activities and livelihoods. In addition, communities 
have limited awareness of the climate change risks facing them and/or how to adapt to the risks. 
Moreover, technical and financial capacities within these communities and local governance 
institutions are generally inadequate for adoption of appropriate adaptation strategies. For 
example, communities have little knowledge of the potential for diversifying their livelihoods to 
capitalise on goods and services provided by functional ecosystems that have been restored 
using an EbA approach.  Limited market access to diversified livelihoods reduces their economic 
sustainable viability.  For example, communities rarely have assets that may be used as collateral 
to obtain loans from financial institutions. Communities are largely unable to make the required 
investments because of limited access to finance for micro-, small and medium enterprises. This 
is because of: i) inadequate mainstreaming of micro-lending schemes at the state, district and 
community levels; ii) a lack of strong business cases for livelihoods based on ecosystem goods 
and services; and iii) limited knowledge within financing institutions on climate risks and the 
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potential for financial products to support the establishment of sustainable, climate-smart 
enterprises. The microfinance sector thus has a limited understanding of – and thus little risk 
appetite for – investments into livelihood diversification measures. As a result, there are few 
examples of financial products to support investments in climate-resilient livelihood options and 
EbA approaches to conservation and restoration of the ecosystems that underpin such 
livelihoods. 
 
Lack of financial resources includes insufficient funds, lack of credit facilities and loans required 
for planting trees, planting improved varieties of crops (e.g., drought tolerant crop varieties), 
diversification of livelihoods activities, changing the timing of planting, replacing the low yielding 
herds by a high-yielding ones to reduce feed and fodder consumption, etc. This is where the 
project intervention is required to ensuring that the enabling environment is set in a way that it 
brings in finance activities that will de-risk farmers activities (inclusive finance, mobile finance / 
insurance, etc.). Currently, there is minimal private sector participation in adaptation projects in 
the region.134 have reported that adaptation policy and practice in the glacier-fed river basins of 
South Asia, including Nepal is dominated by the national governments in project execution and 
“not a single project with private sector involvement.135  
 
Willingness of private sector is weak as the results of adaptation are not well-demonstrated yet 
and there has been no confidence developed in the private sector actors. The project 
interventions proposed hope to demonstrate and develop confidence by the private sector to 
attract more investment. 
 
6. Best Practices 
The Feasibility Study draws upon best practices and lessons learned from past and on-going 
initiatives at international, national and regional level. Stakeholder consultations with 
representatives from all levels of government departments from the target locations and also local 
communities provided insights from past and on-going initiatives. The best practices and lessons 
learned are discussed briefly in the sections below.  
 
IUCN defines nature-based solutions (NbS) as, “Actions to protect, sustainably manage and 
restore natural or modified ecosystems that address societal challenges effectively and 
adaptively, simultaneously providing human well-being and biodiversity benefits”. Ecosystem-
based adaptation (EbA) which is a sub-set of NbS was developed as a framework for addressing 
the role of ecosystem services in moderating climate impacts on people (Staudinger et al., 2012; 
Locatelli et al., 2011). 
 
The term EbA was first coined in 2008, and in the same year was introduced to the UNFCCC 
COP 14, by IUCN in a position paper. In 2009, the Converntion of Biological Diversity (CBD) 
officially defined EbA as an operational tool for climate change adaptation (Rizvi et al., 2014). 
The CBD in 2010 refined its definition of ecosystem-based adaptation as the “sustainable 
management, conservation and restoration of ecosystems, as part of an overall adaptation 
strategy that takes into account the multiple social, economic and cultural co-benefits for local 
communities”. 
 
While EbA can be applied at a variety of levels, it generally provides benefits on a local scale 
(Locatelli et al., 2011; Rizvi, 2014). Examples of EbA applications include the renaturation of 

 
 
134 Patra, J. and Terton, A. 2017. Review of current and planned adaptation action in Nepal. CARIAA Working Paper 

no. 20. International Development Research Centre, Ottawa, Canada and UK Aid, London, United Kingdom. 
Available online at: www.idrc.ca/cariaa. 

135 This finding was also supported by Sud, R., Mishra, A., Varma, N., & Bhadwal, S. (2015). Adaptation policy and 
practice in densely populated glacier-fed river basins of South Asia: A systematic review. Regional Environmental 
Change, 15(5), 825–836. 
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rivers or canals to attenuate flooding, or the replanting of forests with more future climate-tolerant 
species to adapt to climate change (Doswald & Osti, 2011). EbA projects usually include a strong 
element of community engagement of the community to raise awareness about natural resource 
management and seek local support for the restoration and sustainable management activities. 
It has been clearly recognized that there are some key factors resulting from lessons learned 
related to implementation of NbS such as ecosystem-based adaptation: 
 

1. Inclusive, integrated approaches: In order for EbA to be successfully implemented, 
there is a need to foster integrated, cr-sectoral approaches that may involve establishing 
new and innovative partnerships and multi-level governance structures.  
 

2. Stakeholder participation: It is clearly understood that clarifying and addressing 
stakeholders’ different values, interests and knowledge levels are key to building a strong 
foundation for strengthening natural resource governance. In addition, it is acknowledged 
that participatory processes supporting stakeholder empowerment leads to institutional 
sustainability of the projects intervention 
 

3. Champions and leaders: It is important to identify and collaborate with champions or 
leaders who can motivate, mobilise and guide their peers. These champions might either 
be local government leaders of community leaders.  
 

4. Public and private sector roles: There is a need to establish public-private partnerships 
to sustain the interventions to be piloted by the project.  
 

5. Locally grown-solutions: One of the lessons that has emerged from ecosystem-based 
adaptation projects is that aspects of traditional nature-based practices seem to offer 
more appropriate and accepted solutions and are likely to be more successful than 
approaches that are brought from the external environment with no local context. This is 
observed from the eco-safe bioengineered roads project, which is part of the BMU funded, 
‘Ecosystems Protecting Infrastructure and Communities’ (EPIC) Project, for reducing risks 
to disasters of local communities implemented by IUCN Nepal country office in the 
Gandaki river basin, where it was found that the most appropriate species for bio-
engineering and livelihood development of the communities were the native species. 

 
6. Addressing biodiversity and social benefits: It has also been recognized that 

biodiversity and social impacts can be achieved together and also increase the overall 
success of EbA. This is evident from the EPIC Nepal project where by establishing 
nurseries for native species to be used in bio-engineering the communities livelihood 
options were enhanced.  

 
7. Valuation and funding: Valuing ecosystem services is important in being to establish a 

business case for investment in ecosystems. There have been numerous ecosystem 
valuation studies that have demonstrated the role of ecosystems in enhancing the 
adaptive capacity of communities and ecosystems including studies focused on Nepal. 
The EPIC Nepal project also commissioned a study for undertaking the economic 
valuation of the eco-DRR interventions which demonstrated that in the longer-run such 
interventions were more viable than the grey engineering interventions as these involved 
blending of natural solutions with gret infrastructure.  

 
The project includes restoration of the degraded ecosystems and areas damaged by disasters 
such as floods and landslides, along with protection of ecosystems from further degradation and 
destruction so that the ecological functionality remains intact or is restored and ecosystem goods 
and services are available for human well-being. Major activities include plantations and 
bioengineering. 
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Addressing gaps in integrating ecosystem-based adaptation and responding to climate risks in 
local basin management 
 
A good example of ecosystem-based adaptation to climate change in a river basin is a project 
under the IKI Climate Initiative implemented by The Nature Conservancy, ecosystem-based 
adaption to climate change in the Magdalena River Basin’ from 2015-2019. The Magdalena river 
basin similar to the Gandaki river basin a high-altitude river basin located in Colombia. The project 
supported the Colombian government to develop a planning framework to design and implement 
cost-effective, climate-resilient management plan for the River Basin to reduce flood risks while 
sustaining a healthy river. It involved mapping biodiversity, ecosystem services and land use, 
developing watershed models for two pilot watersheds. Some of the project’s achievements 
include: a) Development of a guide for decision makers on incorporating EbA in project 
formulation as well as other parts of the project cycle: b) In collaboration with National University 
of Colombia undertaking cost-benefit analysis of adaptation measures that led to prioritization of 
EbA measures for implementation in pilot areas; c) pilot EbA measures involving local 
communities participation, implemented, e.g. forest restoration, silvopastoral systems, 
aquaculture pilots with native fish, sustainable artisanal fishing and fair trade, protected areas 
establishment, setting up wetland rangers groups, resilient productive gardens, and establishing 
knowledge networks.136   
 

 Cost Effective Investments in Ecosystem Restoration  
Ecosystem restoration (bioengineering) is recognised globally as a cost-effective and sustainable 
approach to climate change adaptation. This is as a result of the multiple economic and social 
benefits that ecosystems provide to local communities137. In addition, ecosystem restoration has 
been shown to require comparatively small investments relative to the long-term social, economic 
and environmental benefits. Indeed, a growing body of scientific research is showing that climate 
change adaptation projects focusing on ecosystems result in extremely favourable cost-benefit 
ratios. 
 
6.1.1 Plantations for generation of ecosystem good and services:  
In response to landscape degradation caused by climate change restoration of ecosystems 
through plantation involves reforestation, enrichment planting, stream bank plantations and road 
side plantations. Plantations increase landscape heterogeneity, protect the land from landslides, 
and generate ecosystem good and services.  
 
Enrichment plantation is necessary to quickly increase the abundance of plant species that do 
not regenerate well under current conditions. Plantations in stream banks protect riparian areas 
from erosion, improve water quality and protect and create habitats.  
 
6.1.2 Bio-Engineering measures for protection of vulnerable sites   
To adapt climate degraded landscape using bioengineering measures can be used to strengthen 
the integrity of agricultural and forest landscapes. Bioengineering methods can be used for road 
side slope failure, rills and gully erosion on both private and public land that are known to trigger 
erosion and cause disturbance to ecosystems. In addition, some small civil engineering 
structures will be installed to complement bioengineering offer more effective solutions when 
required.  
 

 
 
136 (https://www.international-

climateinitiative.com/en/nc/details/?projectid=477&cHash=5715c8709414ed22752d8e8be33b8d2f) 
137 Jones, H.P., D.G. Hole & E.S. Zavaleta.2012. Harnessing nature to help people adapt to climate change. Nature 

Climate Change 2: 504-509. 
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6.1.2.1 Slope Stabilization138 
Water-induced disaster problems including soil erosion, debris flow, landslides and flooding are 
common due to the unstable landscape. Soil erosion is the most important driving force for the 
degradation of upland and mountain ecosystems which can be exacerbated through more 
intense rainfalls. Soil bioengineering has been used in Nepal for nearly 30 years to deal with 
erosion problems on slopes, in high way construction and riverbank stabilization. The main soil 
bioengineering techniques used in Nepal are brush layering, palisades, live check dams, fascines 
and vegetative stone pitching.   
 
6.1.2.2 Stream Banks Stabilzations 
Streambank erosion is a natural process, but with removal of native riparian vegetation and flow 
regulation shcemes have shown to exacerbate the problem.  In addition to excess flow and 
subsequent flooding accelerating the erosion of the river banks. Therfore revegetation is often 
considered a low cost effectice option to reduce erosion.  Vegetation controls sediment erosion 
and dense riparian forest may assist in sediment buildup along the river banks. 
 

 Promotion of climate resilient crops and agriculture systems 
Given the high dependence of people in the GRB on agriculture, livestock and forests, enhancing 
resilience of these systems is essential for resilient livelihoods. Livelihoods will be made more 
resilient through promotion of drought resistant crops, and income generating activities. 
Accordingly, the project will include a focus on agroforestry as follows: 
 

• Agroforestry will create spatial and structural complexity across the landscape to make 
them more resilient to risks and farming systems more sustainable. It will provide food 
and agricultural products through mixtures of multipurpose trees and food crops in 
agricultural land, and trees and pastures in forage and fodder sites.  

• Home Gardens will use a variety of species that benefit from varying canopy and root 
structures to make efficient use of available resources and enable farms to be more 
resilient to crop failure and other risks.  Native species, nitrogen fixing species, fire tolerant 
species, fruit species, fodder species, species with deep roots, water logging tolerant 
species will be used as per the conditions.  

 
The project will recognize that communities in GRB have been practicing various agroforestry 
systems using traditional knowledge. Communities are usually more willing to accept 
interventions if the species selected are socially desirable.  Agroforestry has also been proven to 
be a best bet option to bring back unused and underutilized agricultural land into production in 
rural areas with acute labor shortage resulting from outmigration. 
 

 Enabling environment for climate adaptation – Community Based Approach 
Stakeholder engagement needs to focus on: i) reaching a common level of understanding within 
the community; ii) analysing in-depth the communities’ resource uses and needs; iii) 
communicating strongly and directly on the precise objectives of the interventions at the outset; 
and iv) identifying precisely the suitable areas for implementation based on local knowledge and 
needs. Furthermore, skills development initiatives have been found to greatly assist communities 
in adopting alternative livelihoods thereby increasing community participation and buy-in of the 
project activities. 
 
Community adaptation activities will be implemented in critical watersheds and vulnerable sites, 
targeting the most vulnerable, poor, forest-dependent communities.  

 
 
138 Soil Bioenginnering Application and Practices in Nepal. Dhital et al., Dec 2012 
https://www.researchgate.net/publication/233976645_Soil_Bioengineering_Application_and_Practices_in_Nepal 
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• Vulnerability mapping through participatory mapping and use of geographic information 
system (GIS) will be undertaken at the river basin, watershed, and Municipal levels. 
Sharing knowledge will be promoted with local communities, CBOs and relevant 
government agencies on effective and innovative strategies and leveraging funds through 
resource partners and stakeholders. 

• Lessons on bioengineering, entrepreneurship development, and development of climate 
resilient agro-ecosystems, along with use of nature-based solutions, indigenous 
knowledge and skills will be supported for the replication of project interventions to 
achieve large scale impacts. 

• Demand-based coaching, leadership development and engaging youth, men and 
decision makers will be provided. 

• Social mobilization for advocacy with local bodies and parliamentarians, and links with 
CBOs, and NGOs will be supported to leverage financial and non-financial support.  

• The project will build the technical capacity of user groups to advance nature-based 
solutions on ecosystem restoration, management and climate adaptation linking them 
with local service providers. Networking and capacity development will help the 
communities and CBOs to better understand and engage to address issues at different 
levels. 

• A major focus on learning and sharing both within and between communities will be taken 
to scale up successful approaches.  

• Farmers will be linked to markets, climate information (including weather forecasts and 
advisory services for climate adaptive agriculture and ecosystem management) through 
mobile SMS, internet, radio and TV.  
 

 Integrated Approach – Planning and Coordination of Stakeholders 
6.4.1 Policy and Plans 
Effective ecosystem management and reducing vulnerability depend on several governmental, 
non-governmental institutions, CBOs and local communities. This makes it difficult to coordinate 
integrated collective actions. Implementation of climate related policies is led by different 
ministries and agencies, with extensive opportunities to improve and build synergies. The project 
will focus on the following:  

• Networking and strengthening of government bodies for coordination and co-operation, 
dialogue and sharing of information and expertise. This is required both for an improved 
enabling environment and to help in resolving policy and regulatory barriers.  

• Capacity building of authorities and mobilizing national, provincial and local constituencies 
to participate in policy formulation and implementation at different levels. At field level, 
emphasis will be on developing technical and advocacy capacity of women and girls, 
Local Resource Persons, emerging leaders and Natural Resource Management Groups 
to build their advocacy skills and enable them to exercise their rights. Building technical 
capacity of stakeholders and support for local institutions for stewardship and 
sustainability will assist scaling up of successful interventions. 

• Fact finding activities, including completion of the baseline exercise commenced in the 
feasibility study, will provide a base of re-setting indicators for subsequent monitoring and 
evaluation.  

• LAPAs will be prepared to match with the new administrative structure at the municipal 
and rural municipal level. Currently, with support from the Ministry of Urban Development, 
local government bodies have been formulating Integrated Development Plans to guide 
mid- and longer-term planning of their areas. Preparation of these plans will be supported 
to mainstream climate change issues and integrate components of LAPA in IDPs.  

• Application of appropriate indigenous and traditional knowledge, and technology along 
with suitable science and technology will be used to identify and address the disaster 
risks. The use of indigenous and traditional knowledge will strictly follow Free Prior and 
Informed Consent (FPIC) procedures that will be developed in the first year of the project.  

• As decision making and management arrangements are currently being redefined in 
different sectors at central, provincial, and local levels, a substantial amount of policy and 
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legal work will be required.  The project will have the opportunity to formulate, critically 
review and analyze policy documents for climate change and GESI issues. This will be 
achieved by supporting the GoN and other stakeholders to review policies related to or 
impacting on climate resilience. The project will support appropriate research, policy 
analysis and awareness rising. 

• The project will need to support forums and meetings for policy discourse (including policy 
briefs and policy clinics), stakeholder consultation, networking and dialogue at different 
levels to increase awareness and understanding, collect feedback, ensure participation 
and share the results of policy reform and integration of climate change.  

• The project will need to strengthen the capacity of relevant multi-stakeholder platforms. It 
will seek to improve coordination within and between government and CBOs to enhance 
effectiveness of interventions.  
 

6.4.2 Ecosystem services 
Studies into the value and flow or ecosystem services in the GRB are lacking. The field work 
undertaken by the project design team indicated that GRB population is highly dependent on 
ecosystem services. Ecosystem services are the benefits that people obtain from ecosystems 
(Millennium Ecosystem Assesment, 2005). The Common International Classification of 
Ecosystem Services (European Environment Agency, 2016) recognises three categories of 
ecosystem services as shown in Table 56. The table also shows the reliance of the GRB 
population on ecosystem services. 
 
 
Table 52: Ecosystem services classification and the reliance on ecosystem services in the 
Gandaki River Basin 

Ecosystem 
Service   

Definition Reliance on ecosystem services in the GRB 

Provisioning 
services 

Tangible goods and services that can 
be exchanged or traded, as well as 
consumed or used directly by people.  

Very high dependency on natural and 
agricultural ecosystems to provide food, water, 
and other raw materials.  

Regulating 
services 

Ways in which ecosystems control or 
modify parameters that define the 
environment of people; these are 
ecosystem outputs that are not 
consumed but affect individuals, 
communities and populations and 
their activities. 

Very high dependency on ecosystems for 
watershed regulation (water purification, 
groundwater recharge and flood control); and 
biological processes such as pest control, and 
pollination 

Cultural 
services  

Non-material ecosystem outputs that 
have symbolic, cultural, or intellectual 
significance.  

Localized high dependency on ecosystems to 
provide recreational services for ecotourism; 
and spiritual and cultural connections (e.g. 
religious forests and sites); and social cohesion 
and involvement (e.g. through Community 
Forest User Groups and Water User Groups).  

Source: (adapted from the European Environment Agency, 2016) 
 
During the preparation of the project, the project design team considered ecosystem functionality 
in the GRB, defined as the interaction between organisms [biodiversity] and the physical 
environment; it includes stocks of natural capital (e.g. water, plants) and ecological processes 
such as nutrient cycling, soil development, water budgeting, and flammability (Biology on line 
dictionary, n.d.).  
 
For the purposes of the project, the relationship between ecosystems and socio-economic 
systems is shown in Figure 32. 
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Figure 25: A conceptual framework for assessing the interaction between ecosystems and socio-
economic systems 
 
 

 
Adapted by W Jackson (pers com, 2018) from (Maesa, et al., 2016) 
 
Although the exact nature of the very complex relationships between ecosystem functionality and 
ecosystem services is still poorly understood, it is evident that human modification of ecosystems 
alters ecosystem functionality and, in turn, this changes the flow of ecosystem services and the 
benefits that society derives. 
 
Most forests, grassland and freshwater systems in the GRB have lost some key ecosystem 
functionality and, therefore they have a reduced flow and range of delivering ecosystem services. 
In severe cases, diverse and productive ecosystems have been transformed into heavily 
degraded systems that have low biodiversity and low productivity of ecosystem services. 
 
 

Table 53: Examples of Best Practices Utilized in Nepal 

Major Programs Major Areas/ Activities Technical Requirements/Description 
Plantation for 
generation of 
ecosystem goods 
and services   

In unused or underutilized private 
agriculture lands; Barren/Degraded 
Public Lands; Public/Community 
Forests; Public Road-sides; River 
banks; Wetland Bunds  
Shifting Cultivation; Grass sowing on 
private land 

Plantations require appropriate 
identification of the site conditions and 
suitable species. This will require forestry 
experts and rangers, involvement of 
community forestry user groups or local 
people is vital for the stewardship, 
management and protection of the 
plantation. Actual requirement will vary 
according to the systems and objectives 
intended. For agroforestry plantations 
multipurpose species that can provide 
fodder, fruits and fuel are suggested while 
for land restoration species with good 
anchorage, fast growing area preferred. 
The intensity and style of plantation can be 
varied with seed sowing, cuttings and 
seedling plantations utilized. 

Bio-Engineering 
measures for 
protection of 
vulnerable sites   

Gully treatment; River training; 
Stream Bank; Protection; 
Embankment; Diversion Channel; 
Torrent Control; Brush Layering; 
Landslide treatment; Slope 

Involves the combination of plantation with 
small-scale civil/earth works. As such it is 
highly technical and requires watershed 
experts with experience in bio-engineering. 
Proper designing of civil structures and 
combinations of plants is essential. Bio-

Ecosystem

• Ecosystem functionality
• Stock of natural capital

• Abiotic (geology, soil, air, 
water)

• Biodiversity
• Ecological processes

• Plant, animal and 
microbial activity

• Nutrient cycling
• Water cycle
• Fire regime

Flow of Ecosystem Services
(provisioning, regulating, cultural)

Socio-economic system

• Benefits
• Energy (e.g fuelwood)
• Materials (e.g. timber)
• Water
• Nutrition
• Pest and disease regulation
• Hazard protection (e.g. floods)

• Value
• Economic
• Social and cultural
• Health

• Response
• Policy, law, regulations, rule of 

law
• Institutional arrangements
• Social and cultural actions

Influence
(human, intellectual, financial, 

manufactured, social)
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stabilization; Water holes; 
Conservation ponds 

physical understanding of the sites where 
bio-engineering measures are to be applied 
is essential. Focus on promoting non-
structural measures along with use of local 
resources.   

Promotion of 
climate resilient 
crops for adaptive 
agricultural 
systems and 
diversified 
livelihood 

Climate resilient species (Drought, 
Flood tolerant, fast growing); Timber; 
NTFPs 
MAPs; Fodder; Forage; Agriculture 
crops;  
Oil & Spices; Fruits; Vegetables; 
Cash-Crops; Multipurpose species 

The program requires identification of 
species that are climate resilient. 
Documentation and sharing of local 
people’s traditional knowledge particularly 
of indigenous communities (subject to Free, 
Prior, and Informed Consent (FPIC)) can be 
insightful for this purpose. Additionally, 
collaboration with national research 
institutions like National Agriculture 
Research Council (NARC) is essential. 

Establish and 
promote small 
and micro 
enterprise 
entrepreneurship 
for climate 
adaptive 
livelihood  

Bio-Char production; Fishery 
Management; Livestock 
Management; Disease& Pest Control 
(IPM); Breed Improvement; Agro-
tourism; Home-Stay; Nature-based 
Tourism 

The program involves identification of 
potential enterprises, resources for 
enterprises, knowledge and skills and 
markets for the products. Considerable 
literature, stakeholders and experts are 
available and will need to be consulted for 
the program.   

Construction and 
maintenance of 
built environment 
and infrastructure  

Improve Water tanks; Rain-water 
harvesting; Water Reservoirs; Lifting 
Water system; Siltation 
management. Eutrophication 
management 

The rural communities in the GRB 
maintenance and climate proofing of built 
environments is vital for community 
preparedness and as shelters during 
emergency situations.  

Information and 
Technology 

Early Warning Systems; Market 
Information; Climate Information, 
Mobile, Radio and Television for 
Information flow; Emergency 
Facilities (First-Aid, rescue tools) 

There has been tremendous progress in 
information technology particularly in 
mobile communications. Innovative use of 
radio and mobile communications provides 
great opportunities in climate change 
adaptation, particularly in creating 
awareness, providing climate and market 
information and emergency alerts.  

Knowledge 
Management - 
Documentation 
and 
Dissemination  

Distribution Shifts; Soil Quality 
testing; Demo-Plots; Value-Chain 
Studies; Market 
Identification/Analysis; Vulnerability 
Analysis & Mapping; Mapping of 
Ecosystem goods and Services 
(biodiversity hot-spots, wetlands, 
water sources; Ecological 
functionality studies in corridors and 
refugia; Climate indicator species 
identification and monitoring; 
Biodiversity Assessment; HWC 
study. Success Stories 
documentation 

Fact finding, documentation of existing 
knowledge and dissemination of the 
findings is vital for informed decision 
making, adaptation and scaling up of 
successful practices.  

Policy and Plans Forest Management Plans (CFUGs, 
LFUGs); Protected Areas 
Management; Invasive Species 
Management Plan; Sub-Watershed 
Management Plans; LAPAs 
IDPs; Indicator Species Monitoring 
Guidelines; Human-Wildlife 
Management Guidelines; Community 
Based Fire; Management Manuals; 
NTFP harvesting guidelines 

Enabling policy and legal ambience is 
essential to guide climate change actions. 
Current federal restructuring processes 
provide opportunities to create new policies 
make necessary amendments and 
incorporate climate issues in relevant 
policies and laws. 
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The success of the project is dependant on: i) converging various programmes into a single 
initiative; ii) emphasising centre-state-municipal collaborations; and iii) encouraging the 
participation of private sector and non-profit civil society organisations as well as public-private 
partnerships. 
 
7. Recommended Interventions 
This Feasibility Study has shown how ecosystems and the livelihoods of local communities in the 
GRB are subjected to a range of climate change and non-climate factors (see Section 2). It has 
also been shown that many of the non-climate factors will be compounded by climate change 
impacts. These effects of both climate change and nonclimate factors on this ecosystem threaten 
key development objectives (see Section 2, since these ecosystems provide a wide range of 
benefits that – in their entirety – underpin the lives as well as livelihoods of local communities 
(see Section 2). 
 
Best practices and lessons learned have been demonstrated from past and ongoing projects 
involving ecosystem restoration and related adaptations. However, the scale of the past projects 
has left gaps, barriers and constraints in their respective approaches. To ensure sustainability of 
the proposed interventions it has been shown that this will require local communities 
implementing through participation.  
 
Therefore, it is recommended to establish a river basin approach to leverage effectiveness of 
ecosystem-centred and community-based approach to adaptation to reduce the vulnerability of 
the most vulnerable GRB communities to climate change. The project has prioritised a river-basin 
approach as a means of adapting to and reducing vulnerability to climate change. River basin 
approach does not follow political boundaries. It considers ecosystems and thus passes through 
a larger landscape comprising several political units such as municipalities and states. The GRB 
has seven major tributaries (known as sub-basins) and these seven tributaries have more sub-
sub tributaries. When planning and implementation of climate change adaptation activities is 
based on the political units, the hydrology, ecosystem and biodiversity of the basin is overlooked. 
As a result, while attempting to make one location climate resilient, another location becomes 
more vulnerable.   
 
In this section a range of interventions with a focus on long-term investments in ecological 
sustainable infrastructure and livelihoods are described. It is also proposed that cross-sectoral 
participatory planning and management form an integral part of this new approach. Furthermore, 
it is recommended that investment in climate-resilient ecological infrastructure and livelihoods 
should be integrated into river basin planning and decision-making in local, state and national 
government structures. Each recommendation discussed below directly addresses a climate 
change threat or a suite of such threats. Importantly, these recommendations have been 
developed to enhance in particular the resilience of the most vulnerable populations to climate 
change impacts. 
 

 Targeted Locations based on Completed Vulnerability Studies 
The selection of project districts within the GRB was based on available vulnerability analyses, 
and the priorities of the GoN in consultation with the NDA and stakeholders in a consultative 
country/community driven approach. Site selection decisions considered complementarity with 
other donors, programmes and projects. Priority was given to the eight clusters within the seven 
sub basins (see Figure 33) that had the greatest vulnerability within each of the physiographic 
zones of the basin. Site selection was verified through field work undertaken for the feasibility 
study, and at the same time local scale vulnerabilities were identified as part of the baseline 
process. 
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Figure 26 The seven sub-basins of the Gandaki River Basin 
 

 
 
In addition, in stakeholder consultations conducted during this Feasibility Study (see Annex 7b: 
Stakeholder engagement) specific needs for building climate resilience on the within the GRB 
were identified.  The project will implement final field interventions in the seven sub-basins of the 
Gandaki River Basin and in Chure (Siwalik) in the Rapti Sub-basin in GRB. The actual sites and 
communities for the field interventions are not defined yet. This site selection is expected to 
generate a long list of sites considered as ecologically vulnerable or highly vulnerable from a 
socio-economic perspective. In this process local, indegeous, womens groups and expert advice 
will be sought.  The purpose of these social criteria is to guide site selection in order to achieve 
a good balance ensuring that indigenous groups have equal access to project benefits and that 
the particular needs of women-headed households are catered for.  An estimate of the number 
and size of sites has been priortised but needs final confirmation (eg final location for 
implementation of slope stabilization for roads to be reconfirmed).  
 
Vulnerability mapping of the GRB was carried out using inputs from the vulnerability layer 
generated by ICIMOD (Chitale, et al., 2014). Mapping used multiple inputs from remote sensing 
indicators, spatial variables, topographic variables, climatic variables and bio-physical variables. 
Vulnerability was calculated on the functions of exposure, sensitivity and adaptive capacity, as 
proposed by the Intergovernmental Panel on Climate Change (IPCC), using the five categories 
of the vulnerability scale i.e. Very Low, Low, Medium, High and Very High. (Table 58) 
 

Table 54: Vulnerability level of districts in the Gandaki River Basin 

District Drought Flood Landslides 
Arghakhanchi M VL M 
Baglung L VL H 
Chitwan L H VL 
Dhading H VL H 
Gorkha M VL H 
Gulmi L VL M 
Kaski L VL H 
Lamjung VL VL VH 
Makwanpur L VL H 
Manang M VL L 
Mustang M VL L 
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Myagdi L VL H 
Nawalparasi L M VL 
Nuwakot L VL H 
Palpa L VL L 
Parbat L VL H 
Rasuwa M VL H 
Syangja VL VL M 
Tanahun VL VL M 

 
This information was used to focus the feasibility study and subsequently the project design on a 
set of locations (clusters) which rated as very high and high vulnerability. Eight clusters in seven 
sub-basins were identified for project interventions. 
 
Figure 27 Vulnerability map of the Gandaki River Basin 
 

 
 
 
ICMOD classified vulnerability in three categories: high, medium and low. NAPA used five 
categories of vulnerability for the GRB districts, it was logical to use similar five categories of 
vulnerability for these sub-basins as well. For this purpose, ICIMOD was requested to conduct 
further analysis of vulnerability of sub-basins and update using the five categories: very high, 
high, medium, low, and very low.  The final vulnerability assessments results focused on a set of 
clusters selected on the basis of areas of very high and high vulnerability, eight clusters (Figure 
34) were identified for further consideration. Within the ICIMOD layers the climate vulnerability 
parameters used demonstrated climate vulnerability of GRB more precisely, however it was 
focused on analyzing the forest ecosystem. For this analysis the impact on the forest ecosystem 
could also be the near representation of other ecosystems like agriculture, wetlands, grasslands, 
and species diversity, as it helps in functioning and regulating these ecosystems as well. In 
addition, the other parameters like forest fire, human dependency on forest are also considered 
during the analysis. ICIMOD used 12 non-collinear Bioclim (spatial resolution =km) of present 
climate scenario (Worldclim.org) as exposure factors comprising of climate variables and 
sensitivity factors comprising biophysical parameters. Geographic weighted regression and 
weightage based matrix was performed to rank the vulnerability of GRB139. In addition, districts 

 
 
139 Chitale, V., Shrestha, H., Agrawal, N., Choudhary, D., Gilani, H., Dhonju, H., & Murthy, M. (2014). Forest Climate 

Change Vulnerability and Adaptation Assessment in Himalayas. s.l.: The International Archives of the 
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were then identified using the same categories for the main environmental risks and reflected in 
Table 59. 
 

Table 55: Vulnerability level of districts in the Gandaki River Basin 

District Drought Flood Landslides 

Arghakhanchi M VL M 
Baglung L VL H 
Chitwan L H VL 
Dhading H VL H 
Gorkha M VL H 
Gulmi L VL M 
Kaski L VL H 
Lamjung VL VL VH 
Makwanpur L VL H 
Manang M VL L 
Mustang M VL L 
Myagdi L VL H 
Nawalparasi L M VL 
Nuwakot L VL H 
Palpa L VL L 
Parbat L VL H 
Rasuwa M VL H 
Syangja VL VL M 
Tanahun VL VL M 

 
The Pre-feasibility and feasibility studies development also included visiting the proposed sites 
and communities. The field work facilitated the collection of information at a fine scale and 
enabled an understanding of locally vulnerable sites and communities, and current climate risks. 
Field teams obtained coordinated project proposed implementation from Municipalities and the 
communities involved. The project team collected relevant information from various sources 
including non-integrated data available from different agencies (inconsistency in terms of nature 
of data, geographic extent, boundary issue and categorization of the data). The project team 
utilized a geospatial environment to compile the information and ensure consistent and similar 
categorizations. To accomplish this task, map re-projection, re-classification, boundary editing 
and attribute editing was completed. 
 
The choice of intervention sites was made by considering the vulnerabilities described in the 
earlier sections as well as the district prioritisation scores. Consultations with government 
stakeholders were then conducted to identify intervention sites at the sub-district level in 
prioritised districts.  
 

• The first criterion assessed physical exposure to current and future climate change. For 
a site to qualify it had to meet all the themes in the criterion. Stakeholders were asked to 
identify observed climate change impacts including: i) impacts from changes in 
precipitation; ii) temperature; and iii) extreme weather events.  

• The second criterion was socio-economic vulnerability. Stakeholders identified socio-
economic vulnerabilities directly related to climate change impacts. A site had to meet this 
criterion to qualify for interventions. Socio-economic vulnerabilities included: i) any 
livelihoods that are at risk to climate change; ii) lack of economic opportunities for women 
and marginalised groups; and iii) lack of access to finance.  

 
 

Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-8, 2014ISPRS Technical 
Commission VIII Symposium, 09 – 12 December 2014, Hyderabad, India. 
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• The third criterion was the presence of habitats that promote climate resilience. 
Stakeholders identified the presence of different ecosystems including: i) forests; ii) 
rangelands; iii) wetlands; and iv) protected ares. A site had to meet this criterion to qualify 
for interventions that improve the adaptive capacities of communities to climate change. 

 
The climate change vulnerability mapping report for Nepal (part of NAPA) prioritized the risks, 
and adaptive capacity at district level.  Indicators like occurrences, number of deaths, injured, 
property losses, food shortage due to climate induced disaster (flood, landslide, drought,), and 
temperature and rainfall trend were used to analyze risk. Similarly, access to communication, 
road as infrastructure index and Human Development Index (HDI), Human Poverty Index (HPI), 
Gender Development Index (GDI), Human Empowerment Index (HEI) indices were used as Soci-
economic index to analyze adaptive capacities, and population density, forest and protected area 
coverage as sensitivity to human and ecosystem140.   
 
Based on the prioritized district by the report, sites were identified for ecosystem and livelihood 
interventions, on re-classified layers of ICIMOD vulnerability ranking (in five categories - very 
high, high, moderate, low, and very low), where area could be determined for specific activities 
at small administrative unit (ward level). Specific activities were selected for those prioritized ward 
level units based on vulnerability and recommendation from field study reports. In addition, 
consents from concerned small administrative unit of newly structured government of Nepal were 
also taken during field level consultations. 
 
The beneficiaries of the project will be identified through a three-staged selection process. The 
table below was presented in the Feasibility Study as beneficiary’s coverage of the project by 
district, but it is important to understand that the identification of the actual beneficiary households 
is using two additional levels for selection in order to ensure that only the most vulnerable 
households in each district will be targeted. As such, the process of selecting the households 
should be understood as a successive funneling applying a series of criteria along the three 
levels, as described below. 
 
a) Level 1 – vulnerability categorization of districts 

 
Analysis of climate change vulnerability data from the NAPA (GoN/MoPE, 2017) generated an 
overview of vulnerability status of the 19 districts in the GRB as shown in Table 60. Out of 19 
districts in the GRB, one is very highly vulnerable, four are highly vulnerable and nine are 
moderately vulnerable. The analysis revealed each district has a different intensity of vulnerability 
to different hazards, with the most vulnerable sites being in the mountain areas due to 
vulnerability to landslides. The number of households that are located in each of these districts 
are shown in Table 58. 

 
Table 56: Vulnerability and proposed target household coverage in the Gandaki River Basin 

Vulnerability 
status 

Districts Total households Coverage 
% 

Total 
households 
targeted 

No. % 

Very high Lamjung 42,079 3.59 45 18,936 
High Chitwan, Dhading, Gorkha, Manang,  274,299 23.39 25 68,575 
Medium Mustang, Nawalparasi, Makawanpur, 

Tanahu, Kaski, Parbat, Baglung, 
Myagdi, Rasuwa 

557,037 47.51 15 83,556 

Low Syangja, Gulmi, Arghakhanchi, 
Nuwakot 

239,852 20.46 10 23,985 

Very low Palpa 59,291 5.06 5 2,965 
 

 
140 GON Ministry of Environment 2010. Climate Change Vulnerability Mapping for Nepal 
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Total 
 

1,172,558 100 100 198,016 
 

 
Level 1 uses the vulnerability categorization of districts as presented in the NAPA (2010) 
document, which is summarized in the table above. The table first depicts the actual number of 
households in the selected 19 districts of the entire GRB organized by the five categories of 
vulnerability. The next column with the percentage indicates the ratio of the population of each 
vulnerability category in relation to the entire GRB. The following column provides the percentage 
of total households to be targeted by the project within each vulnerability category. As evident 
from above, the highest coverage is given to the very high (45%) and high category (25%) 
districts. This means that 70% of the beneficiaries will be based in the very high and high 
vulnerable districts. The last column provides the absolute number of targeted vulnerable 
households, which is the result of the total number of households for the districts in each 
category and the percentage coverage targets for each category selected by the project. 
 
b) Level 2 – vulnerability assessment for selection of municipalities and wards 
 
At this level, the project applies the analysis provided by ICIMOD that is based on four climate 
vulnerability functions. The vulnerability functions are listed in the below table; the table also 
provides the parameters used within each of the four functions. The results of this analysis are 
presented in the feasibility study in form of a map: Overall Vulnerability Assessment map (figure 
35), also depicted below. The map and associated data will allow the project to select and target 
those municipalities and wards within the districts that are most severely affected by climate 
change.   

 
Table 57: Parameters used in vulnerability functions 

Vulnerability 
functions Parameters  

Exposure 

Mean annual temperature 
Mean annual precipitation 
Max temperature of warmest month 
Min temperature of coldest month 
Max precipitation of wettest month 
Min precipitation of driest month 
Mean temperature of driest quarter, which pertained to summer season 
Mean precipitation of driest quarter, which pertained to summer season 
Mean temperature of wettest quarter, which pertained to rainy season 
Mean precipitation of wettest quarter, which pertained to rainy season 
Mean temperature of coldest quarter, which pertained to winter season 
Mean precipitation of coldest quarter, which pertained to winter season 

Sensitivity 

Moderate Resolution Imaging Spectroradiometer (MODIS) datasets on 
evapotranspiration 
Albedo 
Net primary productivity 
Gross primary productivity 
Land surface temperature 
Leaf area index (LAI) 
Forest fires at 1 km spatial resolution dating from Jan 2003 to Dec 2013 

Adaptive 
Capacity 

Plant species richness 
Plant diversity 
Above ground biomass of trees (through 306 field sampling plots laid across the 
study area during 2012 

Human 
Dependence 
on Forest 

Deforestation 
Fuelwood 
NTFP 
Grazing 
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c) Level 3 – social vulnerability for targeting households  
 
In order to ensure that within the selected municipalities / wards those households are targeted 
that are most vulnerable, a set of social vulnerability criteria will be applied. These are poverty, 
food security issues, presence of indigenous groups and respective level of marginalization, other 
forms of marginalization (e.g. Dalits) and a focus on women-led households.  
 
It is important to note that project activities will be implemented at different spatial/ administrative 
scales, some activities will be implemented at the household/farm level and other activities will 
be implemented at the ward/community level. Examples of household level activities are 
agroforestry practices and cultivating drought and flood tolerant varieties, examples for the ward-
level activities are establishing small nature based structures such as check dams and climate 
resilient green belt. For the latter the identification of households is evidently not needed. The 
beneficiaries of the project will be identified through a three-staged selection process. The table 
below was presented in the Feasibility Study as beneficiary’s coverage of the project by district, 
but it is important to understand that the identification of the actual beneficiary households is using 
two additional levels for selection in order to ensure that only the most vulnerable households in 
each district will be targeted. As such, the process of selecting the households should be 
understood as a successive funneling applying a series of criteria along the three levels, as 
described below. 
 
Figure 28: Flood Target Landscapes for Ecosystem and Livelihood Interventions 
 

 
 
Figure 29: Landslides Target Landscapes for Ecosystem and Livelihood Interventions 
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Figure 30: Drought Target Landscapes for Ecosystem and Livelihood Interventions 
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Table 58: Consolidated List of Most Vulnerable Impacted Communities141 

Sub_basin District 
Proposed Site Impacted population (based on 2011 census) 

Local Government Ward 
Number HHs Male Female Total 

Population Key Climate Issue Number of 
Hectares 

Badigad 
(Cluster6) 

Baglung 
Bareng GaPa 2,3,4 2,195 4,120 5,660 9,780 Landslide 2,672 
Galkot NaPa 1 969 1,715 2,363 4,078 Landslide 1,584 

Syangja Kaligandaki GaPa 2 740 1,312 1,800 3,112 Landslide 187 

Budigandaki 
(Cluster 4) 

Gorkha Aarughat GaPa 1,5,6 1,864 3,653 4,611 8,264 Drought & Landslide 4,750 
Dharche GaPa 3,4,5,6 1,838 3,599 4,279 7,878 Landslide 15,731 

Dhading Gangajamuna GaPa 1,5 1,463 3,052 3,782 6,834 Drought 3,209 

Kaligandaki 
(Cluster 1) 

Mustang Gharapjhong GaPa 1 122 243 207 450 Drought 808 
Thasang GaPa 4,5 243 515 465 980 Drought 3,022 

Parbat Jajala GaPa 6 612 1,013 1,247 2,260 Landslide 186 
Marsyangdi 
(Cluster 3) Lamjung Dordi GaPa 5,6 1,114 2,404 2,690 5,094 Landslide 8,071 

Rapti 
(cluster 7) 

Nawalparasi 
East 

Binayee Tribeni GaPa 5 611 1,540 1,800 3,340 Flood 1,135 
Hupsekot GaPa 6 792 2,414 2,794 5,208 Flood 1,360 

Chitwan 
Ichchhyakamana GaPa 1 505 1,558 1,516 3,074 Flood 1,675 
Kalika NaPa 10 356 1,006 1,015 2,021 Flood 388 

Palpa 
Mathagadhi GaPa 6,7,8 1,128 2,895 3,468 6,363 Drought & Landslide 3,500 
Nisdi GaPa 3 443 1,420 1,707 3,127 Drought & Landslide 1,374 
Purbakhola GaPa 2,4 1,246 2,732 3,417 6,149 Drought & Landslide 1,670 

Seti Gandaki 
and Madi 
(Cluster 2) 

Lamjung Kwholasothar GaPa 5,6,7,8 858 1,684 2,002 3,686 Landslide 3,557 

Kaski Madi GaPa 4,5,8,9,10 1,995 3,676 4,355 8,031 Landslide 5,802 
Trishuli 
(Cluster 5) Nuwakot Kispang GaPa 1,2,3,4 2,551 5,405 6,135 11,540 Landslide 4,867 

Total 13 20 43 21,645 45,956 55,313 101,269   65,547 

 
 
141 Refer to FS Annex Section 11 (Table 2) for complete list of Communities and related climate risks based on project team consultation and document review. 
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 Using the River Basin Approach in determining sites for interventions 
The Riverbasin approach for ecosystem management focuses on water resources at the centre 
of planning. Hence, it considers natural systems, societies and economies at the heart of its 
planning and implementation of climate change adaptation interventions. One of the important 
aspects of riverbasin approach, therefore, is the increasing demand for both quantity and quality 
of water. As the demand for water increasingly exceeds the supply capacity over the year in GRB, 
there has been over-abstraction, pollution, alien infestation, floodplain alteration and habitat 
destruction in GRB. It has become important to reconcile and coordinate sustainable 
management of riverbasins.  Alterations or improvements in infrastructure are important 
considerations when trying to sustain or improve ecological goods/services and restore the 
ecological status of catchment areas – to enhance the adaptive capacity of ecosystems and their 
services. 
 
The Feasibility Study, based on coallated information, has described vulnerability at a district and 
community level.  The solutions to help strengthen and support adaptations will need to be site 
specific and will require further evaluation to ensure full effectiveness. Building on the selection 
of target landscapes outlined above, it is proposed, that any intervention would need to undertake 
more fine-scale and participatory planning of these measures as part of implementation process. 
The prioritisation of ecosystems for restoration and conservation will be based on this 
assessment. Accordingly, very highly/highly vulnerable would be accorded priority so that 
interventions by way of ecosystem restoration and conservation yield the maximum benefit in 
terms of vulnerability mitigation.  
 
Strong engagement with all vulnerable communities during implementation is recommended to 
ensure local support and also integration of traditional/sitespecific knowledge into the 
interventions. 
 
It is recommended that the conceptual planning for ecological infrastructure interventions in 
specific communities and landscapes identify the following:142 

• the site location and its boundaries; 
• the land tenure and associated legislation and regulations 
• ownership of resources, including access and harvesting rights; 
• the need for ecological restoration – what has happened at the site that precipitated the 

need for restoration and describe the improvements that are anticipated following 
• determine effective restoration methods to enhance ecosystem services; 
• the kind of ecosystem to be restored – name and briefly describe the kind of ecosystem 

and its function that was degraded, damaged or destroyed; 
• restoration goals – ideal states and conditions that an ecological restoration effort 

attempts to achieve to enhance climate resilience; 
• physical site conditions in need of repair – many ecosystems in need of restoration are 

dysfunctional and not resilient towards climate change on account of damage to the 
physical environment, such as inter alia soil compaction, soil erosion, surface water 

• diversion and impediments to tidal inundation and climate change related impacts; 
• stressors in need of regulation or re-initiation – recurring factors in the environment that 

maintain the integrity of an ecosystem by discouraging the establishment of what would 
otherwise be competitive species including: fires, anoxia caused by flooding or prolonged 
hydroperiod, periodic drought, salinity shocks associated with tides and coastal aerosols, 
freezing temperatures and unstable substrates caused by water. In some ecosystems, 
stressors may include climate change or human activities, such as the periodic harvest of 

 
 
142 Guidelines for Developing and Managing Ecological Restoration Projects, 2 Edition. Andre ClewellÅ, John 
RiegerÇ, and John MunroÑ. December 2005. www.ser.org and Tucson: Society for Ecological Restoration 

International 
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biotic resources and the ignition of fires. These should be identified as stressors of climatic 
or human origin; 

• the kinds of biotic interventions that are needed – many restoration projects require 
manipulation of biota, particularly vegetation, to reduce or eradicate unwanted species 
and to introduce or augment populations of desirable species. Invasive non-native 
speciesgenerally require removal to prevent ecosystem degradation and enhance desired 
provision of ecosystem services; 

• landscape restrictions – population demographics of many species at a project site may 
be adversely affected by external conditions and activities off-site in the surrounding 
landscape. Land and water usage are commonly at fault. Restoration and other longterm 
interventions should not be attempted if the landscape is likely to be heavily compromised; 

• funding sources – are they sustainable to ensure long-term success of adaptation 
interventions; 

• labour sources and equipment needs – personnel may have to be hired, volunteers invited 
and other labour contracted; 

• biotic resource needs and sources – may include specific seeds, other plant propagules, 
nursery-grown planting stocks and animals for establishment at the intervention site in 
compliance with the requirements of adaptation interventions; 

• the need for securing permits required by government agencies; 
• permit specifications, deed restrictions and other legal constraints – zoning regulations 

and restrictive covenants may preclude certain restoration activities. Legal restrictions on 
ingress and egress could prevent the implementation of some restoration tasks; 

• project duration – can greatly affect project costs. Short-term restoration projects can be 
more costly than longer-term projects. The longer the project, the more the practitioner 
can rely on natural recovery and volunteer labour to accomplish specific restoration 
objectives; and 

• strategies for long-term protection and management – ecological restoration for achieving 
climate change adaptation and ecosystem services provision is meaningless without 
reasonable assurance that the intervention site will be protected and properly managed 
into the indefinite future. 
 

 Potential ecosystem-based adaptation interventions 
Based on the consultation with the communities, review of best practices and ongoing activities 
of the baseline projects, the following types of interventions are proposed in this project for each 
type of risk identified: (see additional information is FS Section 11 for technical details). 
 
Sites for Plantations and Bio-Engineering Interventions 
Refer to FS Section 11 for proposed site map locations based on highest vulnerability for 
application of plantations and bioengineering to restore ecosystems within forests, grasslands 
and wetlands including strengthening highly vulnerable forest roads.   
 
Site Locations: Cluster 1 (Parbat), Cluster 2 (Lamjung, Kaski), Cluster 3 (Lamjung), Cluster 
4 (Gorka), Cluster 5 (Nuwakot), Cluster 6 (Baglung, Syangja) 
 
7.3.1 Plantations 
Plantations in steep and erosion prone areas stabilize the soil surface and prevent erosion and 
landslides. Plantations in corridors provide linkages between forest areas creating opportunities 
for species movement and genetic interchange. Plantations are required in spring-shed areas to 
maintain water levels in wetlands and prevent water sources from drying. Plantations along the 
bunds of lakes and ponds help restore wetlands to maintain water levels and improve water 
quality.  
The following points will be considered while carrying out plantation activities: 

• Introduction of exotic species will be minimized and used only where alternatives are not 
feasible. For example, in the trans-Himalayas, few species are suitable for the harsh 
conditions and the availability of water is a constraint to species selection. Species 
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including Populus sp., and Salix sp., as well as apple have proven to be viable and socially 
desirable.  

• Protection of the plantations and regular care (including weeding) is vital and will be 
encouraged through strengthening of local communities and CBOs for stewardship.  

• The risks of plantation failures are higher when a monoculture is encouraged. Accordingly, 
a variety of species will be planted to diversify the new forest ecosystem. Multi-purpose 
species should be included so that forest-dependent people can get benefits. 

• In agro-forestry plantations multi-purpose species (e.g. fruit trees) will be a priority to 
ensure that local people are compensated for any negative impact of trees on agriculture 
crops.  

• Restoration of all ecosystem functionality is difficult in small patches, particularly when 
these areas are disconnected. Thus, site-level interventions need to be coordinated with 
effective planning at the landscape level so that the patches are connected through 
corridors.  

• Restoration of many heavily degraded ecosystems can be done by facilitating natural 
succession process. This requires managing grazing, fire, timber and NTFP harvesting 
and in some cases, fencing to control disturbance factors. The project, through new 
awareness training, monitoring and reporting methods suited for climate resilency, will 
ensure that restoration activities do not adversely impact local people, particularly forest 
dependent people. Households will be adequately consulted, and consensus must be 
reached in the community before any decisions are taken. The views of women, Dalits 
and disadvantaged groups will be fully considered. Alternatives must be provided to the 
extent possible. Efforts will be made to encourage and expand the emerging practice of 
CFUGs providing ultra-poor and disadvantaged communities with special provisions to 
use areas within the community forest for cultivating NTFPs and other crops, without 
seriously damaging the existing forest conditions.  

• The initial focus for restoration in most vulnernable areas will be where there is also a 
strong level of local interest in restoration and stewardship. Once the benefits of 
restoration have been demonstrated, previously disinterested communities frequently 
develop a strong interest in becoming involved.  

• Nursery establishment will be required to produce suitable stocks of seedlings for 
plantations. Currently there are various GoN, CBO, NGO and private sector stakeholders 
involved in the production of planting stock. Support to existing nurseries of government 
offices will help in expansion of the production capacity and ensure better access and 
sustainability. Identification of appropriate sites, soil testing, provision of water and fencing 
and appointing local persons for nursery care-taking will be required. Improving local skills 
in nursery management, including through visits to showcase nursery technology will be 
undertaken. Consultations with local people will be required to ensure species selected 
are socially desirable.  

• Invasive species will be removed and awareness training and monitoring/reporting 
program shall be instituted to ensure sustainable native ecosystem is preserved.  This will 
be connected to training and awareness programs that hi-light that climate change is 
affecting local. 

• Community Froest User Groups (CFUG), Water User Groups (WUG) and User Groups 
(UG for maintainenace of roads) organisations shall be  

 
The process and steps to perform typical restorations and the resources needed are identified in 
Table 63. 
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Table 59: Plantations - Materials and Resources 

SN Particulars 
Workers Resource Remarks 

Unit level unit Qty Resource unit Qty  

1 
  

Site selection and 
Survey                 

a) survey and map 
boundary mapping km Person No. 3         

2 
  
  
  
  

Site clearance 
(Bushes, grass 
etc) 

                

a) Open land ha Person No. 4       
2 
additional 
labourers 
needed if 
slope is 
too steep 

b) 25 % bushes, 
grass or Shrubs ha Person No. 10       

c) 50 %  bushes, 
grass or Shrubs ha Person No. 25       

d) 100 %  bushes, 
grass or Shrubs ha Person No. 40       

3 
Preparation before 
pit selection (1600 
pits) 

ha Person No. 3 
String 
white powder 
Marking rod 

m 
kg. 
no. 

200 
300 
200 

String, 
powder 
and rod 
can be 
added for 
every 10 
ha. 

4 
  
  
  
  
  
  
  
  
  

pit (2500 pits: 30 cm x 30 cm 
x 30 cm) distance of pits (2 m 
x 2m) 

              

a) sandy soil                 
1) < 50 % slope ha Person No. 30         
2) > 50 % slope ha Person No. 35         
b) Sand and gravel 
mix soil                 

1) < 50 % slope ha Person No. 40         
2) > 50 % slope ha Person No. 45         
c) Gravel mix soil                 
1) < 50 % slope ha Person No. 50         
2) > 50 % slope ha Person No. 55         

5 
  
  
  
  
  
  
  
  
  

pit (1600 pits: 45 cm x 30 cm 
x 30 cm) distance of pits (2.5 
m x 2.5 m) 

              

a) sandy soil                 
1) < 50 % slope ha Person No. 32         
2) > 50 % slope ha Person No. 38         
b) Sand and gravel 
mix soil                 

1) < 50 % slope ha Person No. 42         
2) > 50 % slope ha Person No. 48         
c) Gravel mix soil                 
1) < 50 % slope ha Person No. 52         
2) > 50 % slope ha Person No. 58         
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6 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

a) Transportation of seedlings/ cuttings 
(per Km distance 1 time carry number)             

a) 2 " x 6 " size 
with seedling bag         Seedling   60 In 1 Km 

distance 
young 
labor can 
transport 
mentioned 
seedling 6 
times. So 
if the 
distance 
is more 
than 1 km 
cost can 
be 
calculated 
based on 
distance 

b) 2 " x 7 " size 
with seedling bag         Seedling   55 

c) 3 " x 7 " size 
with seedling bag         Seedling   50 

d) 4 " x 7 " size 
with seedling bag         Seedling   45 

e) 5 " x 8 " size 
with seedling bag         Seedling   40 

f) 6 " x 8 " size with 
seedling bag         Seedling   35 

g) 10" x 10" size 
with seedling bag         Seedling   30 

h) 14" x 14" size 
with seedling bag         Seedling   25 

b) Transportation of seedlings/cutting in 
plantation site (Labour per day)            

1) 2" x 6 " size 
transportation   Person No. 1 Seedling   600 

 

2) 2" x 7" size 
transportation   Person No. 1 Seedling   600 

3) 3" x 7 " size 
transportation   Person No. 1 Seedling   600 

4) 4" x 7 " size 
transportation   Person No. 1 Seedling   600 

5) 5" x 8" size 
transportation   Person No. 1 Seedling   600 

6) 6" x 8 " size 
transportation   Person No. 1 Seedling   450 

7) 10" x 10" size 
transportation   Person No. 1 Seedling   400 

8) 14" x 14 " size 
transportation   Person No. 1 Seedling   350 

c) Grafting - cutting 
transporation Seedling Person No. 1 Cutting   3000   

                  

7 
  
  
  

Plantation work of cuttings and seedlings (per Ha) 
a) Flat land or 
slope upto 50 %  ha Person No. 20         

b) Slope more than 
50% ha Person No. 25         

c) Broadcast 
sowing ha Person No. 4         

8 Manure 

9 
  

a) Irrigation/ 
watering                 

b) Weeding  and 
guarding/ 
monitoring 

                

 
7.3.2 Bioengineering Nature Based Solutions  
The following will be applied to bio-engineering learning from the EPIC Nepal experience: 

• Appropriate species will be selected, according to the function desired such as catching 
debris, armoring the surface, reinforcing soil, anchoring surface layers, supporting slopes 
or draining sites. Species selection will consider: 
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o Appropriate propagation techniques.  
o The suitability of species for the environmental conditions on site. 
o The bioengineering functions required for the site and the usefulness of the 

species to local farmers. 
o The availability of species at the right place, right time, and in the right quantities. 

• Wherever possible, multiple species will be used to provide greater effect than single 
species. 

• Grass planting (particularly broom grass) will be used in the mid-hills to provide multiple 
benefits of land stabilization and income generation for people.  

• Engineering components of bio-engineering will involve structures including dry stone toe 
walls, stone pitching, gabions and check dams. 

• Brush layers, grass planting, shrub and tree planting, seeding and bamboo planting will 
be preferred measures.  

• The project will recognize that local communities usually have significant experience and 
skills in bioengineering on the use of local resources. Such innovation will be identified 
and used by the project, subject to agreement of local people.  

• The project will ensure local participation is voluntarily secured to execute activities. 
• The project will be resourced with adequate technical training in bioengineering. Capacity 

development of staff and local communities will be required to achieve high standard 
bioengineering. 

• Sustainability of the infrastructure measures will depend on the suitability of arrangements 
between local stakeholders and the project. The project will focus on involving ethnic 
minority farmers to enable livelihood development of pro poor people living in the project 
vicinity. 

 
 

Table 60: Typical Plants used in Bio-Enginnering Solutions in Nepal 

 
 
 
From the ICIMOD Resource Manual on Flash Flood Risk Management – Module 3: Structural 
measures manual, it describes how bioengineering methods are used in the combination of civil 
and social engineering measures that can reduce the overall cost of landslide mitigation 
considerably (Singh 2010). Bioengineering offers an environmentally friendly and highly cost and 
time effective solution to slope instability problems in mountainous and hilly areas and is a 
technique of choice to control soil erosion, slope failure, landslides, and debris flows, and thus 
ultimately to help minimize the occurrence of landslides, floods and flash floods.  
Different bioengineering techniques are used to control erosion and slope failure for a particular 
area should be selected on the basis of availability of resources, site conditions, and required 
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functions. Table 65 shows the appropriate bioengineering techniques for controlling different 
types of landslide and debris flow hazards.  
 

Table 61: Basic Techniques for Bioengineering for Landslides, Debris Flow and Soil Erosion 

 
 

 
 
7.3.3 Gully and Slope protection  
Implementing these solutions includes installing brush layers that armour and reinforce the upper 
soil layers as the roots anchor and reinforce the soil.  The tips of the cuttings grow buds which 
intercept rainfall, slow runoff and filter sediments.   

• Palisades are generally used for protection of deep, narrow gullies and shadow V-Shaped 
rills which stabilize the gully floor.  
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• Live check dams are used to catch debris and fascines are used to protect /reinforce the 
slope where live branches are laid in shallow trenches. 

• Vegetated stone pitching provides reinforcement, where slopes are strengthened by a 
combination of drystone walling or cobbling and vegetation planted in the gaps between 
the stones. 

• Planted grass lines (contour/horizontal, down slope/ vertical, diagonal), grass seeding, 
turfing, shrub and tree planting, shrub and tree seeding and jute netting. Grass slips 
(rooted cuttings), rooted stem cuttings or seedlings are planted in lines according as the 
requirements and site characteristics. Planted grass lines (contour/horizontal) provide a 
surface cover, which reduce the speed of runoff and catch the debris, thereby armouring 
the surface. Planted grass lines (down slope/vertical) armour the slope and help to drain 
surface water. Planted grass lines (diagonal) armour the slope and have limited function 
of catching debris and draining surface water. Turfing is used for armouring on gentle 
embankment slope. Grass, shrub and tree seeds are applied directly on very steep, rocky 
and unstable slopes to be revegetated by direct sowing and broadcasting. 

 
7.3.3.1 Application of Bio-engineering practices to support Climate Proofing rural roads 
Road construction by local stakeholders and communities is considered a necessary coping 
strategy for improving rural livelihoods, yet many rural roads are creating unnecessary 
environmental damage to fields, waterways, water quality and hydropower dams. Bio- 
engineering measures, which are cost-effective and locally adapted, could significantly reduce 
severe erosion and landslides along roads but are rarely incorporated as part of road construction 
activities. Currently rural roads are constructed in a quick, “cut and dump method” and 
unsustainable manner and require costly maintenance work after every monsoon season. What 
is needed is a change in mindsets toward more sustainable road constructions “eco-safe roads”, 
which take a bit longer to construct and have slightly higher initial costs but will be more cost 
effective over several years and safer for communities.143 
 
Figure 31: Comparison of Long-term Costs between Traditional and Bio-engineering road design 
 

 
 
Identified within the consultations was the necessity to structurally support roads prone to 
landslides and flooding, utilsing bioenginnering approaches, that may be further damaged with 
projected increase in monsoon rainfall intensity.  The FS through the vulnerability study review 
and filed consultations with community members has identified areas with the most vulnerable 
districts. This problem should not be considered isolated, but need to be part of integrated 
watershed management strategies. 
 
In Nepal, the number of rural roads has quadrupled over the past two decades as many 
communities are prioritizing access to markets, health care and education. We know that 

 
 
143 Community-Based Bio-engineering for Eco-Safe roadsides in Nepal, IUCN, UNIL et al.(2013) 
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haphazard rural road construction in Nepal is one of the leading causes of slope instabilities and 
severe erosion, leading to the destruction of agricultural land, loss of lives and property. The 
current way of building roads requires frequent clearing of roads after each monsoon and is much 
less cost-effective as compared to a road constructed with proper drainage and low-cost 
vegetative stabilisation, or bio-engineering.  
In developing rural raods the GoN will need to incorporate a greater safety factor in the design, 
especially the provision of water management structures and bridges to;  

1. avoiding fragile alignments,  
2. reduction of road gradient,  
3. increase drainage capacity,  
4. increase protection works,  
5. enhance quality of construction,  
6. increase bridge openings and scour protection,  
7. adopt bio-engineering, and  
8. the provision of sufficient maintenance budget.  

 
The Community Forest User Groups has been initiated for the sustainable management and proper 
utilization of these common resources and has proven to be quite effective, but needs to be further 
strengthened with more legal authority.  In response to the risks identified, the potential bioengineering 
control measures that should be adopted are: 
Figure 32: Decision Tree for Climate Resilient Road Bioenginnering Approaches 
 

  
 
Bioengineering is the used along roadways to reduce slope instability and soil erosion. This 
approach incorporates environmental conservation as one of the important tools and is used as 
a preventive measure rather than a curative one. Local people having their indigenous skill are 
encouraged for the plantation works and establish the nurseries by providing the appropriate 
technical advice and support. The local communities and farmers and landowners in the road 
corridors should be included in the development of implementing the bioengineering measures, to 
make it effective and sustainable as well as income-generating. They will be trained to collect 
Bioengineering plants from the surrounding areas, which included locally preferred fodder and 
fruit species, to plant along the road corridors. Plantation works are typically carried out during 
the monsoons, after the completion of third phase of road construction. The overseers and 
engineers are to be trained in bioengineering techniques and local communities were trained in 
constructing and maintaining bioengineering measures which were used to stabilize the soil on 
cut slopes. The construction of road is carried out in the agricultural slack season through labor 
intensive techniques generating off farm employment. The high percentage of the money spent 
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on the construction stays within the local economy. It is estimated that a labor input of 12,000 
person days per kilometer is required to construct a green road and payment to labor accounts 
for about 65 percent of the total cost per kilometer. (Sharma and Maskay, 1999).  
The project has already identified key areas with roads that are vulnerable to landslides and 
flooding.  During implementation these areas shall be further evaluated and a detailed technical 
assessment will be developed identifying the key risks and vulnerabilities and the appropriate 
bioenginnering approaches to be applied to ensure road integrity throught slope stabilization and 
flood adaptation measures. 
 

 Response to Drought – Climate Resilent Water Resources 
Site Locations: Cluster 1 (Mustang), 4 (Budigandaki and Dhading) and 7 (Palpa) 
From the water resource management perspective, the riverbasin approach is based more on 
IWRM principles. However, as the riverbasin approach here is integrated approach for water 
resource management, it is focused more on spatial and ecosystem emphasising river basins 
(and sub-basins) as the natural hydrological units within which sustainable water resource 
management can best be organised. River basin ecosystems provide water management 
functions that are crucial for social, ecological and economic benefits. In this sense, ecosystem 
based approach is virtually not distinctly different from IWRM. Ecosystem approach sees water 
as ecosystem service while IWRM sees maintenance of ecosystem as a necessary condition for 
the continuity of the flow of water resources. For this reason, the ecosystem based approach 
adopted by this proposal is in fact also a replication of IWRM principles. 
 
Restoration and appropriate management of watersheds is of critical importance for the 
communities to adapt to climate change because water resources in general, which major 
economic sectors rely on, are coming under increasing pressure from climate change. Changes 
in rainfall timing and intensity, as well as are all likely to limit the availability of fresh water 
especially from higher aridity and rising temperatures. Agricultural practices in particular will 
increasingly rely on well-functioning watersheds in order to manage climate change impacts. 
Agricultural lands account for about 28%144 (40%145 in GRB) of the total geographic area, of which 
30%146 is irrigated and the rest is rain-fed. Effects of climate change on monsoon cycles and the 
frequency/severity of droughts will in all likelihood increase the sector’s reliance on water 
ultimately derived from watersheds as opposed to directly from rainfall. 
 
The restoration of some ecosystems will depend on restoration efforts elsewhere in the 
watershed. For example, the design and operation of hard infrastructure – including dams and 
weirs – should ensure the functioning of downstream ecosystems and prevent negative impacts 
such as decreasing water quality. A large proportion of the rural and urban population in the GRB 
lack adequate access to water for drinking, sanitation and irrigation, their livelihoods depend on 
agriculture, wage earning, ecosystem services, and rain-fed agriculture, they live in fragile 
dwellings and have weak social support networks (Thapa S. , 2018). Vulnerability to climate 
change exacerbates other pressures including habitat degradation, poor use of insecticides and 
chemical fertilizers, invasive species, fire, overharvesting of forests, grasslands and wetland 
products, harmful fishing techniques, poorly constructed and poorly maintained road 
infrastructure, rock and sand mining, removal of woody debris from and channelization of rivers. 
The restoration of these ecosystems that are subject to landslide and flood risks will employ 
plantations and bio-engineersing approaches as described in FS section 6.2.1.  
 
Typical drought adaptation activities can include a number of possible of possible interventions 
in the rural context.  The adaptation measures that can be employed: 

 
 
144 https://data.worldbank.org/indicator/ag.lnd.agri.zs 
145 Drought Risk Assessment in central Nepal: Temporal and Spatial Analysis, Dahal et. al (2016) 
146 https://tradingeconomics.com/nepal/agricultural-irrigated-land-percent-of-total-agricultural-land-wb-data.html 
 

https://data.worldbank.org/indicator/ag.lnd.agri.zs
https://tradingeconomics.com/nepal/agricultural-irrigated-land-percent-of-total-agricultural-land-wb-data.html
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a. Installation of early warning systems for drought events 
b. Rainwater harvesting – for household or community consumption. 
c. Irrigation Channels – distributes the available water more effieciently 
d. Conservation Ponds – for both livestock and application for small scale irrigation systems  
e. Low Cost Soil Conservation technologies – use of biochar and biobriquttes made from 

IAP detritus 
f. Structural adaptation measures to combat the effect of drought in farming systems. 

 
Based on the results of consultations with the local communities and key government 
institututions interventions related to drought adaption were identified:  

1. Promotion of climate resilient crops and agriculture systems 
2. Apply water efficiency measure for agriculture – climate resilient irrigation systems. 
3. Increase safe water supply for irrigation and livestock which are subject to climate 

exacerbated droughts caused from drying rivers/streams – additional conservation 
ponds in increasingly drought-stricken areas. 

4. Utilize Flood and Drought Resistent Seeds – smart agricultural practices, crop 
diversification and agroforestry practices. 

5. Develop a coordinating mechanism between upstream and downstream communities to 
ensure awareness of holistic basin system water use accounting for maintaining 
suffiecient water demand for all users and water quality requirments (recognizing 
pollution impact).  
 

7.4.1 Small Scale Irrigation and Drip Systems (Efficiency and Resiliency) 
With climate change exacerbating lower winter precipitation and the higher temperatures 
combining to create a higher evapotranspiration rate in the upper Gandaki areas. Small-scale 
structural water harvesting measures, for instance, rainwater harvesting, conservation ponds, 
and irrigation channels, drip water irrigation, and an early warning system for drought events 
could also be an advantage in this context.  The early warning system improvement for dorughts 
shall the provided through another project based on the National Designated Authroity (NDA) so 
this project has identified water use efficiency through scaling climate resilent irrigation systems 
within the highly vulnerable areas within the GRB.   
 
Local water sources have been drying up over the years over the last two decades, combined 
with an increased competition over water as critical commodity for various use purposes. The 
problems need to be addressed at a local level by smaller isolated communities living on the 
mountain slopes where they draw water from small (sometimes distant) sources and rivulets and 
then coordinated at the sub-basin level. 
 
The structural measures require some capital investment, and farmers may find it difficult to 
manage on their own. If they could be initiated with support from government, or some other 
external agency in an attempt to increase the adaptive capacity of farmers, it would complement 
their aim of increasing crop yields and productivity to secure.  The Ministry of Agriculture 
Development and more specifically the Department of Irrigation with support from the District 
Level Agriculture Office will be primarily responsible for designing the agriculture-based 
adaptation strategy in terms of policy, and the annual program in Nepal. The design and 
implementation of irrigation systems must incporporate bio-engineered measures to protect 
against landslides and flash floods which are key challenges having impact on irrigation.  These 
climates related events hamper access to and security of sufficient and timely irrigation water. 
Extreme weather events can impact water quality through upstream land degradation and 
damage to existing irrigation structures through flood impact on water intake facilities and slope 
failure caused by high intensity rainfall events.  
 
The following interventions shall be considered as part of the project to secure climate resilient 
irrigation schemes: 
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• Support, through capacity building, water user groups to safeguard the critical 
environmental services of the catchments in their communities to ensure sustainable 
access to sufficient water of good quality. The group will develop the capacity to support 
maintenance and management of climate resiltient irrigation systems, 

• Focus on preserving the upstream catchment areas through bioengineering approaches, 
making use of the water originating from these catchments for micro- irrigation schemes.  

• Climate proof irrigation systems to protect against higher evaporation rates, slope 
instability along irrigation canal sections and flood damage to inlet structures, the irrigation 
structures have to be adequately climate proofed.  Reduction and mitigation of soil erosion 
and landslides through bioenginnering slope stabilization measures for upstream 
catchment areas to reduce downstream sedimentation and impact on streams and 
irrigation systems.  

• Rehabilitation and restoration of vulnrable community water sources (conservation ponds) 
and catchments areas, through protection of local springs and wetlands/marsh lands and 
related streams, plantation and protection of degraded areas in order to enhance water 
availability at community level to secure agricultural production and livelihoods. 

Specific infrastructure measures to climate proof the irrigation structures include: 
1. Redesign and realignment of the intake structures - to make them less vulnerable for peak 

flow and flash flooding,  
2. Lining and concreting of present earthen channel section 
3. Mitigation of slope instability processes and slope failure affecting channels sections 

through bioengineering practices as defined in the earlier sections, 
4. Other measures can include construction of water reservoirs, ponds and tanks to store 

and safe water for use in dry seasons to lengthen the cropping season and diversify crops, 
such as winter cropping.  

5. Micro-irrigation systems as drip, sprinklers and pipes can be considered with scaling-up 
of water-efficient and climate smart irrigation practices.  Utilise the Multi-purpose water 
supply (MUS) systems as an option as described in FS Section 11 for the basis of 
collection and distribution system. 

 
The Ministry of Federal Affairs and Local Development – Department of Local Infrastructure 
Development and Agricultural Roads (DoLIDAR) have developed a design manual for 
implementing small irrigation schemes which outlines the design considerations.  It describes the 
need for a design feasibility study with description of headworks, layout of canals routes (canal 
size), earthwork to be removed, and strutures to be designed and constructed.  In addition, it 
requires a socio-economic survey, soil condition survey and agricultural survey that provides 
context for the needs of the community.  The flood frequency analysis to be understaken should 
account for exacerbated monsoon rain intensity to determine desing for higher flows over time 
and discharge measurements.  The key is to ensure that proper design is followed with the 
addition of bioengineering measures to protect against slope failure compromising the irrigation 
systems.  The project has already identified key areas with irrigation systems shall be 
strengthened that are vulnerable to landslides and flooding.  During implementation these areas 
shall be further evaluated with the establishment of degsign feasibility study to implement 
sustainable irrigation systems that utilizes bioengineering measures to provide slope and flood 
adaptation methods to secure their integrity. 
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Figure 33: River Intakes for Irrigation Systems147 
 
 

 
Pond Irrigation 
Pond irrigation schemes are developed in water scare areas, especially in Mustang and northern 
areas of Gandaki.  This method shall be considered as an option in these vulnerable communities 
to augment and support implementation micro-irrigation systems. The design of the pond shall 
help ensure dry season (protracted winter droughts) availability, with minimun design standards 
as follows: 

1. Minimum water requirement at source: 300l per 8 acres (ropani) per day 
2. Average irrigation water demand: 500l per 8 acres (ropani) per day 
3. Peak demand: allowance for 3X of normal demand 
4. Water release interval from the pond: 12h, 24h, 36h and 48h 
5. Capacity of the pond: 15 m3 , 30 m3 , 45 m3 and 60 m3 

 
Figure 34: Typical Conservation pond for small scall irrigation systems 
 

 

 
 
147 Design Manual for Small Irrigation Sytems - Department of Local Infrastructure Development and Agricultural Roads 
(DoLIDAR) 
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7.4.1.1 Farmer Managed Irrigation Systems (Strengthened) 
The areas identified within this FS have established or will need to establish Farmer Managed 
Irrigation Systems (FMISs) farmers who are responsible for all management activities, 
encompassing water acquisition from the source to delivery to the plant in the field and 
management of the system including the resource mobilization and management of resources 
for O&M. The FMIS structure is a well recognized and implemented system that coordicates with 
the Water User Groups (WUG) within the community. In most of the systems, the extent of the 
need for resource mobilization for O&M of the irrigation systems have influenced the structure of 
the organization. The FMIS is part of the community which owns the irrigated system the 
development of irrigation water and its application for agriculture use are based on community 
decisions. Committee members are elected or selected to manage the system on behalf of the 
community and are accountable to it. The distribution of water according to the criteria prescribed 
by the irrigator community is an effort to distribute the community resource for individual use so 
limits are placed on the extent to which individuals are allowed to use these water resources. 
Hence, water allocation and distribution become transparent in FMIS.  
 
The expansion of these systems and the coordination mechanisms that connect upstream and 
downstream FMIS and WUG groups will require updated watershed plans that connect to sub-
river basin and river basin plans to ensure that climate resilient sustainable approach for water 
use is implemented and accepted by the local communities. The project shall idenitify and create 
these plans and integrate for each of the most vulnerable areas implemented irrigation schemes 
and water conervation. 
 
7.4.2 Climate resilient crops and agroforestry systems 
 
7.4.2.1 Climate Resilient Crops 
Technical know-how and capacity of the farming communities on climate resilient agriculture, 
addressing both drought and flooding, are weak and require knowledge transfer on crop 
production and/or post production management. Well trained advisors and extension staff are 
essential to transform conventional farming practices to climate-smart farming through the 
development and institutionalisation of efficient farmer’s groups and climate-smart villages as a 
means to widely disseminate the climate friendly adaptation measures and practices. Promotion 
of crop diversification, which is fundamental to improving household food and nutrition security 
during the times of uncertain externalities, will be highly relevant. Traditional nutrient rich crops 
such as wheat, millet, quinoa, legumes and other minor cereals that have been long adapted to 
local environmental conditions and are often climate resilient will be promoted. Wherever water 
is insufficient for rice cultivation, maize or other dry land crops could be a viable alternative crop. 
Diversification offers farmers the opportunity to make optimal use of the entire growing season, 
reducing dependency on a mono-culture and therewith reducing vulnerability and the risk of 
impact on livelihoods.  The project will need to focus on access to and availability of quality seed 
which is a basic need of farmers. Climate change will directly affect access and availability of 
seed due to crop failures and disruptions of cropping calendars. To ensure seed availability, 
informal seed systems will be strengthened. At the informal level, community-based seed 
production through the adoption of ‘seed villages’, linked with a formal seed system (including 
certification and quality control), will be promoted and supported.  
 
For the long-term resilience of the drought and flood affected areas, the project will set the support 
for the integration of climate information, research and development into planning. This will 
include strengthening capacity of weather information with the agroforestry and agricultural 
sectors to forecast and analyse the conditions resulting from climate change and extreme 
weather events. This will enable the ministry and local partners to inform farmers, CFUG and 
WUG groups by providing reliable and on-time climate information to farmers can help inform the 
crop calendar, fertilizing, and harvesting times, and will promote increased resilience and 
agriculture production.  
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7.4.2.2 Farm Based Agroforestry Systems: 148 
To ensure sustainable land use management, especially in the need to protect against soil 
erosion the expansion of climate resilent agroforestry practices in the Nepalese context can be 
defined as a land use system where trees and agriculture crops are grown together, incorporating 
livestock, medicinal and aromatic plants, in a given space and time, to raise the productivity of 
each component without compromising the yield of others. Agroforestry, that requires less labour, 
has been found as a primary option to cope with reducing water availability and bring back 
abandoned agricultural land to production.  Training and awareness of the principles to implement 
climate resilent agroforesty will be provided to drought affected areas.  Development of National 
Agroforestry Policy is in line with the Nationally Determined Contributions (2016) and the Climate 
Change Policy (2011) of Nepal that identify forests and trees as extremely important to promote 
both the adaptation and mitigation to climate change, including agro-forestry. 
 
It is expected that the policy will produce the following possible outcomes which align with the 
project: 
• Promote resilience farming systems to minimize the risks during extreme climatic events: 

drought, flood, and large scale pest and disease incidences. 
• Support, encourage and expand tree plantation to integrate and compliment crop and 

livestock production aiming at increasing the total productivity, employment, and income. 
• Support the efforts to maintain and increase forest/ tree cover to ensure ecological stability, 

and Ensure availability of products like, fuel wood, fodder, timber and non-timber forest 
products to reduce pressure on natural forests. 

• Facilitate investment and funding in agroforestry through Government, international 
agencies, and local and regional private sector  

• Promote linkages between agroforestry farmers and markets, industries, banks and 
insurance providers. 

Within the project, training modules will be developed to support awareness training of 
communities in the vulnerable areas.  Key vulnerable areas will be idenitied and field assessed 
for application of the appropriate agroforestry options to apply. 
 
The awareness training will emphasize that agroforestry can be more profitable than forestry 
alone, and may have a number of social advantages for the farmer perspective. The principle of 
agroforestry could also be applied well in the development Non-Timber Forest Products. Nepal's 
forest policies are noted for their progressive aim to turn over the management of the nationalized 
forest land to local communities (CFUGs). Moreover, agroforestry can be practised gainfully in 
leasehold forest areas. The potential for developing different types of agroforestry system in 
private areas is enormous, if market opportunities are developed.  
 
Specific agroforestry practices include: 
Home Gardens - The essence of home garden agroforestry systems is the fulfilment of owner's 
subsistence needs, and the provision of aesthetic and ornamental values. The species 
composition, however, differs according to the ecological zone and the socioeconomic conditions 
of the people living there.   
 
Trees in Agricultural Fields 
Due to hilly topography, the majority of agricultural fields, particularly irrigated rice fields, are 
terraced. Farmers do not grow trees in irrigated paddy fields. They do, however, grow trees on 
rainfed terraces or on degraded lands. The predominant tree species are Ficus spp., D. sissoo, 
Bauhinia spp., Acacia catechu, Artocarpus lakoocha, Cassia saamea and Albizia lebbeck in the 
Terai region and Bauhinia spp. Albizia procera, Alnus nepalensis in the hills. The number of trees 
per farm varies with an average of 15 in the Koshi hills (Abell 1981) to 53 in w'estern Nepal 

 
 
148 Opportunities for Agroforestry – Department of Forest Research and Survey, Nepal 1999 
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(Fonzen and Oberholzer 1984). All the trees are multipurpose species used for fodder, fuelwood, 
timber and small cottage industries (for example, leaf plates of Bauhinia). Fuelwood is the most 
important use. Despite the very small holdings, farmers retain these multipurpose trees 
deliberately, even foregoing losses in crop productions. The tree also serve as an emergency 
cash bank (Tuladhar 1991). 
 
Alley Cropping 
In this system fast growing, nitrogen fixing shrubs are planted as hedgerows, while food crops 
are inter-planted between these hedgerows. The system provides wood and green foliage for 
fodder or green manure for food crops. Small trees or shrubs are planted and pruned frequently 
to prevent them from producing too much shade. 
 
Commercial Crops under Tree Shade 
In this system, agricultural cash crops such as tea and coffee are grown along with tree crops. 
Planting of tea along with the crops is most prevalent in the Terai regions of eastern Nepal. There, 
tea is traditionally grown under the shade of one or two strata of tree canopies. Tea plants are 
grown mostly under Siris trees (Paraserianthes spp.). In the eastern part of the middle mountain 
physiographic zone, farmers plant cardamom (Amomunz subulantum) under utis (Alnus 
nepalensis) trees. Utis trees are nitrogen -fixing and also provide fuelwood and small timber. 
Normally, farmers grow cardamom on marginal lands, near water hole land in gullies. Ginger and 
turmeric are planted in the Terai regions under tree canopies (Eucalyptus, Dalbergia sissoo, arid 
Cassia siamea) where there is less possibility of growing other crops because of the shading 
effect. 
 
Intercropping with Horticulture Trees  
This type of agroforestry is more prevalent in the Terai than other regions of the country. Orchards 
of mango (Mangifera indica) and litchi trees in the Terai are intercropped with agriculture crops. 
The spacing varies from 5 to 6 m between mango trees, but with litchi trees it could be less 3 to 
4 m depending on the land availability. As this system demands more land area, farmers having 
less land find difficulty in practising this system.  
 
Cultivation of annual crops with bamboo  
This type of cultivation is mainly practised by farmers in the Terai and middle hills of Nepal. In 
this system, different varieties of bamboo are planted along with food crops such as wheat, maize, 
and paddy. Bamboo has many uses and is an integral part of rural life. Some species also provide 
edibles to human beings.  
 
Trees around Agricultural Fields  
One common agrosilviculture strategy employed by farmers is the planting and protecting of trees 
on cropland. Fodder, fruit, and timber trees are commonly found scattered throughout fields, 
especially on rainfed lands. Farmers usually plant trees along the borders of agricultural land and 
fallow and waste lands. This practice has become increasingly common in many parts of Nepal 
as the gap between fodder demand and supply widens (Denholm 199 1). So far, only 5% of the 
bond boundary is utilized. There appears to be great scope for utilizing this land resource 
(Tuladhar 199 1). However, neither an economic analysis of this practice nor studies on the 
impacts of tree on crop yields are available.
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 Summary Table of Interventions 
 

Table 62: Table of Recommended Interventions for Project 

Major Programs Major Areas/ Activities Technical Requirements/Description 
Plantation for 
generation of 
ecosystem goods and 
services   

In degraded private and public agriculture lands; 
Public/Community Forests; Public Road-sides; 
River banks; Wetland Bunds Shifting 
Cultivation; Grass sowing on private land 

Plantations require appropriate identification of the site conditions and suitable 
species. The project will require forestry experts and rangers. Involvement of 
community forestry user groups or local people is vital for the stewardship, 
management and protection of the plantation. Actual requirement will vary 
according to the systems and objectives intended. For agroforestry plantations 
multipurpose species that can provide fodder, fruits and fuel are suggested while 
for land restoration species with good anchorage, fast growing area preferred. 
The intensity and style of plantation can be varied, seed sowing, cuttings and 
seedling plantations can be done as required 

Bio-Engineering 
measures for protection 
of vulnerable sites   

Gully treatment; River training; Stream Bank; 
Protection; Embankment; Diversion Channel; 
Torrent Control; Brush Layering; Landslide 
treatment; Slope stabilization; 

Involves the combination of plantation with small-scale civil/earth works. As such 
it is highly technical and requires watershed experts with experience in bio-
engineering. Proper designing of civil structures and combinations of plants is 
essential. Bio-physical understanding of the sites where bio-engineering 
measures are to be applied is essential. The consortium partners have strong 
knowledge and experience in conducting bio-engineering. The project focus will 
be on promoting non-structural measures along with use of local resources.   

Promotion of climate 
resilient crops for 
adaptive agricultural 
systems and diversified 
livelihood 

Climate resilient species (Drought, Flood 
tolerant, fast growing);  

The program requires identification of species that are climate resilient. 
Documentation and sharing of local people’s traditional knowledge particularly of 
indigenous communities (subject to FPIC) can be insightful for this purpose. 
Additionally, collaboration with national research institutions like NARC is 
essential. 

Establish and promote 
small and micro 
enterprise 
entrepreneurship for 
climate adaptive 
livelihood (utilize 
removed IAP to from 
biochar and 
biobriquettes)  

Bio-Char production from remove Invasive 
Species materila  

The program involves identification of potential enterprises, resources for 
enterprises, knowledge and skills and markets for the products. Considerable 
literature, stakeholders and experts are available and will need to be consulted for 
the program.   

Construction and 
maintenance of built 
environment and 
infrastructures   

IIrrigation Systems/ Canals; Water Reservoirs; 
Inward Terracing; Water conservation tanks; 
Rain-water harvesting; Water Reservoirs; Lifting 

The rural communities in the GRB are socially organized. Simple community 
building plays an important role in collective action and as are important structures 
that are used for multi-purposes e.g. forest management meetings, women group 
meetings, and awareness and health camps. Maintenance and climate proofing 
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Table 62: Table of Recommended Interventions for Project 

Major Programs Major Areas/ Activities Technical Requirements/Description 
Water system; Siltation management. 
Eutrophication management 

of built environments is vital for community preparedness and as shelters during 
emergency situations.  

Knowledge 
Management - 
Documentation and 
Dissemination  

Distribution Shifts; Soil Quality testing; Demo-
Plots; Value-Chain Studies; Market 
Identification/Analysis; Vulnerability Analysis & 
Mapping; Mapping of Ecosystem goods and 
Services (biodiversity hot-spots, wetlands, 
water sources; Ecological functionality studies 
in corridors and refugia; Climate indicator 
species identification and monitoring; 
Biodiversity Assessment; HWC study. Success 
Stories documentation 

Fact finding, documentation of existing knowledge and dissemination of the 
findings is vital for informed decision making, adaptation and scaling up of 
successful practices.  

Policy and Plans Forest Management Plans (CFUGs, LFUGs); 
Protected Areas Management; Invasive 
Species Management Plan; Sub-Watershed 
Management Plans; LAPAs 
IDPs; Indicator Species Monitoring Guidelines; 
Human-Wildlife Management Guidelines; 
Community Based Fire; Management Manuals; 
NTFP harvesting guidelines 

Enabling policy and legal ambience is essential to guide climate change actions. 
Current federal restructuring processes provide opportunities to create new 
policies make necessary amendments and incorporate climate issues in relevant 
policies and laws. 

Institutional 
Strengthening and 
Capacity Building  

Fire-fighting Units; Exposure Visits; Trainings; 
Events; Invasive Species removal; Support 
EPCCC; Support parliamentary committees;  
Establish networks at local; Establish networks 
at provincial level; Strengthen and activate 
CBOs (e.g. CFUGs, CAMCs, Water user 
groups, Disaster Management groups, and 
Farmers groups); Knowledge Sharing 
Workshops; Seminars; Conference; Awareness 
campaigns 

Collective actions are essential to respond at a scale required to respond to the 
impacts of climate change. Establishment and activation of various institutions at 
national provincial and local level is required along with facilitating and creating 
an environment for these institutions to have dialogues, networks, and to 
coordinate and collaborate  
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7.5.1 Cost Norms for the Proposed Interventions 
Unit cost norms for each intervention type has been developed by NTNC, including costs for 
yearly operations and maintenance by the user groups.  These values are incorporated into the 
overall project budget and the O&M budget. 
 
Table 63: Indicative Cost Norms for Interventions in Nepal 
Ecosystems Climate 

Risk and 
Impact 

Method Value 
(USD) per 
Hectare of 
Degraded 
Ecosystem 

Value 
(USD) per 
Hectare of 
Restored 
Ecosystem 

Restoration 
Capital 
Cost 
(USD)/ Ha 

Operatons 
Cost 
(USD)/Ha/ 
Yearly 

Maintenance 
Costs 
(USD)/Ha 
Yearly 

Forest 
Restoration 

Landslides/ 
Flooding 

Plantations 120 7,120 1100 to 
3,663 

89.6 to 
2930.4 

22.4 to 732.6 

Grassland 
Restoration 

Landslides/ 
Flooding 

Plantations 25 1,035 200 to 300 160 to 240 40 to 60 

Wetlands 
Restoration 

Landslides/ 
Flooding 

Plantations 400 14,600 750 to 880 600 to 704 150 to 176 

Forest 
Restoration 

Landslides/ 
Flooding 

BioEngineering 
Slopes 

120 2,120 18,000 to 
40,000 

14400 to 
32000 

3600 to 8000 

Grassland 
Restoration 

Landslides/ 
Flooding 

BioEngineering 
Slopes 

25 1,035 16,000 to 
22000 

12800 to 
17600 

3200 to 4400 

Wetlands 
Restoration 

Landslides/ 
Flooding 

BioEngineering 
Slopes 

400 14,200 17000 to 
33000 

13600 to 
36400 

3400 to 6600 

Rural Roads Landslides/ 
Flooding 

BioEngineering 
Roads 

40 4,050 30000 to 
52000 

24000 to 
41600 

6000 to 
10400 

Agriculture - 
Drought 
Resistent 

Drought Plantations 8,500 17,000 1500 to 
3000 

1200 to 
2400 

300 to 600 

Water 
Conservation 
Ponds  

Drought New Ponds      2000 to 
5000 

1600 to 
4000 

400 to 1000 

Irrigation 
Systems 

Drought New Irrigation      8000 to 
12000 

6400 to 
9600 

1600 to 2400 

Note: Range of costs reflects the topography found in these regions. References: Range varies from low lands to 
mountainous areas) 
1. Rai, R.K.; Nepal, M.; Karky, B.S.; Somanathan, E.; Timalsina, N.; Khadayat, M.S.; Bhattarai, N. (2017) Costs and 

benefits of reducing deforestation and forest degradation in Nepal. ICIMOD Working Paper 2017/5. Kathmandu: 
ICIMOD 

2. R De Groot, et. Al. 2012. Global estimates of the value of ecosystems and their services in monetary units, 
Ecosystem Services 1 (2012) 50- 61 

3. http://old.grida.no/publications/rr/dead-planet/page.aspx?id=4553 
 

 
 Cost Effectiveness 

The project directly addresses the strategic impact areas of the GCF in adaptation (ecosystem 
and ecosystem services) livelihoods of people, communities and regions, food and water 
security. Ecosystem restoration is recognised globally as a cost-effective and sustainable 
approach to climate change adaptation. This is as a result of the multiple economic and social 
benefits that ecosystems provide to local communities149. In addition, ecosystem restoration has 
been shown to require comparatively small investments relative to the long-term social, economic 
and environmental benefits150. Indeed, a growing body of scientific research is showing that 
climate change adaptation projects focusing on ecosystems result in extremely favourable cost-
benefit ratios. Though it has not been included in the project benefits, this project will have some 
mitigation co-benefits through the sustainable management of forest, reforestation and 

 
 
149 Jones, H.P., D.G. Hole & E.S. Zavaleta.2012. Harnessing nature to help people adapt to climate change. Nature 
Climate Change 2: 504-509. 
150 UNEP/STREP. 2012. A comparative analysis of ecosystem-based adaptation and engineering options for Lami 
Town, Fiji: Synthesis Report. 



Improving Climate Resilience of Vulnerable Communities and Ecosystems in the Gandaki River Basin Nepal 

Annex 2a: Feasibility study               162 

enrichment plantation. Without the project, it is unlikely that nature-based solutions to climate 
change will be effectively integrated into the river basin approach, nor will the river basin approach 
fully realise the benefits of a more inclusive approach that seeks to improve ecosystem 
functionality and increase the flow of desired ecosystem services to both local and national levels. 
It is anticipated that the GCF support for the project will be very effective in achieving its objective 
of improving the resilience of climate vulnerable communities and ecosystems in the GRB.  The 
expected specific cost effectiveness areas are as follows. 
 
7.6.1.1 Nature-based solutions (Bio-Engineering) 
The project aims to use nature-based solutions to build resilience of climate vulnerable 
communities and ecosystems. It will be based on measures that have been already proven as 
appropriate measures for the proposed project site. The project will draw upon lessons from the 
Ecosystem-based Adaptation (EbA) and Ecosystem Protecting Infrastructure and Communities 
(EPIC) projects that were successfully implemented in Nepal. The nature-based solutions 
recommended by these two projects were internalised by the GoN and have been recommended 
for mainstreaming into national policies and plans. The EbA and EPIC project closing reports 
clearly document that,151 

• The Ministry of Population and Environment intends to implement the project’s learning 
and knowledge in the Ministry’s various other EbA programmes; 

• The Ministry of Forests and Soil Conservation [now MOFE] proposes that the learning 
and experiences accumulated throughout the project be mainstreamed and implemented 
in similar projects by the Ministry through its various channels, sectors and departments 
nationwide; 

• The National Planning Commission152 recommends promoting ecosystem-based 
adaptation at the community level and encourages and promotes green technology.  
 

7.6.1.2 Use of Local Capacity 
The project will build on local capacity developed by the EbA and EPIC projects in three districts 
(Parbat, Kaski and Syangja) in the GRB. The project will seek to mainstream nature-based 
solution (and EbA) into Local Government policies and programmes in the project sites.  
 
It will assess potential interventions to be undertaken at each sub-basin in the project site and 
will seek to cover as many areas as possible to maximise the return on project investments. The 
project will also draw on local capacity of the ongoing project - Scaling-up Mountain EbA in Nepal 
being implemented by The Mountain Institute (TMI) and IUCN. 
 

 Operations and Maintenance Plan – Summary 
To ensure the sustainability and cost effectiveness of the proposed interventions, detailed 
operations and maintenance (O&M) manuals that are site-specific should be developed during 
the planning phase of each intervention. These O&M manuals should incorporate the biophysical 
factors associated with EbA and the equipment associated with livelihood interventions. 
 
The development of the O&M manuals should involve both a provincial agency and local 
communities to ensure alignement. This should include: i) the community identifying and 
organising their own representatives; ii) the provincial agency organising institutional actors; iii) 
negotiating specific co-management plans and agreements for each component of the O&M 
manual; iv) organising review meetings at regular intervals to evaluate results and lessons 
learned; and v) modifying the co-management plans, agreements and organisations as 
necessary. 

 
 
151 UNDP.2016. Project Completion Report - Ecosystem based Adaptation in Mountain Ecosystems in Nepal 
152 NPC, 2015. Nature Conservation National Strategic Framework for Sustainable Development. National Planning 

Commission 
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The O&M manual should be communicated to local community members involved in 
implementing the EbA and livelihood interventions. A list of items to be included in each site-
specific O&M manual is presented below.   

• Community driven O&M practices (both current and new climate resilent) should be 
documented   including identification of the local entities/structures currently funding and 
implementing relevant O&M practices. 

• Capacity building and training to use the new O&M practices within the community to 
include both awarenesss training of new practices but also new management practices.  

• Responsibility for the ensuring funding and resource allocation to perform sustainable 
O&M needs to be described. A year-by-year breakdown of all predicted expenditures for 
each intervention for the lifespan of the infrastructure (soft or hard) or equipment/facilities 
being constructed. 

• Objectives for the interventions should be documented and awareness training provide 
including implementation of the Monitoring process to ensure efficacy. The level of training 
required to develop the capacity of community members to perform monitoring should 
also be established. 
 

 
Table 64: Operation and Maintainence Organization 

Intervention 

Tier 1 
(Community 
Level) 

Tier 2 
(Local) Tier 3 (Provincial) Tier 4 (National) 

Forest 
Restoration CFUG 

Divisional 
Forest 
Office 

Ministry of Industry, Tourism 
and Environment 

Department of Forests 
and Soil Conservation 

Grassland 
Restoration CFUG 

Divisional 
Forest 
Office 

Ministry of Industry, Tourism 
and Environment 

Department of Forests 
and Soil Conservation 

Wetlands 
Restoration CFUG 

Divisional 
Forest 
Office 

Ministry of Industry, Tourism 
and Environment 

Department of Forests 
and Soil Conservation 

Bioenginnered 
Roads CFUG 

Road Unit 
of Rural 
Municipality 

Ministry of Industry, Tourism 
and Environment 

Department of Forests 
and Soil Conservation 

Water 
Resource 
Systems WUG/FMIS 

Divisional 
Irrigations 
Office 

Ministry of Industry, Tourism 
and Environment 

Department of 
Irrigation 

Small Irrigation 
Systems WUG/FMIS 

Divisional 
Irrigations 
Office 

Ministry of Industry, Tourism 
and Environment 

Department of 
Irrigation 

WUG – Water User Association. Nepal has an established structure for CFUG and WUG.  
 

 Planning and Decision Support Tools 
Climate change adaptation using river basin, ecosystem-based, community-centric approaches 
are not fully developed or implemented in policy, planning and regulatory frameworks nor is there 
sufficient sources of funding for scaling it up. Identifying opportunities for mainstreaming climate 
change adaptation into sectoral plans for key economic sectors is therefore critical for creating 
an enabling environment for investments by both government and private sector actors. It is 
consequently recommended that the existing or newly developed decision-support tools should 
include new approaches to capturing and presenting ecosystem service values. By using a cost-
benefit analysis for ecosystem restoration it presents decision-makers with practical, profitable 
and sustainable alternative interventions based on the outcomes (such as economic costs and 
benefits) that result from specific policy interventions. 
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Target Sector Analysis (TSA) developed by UNDP153 provides a framework and methodology to: 
• placing valuation results in their relevant context; 
• providing choice by comparing two alternative interventions; 
• providing time-bound information; 
• using a sector-centric, rather than solely ecosystem-centric approach 
• including ecosystem services as inputs into sectoral outputs; 
• considering multiple indicators, not all of them monetary; 
• accounting for complexity and uncertainty in capturing ecosystem value; 
• graphically capturing irreversibility and option values; 
• complementing discounted values; and 
• helping to shape sector development policies at the national, regional and sub-regional 

levels. 
 
By undertaking TSAs and similar analyses, decision-makers for important economic sectors such 
as energy, agriculture and transport would be better equipped to judge the value of functioning 
ecosystems. These decision-makers would subsequently be able to assess whether an 
ecosystem-centric approach to climate change adaptation is both economically viable and 
sustainable, compared to originally favoured standard interventions. Sectoral investments 
supporting the switch to ecosystem-centric and community-based planning in Nepal, could in 
turn, support a paradigm shift in cross sector river basin management. 
 

 Knowledge Management 
Effective ecosystem management and reducing vulnerability depend on several governmental, 
non-governmental institutions, CBOs and local communities. This makes it difficult to coordinate 
integrated collective actions. Implementation of climate related policies is spearheaded by 
different ministries and agencies, with extensive opportunities to improve and build synergy. The 
project will focus on the following:  

• Networking and strengthening of government bodies for coordination and co-operation, 
dialogue and sharing of information and expertise. This is required both for an improved 
enabling environment and to help in resolving policy and regulatory barriers.  

• Capacity building of authorities and mobilizing national, provincial and local constituencies 
to participate in policy formulation and implementation at different levels. At field level, 
emphasis will be on developing technical and advocacy capacity of women and girls, 
Local Resource Persons, emerging leaders and Natural Resource Management Groups 
to build their advocacy skills and enable them to exercise their rights. Building technical 
capacity of stakeholders and support for local institutions for stewardship and 
sustainability will assist scaling up of successful interventions. 

• LAPAs will be prepared to match with the new administrative structure at the municipal 
and rural municipal level. Currently, with support from the Ministry of Urban Development, 
local government bodies have been formulating Integrated Development Plans to guide 
mid- and longer-term planning of their areas. Preparation of these plans will be supported 
to mainstream climate change issues and integrate components of LAPA in IDPs.  

• Application of appropriate indigenous and traditional knowledge, and technology along 
with suitable science and technology will be used to identify and address the disaster 
risks. The use of indigenous and traditional knowledge will strictly follow Free Prior and 
Informed Consent (FPIC) procedures that will be developed in the first year of the project.  

 
 
153 Aplizar, F. and Bovarnick, A. (2013). Targeted Scenario Analysis: A new approach to capturing and presenting 
ecosystem service values for decision making. UNDP. 
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• As decision making and management arrangements are currently being redefined in 
different sectors at central, provincial, and local levels, a substantial amount of policy and 
legal work will be required.  The project will have the opportunity to formulate, critically 
review and analyze policy documents for climate change and GESI issues. This will be 
achieved by supporting the GoN and other stakeholders to review policies related to or 
impacting on climate resilience. The project will support appropriate research, policy 
analysis and awareness rising. 

• The project will support forums and meetings for policy discourse (including policy briefs 
and policy clinics), stakeholder consultation, networking and dialogue at different levels 
to increase awareness and understanding, collect feedback, ensure participation and 
share the results of policy reform and integration of climate change.  

• The project will strengthen the capacity of relevant multi-stakeholder platforms. It will seek 
to improve coordination within and between government and CBOs to enhance 
effectiveness of interventions.  
 

8. Summary and Conclusions 
The river basin communities are extremely vulnerable to expected impacts of climate change, 
which include; increased damage to infrastructure and degradation of ecosystems from lanslides 
and flooding caused by extreme weather events such as more intense rainfall during monsoon 
periods, especially in southern Gandaki area and longer and more intense winter dorughts in the 
northern part of the basin; marked declines in the productivity of agriculture and native eosystems 
that protect against soil degradation leading to higher frequency of landslides. Adaptation to these 
climate change threats will require management and restoration of ecosystems such that the 
supply of goods and services is enhanced, as opposed to reduce over time. This is because 
maintenance and expansion of functional ecosystems, such as forests, forested watersheds and 
watershed is the most cost-effective option for firstly buffering the impacts of more rainfall causing 
more land degradation and also supporting the northern areas which are experiencing more 
intense winter drought causing loss of watersheds and tributaries for supporting agricultural 
livelihoods. 
 
Barriers to effectively maintaining and expanding ecosystems and addressing shortfalls in 
institutional capacity, technical knowledge, access to finance and cross-sectoral planning have 
been identified. Previous experiences from programmes and projects in have shown that 
investments in ecological infrastructure requires frequent, direct, well-facilitated engagement with 
local communities.  
 
To address the above barriers, it is recommended that interventions include enhanced resilience 
of riverine ecosystems and their services; and enhance capacities of communities to ensure 
sustainability and resultant benefits. These interventions should also be supported by 
strengthening of the river basin management institutional framework. Integration of these 
components should take place through intensive, cross-sectoral land-use and water shed 
planning at the village-scale then to sub-rivrerine. This collaboration, as well as the 
implementation of the investments, is expected to provide a transformational change in terms of 
how national, provinvial and local governments approach climate change adaptation for the 
basin. This change will mainstream within the government that the most cost-effective way for 
building the climate resilience of basin communities is to ensure a combination of conventional 
infrastructure with ecological infrastructure is used. 
 
The recommended interventions of this Feasibility Study (see Section 6) would ensure 
costeffectiveness through: i) adapting protocols for ecological restoration and livelihood 
development that have been used successfully in the river basin ii) engaging local communities 
in expanding appropriate co-management structures for the planning, implementation and long-
term maintenance of all interventions; iii) intensive cross-sectoral collaboration between national 
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ministries and provincial-level departments that will ensure that all operation and maintenance 
plans for investments in ecological infrastructure and livelihoods are rigorously followed in the 
long-term; and iv) securing substantial co-financing by government. 
 
An efficient knowledge management system will be critical in providing the necessary conditions 
for effective monitoring, and reporting for planning. This system should collate information and 
lessons learned on climate change from external and local sources while also encouraging the 
generation of new knowledge. Transferring this collated knowledge could occur through a 
knowledge management hub that builds on existing frameworks.  
 
Adaptive responses to climate change need to be sustainable to ensure the long-term wellbeing 
of local communities living on the coast. Such sustainability can be assured by addressing 
mutilple facets of development. Firstly, an integrated planning approach that is multidisciplinary 
and cross-sectoral should be adopted. This will require well-planned, effective coordination 
between a wide range of ministries, as well as creating the right conditions to for private sector 
and civil society organisations engagements. Secondly, the Gandaki local communities continue 
to be thoroughly engaged to ensure strong local ownership of all adaptation interventions. This 
participatory/community-based approach will ensure relevance of interventions for local 
communities. Thirdly, the management of adaptation interventions should adopt the approach of 
collaborative governance, whereby the public sector engages with civil society to ensure that the 
needs of all sectors are considered. Additionally, existing institutions should be tasked with 
management of the adaptation interventions as opposed to setting up entirely new entities. An 
iterative adaptive management framework should be applied to the long-term operations and 
maintenance of all adaptation investments, whereby success of interventions is continually 
assessed and adapted as challenges arise during implementation. This would require frequent 
and long-term monitoring and evaluation of all adaptation interventions. The evaluations should 
preferably quantify the benefits and cost-effectiveness of investments and feed back into the 
adaptive management framework. Lastly, the unlocking of additional funds for large-scale EbA 
can be catalysed in a number of ways including: i) quantifying economic benefits of EbA to reduce 
uncertainty, thereby de-risking the investment for potential investors; ii) changing policies and 
regulations to create an enabling environment for EbA investors; and iii) building the technical 
and financial skills of government officials and private sector operators to design and manage 
EbA investments. 
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9. Appendix 
 Tables of Plant and Wildlife in Gandaki Basin 

 
 

Table 65: CITES listed plants found in the Gandaki River Basin 

Species Nepali Name CITES Appendix 
Sausurea lappa* Kuth I 
Ceropegia pubescens Mirke laharo II 
Cythea spinose Rukh unyu II 
Cycas pectinate Jokar, Jaggar, Kalbal II 
Diascorea deltoidea Bhyakur II 
Orchidaceae family Sunakhari II 
Picrorhiza kurroa Kutki II 
Podophyllum hexandrum Laghupatra II 
Rauvolfia serpentine Sarpagandha II 
Taxas wallichiana Lauth salla II 
Gnetum montanum Bhote lahara III 
Meconopsis regia Kyashar III 
Podocarpus neriifolius Gunsi III 
Talauma hodgsonii Magnolia III 
Tetracentron sinense Jharokote III 

Source: (Sharma, 2013) 
A list of protected wildlife within the GRB and their status listed under the IUCN Red List of 
Threatened Species and CITES appendix listing is provided inTable 70. 
 
 

Table 66: Protected Wildlife of the Gandaki River Basin 

Scientific Name Common Name IUCN Red List threat 
category 

CITES 
Appendix 

Ailurus fulgens Red panda Endangered I 
Bos gaurus Gaur Vulnerable I 
Bos mutus Wild yak Vulnerable I 
Canis lupus Tibetan wolf Least concern I 
Caprolagus hispidus Hispid hare Endangered I 
Elephas maximus Asiatic elephant Endangered I 
Felis lynx Himalayan lynx Near threatened II 
Hyaena Striped hyena Near threatened III 
Macaca assamensis Assamese monkey Vulnerable II 
Manis crassicaudata Indian pangolin Near threatened II 
Manis pentadactyla Chinese pangolin Near threatened II 
Moschus chrisogaster Musk deer Near threatened I 
Ovis ammon Great Tibetan Sheep Vulnerable I 
Panthera tigris Bengal tiger Endangered I 
Uncia uncial Snow leopard Endangered I 
Pantholops hodgsoni Tibetan antelope Endangered I 
Pardofelis nebulosi Clouded leopard Vulnerable I 
Platanista gangetica Gangetic dolphin Endangered I 
Prionailurus 
bengalensis 

Leopard cat Least concern I 

Prionodon pardicolor Spotted linsang Least concern I 
Rhinoceros unicornis Asian one horned 

rhinoceros 
Endangered I 

Sus salvanius Pygmy hog Critically endangered I 
Tetraceros 
quadricornis 

Four-horned antelope Vulnerable III 

Ursus arctos Brown bear Least concern I 
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Buceros bicornis Giant Hornbill  I 
Catreus wallichii Cheer Pheasant Endangered I 
Ciconia White Stork   
Ciconia nigra Black Stork  III 
Eupodotis bengalensis Bengal Florican Endangered I 
Grus (G. antigone) Common Crane  II 
Lophophorus 
impejanus 

Impeyan Pheasant  I 

Sypheotides indica Lesser Florican Endangered II 
Tragopan satyra Crimson-horned Pheasant  III 
Gavialis gangeticus Gharial Endangered  I 
Python molurus Asiatic rock python Vulnerable I 
Varanus flavescens Golden monitor lizard  I 

Sources: HMGN (2002) and (Aryal, 2009) (Sharma, 2013) 
 
A list of invasive plant species that are known threats to native species in the GRB is provided in 
Table 71. More information has been presented in the FS Section 11. 
 
 

Table 67: Invasive species that are known threats to native species in the Gandaki River 
Basin 

Scientific Name Local Name 
Ageratina adenophora Kalo Banmara 
Chromolaena odorata Aule banmara/ seto banmara 
Eichhornia crassipes Jalkumbhi 
Lantana camara Ban phanda 
Mikania micrantha Lahare banmara 

Source: (Sharma, 2013) 
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10. A note on mitigation 
The proposed project is focused on climate adaptation, but as the approach being used for 
adaptation will involve improving the resilience of natural and agricultural systems there will be a 
co-benefit of carbon storage generated by the project. The following is provided for information 
purposes and does not imply the project includes a mitigation component. Nevertheless, the 
project will take into consideration the emergence of carbon markets, including through the 
REDD+ mechanism.  
 
Preliminary estimates show that REDD+ may bring between USD 20-86 million per year to Nepal 
(UN-REDD, 2014). The GoN envisions that REDD+ implementation will assist in advancing 
sustainable forest management, the integration of various sectoral policies, and an improvement 
in forest law enforcement and governance. 
 
The project is aware that the enhancement of carbon stocks and reduction of carbon emissions 
for successful REDD+ implementation may pose challenges for the generation of non-carbon 
forest ecosystem services and conservation of forest biodiversity. Given this, the project will need 
to take into consideration potential trade-offs between carbon and other non-carbon ecosystem 
services and forest biodiversity. Such challenges may be more prominent in community based 
forest managed systems, where poor and forest-dependent people rely on forest resources for 
their livelihoods.  
 
The GoN has formed a separate unit – the REDD Forestry and Climate Change Cell under the 
Ministry of Forests and Environment (MOFE) for facilitating REDD+ related initiatives. A multi-
stakeholder forum includes relevant civil society and non-government organizations that foster 
participation and coordination in formulating the national REDD+ strategy. The project will keep 
in close contact with these institutional arrangements.  
 
Evidence from the field study suggests that REDD+ may have potential to contribute to the 
maintenance and enhancement of forest carbon benefits and simultaneously provide co-benefits 
of biodiversity conservation, livelihood generation and climate change adaptation in the GRB. 
This would potentially be achieved through: conversion of shrub land and grassland (degraded 
forest not natural shrubland or grassland) into forests, promoting natural regeneration and 
establishing plantations; improving value chains of non-timber forest products, sustainably 
managing forests; introducing improved agroforestry and pastoralism practices and; and by 
bringing national forests under the control of local communities. 
 
The project plans to established overall 3,655 ha plantations and 500 ha Agroforestry. As per 
FLR Carbon Storage Calculator of Winrock International, the estimates of the amount of carbon 
stored by theproject intervention in GRB will be 200,974t CO2e during the project period (7-year) 
and 847,250 t CO2 e over 20-year period. 
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12.  FS: Annex – Technical Details 
 

 Vulnerability Prioritization Process and Maps of Gandaki Basin  
The methodology adopted in the NAPA study to establish categories for vulnerable communities 
is based on Yusuf and Francisco (2009) which was applied for the vulnerability mapping for SE 
Asia.  The form below lists the indicators and indices collected through consultation process in 
developing the NAPA results which were also applied for this project proposal. 
 
Table 68: List of Communities and Climate Risks Assessments 
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A. Factors for Determining of Landslide and Flood Risk/ Exposure 

 
 

B. Factors for Determining Drought Risk/Exposure 
 

 
 
 

C. Factors for Rainfall Temperature Risk 
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Resultant Maps of activity-wise intervention sites 
The NAPA report, prepared by government of Nepal, has climate change vulnerability maps with 
prioritized risks and relate to the adaptive capacity of the local communities at a district level to 
identify the highest risk areas within the GRB. The FS focused these maps to highlight three 
major risk categories to address for the project; Flood, Landslides and Drought prone areas 
subject to increasing riak due to climate change. These areas were taken as an entry point to 
further identify and select the intervention sites for the project. 
 
The map below presents the district level vulnerability ranking of three major risks of Gandaki 
River basin. 
 
Figure 35: Map - District-wise vulnerability ranking of three major risks (flood, landslide & drought) of 
Gandaki River Basin 
 

 
 
Project intervention sites were selected at ward level (small administrative unit of newly structured 
government) based on vulnerability (five categories: Very High, High, Moderate, Low and Very 
Low) and recommendations from field study reports. In addition, consents have been provided 
by local administrative units of newly structured government of Nepal during field level 
consultations. The activities identified five categories of tyes of vulnerability of the intervention 
sites were presented in different color code including label of ward in the maps below: 
 
A. Secure Water Supply – Climate Resilient Drought Interventions (Improved Supply and 

Efficiency) 
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Figure 36: Map - Intervention sites to construct small scale irrigation systems 
 
 

 
 
Figure 37: Map - Intervention sites to improve water availability through construction and maintenance of 
water holes 
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Figure 38: Map - Intervention sites to promote drought and flood tolerant varieties 
 

 
 
 
Figure 39: Map - Intervention sites to link upstream and downstream of vulnerable communities for 
sustainable water use 
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B. Implement Bio-Engineering slope and soil stabilization measures to secure 
Ecosystems and Infrastrcutures 

 
Figure 40: Map - Interventions sites to establish climate resilient green belts along river and stream banks 
to prevent flooding 
 
 

 
 
 
Figure 41: Map - Interventions sites to support bio-engineering structure in erosion prone rural forest road 
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C. Use Plantations to restore degraded ecosystems -  
 
Figure 42: Map - Interventions sites to reforestation plantation and gully treatments 
 
 

 
 
 
 
Figure 43: Map - Intervention sites to manage invasive species in community forests 
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Figure 44: Map - Intervention sites to construct small nature-based structures to protect grasslands from 
landslides and floods 
 
 
 

 
 
 
Figure 45: Map - Interventions sites to manage invasive species in community grasslands 
 
 

] 
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Figure 46: Map - Interventions sites to establish climate resilient agroforestry practices 
 
 

 
 
 
Figure 47: Map - Intervention sties to construct of small nature-based structures 
 

 
 

 Vulnerable Communities of Gandaki Basin  
Based on consultations and desk top review of available documentation Table 61 below 
describes at a community level the ecosystem type impacted, vulnerability rating, and greatest 
climate risk. 
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Table 69: List of Communities and Climate Risks Assessments 

Ecosystem District Local 
Government 

Intervention sites 
Ward No Vulnerability Vulnerable 

Area (Ha) 
Risk Community 

Vulnerability 
Agriculture Gorkha Aarughat 5 Moderate 157 Drought Community 

6 Moderate 373 Drought Community 
Dhadhing Gangajamuna 1 High 1,604 Drought Community 

5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 

Thasang 4 High 1,813 Drought Community 
5 High 1,209 Drought Community 

Chitwan Ichyakamana 1 Very High 1,675 Flood Community 
Kalika 10 Moderate 388 Flood Community 

Nawalparasi_E Hopsikot 6 High 1,360 Flood Community 
Binayatribeni 5 High 1,135 Flood   

Agriculture Gorkha Aarughat 1 High 4,220 Landslide   
Dharche 3 High 7,071 Landslide   

4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Baglung Bareng 2 High 1,142 Landslide Community 
3 High 948 Landslide Community 
4 High 582 Landslide Community 

Nawalparasi E Hopsikot 6 High 1,360 Flood Community 
Binayatribeni 5 High 1,135 Flood   

Lamjung Dordi 5 High 2,075 Landslide   
6 High 5,996 Landslide   

Kholwasottar 5 Very High 1,190 Landslide Community 
6 Very High 785 Landslide Community 
7 Very High 827 Landslide Community 
8 Very High 756 Landslide Community 

Chitwan Ichyakamana 1 Very High 1,675 Flood Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 

2 Low 347   Community 
3 Very High 373   Community 
4 Moderate 1,781   Community 

Kaski Madi 4 High 108   Community 
5 High 135   Community 
8 High 4,120   Community 
9 High 716   Community 
10 High 724   Community 

Plapa Mathaghadi 6 High 744   Community 
7 Very High 1,634   Community 
8 Very High 1,123   Community 

Nisdi 3 Very High 1,374   Community 
Purbakhola 2 High 1,406   Community 

4 High 264   Community 
Prabat Jaljala 6 High 186 Landslide Community 

Agriculture Gorkha Aarughat 5 Moderate 157 Drought Community 
6 Moderate 373 Drought Community 

Baglung Bareng 2 High 1,142   Community 
3 High 948   Community 
4 High 582   Community 

Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604 Drought Community 

5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 

Thasang 4 High 1,813 Drought Community 
5 High 1,209 Drought Community 

Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 
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Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 

2 Low 347   Community 
3 Very High 373   Community 
4 Moderate 1,781   Community 

Lamjung Kholwasottar 5 Very High 1,190   Community 
6 Very High 785   Community 
7 Very High 827   Community 
8 Very High 756   Community 

Kaski Madi 4 High 108   Community 
5 High 135   Community 
8 High 4,120   Community 
9 High 716   Community 
10 High 724   Community 

Palpa Mathaghadi 6 High 744   Community 
7 Very High 1,634   Community 
8 Very High 1,123   Community 

Nisdi 3 Very High 1,374   Community 
Purbakhola 2 High 1,406   Community 

4 High 264   Community 
Agriculture Gorkha Aarughat 5 Moderate 157 Drought Community 

6 Moderate 373 Drought Community 
Baglung Bareng 2 High 1,142   Community 

3 High 948   Community 
4 High 582   Community 

Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604 Drought Community 

5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 

Thasang 4 High 1,813 Drought Community 
5 High 1,209 Drought Community 

Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 

Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 

2 Low 347   Community 
3 Very High 373   Community 
4 Moderate 1,781   Community 

Lamjung Kholwasottar 5 Very High 1,190   Community 
6 Very High 785   Community 
7 Very High 827   Community 
8 Very High 756   Community 

Kaski Madi 4 High 108   Community 
5 High 135   Community 
8 High 4,120   Community 
9 High 716   Community 
10 High 724   Community 

Palpa Mathaghadi 6 High 744   Community 
7 Very High 1,634   Community 
8 Very High 1,123   Community 

Nisdi 3 Very High 1,374   Community 
Purbakhola 2 High 1,406   Community 

4 High 264   Community 
All Gorkha Aarughat 1 High 4,220 Landslide   

5 Moderate 157 Drought Community 
6 Moderate 373 Drought Community 

Dharche 3 High 7,071 Landslide   
4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   
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Dhadhing Gangajamuna 1 High 1,604 Drought Community 
5 High 1,605 Drought Community 

Mustang Gharapjhong 1 High 808 Drought Community 
Thasang 4 High 1,813 Drought Community 

5 High 1,209 Drought Community 
Chitwan Ichyakamana 1 Very High 1,675 Flood Community 

Kalika 10 Moderate 388 Flood Community 
Nawalparasi Hopsikot 6 High 1,360 Flood Community 

Binayatribeni 5 High 1,135 Flood   
Baglung Bareng 2 High 1,142 Landslide Community 

3 High 948 Landslide Community 
4 High 582 Landslide Community 

Galkot 1 High 1,584 Landslide Community 
Lamjung Kholwasottar 5 Very High 1,190 Landslide Community 

6 Very High 785 Landslide Community 
7 Very High 827 Landslide Community 
8 Very High 756 Landslide Community 

Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 

2 Low 347   Community 
3 Very High 373   Community 
4 Moderate 1,781   Community 

Kaski Madi 4 High 108   Community 
5 High 135   Community 
8 High 4,120   Community 
9 High 716   Community 
10 High 724   Community 

Plapa Mathaghadi 6 High 744   Community 
7 Very High 1,634   Community 
8 Very High 1,123   Community 

Nisdi 3 Very High 1,374   Community 
Purbakhola 2 High 1,406   Community 

4 High 264   Community 
Prabat Jaljala 6 High 186 Landslide Community 

All Gorkha Aarughat 1 High 4,220 Landslide   
5 Moderate 157 Drought Community 
6 Moderate 373 Drought Community 

Dharche 3 High 7,071 Landslide   
4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Dhadhing Gangajamuna 1 High 1,604 Drought Community 
5 High 1,605 Drought Community 

Mustang Gharapjhong 1 High 808 Drought Community 
Thasang 4 High 1,813 Drought Community 

5 High 1,209 Drought Community 
Chitwan Ichyakamana 1 Very High 1,675 Flood Community 

Kalika 10 Moderate 388 Flood Community 
Nawalparasi Hopsikot 6 High 1,360 Flood Community 

Binayatribeni 5 High 1,135 Flood   
Baglung Bareng 2 High 1,142 Landslide Community 

3 High 948 Landslide Community 
4 High 582 Landslide Community 

Galkot 1 High 1,584 Landslide Community 
Lamjung Kholwasottar 5 Very High 1,190 Landslide Community 

6 Very High 785 Landslide Community 
7 Very High 827 Landslide Community 
8 Very High 756 Landslide Community 

Prabat Jaljala 6 High 186 Landslide Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 

2 Low 347   Community 
3 Very High 373   Community 
4 Moderate 1,781   Community 
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Kaski Madi 4 High 108   Community 
5 High 135   Community 
8 High 4,120   Community 
9 High 716   Community 
10 High 724   Community 

Plapa Mathaghadi 6 High 744   Community 
7 Very High 1,634   Community 
8 Very High 1,123   Community 

Nisdi 3 Very High 1,374   Community 
Purbakhola 2 High 1,406   Community 

4 High 264   Community 
Prabat Jaljala 6 High 186 Landslide Community 

Agriculture Gorkha Aarughat 5 Moderate 157 Drought Community 
6 Moderate 373 Drought Community 

Baglung Bareng 2 High 1,142   Community 
3 High 948   Community 
4 High 582   Community 

Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604 Drought Community 

5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 

Thasang 4 High 1,813 Drought Community 
5 High 1,209 Drought Community 

Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 

Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 

2 Low 347   Community 
3 Very High 373   Community 
4 Moderate 1,781   Community 

Lamjung Kholwasottar 5 Very High 1,190   Community 
6 Very High 785   Community 
7 Very High 827   Community 
8 Very High 756   Community 

Kaski Madi 4 High 108   Community 
5 High 135   Community 
8 High 4,120   Community 
9 High 716   Community 
10 High 724   Community 

Palpa Mathaghadi 6 High 744   Community 
7 Very High 1,634   Community 
8 Very High 1,123   Community 

Nisdi 3 Very High 1,374   Community 
Purbakhola 2 High 1,406   Community 

4 High 264   Community 
Agriculture Gorkha Aarughat 5 Moderate 157 Drought Community 

Gorkha Aarughat 6 Moderate 373 Drought Community 
Dhadhing Gangajamuna 1 High 1,604 Drought Community 
Dhadhing Gangajamuna 5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 
Mustang Thasang 4 High 1,813 Drought Community 
Mustang Thasang 5 High 1,209 Drought Community 

All Gorkha Aarughat 1 High 4,220 Landslide   
Gorkha Aarughat 5 Moderate 157 Drought   
Gorkha Aarughat 6 Moderate 373 Drought   
Gorkha Dharche 3 High 7,071 Landslide   
Gorkha Dharche 4 High 2,496 Landslide   
Gorkha Dharche 5 High 3,620 Landslide   
Gorkha Dharche 6 High 2,544 Landslide   
Dhadhing Gangajamuna 1 High 1,604 Drought   
Dhadhing Gangajamuna 5 High 1,605 Drought   
Mustang Gharapjhong 1 High 808 Drought   
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Mustang Thasang 4 High 1,813 Drought   
Mustang Thasang 5 High 1,209 Drought   
Chitwan Ichyakamana 1 Very High 1,675 Flood   
Chitwan Kalika 10 Moderate 388 Flood   
Nawalparasi Hopsikot 6 High 1,360 Flood   
Nawalparasi Binayatribeni 5 High 1,135 Flood   
Baglung Bareng 2 High 1,142 Landslide   
Baglung Bareng 3 High 948 Landslide   
Baglung Bareng 4 High 582 Landslide   
Baglung Galkot 1 High 1,584 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   
Lamjung Kholwasottar 6 Very High 785 Landslide   
Lamjung Kholwasottar 7 Very High 827 Landslide   
Lamjung Kholwasottar 8 Very High 756 Landslide   
Lamjung Dordi 5 High 2,075 Landslide   
Lamjung Dordi 6 High 5,996 Landslide   
Prabat Jaljala 6 High 186 Landslide   

Agriculture Gorkha Aarughat 5 Moderate 157   Community 
Gorkha Aarughat 6 Moderate 373   Community 
Baglung Bareng 2 High 1,142   Community 
Baglung Bareng 3 High 948   Community 
Baglung Bareng 4 High 582   Community 
Baglung Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604   Community 
Dhading Gangajamuna 5 High 1,605   Community 
Mustang Gharapjhong 1 High 808   Community 
Mustang Thasang 4 High 1,813   Community 
Mustang Thasang 5 High 1,209   Community 
Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 
Chitwan Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Lamjung Kholwasottar 5 Very High 1,190   Community 
Lamjung Kholwasottar 6 Very High 785   Community 
Lamjung Kholwasottar 7 Very High 827   Community 
Lamjung Kholwasottar 8 Very High 756   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Palpa Mathaghadi 6 High 744   Community 
Palpa Mathaghadi 7 Very High 1,634   Community 
Palpa Mathaghadi 8 Very High 1,123   Community 
Palpa Nisdi 3 Very High 1,374   Community 
Palpa Purbakhola 2 High 1,406   Community 
Palpa Purbakhola 4 High 264   Community 

Agriculture Gorkha Aarughat 5 Moderate 157   Community 
Gorkha Aarughat 6 Moderate 373   Community 
Baglung Bareng 2 High 1,142   Community 
Baglung Bareng 3 High 948   Community 
Baglung Bareng 4 High 582   Community 
Baglung Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604   Community 
Dhading Gangajamuna 5 High 1,605   Community 
Mustang Gharapjhong 1 High 808   Community 
Mustang Thasang 4 High 1,813   Community 
Mustang Thasang 5 High 1,209   Community 
Nawalparasi E Hopsikot 6 High 1,360   Community 
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Chitwan Ichyakamana 1 Very High 1,675   Community 
Chitwan Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Lamjung Kholwasottar 5 Very High 1,190   Community 
Lamjung Kholwasottar 6 Very High 785   Community 
Lamjung Kholwasottar 7 Very High 827   Community 
Lamjung Kholwasottar 8 Very High 756   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Palpa Mathaghadi 6 High 744   Community 
Palpa Mathaghadi 7 Very High 1,634   Community 
Palpa Mathaghadi 8 Very High 1,123   Community 
Palpa Nisdi 3 Very High 1,374   Community 
Palpa Purbakhola 2 High 1,406   Community 
Palpa Purbakhola 4 High 264   Community 

Agriculture Gorkha Aarughat 1 High 4,220 Landslide   
Gorkha Dharche 3 High 7,071 Landslide   
Gorkha Dharche 4 High 2,496 Landslide   
Gorkha Dharche 5 High 3,620 Landslide   
Gorkha Dharche 6 High 2,544 Landslide   
Baglung Bareng 2 High 1,142 Landslide   
Baglung Bareng 3 High 948 Landslide   
Baglung Bareng 4 High 582 Landslide   
Baglung Galkot 1 High 1,584 Landslide   
Nawalparasi E Hopsikot 6 High 1,360 Flood   
Nawalparasi E Binayatribeni 5 High 1,135 Flood   
Lamjung Dordi 5 High 2,075 Landslide   
Lamjung Dordi 6 High 5,996 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   
Lamjung Kholwasottar 6 Very High 785 Landslide   
Lamjung Kholwasottar 7 Very High 827 Landslide   
Lamjung Kholwasottar 8 Very High 756 Landslide   
Chitwan Ichyakamana 1 Very High 1,675 Flood   
Chitwan Kalika 10 Moderate 388 Flood   
Parbat Jaljala 6 High 186 Landslide   

Agriculture Gorkha Aarughat 1 High 4,220 Landslide   
Gorkha Dharche 3 High 7,071 Landslide   
Gorkha Dharche 4 High 2,496 Landslide   
Gorkha Dharche 5 High 3,620 Landslide   
Gorkha Dharche 6 High 2,544 Landslide   
Baglung Bareng 2 High 1,142 Landslide   
Baglung Bareng 3 High 948 Landslide   
Baglung Bareng 4 High 582 Landslide   
Baglung Galkot 1 High 1,584 Landslide   
Nawalparasi E Hopsikot 6 High 1,360 Flood   
Nawalparasi E Binayatribeni 5 High 1,135 Flood   
Lamjung Dordi 5 High 2,075 Landslide   
Lamjung Dordi 6 High 5,996 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   
Lamjung Kholwasottar 6 Very High 785 Landslide   
Lamjung Kholwasottar 7 Very High 827 Landslide   
Lamjung Kholwasottar 8 Very High 756 Landslide   
Chitwan Ichyakamana 1 Very High 1,675 Flood   
Chitwan Kalika 10 Moderate 388 Flood   
Parbat Jaljala 6 High 186 Landslide   

Agriculture Baglung Bareng 2 High 1,142 Landslide   
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Baglung Bareng 3 High 948 Landslide   
Baglung Bareng 4 High 582 Landslide   
Baglung Galkot 1 High 1,584 Landslide   
Parbat Jaljala 6 High 186 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   
Lamjung Kholwasottar 6 Very High 785 Landslide   
Lamjung Kholwasottar 7 Very High 827 Landslide   
Lamjung Kholwasottar 8 Very High 756 Landslide   
Lamjung Dordi 5 High 2,075 Landslide   
Lamjung Dordi 6 High 5,996 Landslide   
Gorkha Aarughat 1 High 4,220 Landslide   
Gorkha Dharche 3 High 7,071 Landslide   
Gorkha Dharche 4 High 2,496 Landslide   
Gorkha Dharche 5 High 3,620 Landslide   
Gorkha Dharche 6 High 2,544 Landslide   

Agriculture Gorkha Aarughat 5 Moderate 157 Drought   
Gorkha Aarughat 6 Moderate 373 Drought   
Dhadhing Gangajamuna 1 High 1,604 Drought   
Dhadhing Gangajamuna 5 High 1,605 Drought   
Mustang Gharapjhong 1 High 808 Drought   
Mustang Thasang 4 High 1,813 Drought   
Mustang Thasang 5 High 1,209 Drought   

Agriculture Gorkha Aarughat 5 Moderate 157 Drought Community 
Gorkha Aarughat 6 Moderate 373 Drought Community 
Baglung Bareng 2 High 1,142   Community 
Baglung Bareng 3 High 948   Community 
Baglung Bareng 4 High 582   Community 
Baglung Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604 Drought Community 
Dhading Gangajamuna 5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 
Mustang Thasang 4 High 1,813 Drought Community 
Mustang Thasang 5 High 1,209 Drought Community 
Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 
Chitwan Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Lamjung Kholwasottar 5 Very High 1,190   Community 
Lamjung Kholwasottar 6 Very High 785   Community 
Lamjung Kholwasottar 7 Very High 827   Community 
Lamjung Kholwasottar 8 Very High 756   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Palpa Mathaghadi 6 High 744   Community 
Palpa Mathaghadi 7 Very High 1,634   Community 
Palpa Mathaghadi 8 Very High 1,123   Community 
Palpa Nisdi 3 Very High 1,374   Community 
Palpa Purbakhola 2 High 1,406   Community 
Palpa Purbakhola 4 High 264   Community 

Agriculture Gorkha Aarughat 5 Moderate 157 Drought Community 
Gorkha Aarughat 6 Moderate 373 Drought Community 
Baglung Bareng 2 High 1,142   Community 
Baglung Bareng 3 High 948   Community 
Baglung Bareng 4 High 582   Community 
Baglung Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604 Drought Community 
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Dhading Gangajamuna 5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 
Mustang Thasang 4 High 1,813 Drought Community 
Mustang Thasang 5 High 1,209 Drought Community 
Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 
Chitwan Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Lamjung Kholwasottar 5 Very High 1,190   Community 
Lamjung Kholwasottar 6 Very High 785   Community 
Lamjung Kholwasottar 7 Very High 827   Community 
Lamjung Kholwasottar 8 Very High 756   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Palpa Mathaghadi 6 High 744   Community 
Palpa Mathaghadi 7 Very High 1,634   Community 
Palpa Mathaghadi 8 Very High 1,123   Community 
Palpa Nisdi 3 Very High 1,374   Community 
Palpa Purbakhola 2 High 1,406   Community 
Palpa Purbakhola 4 High 264   Community 

Agriculture Gorkha Aarughat 5 Moderate 157 Drought Community 
Gorkha Aarughat 6 Moderate 373 Drought Community 
Baglung Bareng 2 High 1,142   Community 
Baglung Bareng 3 High 948   Community 
Baglung Bareng 4 High 582   Community 
Baglung Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604 Drought Community 
Dhading Gangajamuna 5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 
Mustang Thasang 4 High 1,813 Drought Community 
Mustang Thasang 5 High 1,209 Drought Community 
Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 
Chitwan Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Lamjung Kholwasottar 5 Very High 1,190   Community 
Lamjung Kholwasottar 6 Very High 785   Community 
Lamjung Kholwasottar 7 Very High 827   Community 
Lamjung Kholwasottar 8 Very High 756   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Palpa Mathaghadi 6 High 744   Community 
Palpa Mathaghadi 7 Very High 1,634   Community 
Palpa Mathaghadi 8 Very High 1,123   Community 
Palpa Nisdi 3 Very High 1,374   Community 
Palpa Purbakhola 2 High 1,406   Community 
Palpa Purbakhola 4 High 264   Community 

Agriculture Gorkha Aarughat 5 Moderate 157   Community 
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Gorkha Aarughat 6 Moderate 373   Community 
Baglung Bareng 2 High 1,142   Community 
Baglung Bareng 3 High 948   Community 
Baglung Bareng 4 High 582   Community 
Baglung Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604   Community 
Dhading Gangajamuna 5 High 1,605   Community 
Mustang Gharapjhong 1 High 808   Community 
Mustang Thasang 4 High 1,813   Community 
Mustang Thasang 5 High 1,209   Community 
Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 
Chitwan Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Lamjung Kholwasottar 5 Very High 1,190   Community 
Lamjung Kholwasottar 6 Very High 785   Community 
Lamjung Kholwasottar 7 Very High 827   Community 
Lamjung Kholwasottar 8 Very High 756   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Palpa Mathaghadi 6 High 744   Community 
Palpa Mathaghadi 7 Very High 1,634   Community 
Palpa Mathaghadi 8 Very High 1,123   Community 
Palpa Nisdi 3 Very High 1,374   Community 
Palpa Purbakhola 2 High 1,406   Community 
Palpa Purbakhola 4 High 264   Community 

Agriculture Gorkha Aarughat 5 Moderate 157   Community 
Gorkha Aarughat 6 Moderate 373   Community 
Baglung Bareng 2 High 1,142   Community 
Baglung Bareng 3 High 948   Community 
Baglung Bareng 4 High 582   Community 
Baglung Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604   Community 
Dhading Gangajamuna 5 High 1,605   Community 
Mustang Gharapjhong 1 High 808   Community 
Mustang Thasang 4 High 1,813   Community 
Mustang Thasang 5 High 1,209   Community 
Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 
Chitwan Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Lamjung Kholwasottar 5 Very High 1,190   Community 
Lamjung Kholwasottar 6 Very High 785   Community 
Lamjung Kholwasottar 7 Very High 827   Community 
Lamjung Kholwasottar 8 Very High 756   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Palpa Mathaghadi 6 High 744   Community 
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Palpa Mathaghadi 7 Very High 1,634   Community 
Palpa Mathaghadi 8 Very High 1,123   Community 
Palpa Nisdi 3 Very High 1,374   Community 
Palpa Purbakhola 2 High 1,406   Community 
Palpa Purbakhola 4 High 264   Community 

Agriculture Gorkha Aarughat 5 Moderate 157   Community 
Gorkha Aarughat 6 Moderate 373   Community 
Baglung Bareng 2 High 1,142   Community 
Baglung Bareng 3 High 948   Community 
Baglung Bareng 4 High 582   Community 
Baglung Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604   Community 
Dhading Gangajamuna 5 High 1,605   Community 
Mustang Gharapjhong 1 High 808   Community 
Mustang Thasang 4 High 1,813   Community 
Mustang Thasang 5 High 1,209   Community 
Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 
Chitwan Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Lamjung Kholwasottar 5 Very High 1,190   Community 
Lamjung Kholwasottar 6 Very High 785   Community 
Lamjung Kholwasottar 7 Very High 827   Community 
Lamjung Kholwasottar 8 Very High 756   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Palpa Mathaghadi 6 High 744   Community 
Palpa Mathaghadi 7 Very High 1,634   Community 
Palpa Mathaghadi 8 Very High 1,123   Community 
Palpa Nisdi 3 Very High 1,374   Community 
Palpa Purbakhola 2 High 1,406   Community 
Palpa Purbakhola 4 High 264   Community 

Forest Gorkha Aarughat 5 Moderate 157   Community 
Gorkha Aarughat 6 Moderate 373   Community 
Baglung Bareng 2 High 1,142   Community 
Baglung Bareng 3 High 948   Community 
Baglung Bareng 4 High 582   Community 
Baglung Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604   Community 
Dhading Gangajamuna 5 High 1,605   Community 
Mustang Gharapjhong 1 High 808   Community 
Mustang Thasang 4 High 1,813   Community 
Mustang Thasang 5 High 1,209   Community 
Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 
Chitwan Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Lamjung Kholwasottar 5 Very High 1,190   Community 
Lamjung Kholwasottar 6 Very High 785   Community 
Lamjung Kholwasottar 7 Very High 827   Community 
Lamjung Kholwasottar 8 Very High 756   Community 
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Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Palpa Mathaghadi 6 High 744   Community 
Palpa Mathaghadi 7 Very High 1,634   Community 
Palpa Mathaghadi 8 Very High 1,123   Community 
Palpa Nisdi 3 Very High 1,374   Community 
Palpa Purbakhola 2 High 1,406   Community 
Palpa Purbakhola 4 High 264   Community 

Agriculture Gorkha Aarughat 5 Moderate 157   Community 
Gorkha Aarughat 6 Moderate 373   Community 
Baglung Bareng 2 High 1,142   Community 
Baglung Bareng 3 High 948   Community 
Baglung Bareng 4 High 582   Community 
Baglung Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604   Community 
Dhading Gangajamuna 5 High 1,605   Community 
Mustang Gharapjhong 1 High 808   Community 
Mustang Thasang 4 High 1,813   Community 
Mustang Thasang 5 High 1,209   Community 
Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 
Chitwan Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Lamjung Kholwasottar 5 Very High 1,190   Community 
Lamjung Kholwasottar 6 Very High 785   Community 
Lamjung Kholwasottar 7 Very High 827   Community 
Lamjung Kholwasottar 8 Very High 756   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Palpa Mathaghadi 6 High 744   Community 
Palpa Mathaghadi 7 Very High 1,634   Community 
Palpa Mathaghadi 8 Very High 1,123   Community 
Palpa Nisdi 3 Very High 1,374   Community 
Palpa Purbakhola 2 High 1,406   Community 
Palpa Purbakhola 4 High 264   Community 

Agriculture Gorkha Aarughat 5 Moderate 157   Community 
Gorkha Aarughat 6 Moderate 373   Community 
Baglung Bareng 2 High 1,142   Community 
Baglung Bareng 3 High 948   Community 
Baglung Bareng 4 High 582   Community 
Baglung Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604   Community 
Dhading Gangajamuna 5 High 1,605   Community 
Mustang Gharapjhong 1 High 808   Community 
Mustang Thasang 4 High 1,813   Community 
Mustang Thasang 5 High 1,209   Community 
Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 
Chitwan Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
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Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Lamjung Kholwasottar 5 Very High 1,190   Community 
Lamjung Kholwasottar 6 Very High 785   Community 
Lamjung Kholwasottar 7 Very High 827   Community 
Lamjung Kholwasottar 8 Very High 756   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Palpa Mathaghadi 6 High 744   Community 
Palpa Mathaghadi 7 Very High 1,634   Community 
Palpa Mathaghadi 8 Very High 1,123   Community 
Palpa Nisdi 3 Very High 1,374   Community 
Palpa Purbakhola 2 High 1,406   Community 
Palpa Purbakhola 4 High 264   Community 

Agriculture Gorkha Aarughat 5 Moderate 157   Community 
Gorkha Aarughat 6 Moderate 373   Community 
Baglung Bareng 2 High 1,142   Community 
Baglung Bareng 3 High 948   Community 
Baglung Bareng 4 High 582   Community 
Baglung Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604   Community 
Dhading Gangajamuna 5 High 1,605   Community 
Mustang Gharapjhong 1 High 808   Community 
Mustang Thasang 4 High 1,813   Community 
Mustang Thasang 5 High 1,209   Community 
Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 
Chitwan Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Lamjung Kholwasottar 5 Very High 1,190   Community 
Lamjung Kholwasottar 6 Very High 785   Community 
Lamjung Kholwasottar 7 Very High 827   Community 
Lamjung Kholwasottar 8 Very High 756   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Palpa Mathaghadi 6 High 744   Community 
Palpa Mathaghadi 7 Very High 1,634   Community 
Palpa Mathaghadi 8 Very High 1,123   Community 
Palpa Nisdi 3 Very High 1,374   Community 
Palpa Purbakhola 2 High 1,406   Community 
Palpa Purbakhola 4 High 264   Community 

Agriculture Gorkha Aarughat 1 High 4,220 Landslide   
Gorkha Aarughat 5 Moderate 157 Drought Community 
Gorkha Aarughat 6 Moderate 373 Drought Community 
Gorkha Dharche 3 High 7,071 Landslide   
Gorkha Dharche 4 High 2,496 Landslide   
Gorkha Dharche 5 High 3,620 Landslide   
Gorkha Dharche 6 High 2,544 Landslide   
Dhadhing Gangajamuna 1 High 1,604 Drought Community 
Dhadhing Gangajamuna 5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 
Mustang Thasang 4 High 1,813 Drought Community 
Mustang Thasang 5 High 1,209 Drought Community 
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Chitwan Ichyakamana 1 Very High 1,675 Flood Community 
Chitwan Kalika 10 Moderate 388 Flood Community 
Nawalparasi Hopsikot 6 High 1,360 Flood Community 
Nawalparasi Binayatribeni 5 High 1,135 Flood   
Baglung Bareng 2 High 1,142 Landslide Community 
Baglung Bareng 3 High 948 Landslide Community 
Baglung Bareng 4 High 582 Landslide Community 
Baglung Galkot 1 High 1,584 Landslide Community 
Lamjung Kholwasottar 5 Very High 1,190 Landslide Community 
Lamjung Kholwasottar 6 Very High 785 Landslide Community 
Lamjung Kholwasottar 7 Very High 827 Landslide Community 
Lamjung Kholwasottar 8 Very High 756 Landslide Community 
Lamjung Dordi 5 High 2,075 Landslide   
Lamjung Dordi 6 High 5,996 Landslide   

  Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Plapa Mathaghadi 6 High 744   Community 
Plapa Mathaghadi 7 Very High 1,634   Community 
Plapa Mathaghadi 8 Very High 1,123   Community 
Plapa Nisdi 3 Very High 1,374   Community 
Plapa Purbakhola 2 High 1,406   Community 
Plapa Purbakhola 4 High 264   Community 
Prabat Jaljala 6 High 186 Landslide Community 

All Gorkha Aarughat 1 High 4,220 Landslide   
Gorkha Aarughat 5 Moderate 157 Drought Community 
Gorkha Aarughat 6 Moderate 373 Drought Community 
Gorkha Dharche 3 High 7,071 Landslide   
Gorkha Dharche 4 High 2,496 Landslide   
Gorkha Dharche 5 High 3,620 Landslide   
Gorkha Dharche 6 High 2,544 Landslide   
Dhadhing Gangajamuna 1 High 1,604 Drought Community 
Dhadhing Gangajamuna 5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 
Mustang Thasang 4 High 1,813 Drought Community 
Mustang Thasang 5 High 1,209 Drought Community 
Chitwan Ichyakamana 1 Very High 1,675 Flood Community 
Chitwan Kalika 10 Moderate 388 Flood Community 
Nawalparasi Hopsikot 6 High 1,360 Flood Community 
Nawalparasi Binayatribeni 5 High 1,135 Flood   
Baglung Bareng 2 High 1,142 Landslide Community 
Baglung Bareng 3 High 948 Landslide Community 
Baglung Bareng 4 High 582 Landslide Community 
Baglung Galkot 1 High 1,584 Landslide Community 
Lamjung Kholwasottar 5 Very High 1,190 Landslide Community 
Lamjung Kholwasottar 6 Very High 785 Landslide Community 
Lamjung Kholwasottar 7 Very High 827 Landslide Community 
Lamjung Kholwasottar 8 Very High 756 Landslide Community 
Lamjung Dordi 5 High 2,075 Landslide   
Lamjung Dordi 6 High 5,996 Landslide   
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
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Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Plapa Mathaghadi 6 High 744   Community 
Plapa Mathaghadi 7 Very High 1,634   Community 
Plapa Mathaghadi 8 Very High 1,123   Community 
Plapa Nisdi 3 Very High 1,374   Community 
Plapa Purbakhola 2 High 1,406   Community 
Plapa Purbakhola 4 High 264   Community 
Prabat Jaljala 6 High 186 Landslide Community 

All Gorkha Aarughat 1 High 4,220 Landslide   
Gorkha Aarughat 5 Moderate 157 Drought Community 
Gorkha Aarughat 6 Moderate 373 Drought Community 
Gorkha Dharche 3 High 7,071 Landslide   
Gorkha Dharche 4 High 2,496 Landslide   
Gorkha Dharche 5 High 3,620 Landslide   
Gorkha Dharche 6 High 2,544 Landslide   
Dhadhing Gangajamuna 1 High 1,604 Drought Community 
Dhadhing Gangajamuna 5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 
Mustang Thasang 4 High 1,813 Drought Community 
Mustang Thasang 5 High 1,209 Drought Community 
Chitwan Ichyakamana 1 Very High 1,675 Flood Community 
Chitwan Kalika 10 Moderate 388 Flood Community 
Nawalparasi Hopsikot 6 High 1,360 Flood Community 
Nawalparasi Binayatribeni 5 High 1,135 Flood   
Baglung Bareng 2 High 1,142 Landslide Community 
Baglung Bareng 3 High 948 Landslide Community 
Baglung Bareng 4 High 582 Landslide Community 
Baglung Galkot 1 High 1,584 Landslide Community 
Lamjung Kholwasottar 5 Very High 1,190 Landslide Community 
Lamjung Kholwasottar 6 Very High 785 Landslide Community 
Lamjung Kholwasottar 7 Very High 827 Landslide Community 
Lamjung Kholwasottar 8 Very High 756 Landslide Community 
Lamjung Dordi 5 High 2,075 Landslide   
Lamjung Dordi 6 High 5,996 Landslide   
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Plapa Mathaghadi 6 High 744   Community 
Plapa Mathaghadi 7 Very High 1,634   Community 
Plapa Mathaghadi 8 Very High 1,123   Community 
Plapa Nisdi 3 Very High 1,374   Community 
Plapa Purbakhola 2 High 1,406   Community 
Plapa Purbakhola 4 High 264   Community 
Prabat Jaljala 6 High 186 Landslide Community 

All Gorkha Aarughat 5 Moderate 157   Community 
Gorkha Aarughat 6 Moderate 373   Community 
Baglung Bareng 2 High 1,142   Community 
Baglung Bareng 3 High 948   Community 
Baglung Bareng 4 High 582   Community 
Baglung Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604   Community 
Dhading Gangajamuna 5 High 1,605   Community 
Mustang Gharapjhong 1 High 808   Community 
Mustang Thasang 4 High 1,813   Community 
Mustang Thasang 5 High 1,209   Community 
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Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 
Chitwan Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Lamjung Kholwasottar 5 Very High 1,190   Community 
Lamjung Kholwasottar 6 Very High 785   Community 
Lamjung Kholwasottar 7 Very High 827   Community 
Lamjung Kholwasottar 8 Very High 756   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Palpa Mathaghadi 6 High 744   Community 
Palpa Mathaghadi 7 Very High 1,634   Community 
Palpa Mathaghadi 8 Very High 1,123   Community 
Palpa Nisdi 3 Very High 1,374   Community 
Palpa Purbakhola 2 High 1,406   Community 
Palpa Purbakhola 4 High 264   Community 

All Gorkha Aarughat 1 High 4,220 Landslide   
Gorkha Aarughat 5 Moderate 157 Drought Community 
Gorkha Aarughat 6 Moderate 373 Drought Community 
Gorkha Dharche 3 High 7,071 Landslide   
Gorkha Dharche 4 High 2,496 Landslide   
Gorkha Dharche 5 High 3,620 Landslide   
Gorkha Dharche 6 High 2,544 Landslide   
Dhadhing Gangajamuna 1 High 1,604 Drought Community 
Dhadhing Gangajamuna 5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 
Mustang Thasang 4 High 1,813 Drought Community 
Mustang Thasang 5 High 1,209 Drought Community 
Chitwan Ichyakamana 1 Very High 1,675 Flood Community 
Chitwan Kalika 10 Moderate 388 Flood Community 
Nawalparasi Hopsikot 6 High 1,360 Flood Community 
Nawalparasi Binayatribeni 5 High 1,135 Flood   
Baglung Bareng 2 High 1,142 Landslide Community 
Baglung Bareng 3 High 948 Landslide Community 
Baglung Bareng 4 High 582 Landslide Community 
Baglung Galkot 1 High 1,584 Landslide Community 
Lamjung Kholwasottar 5 Very High 1,190 Landslide Community 
Lamjung Kholwasottar 6 Very High 785 Landslide Community 
Lamjung Kholwasottar 7 Very High 827 Landslide Community 
Lamjung Kholwasottar 8 Very High 756 Landslide Community 
Lamjung Dordi 5 High 2,075 Landslide   
Lamjung Dordi 6 High 5,996 Landslide   
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Plapa Mathaghadi 6 High 744   Community 
Plapa Mathaghadi 7 Very High 1,634   Community 
Plapa Mathaghadi 8 Very High 1,123   Community 
Plapa Nisdi 3 Very High 1,374   Community 
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Plapa Purbakhola 2 High 1,406   Community 
Plapa Purbakhola 4 High 264   Community 
Prabat Jaljala 6 High 186 Landslide Community 

Forest Baglung Bareng 2 High 1,142 Landslide   
Baglung Bareng 3 High 948 Landslide   
Baglung Bareng 4 High 582 Landslide   
Baglung Galkot 1 High 1,584 Landslide   
Parbat Jaljala 6 High 186 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   
Lamjung Kholwasottar 6 Very High 785 Landslide   
Lamjung Kholwasottar 7 Very High 827 Landslide   
Lamjung Kholwasottar 8 Very High 756 Landslide   
Lamjung Dordi 5 High 2,075 Landslide   
Lamjung Dordi 6 High 5,996 Landslide   
Gorkha Aarughat 1 High 4,220 Landslide   
Gorkha Dharche 3 High 7,071 Landslide   
Gorkha Dharche 4 High 2,496 Landslide   
Gorkha Dharche 5 High 3,620 Landslide   
Gorkha Dharche 6 High 2,544 Landslide   

Wetland Gorkha Aarughat 1 High 4,220 Landslide   
Gorkha Dharche 3 High 7,071 Landslide   
Gorkha Dharche 4 High 2,496 Landslide   
Gorkha Dharche 5 High 3,620 Landslide   
Gorkha Dharche 6 High 2,544 Landslide   
Baglung Bareng 2 High 1,142 Landslide   
Baglung Bareng 3 High 948 Landslide   
Baglung Bareng 4 High 582 Landslide   
Baglung Galkot 1 High 1,584 Landslide   
Nawalparasi E Hopsikot 6 High 1,360 Flood   
Nawalparasi E Binayatribeni 5 High 1,135 Flood   
Lamjung Dordi 5 High 2,075 Landslide   
Lamjung Dordi 6 High 5,996 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   
Lamjung Kholwasottar 6 Very High 785 Landslide   
Lamjung Kholwasottar 7 Very High 827 Landslide   
Lamjung Kholwasottar 8 Very High 756 Landslide   
Chitwan Ichyakamana 1 Very High 1,675 Flood   
Chitwan Kalika 10 Moderate 388 Flood   
Parbat Jaljala 6 High 186 Landslide   

Forest Gorkha Aarughat 1 High 4,220 Landslide   
Gorkha Aarughat 5 Moderate 157 Drought   
Gorkha Aarughat 6 Moderate 373 Drought   
Gorkha Dharche 3 High 7,071 Landslide   
Gorkha Dharche 4 High 2,496 Landslide   
Gorkha Dharche 5 High 3,620 Landslide   
Gorkha Dharche 6 High 2,544 Landslide   
Baglung Bareng 2 High 1,142 Landslide   
Baglung Bareng 3 High 948 Landslide   
Baglung Bareng 4 High 582 Landslide   
Baglung Galkot 1 High 1,584 Landslide   
Lamjung Dordi 5 High 2,075 Landslide   
Lamjung Dordi 6 High 5,996 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   
Lamjung Kholwasottar 6 Very High 785 Landslide   
Lamjung Kholwasottar 7 Very High 827 Landslide   
Lamjung Kholwasottar 8 Very High 756 Landslide   
Dhadhing Gangajamuna 1 High 1,604 Drought   
Dhadhing Gangajamuna 5 High 1,605 Drought   
Mustang Gharapjhong 1 High 808 Drought   
Mustang Thasang 4 High 1,813 Drought   
Mustang Thasang 5 High 1,209 Drought   
Parbat Jaljala 6 High 186 Landslide   

Forest Gorkha Aarughat 1 High 4,220 Landslide   
Gorkha Aarughat 5 Moderate 157 Drought Community 
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Gorkha Aarughat 6 Moderate 373 Drought Community 
Gorkha Dharche 3 High 7,071 Landslide   
Gorkha Dharche 4 High 2,496 Landslide   
Gorkha Dharche 5 High 3,620 Landslide   
Gorkha Dharche 6 High 2,544 Landslide   
Baglung Bareng 2 High 1,142 Landslide Community 
Baglung Bareng 3 High 948 Landslide Community 
Baglung Bareng 4 High 582 Landslide Community 
Baglung Galkot 1 High 1,584 Landslide Community 
Lamjung Dordi 5 High 2,075 Landslide   
Lamjung Dordi 6 High 5,996 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide Community 
Lamjung Kholwasottar 6 Very High 785 Landslide Community 
Lamjung Kholwasottar 7 Very High 827 Landslide Community 
Lamjung Kholwasottar 8 Very High 756 Landslide Community 
Dhadhing Gangajamuna 1 High 1,604 Drought Community 
Dhadhing Gangajamuna 5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 
Mustang Thasang 4 High 1,813 Drought Community 
Mustang Thasang 5 High 1,209 Drought Community 
Parbat Jaljala 6 High 186 Landslide Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 2 Low 347   Community 
Nuwakot Kispang 3 Very High 373   Community 
Nuwakot Kispang 4 Moderate 1,781   Community 
Kaski Madi 4 High 108   Community 
Kaski Madi 5 High 135   Community 
Kaski Madi 8 High 4,120   Community 
Kaski Madi 9 High 716   Community 
Kaski Madi 10 High 724   Community 
Palpa Mathaghadi 6 High 744   Community 
Palpa Mathaghadi 7 Very High 1,634   Community 
Palpa Mathaghadi 8 Very High 1,123   Community 
Palpa Nisdi 3 Very High 1,374   Community 
Palpa Purbakhola 2 High 1,406   Community 
Palpa Purbakhola 4 High 264   Community 

Forest Gorkha Aarughat 1 High 4,220 Landslide   
Gorkha Aarughat 5 Moderate 157 Drought   
Gorkha Aarughat 6 Moderate 373 Drought   
Gorkha Dharche 3 High 7,071 Landslide   
Gorkha Dharche 4 High 2,496 Landslide   
Gorkha Dharche 5 High 3,620 Landslide   
Gorkha Dharche 6 High 2,544 Landslide   
Dhadhing Gangajamuna 1 High 1,604 Drought   
Dhadhing Gangajamuna 5 High 1,605 Drought   
Mustang Gharapjhong 1 High 808 Drought   
Mustang Thasang 4 High 1,813 Drought   
Mustang Thasang 5 High 1,209 Drought   
Chitwan Ichyakamana 1 Very High 1,675 Flood   
Chitwan Kalika 10 Moderate 388 Flood   
Nawalparasi Hopsikot 6 High 1,360 Flood   
Nawalparasi Binayatribeni 5 High 1,135 Flood   
Baglung Bareng 2 High 1,142 Landslide   
Baglung Bareng 3 High 948 Landslide   
Baglung Bareng 4 High 582 Landslide   
Baglung Galkot 1 High 1,584 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   
Lamjung Kholwasottar 6 Very High 785 Landslide   
Lamjung Kholwasottar 7 Very High 827 Landslide   
Lamjung Kholwasottar 8 Very High 756 Landslide   
Lamjung Dordi 5 High 2,075 Landslide   
Lamjung Dordi 6 High 5,996 Landslide   
Prabat Jaljala 6 High 186 Landslide   

Forest Gorkha Aarughat 1 High 4,220 Landslide   
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Gorkha Dharche 3 High 7,071 Landslide   
Gorkha Dharche 4 High 2,496 Landslide   
Gorkha Dharche 5 High 3,620 Landslide   
Gorkha Dharche 6 High 2,544 Landslide   
Baglung Bareng 2 High 1,142 Landslide   
Baglung Bareng 3 High 948 Landslide   
Baglung Bareng 4 High 582 Landslide   
Baglung Galkot 1 High 1,584 Landslide   
Nawalparasi E Hopsikot 6 High 1,360 Flood   
Nawalparasi E Binayatribeni 5 High 1,135 Flood   
Lamjung Dordi 5 High 2,075 Landslide   
Lamjung Dordi 6 High 5,996 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   
Lamjung Kholwasottar 6 Very High 785 Landslide   
Lamjung Kholwasottar 7 Very High 827 Landslide   
Lamjung Kholwasottar 8 Very High 756 Landslide   
Chitwan Ichyakamana 1 Very High 1,675 Flood   
Chitwan Kalika 10 Moderate 388 Flood   
Parbat Jaljala 6 High 186 Landslide   

Wetland Gorkha Aarughat 1 High 4,220 Landslide   
Dharche 3 High 7,071 Landslide   

4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Baglung Bareng 2 High 1,142 Landslide   
3 High 948 Landslide   
4 High 582 Landslide   

Galkot 1 High 1,584 Landslide   
Nawalparasi E Hopsikot 6 High 1,360 Flood   

Binayatribeni 5 High 1,135 Flood   
Lamjung Dordi 5 High 2,075 Landslide   

Dordi 6 High 5,996 Landslide   
Kholwasottar 5 Very High 1,190 Landslide   

6 Very High 785 Landslide   
7 Very High 827 Landslide   
8 Very High 756 Landslide   

Chitwan Ichyakamana 1 Very High 1,675 Flood   
Kalika 10 Moderate 388 Flood   

Parbat Jaljala 6 High 186 Landslide   
Forest Baglung Bareng 2 High 1,142 Landslide   

3 High 948 Landslide   
4 High 582 Landslide   

Galkot 1 High 1,584 Landslide   
Parbat Jaljala 6 High 186 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   

6 Very High 785 Landslide   
7 Very High 827 Landslide   
8 Very High 756 Landslide   

Dordi 5 High 2,075 Landslide   
6 High 5,996 Landslide   

Gorkha Aarughat 1 High 4,220 Landslide   
Dharche 3 High 7,071 Landslide   

4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Forest Baglung Bareng 2 High 1,142 Landslide   
3 High 948 Landslide   
4 High 582 Landslide   

Galkot 1 High 1,584 Landslide   
Parbat Jaljala 6 High 186 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   

6 Very High 785 Landslide   
7 Very High 827 Landslide   
8 Very High 756 Landslide   
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Dordi 5 High 2,075 Landslide   
6 High 5,996 Landslide   

Gorkha Aarughat 1 High 4,220 Landslide   
Dharche 3 High 7,071 Landslide   

4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Forest Baglung Bareng 2 High 1,142 Landslide   
3 High 948 Landslide   
4 High 582 Landslide   

Galkot 1 High 1,584 Landslide   
Parbat Jaljala 6 High 186 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   

6 Very High 785 Landslide   
7 Very High 827 Landslide   
8 Very High 756 Landslide   

Dordi 5 High 2,075 Landslide   
6 High 5,996 Landslide   

Gorkha Aarughat 1 High 4,220 Landslide   
Dharche 3 High 7,071 Landslide   

4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Forest Gorkha Aarughat 5 Moderate 157 Drought   
6 Moderate 373 Drought   

Dhadhing Gangajamuna 1 High 1,604 Drought   
5 High 1,605 Drought   

Mustang Gharapjhong 1 High 808 Drought   
Thasang 4 High 1,813 Drought   

5 High 1,209 Drought   
Forest Gorkha Aarughat 1 High 4,220 Landslide   

5 Moderate 157 Drought   
6 Moderate 373 Drought   

Dharche 3 High 7,071 Landslide   
4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Dhadhing Gangajamuna 1 High 1,604 Drought   
5 High 1,605 Drought   

Mustang Gharapjhong 1 High 808 Drought   
Thasang 4 High 1,813 Drought   

5 High 1,209 Drought   
Chitwan Ichyakamana 1 Very High 1,675 Flood   

Kalika 10 Moderate 388 Flood   
Nawalparasi Hopsikot 6 High 1,360 Flood   
Nawalparasi Binayatribeni 5 High 1,135 Flood   
Baglung Bareng 2 High 1,142 Landslide   

3 High 948 Landslide   
4 High 582 Landslide   

Galkot 1 High 1,584 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   

6 Very High 785 Landslide   
7 Very High 827 Landslide   
8 Very High 756 Landslide   

Dordi 5 High 2,075 Landslide   
6 High 5,996 Landslide   

Prabat Jaljala 6 High 186 Landslide   
Forest Gorkha Aarughat 1 High 4,220 Landslide   

5 Moderate 157 Drought   
6 Moderate 373 Drought   

Dharche 3 High 7,071 Landslide   
4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   
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Dhadhing Gangajamuna 1 High 1,604 Drought   
5 High 1,605 Drought   

Mustang Gharapjhong 1 High 808 Drought   
Thasang 4 High 1,813 Drought   

5 High 1,209 Drought   
Chitwan Ichyakamana 1 Very High 1,675 Flood   

Kalika 10 Moderate 388 Flood   
Nawalparasi Hopsikot 6 High 1,360 Flood   

Binayatribeni 5 High 1,135 Flood   
Baglung Bareng 2 High 1,142 Landslide   

3 High 948 Landslide   
4 High 582 Landslide   

Galkot 1 High 1,584 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   

6 Very High 785 Landslide   
7 Very High 827 Landslide   
8 Very High 756 Landslide   

Dordi 5 High 2,075 Landslide   
6 High 5,996 Landslide   

Prabat Jaljala 6 High 186 Landslide   
Forest Gorkha Aarughat 1 High 4,220 Landslide   

5 Moderate 157 Drought Community 
6 Moderate 373 Drought Community 

Dharche 3 High 7,071 Landslide   
4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Dhadhing Gangajamuna 1 High 1,604 Drought Community 
5 High 1,605 Drought Community 

Mustang Gharapjhong 1 High 808 Drought Community 
Thasang 4 High 1,813 Drought Community 

5 High 1,209 Drought Community 
Chitwan Ichyakamana 1 Very High 1,675 Flood Community 

Kalika 10 Moderate 388 Flood Community 
Nawalparasi Hopsikot 6 High 1,360 Flood Community 

Binayatribeni 5 High 1,135 Flood   
Baglung Bareng 2 High 1,142 Landslide Community 

3 High 948 Landslide Community 
4 High 582 Landslide Community 

Galkot 1 High 1,584 Landslide Community 
Lamjung Kholwasottar 5 Very High 1,190 Landslide Community 

6 Very High 785 Landslide Community 
7 Very High 827 Landslide Community 
8 Very High 756 Landslide Community 

Dordi 5 High 2,075 Landslide   
6 High 5,996 Landslide   

Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 

2 Low 347   Community 
3 Very High 373   Community 
4 Moderate 1,781   Community 

Kaski Madi 4 High 108   Community 
5 High 135   Community 
8 High 4,120   Community 
9 High 716   Community 
10 High 724   Community 

Palpa Mathaghadi 6 High 744   Community 
7 Very High 1,634   Community 
8 Very High 1,123   Community 

Nisdi 3 Very High 1,374   Community 
Purbakhola 2 High 1,406   Community 

4 High 264   Community 
Prabat Jaljala 6 High 186 Landslide Community 

Forest Gorkha Aarughat 1 High 4,220 Landslide   
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5 Moderate 157 Drought   
6 Moderate 373 Drought   

Dharche 3 High 7,071 Landslide   
4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Dhadhing Gangajamuna 1 High 1,604 Drought   
5 High 1,605 Drought   

Mustang Gharapjhong 1 High 808 Drought   
Thasang 4 High 1,813 Drought   

5 High 1,209 Drought   
Chitwan Ichyakamana 1 Very High 1,675 Flood   

Kalika 10 Moderate 388 Flood   
Nawalparasi Hopsikot 6 High 1,360 Flood   

Binayatribeni 5 High 1,135 Flood   
Baglung Bareng 2 High 1,142 Landslide   

3 High 948 Landslide   
4 High 582 Landslide   

Galkot 1 High 1,584 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   

6 Very High 785 Landslide   
7 Very High 827 Landslide   
8 Very High 756 Landslide   

Dordi 5 High 2,075 Landslide   
6 High 5,996 Landslide   

Prabat Jaljala 6 High 186 Landslide   
Forest Gorkha Aarughat 5 Moderate 157 Drought   

6 Moderate 373 Drought   
Dhadhing Gangajamuna 1 High 1,604 Drought   

5 High 1,605 Drought   
Mustang Gharapjhong 1 High 808 Drought   

Thasang 4 High 1,813 Drought   
5 High 1,209 Drought   

Forest Gorkha Aarughat 5 Moderate 157 Drought   
6 Moderate 373 Drought   

Dhadhing Gangajamuna 1 High 1,604 Drought   
5 High 1,605 Drought   

Mustang Gharapjhong 1 High 808 Drought   
Thasang 4 High 1,813 Drought   

5 High 1,209 Drought   
Forest Gorkha Aarughat 5 Moderate 157 Drought   

6 Moderate 373 Drought   
Dhadhing Gangajamuna 1 High 1,604 Drought   

5 High 1,605 Drought   
Mustang Gharapjhong 1 High 808 Drought   

Thasang 4 High 1,813 Drought   
5 High 1,209 Drought   

All Gorkha Aarughat 5 Moderate 157   Community 
6 Moderate 373   Community 

Baglung Bareng 2 High 1,142   Community 
3 High 948   Community 
4 High 582   Community 

Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604   Community 

5 High 1,605   Community 
Mustang Gharapjhong 1 High 808   Community 

Thasang 4 High 1,813   Community 
5 High 1,209   Community 

Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 

Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 
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2 Low 347   Community 
3 Very High 373   Community 
4 Moderate 1,781   Community 

Lamjung Kholwasottar 5 Very High 1,190   Community 
6 Very High 785   Community 
7 Very High 827   Community 
8 Very High 756   Community 

Kaski Madi 4 High 108   Community 
5 High 135   Community 
8 High 4,120   Community 
9 High 716   Community 
10 High 724   Community 

Palpa Mathaghadi 6 High 744   Community 
7 Very High 1,634   Community 
8 Very High 1,123   Community 

Nisdi 3 Very High 1,374   Community 
Purbakhola 2 High 1,406   Community 

4 High 264   Community 
All Gorkha Aarughat 1 High 4,220 Landslide   

5 Moderate 157 Drought   
6 Moderate 373 Drought   

Dharche 3 High 7,071 Landslide   
4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Dhadhing Gangajamuna 1 High 1,604 Drought   
5 High 1,605 Drought   

Mustang Gharapjhong 1 High 808 Drought   
Thasang 4 High 1,813 Drought   

5 High 1,209 Drought   
Chitwan Ichyakamana 1 Very High 1,675 Flood   

Kalika 10 Moderate 388 Flood   
Nawalparasi Hopsikot 6 High 1,360 Flood   

Binayatribeni 5 High 1,135 Flood   
Baglung Bareng 2 High 1,142 Landslide   

3 High 948 Landslide   
4 High 582 Landslide   

Galkot 1 High 1,584 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   

6 Very High 785 Landslide   
7 Very High 827 Landslide   
8 Very High 756 Landslide   

Dordi 5 High 2,075 Landslide   
6 High 5,996 Landslide   

Prabat Jaljala 6 High 186 Landslide   
All Gorkha Aarughat 1 High 4,220 Landslide   

5 Moderate 157 Drought   
6 Moderate 373 Drought   

Dharche 3 High 7,071 Landslide   
4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Dhadhing Gangajamuna 1 High 1,604 Drought   
5 High 1,605 Drought   

Mustang Gharapjhong 1 High 808 Drought   
Thasang 4 High 1,813 Drought   

5 High 1,209 Drought   
Chitwan Ichyakamana 1 Very High 1,675 Flood   

Kalika 10 Moderate 388 Flood   
Nawalparasi Hopsikot 6 High 1,360 Flood   

Binayatribeni 5 High 1,135 Flood   
Baglung Bareng 2 High 1,142 Landslide   

3 High 948 Landslide   
4 High 582 Landslide   
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Galkot 1 High 1,584 Landslide   
Lamjung Kholwasottar 5 Very High 1,190 Landslide   

6 Very High 785 Landslide   
7 Very High 827 Landslide   
8 Very High 756 Landslide   

Dordi 5 High 2,075 Landslide   
Dordi 6 High 5,996 Landslide   

Syanja Kaligandaki 2 Low 187     
Nuwakot Kispang 1 High 2,367     

2 Low 347     
3 Very High 373     
4 Moderate 1,781     

Kaski Madi 4 High 108     
5 High 135     
8 High 4,120     
9 High 716     
10 High 724     

Palpa Mathaghadi 6 High 744     
7 Very High 1,634     
8 Very High 1,123     

Nisdi 3 Very High 1,374     
Purbakhola 2 High 1,406     

4 High 264     
Prabat Jaljala 6 High 186 Landslide   

Grassland  Gorkha Aarughat 1 High 4,220 Landslide   
Dharche 3 High 7,071 Landslide   

4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Baglung Bareng 2 High 1,142 Landslide   
3 High 948 Landslide   
4 High 582 Landslide   

Galkot 1 High 1,584 Landslide   
Nawalparasi E Hopsikot 6 High 1,360 Flood   

Binayatribeni 5 High 1,135 Flood   
Lamjung Dordi 5 High 2,075 Landslide   

6 High 5,996 Landslide   
Kholwasottar 5 Very High 1,190 Landslide   

6 Very High 785 Landslide   
7 Very High 827 Landslide   
8 Very High 756 Landslide   

Chitwan Ichyakamana 1 Very High 1,675 Flood   
Kalika 10 Moderate 388 Flood   

Parbat Jaljala 6 High 186 Landslide   
Grassland  Gorkha Aarughat 5 Moderate 157 Drought Community 

6 Moderate 373 Drought Community 
Baglung Bareng 2 High 1,142   Community 

3 High 948   Community 
4 High 582   Community 

Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604 Drought Community 

5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 

Thasang 4 High 1,813 Drought Community 
5 High 1,209 Drought Community 

Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 

Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 

2 Low 347   Community 
3 Very High 373   Community 
4 Moderate 1,781   Community 
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Lamjung Kholwasottar 5 Very High 1,190   Community 
6 Very High 785   Community 
7 Very High 827   Community 
8 Very High 756   Community 

Kaski Madi 4 High 108   Community 
5 High 135   Community 
8 High 4,120   Community 
9 High 716   Community 
10 High 724   Community 

Palpa Mathaghadi 6 High 744   Community 
7 Very High 1,634   Community 
8 Very High 1,123   Community 

Nisdi 3 Very High 1,374   Community 
Purbakhola 2 High 1,406   Community 

4 High 264   Community 
Grassland  Gorkha Aarughat 1 High 4,220 Landslide   

Dharche 3 High 7,071 Landslide   
4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Baglung Bareng 2 High 1,142 Landslide Community 
3 High 948 Landslide Community 

Galkot 1 High 1,584 Landslide Community 
Lamjung Dordi 5 High 2,075 Landslide   

6 High 5,996 Landslide   
Kholwasottar 5 Very High 1,190 Landslide Community 

6 Very High 785 Landslide Community 
7 Very High 827 Landslide Community 
8 Very High 756 Landslide Community 

Parbat Jaljala 6 High 186 Landslide Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 

2 Low 347   Community 
3 Very High 373   Community 
4 Moderate 1,781   Community 

Kaski Madi 4 High 108   Community 
5 High 135   Community 
8 High 4,120   Community 
9 High 716   Community 
10 High 724   Community 

Palpa Mathaghadi 6 High 744   Community 
7 Very High 1,634   Community 
8 Very High 1,123   Community 

Nisdi 3 Very High 1,374   Community 
Purbakhola 2 High 1,406   Community 
Purbakhola 4 High 264   Community 

Grassland  Gorkha Aarughat 5 Moderate 157 Drought Community 
6 Moderate 373 Drought Community 

Baglung Bareng 2 High 1,142   Community 
3 High 948   Community 
4 High 582   Community 

Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604 Drought Community 

5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 

Thasang 4 High 1,813 Drought Community 
5 High 1,209 Drought Community 

Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 

Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 

2 Low 347   Community 
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3 Very High 373   Community 
4 Moderate 1,781   Community 

Lamjung Kholwasottar 5 Very High 1,190   Community 
6 Very High 785   Community 
7 Very High 827   Community 
8 Very High 756   Community 

Kaski Madi 4 High 108   Community 
5 High 135   Community 
8 High 4,120   Community 
9 High 716   Community 
10 High 724   Community 

Palpa Mathaghadi 6 High 744   Community 
7 Very High 1,634   Community 
8 Very High 1,123   Community 

Nisdi 3 Very High 1,374   Community 
Purbakhola 2 High 1,406   Community 

4 High 264   Community 
Grassland  Gorkha Aarughat 5 Moderate 157 Drought   

6 Moderate 373 Drought   
Dhadhing Gangajamuna 1 High 1,604 Drought   

5 High 1,605 Drought   
Mustang Gharapjhong 1 High 808 Drought   

Thasang 4 High 1,813 Drought   
5 High 1,209 Drought   

All Gorkha Aarughat 5 Moderate 157   Community 
6 Moderate 373   Community 

Baglung Bareng 2 High 1,142   Community 
3 High 948   Community 
4 High 582   Community 

Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604   Community 

Gangajamuna 5 High 1,605   Community 
Mustang Gharapjhong 1 High 808   Community 

Thasang 4 High 1,813   Community 
5 High 1,209   Community 

Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 

Kalika 10 Moderate 388   Community 
Parbat Jaljala 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 

2 Low 347   Community 
3 Very High 373   Community 
4 Moderate 1,781   Community 

Lamjung Kholwasottar 5 Very High 1,190   Community 
  6 Very High 785   Community 
  7 Very High 827   Community 
  8 Very High 756   Community 

Kaski Madi 4 High 108   Community 
5 High 135   Community 
8 High 4,120   Community 
9 High 716   Community 
10 High 724   Community 

Palpa Mathaghadi 6 High 744   Community 
7 Very High 1,634   Community 
8 Very High 1,123   Community 

Nisdi 3 Very High 1,374   Community 
Purbakhola 2 High 1,406   Community 

4 High 264   Community 
Wetland Gorkha Aarughat 1 High 4,220 Landslide   

Gorkha Dharche 3 High 7,071 Landslide   
4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   
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Baglung Bareng 2 High 1,142 Landslide   
3 High 948 Landslide   
4 High 582 Landslide   

Galkot 1 High 1,584 Landslide   
Nawalparasi E Hopsikot 6 High 1,360 Flood   

Binayatribeni 5 High 1,135 Flood   
Lamjung Dordi 5 High 2,075 Landslide   

6 High 5,996 Landslide   
Kholwasottar 5 Very High 1,190 Landslide   

6 Very High 785 Landslide   
7 Very High 827 Landslide   
8 Very High 756 Landslide   

Chitwan Ichyakamana 1 Very High 1,675 Flood   
Kalika 10 Moderate 388 Flood   

Parbat Jaljala 6 High 186 Landslide   
Wetland Gorkha Aarughat 1 High 4,220 Landslide   

Dharche 3 High 7,071 Landslide   
4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Baglung Bareng 2 High 1,142 Landslide   
3 High 948 Landslide   
4 High 582 Landslide   

Galkot 1 High 1,584 Landslide   
Nawalparasi E Hopsikot 6 High 1,360 Flood   

Binayatribeni 5 High 1,135 Flood   
Lamjung Dordi 5 High 2,075 Landslide   

6 High 5,996 Landslide   
Kholwasottar 5 Very High 1,190 Landslide   

6 Very High 785 Landslide   
7 Very High 827 Landslide   
8 Very High 756 Landslide   

Chitwan Ichyakamana 1 Very High 1,675 Flood   
Kalika 10 Moderate 388 Flood   

Parbat Jaljala 6 High 186 Landslide   
Wetland Gorkha Aarughat 1 High 4,220 Landslide   

Gorkha Dharche 3 High 7,071 Landslide   
4 High 2,496 Landslide   
5 High 3,620 Landslide   
6 High 2,544 Landslide   

Baglung Bareng 2 High 1,142 Landslide   
3 High 948 Landslide   
4 High 582 Landslide   

Galkot 1 High 1,584 Landslide   
Nawalparasi E Hopsikot 6 High 1,360 Flood   

Binayatribeni 5 High 1,135 Flood   
Lamjung Dordi 5 High 2,075 Landslide   

6 High 5,996 Landslide   
Kholwasottar 5 Very High 1,190 Landslide   

6 Very High 785 Landslide   
7 Very High 827 Landslide   
8 Very High 756 Landslide   

Chitwan Ichyakamana 1 Very High 1,675 Flood   
Kalika 10 Moderate 388 Flood   

Parbat Jaljala 6 High 186 Landslide   
Wetland Gorkha Aarughat 5 Moderate 157 Drought   

6 Moderate 373 Drought   
Dhadhing Gangajamuna 1 High 1,604 Drought   

5 High 1,605 Drought   
Mustang Gharapjhong 1 High 808 Drought   

Thasang 4 High 1,813 Drought   
5 High 1,209 Drought   

Wetland Gorkha Aarughat 5 Moderate 157 Drought Community 
Gorkha Aarughat 6 Moderate 373 Drought Community 
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Baglung Bareng 2 High 1,142   Community 
3 High 948   Community 
4 High 582   Community 

Galkot 1 High 1,584   Community 
Dhading Gangajamuna 1 High 1,604 Drought Community 

5 High 1,605 Drought Community 
Mustang Gharapjhong 1 High 808 Drought Community 

Thasang 4 High 1,813 Drought Community 
5 High 1,209 Drought Community 

Nawalparasi E Hopsikot 6 High 1,360   Community 
Chitwan Ichyakamana 1 Very High 1,675   Community 

Kalika 10 Moderate 388   Community 
Parbat 6 High 186   Community 
Syanja Kaligandaki 2 Low 187   Community 
Nuwakot Kispang 1 High 2,367   Community 

2 Low 347   Community 
3 Very High 373   Community 
4 Moderate 1,781   Community 

Lamjung Kholwasottar 5 Very High 1,190   Community 
6 Very High 785   Community 
7 Very High 827   Community 
8 Very High 756   Community 

Kaski Madi 4 High 108   Community 
5 High 135   Community 
8 High 4,120   Community 
9 High 716   Community 
10 High 724   Community 

Palpa Mathaghadi 6 High 744   Community 
7 Very High 1,634   Community 
          
8 Very High 1,123   Community 

Nisdi 3 Very High 1,374   Community 
Purbakhola 2 High 1,406   Community 

4 High 264   Community 
Wetland Gorkha Aarughat 5 Moderate 157 Drought   

6 Moderate 373 Drought   
Dhadhing Gangajamuna 1 High 1,604 Drought   

5 High 1,605 Drought   
Mustang Gharapjhong 1 High 808 Drought   

Thasang 5 High 1,209 Drought   
4 High 1,813 Drought   
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 Lists of Invasive Most Common Invasive Species in Nepal 
12.3.1 Forest Sites and Common Alien Species 
 

Table 70: Forest Ecosystem and Common Alien Species154 

 
 
 

 
 
154 Sourced from, An inventory and assessment of Invasive Alien Plant Species of Nepal (Jan 2005), IUCN Nepal 
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Table 71: Common Alien Species found in Forest Ecosystems 
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12.3.2 Fallow land Sites and Common Alien Species 
Table 72: Fallow land Sites and Common Alien Species 
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Table 73: Common Alien Species Recorded in Fallowlands 
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12.3.3 Cropland Ecosystem and Common Alien Species 
Table 74: Cropland Ecosystem and Common Alien Species 
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Table 75: Common Alien Species Recorded in Agricultural Land 

 
 
12.3.4 Wetland Areas and Common Alien Species Recorded 
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Table 76: Wetland Areas and Common Alien Species 

 
 
 

Table 77: Common Alien Species Recorded in Wetland Ecosystem 
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12.3.5 Ranking Criteria Score for 21 Species Under Study 
List of invasive species based on highest impact is listed in the table below. 
 

Table 78: List of invasive species based on highest impact 
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 Engineering Options for Eco-System Based Adaptation 
Based on information provided by ICIMOD, Resource Manual on Flood Risk Management – 
Module 3: Structural Measures, Chap 5: Physical Methods for Slope Stabilization and Erosion 
the following designs will be considered based on site conditions: 
 
12.4.1 Slope Stabilizations 
 
12.4.1.1 Bench terraces  
Bench terraces are particularly suitable where marked seasonal variations exist in the 
availability of water. The approach consists of converting relatively steep land into a 
series of horizontal steps running across the slope. These steps can be constructed by 
simply digging out the clayey soil, or they can be reinforced with locally available mud, 
stone, or brick. The terraces help conserve moisture during the long dry season, which 
is especially important where there are sandy and loam types of soil, and they help to 
slow and drain away runoff during the heavy rainfall monsoon season, which also helps 
counteract the tendency for sliding. There are three main types: outward sloping terraces, 
which are used to reduce a steep slope to a gentle slope; level terraces, which are used 
to impound water for paddy cultivation; and inward sloping terraces, which are the most 
suitable for steep slopes because they guide the surface runoff towards the hillside rather 
than down the slope. 
 
Figure 48: Types of Bench Terraces 
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Figure 49: Example of Inward Slope Stabilization 
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Figure 50: Simple Designs for Drainage Channels 
 

 
 
12.4.1.2 Check Dams 
Check dams Check dams are small low drop structures built across a gully or channel to prevent 
it from deepening further. These small dams decrease the slope gradient and reduce the velocity 
of water flow and the erosive power of the runoff. They also promote the deposition of eroded 
materials to further stabilize the gully or channel. Gully plugging using check dams, accompanied 
by planting between the dams to stabilize the channel, can be one of the most effective ways to 
conserve soil and water and rehabilitate land degraded by gullies (Guedel 2008). The 
effectiveness of different check dams depends upon the design, location, and construction 
materials. Figure 58 shows an example of check dams constructed to reduce gully erosion.  
Check dams can be constructed from a wide range of materials including rock, wood, bamboo, 
gravel bags, sand bags, concrete, masonry, and fibre rolls. The characteristics, advantages, and 
disadvantages of some major different types of check dams are summarized in the following 
Table 831.  
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Table 79: Types of Check Dams and features 

 
 
12.4.1.3 Retaining Walls 
Retaining walls are artificial structures that hold back soil, rock, or water from a building, structure, 
or area. Retaining walls prevent down slope movement and soil erosion, and provide support for 
vertical or near-vertical changes in gradient. The walls are generally made from timber, masonry, 
stone, brick, concrete, vinyl, steel, or a combination of these. Retaining walls act to support the 
lateral pressure exerted by a soil mass which may cause slope failure. Retaining walls are 
strongly recommended where the toe of slope has collapsed and the slope failure is likely to 
progress upward along the slope. Retaining walls should be constructed on a stable foundation. 
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Figure 51: Retaining Wall Configurations for Conservation Ponds built on slope 
 
 

 
 
12.4.1.4 Gully Restoration 
Gullies channel and accelerate runoff, and thus contribute to flood and flash flood development, 
as well as causing damage to the surrounding area and infrastructure, reducing the productivity 
of farmland, and contributing to sediment flow and sedimentation of downstream lands, streams, 
channels, and reservoirs (DSCWM 2004). The major causes of gully erosion are: 

• erosion in the catchment 
• channel erosion by unmanaged runoff resulting in downward or sidewards scoring 
• steep unprotected slopes and drainage channels 
• gully head expansion 
• side slope failure due to toe cutting of the gully channel embankment (DSCWM 2004). 

 
A number of measures can be employed to prevent gully formation:  
stabilization of the gully head by diverting the runoff to stop it from entering the gully diversion 
drains installed above a gully. 
 
Treatments/remediation of gullys: 
Check dams - build check dams to reduce the flow velocity down the gully 
Stabilization and Treatment - Gullies are treated using a range of the bioengineering and 
construction measures outlined above in the watershed above the gully head, around the gully 
head, and down the gully. The aim is to prevent further deepening and widening of the gully and 
to control the flow velocity.  
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Table 842 summarizes the different remediation techniques recommended for different depth 
classes of gully: 
 

Table 80: Indicative Remediation Measure for Gullies 

 
 
 

 
Table 85 summarizes the criteria for the selection of different control measures along different 
parts of a gully (Geyik 1986).  
 

Table 81: Gully Control Measures 

 
 
12.4.2 Bioengineering Methods for Slope Stabilization Methods Used in Nepal 
The selection of the appropriate bioengineering treatment155 for a particular area depends on the 
site conditions, and requirements. Resource availability is a crucial factor. The following sections 
describe some of the techniques that can be used to control soil erosion, debris flows, landslides, 
and floods and flash floods in the Hindu Kush Himalayan region. Bamboo fencing Bamboo 
fencing can be used to prevent soil creep or surface erosion on a slope (Figure 60), to hinder 
gully extension, particularly in seasonal water channels, and to control flood waves along a river 
bank. Live bamboo pegs can be used for the main posts so that the whole structure becomes 
rooted. The growing bamboo can be further interleaved between the posts (as in a wattle fence) 
to increase the strength of the fence. Shrubs and grasses are planted on the upper side of the 
fence to hold small soil particles. The main purpose is to trap loose sediments on the slope, to 
improve the conditions for growing vegetation, and to reduce the surface runoff rate.  

 
 
155 Resource Manual on Flash Flood Risk Management – Module 3: Structural Measures (ICIMOD) 
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Figure 52: Sketch of Bamboo Fencing 
 
 

 
 
Materials: 

• Live bamboo pegs or strong bamboo poles about 1.5 m long and 10–15 cm in diameter 
• Digging tools 
• Seeds or plants of grasses or shrubs  

 
Installation: 

- Starting from the base of the slope, mark the line for the fence with string.  
- Dig a long pit about 45–50 cm deep along the contour of the slope for each line of fencing.  
- Insert a row of bamboo poles or pegs 40 cm apart into the pit and back fill the pit to 

stabilize the poles. Weave split bamboo or branches in and out between the poles to form 
a semi-solid face.  

- Plant small grasses and/or shrubs along the upper side of the fence.  
- Regular maintenance is important to ensure longevity of the fence. 
- Any broken sections should be replaced immediately. 

 
12.4.2.1 Brush layering  
In brush layering, live cut branches are interspersed between layers of soil to stabilize a slope 
against shallow sliding or erosion. Fresh green cuttings are layered in lines across the slope 
(Figure 61). As the roots grow, they anchor and reinforce the upper soil layers (up to 2 m depth), 
and the foliage helps to catch debris (Howell 1999, cited in Lammeranner et al. 2005). Some toe 
protection structures such as a wattle fencing, fiberschine, or rock riprap may be required to 
support brush layering.  
Materials: 
Branches of different age and diameter cut from rooting woody plants of different species (e.g., 
willow, alder, populus spp., garuga spp., Malabar nut [Justicia adhatoda], mulberry, fiveleaved 
chaste tree [Vitex negundo]). Branches should be at least 1 m long and 4 cm in diameter 
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Figure 53: Brush Layering 
 

 
 

- Mixed plants of different easily growing species, both rooted and freshly cut  
- Shovels or other digging tools 
- Measuring tape and string line to calculate and mark the surface  

 
Installation  

- Mark lines across the slope to be planted at intervals of 0.5–1.0 m upwards from the base. 
The slope should have an inclination of at least of 10–20%. Dig a small channel along the 
line by hand or machine.  

- Cut fresh branches with a right angle at the top and 45° angle at the bottom. If possible, 
cut the branches on the same day that they are to be planted. Ensure branches are at 
least 1 m long with a mixture of different species. This will allow the root system to 
penetrate deeper into the soil, giving greater chances of survival and producing mixed 
vegetation.  

- Place branches in the dug terrace, with only ¼–⅕ of their length protruding  
- Place rooted and unrooted plants of species that grow easily 0.5–1.0 m apart among the 

layers of branches.  
- Regular supervision and care is needed until the branches are fully rooted.  
- The pre-monsoon season is good for installing brush layering. If the site is moist, 

installation can be done in any season. 
 

12.4.2.2 Brush mattress  
A brush mattress is a layer of interlaced live branches placed on a bank face or slope, often with 
a live fascine and/or rock at the base (Figure 62). The aim is to provide a living protective covering 
to an eroding bank to hinder erosion, to reduce the river velocity along the bank, and to 
accumulate sediment. The mattress is generally constructed from live stakes, fascines, and 
branches from species that root easily, but can be made from any brushy and woody branches 
to provide immediate and effective protection. A layer of biodegradable material such as loosely 
woven jute can be placed under the mat on steep slopes to increase stability if the soil is very 
loose. The mattress that is formed protects the surface of the bank until the branches can root 
and native vegetation becomes established.  
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Figure 54: Cross Section of Brush Mattress 
 

 
 
Materials  

- Live branches 2–3 m long and approximately 2.5 cm in diameter 
- Fascine bundles 
- Live and/or dead wooden stakes  
- Digging tools (shovel) 

 
Installation  

- Prepare the site by clearing away large debris and other materials.  
- If desired, cover the slope with a layer of biodegradable material, e.g., jute netting, to 

provide extra stability.  
- Dig a horizontal trench 20–30 cm deep at the toe of the bank or slope.  
- Lie the cuttings flat on the graded slope in an overlapping crisscross pattern with the root 

ends pushed into the soil in the trench to below the water level and the growing tips placed 
at a slight angle in the direction of the stream flow (if on a stream bank) or parallel to the 
slope.  

- Branches should be placed at a density of approximately 4 branches every 15 cm.  
- Pound wooden stakes between the branches into the soil to half their length and about 1 

m apart. 
- Wrap wire around the stakes and over the branches as tightly as possible.  
- Pound the wooden stakes further in to tighten the wire and press the branches down onto 

the slope.  
- Push live stakes into the ground between the wooden stakes.  
- Place bundles of fascines along the trench at the base of the slope over the bottom of the 

branches and cover with soil, leaving the tops slightly exposed.  
- Fill any voids around and in between the branches with loose soil (from the trench) to 

promote rooting. 12. Periodic maintenance is required to ensure the mattress is securely 
tied to the slope. 

 
12.4.2.3 Fiberschine (adapted from Bentrup and Hoag 1998)  
Fiberschine is a roll of material made from coconut fibre used to form a toe protection structure 
on a slope and to trap any sediment derived from erosion. The most common use is to stabilize 
the base of a stream bank or shoreline, but it can also be used in slope stabilization to support 
other measures such as brush layering (Figure 63). Live cuttings from herbaceous plants are 
planted together with the fiberschine; by the time the fiberschine decomposes, the vegetation will 
have stabilized the stream bank or slope. Fiberschine can usually be installed throughout the 
year, but the high water season should be avoided along streams. The following describes 
installation along a stream bank. The method can be adapted for use on a slope.  
 
Materials 

- Fiberschine roll 
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- Wedge-shaped wooden stakes 60–90 cm long 
- Twine or wire 
- Herbaceous wetland plants or willow twigs  

 
Installation  

- Determine the length of the treatment area and obtain the necessary amount of 
fiberschine.  

- Place a roll of fiberschine along the toe of the stream bank at the level of the low flow line 
with approximately half the roll below the water line and half above. Place additional rolls 
of fiberschine along the bank for the extent of the treatment area. Tie the ends of adjacent 
fiberschine rolls together with strong twine.  

- Secure the fiberschine on both sides with wedge-shaped wooden stakes 60–90 cm) long 
at 1.5 m intervals. Cut a 7.5–10 cm deep notch in each stake about 12.5 cm from the top. 
Secure each pair of stakes together by binding around the notches. Drive the stakes in 
so that the twine is secured against the top of the fiberschine.  

- Key the ends of the fiberschine into the bank to prevent the flow from entering behind it 
and protect the ends with something hard such as rock to prevent scouring.  

- Backfill behind the fiberschine by knocking down the top of the stream bank onto the 
fiberschine.  

- Plant herbaceous wetland plants or willows into and behind the fiberschine at 
approximately 15–30 cm intervals. 

 
Figure 55: Fiberschine Cross Section 
 

 
 
12.4.2.4 Jute Netting  
Jute netting is a useful way of stabilizing steep slopes of 35–80° where it is difficult to establish 
vegetation (Figure 64). Locally available woven jute net is used as a form of armour on the slope 
and low growing grass is planted through the holes. The technique is often used in South Asia to 
reduce landslides along roads. The aim is to protect the bare slope from rain splash erosion, to 
improve the condition of the site, and to enable vegetation to become established by retaining 
soil moisture and increasing infiltration.  
Materials  

- Woven jute net 
- Digging tools 
- Sledgehammer 
- Live wood pegs 
- Grass seed or small-rooted tufts of grass  

 
Installation  

- Trim the slope so that it is even and clear away any hanging masses or depressions.  
- Spread fertile soil on the bare slope.  
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- Mulch with straw or other soft vegetation.  
- Start laying netting along a line above the slope to be covered, secure by hammering 

wooden pegs through the net at 0.3 m intervals.  
- Unroll the net down the slope and fix by hammering live wood pegs through it at intervals 

of 0.5–1.0 m. 6. Continue until the whole slope is covered by netting.  
- Sow grass seed or plant small grass clumps through the netting diagonally at a spacing 

of 10cm by 10cm over the entire area.  
- Regular supervision and care is needed until the grass is fully grown. 

 
Figure 56: Jute Net Installation 
 

 
 
12.4.2.5 Live crib wall  
A crib wall is a box structure made of interlocking struts (either logs or precast structures made 
of concrete, recycled polymers, or other material) and back-filled with boulders, soil, or similar. 
They are mainly used to stabilize steep banks and protect them against undercutting, for example 
a stream bank or the side of a cutting made for a road, and are also a useful method for stabilizing 
the toe of a slope. However, they are only effective where the volume of soil to be stabilized is 
relatively small. In a live crib wall, live branches and well-rooted plants are placed between 
interlocking logs where they can grow and develop a root network that further strengthens the 
wall (Figure 65). If needed, the anchor and cross logs can be held together with nails or bolts. 
Vegetated crib walls provide immediate protection, and their effectiveness increases over time 
as the vegetation grows. Once the plants become established, the vegetation gradually takes 
over the structural functions of the wooden supports (Gray and Sotir 1996 cited in Lammeranner 
et al. 2005). Crib walls should be installed at an angle of 10–15° towards the slope to increase 
stability. Green willow branches can be used to ensure a quick outcome.  
Materials 

- Live branches 1–6 cm in diameter and long enough to reach from the front to the back of 
the structure with an overhang at both ends. 

- Logs, timber, or bamboo 1–2 m long  
- Steel reinforcing bars 
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- Excavator or digging tools (shovels), rakes, sledgehammers, knife, measuring tape, level 
instruments 

- Rock and soil  
Installation  

- Excavate an area 1–2 m wide along the toe of the bank (stream bank or toe of a landslide) 
to a level around 1 m below the surface and fill with rock.  

- Place a series of large logs on the rock end to end along two lines marking the front and 
back of the wall. 3. Place smaller logs perpendicular to and towards the ends of the large 
logs from front to back of the wall to form the bottom layer of a box-like structure. Allow 
an overhang of about 15 cm in each direction. The logs can be fixed together with metal 
bars and nails.  

- Place a layer of live willow (or other) cuttings from front to back of the wall between the 
logs, and protruding over the front logs and extending into the slope behind the back logs.  

- Cover the branches with a layer of rock and soil and press down to fill the box. (Steps 4 
and 5 can also be carried out in reverse order.)  

- Continue for as many layers as needed to reach the desired height, alternating layers of 
soil and cuttings and logs and ending with soil. Each successive course of logs parallel to 
the bank should be set back by 15–20 cm from the log beneath.  

- To ensure success, the upstream and downstream sections should be well-secured to 
the bank to prevent undercutting. 

Figure 57: Live Crib Wall Installation 
 

 
12.4.2.6 Live fascines 
A fascine is a bundle of sticks or brushwood used in construction, generally to strengthen an 
earthen structure, fill ditches, or make a path across uneven or wet terrain. Live fascines are 
bundles of live branches intended to grow and produce roots. They can be placed in shallow 
trenches on a stream bank to reduce erosion across the bank and increase soil stability (Figure 
18). The rooted branches protect the toe of the stream bank from erosion and improve infiltration. 
Properly placed, the bundles can also trap debris and sediment. Live fascines can also be used 
to reinforce slopes and increase drainage and infiltration. They are installed perpendicular to the 
slope in dug trenches or in existing gullies and rills. The optimum spacing depends on the 
steepness of the slope, usually 4 m intervals for slopes of less than 30° and 2 m intervals for 
slopes of 30–45°. They are most effective on soft cut slopes or slopes with consolidated debris. 
Draining effects can be seen as soon as the fascines are established (Schiechtl and Stern 1992, 
cited in Lammeranner et al. 2005).  
 
Materials 

- Live branches of rooting plants of different species 3–5 cm in diameter and 50–100 cm or 
more long 

- Live wooden stakes ready to sprout 3–6 cm in diameter and 50–100 cm long 
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- Dead wooden stakes 3–6 cm in diameter and 50–75 cm long 
- Digging tools 
- Jute or coir string or wire to bind the fascines 

Installation  
- Prepare the site by clearing away loose material and protrusions and firmly infill any 

depressions (Figure 19).  
- Mark the lines along which fascines are to be installed. The lines should follow the 

contours, or be at a desired angle or along rills and at intervals of 2–4 m up the slope (2 
m for slopes of 30°–45°; 4 m for slopes of less than 30°).  

- Excavate trenches approximately 10 cm deep and 20–40 cm wide along the marked lines 
starting from the bottom of the slope and working upwards.  

- Bind 4–8 live branches into bundles (fascines) using string or wire.  
- Place the fascines lengthwise in the trenches.  
- Drive live or dead stakes directly through the fascines every metre or so flush with the top 

of the fascines, and where the bundles connect.  
- Drive live stakes into the soil immediately below the fascines, protruding about 7 cm above 

the fascine.  
- Backfill the trench with moist soil to the side of the fascine, but allow the top of the fascine 

to show.  
- Riprap (see next chapter) can be used to stabilize the toe of the slope and prevent 

scouring 
 
12.4.2.7 Palisades  
A palisade is a fence or wall made from wooden stakes or tree trunks. Palisades were used 
historically as a defensive structure. In slope protection, palisades are barriers made from live 
wood cuttings or bamboo installed across a slope following the contour in order to trap debris 
moving down the slope, to armour and reinforce the slope, and to increase the infiltration rate. 
Palisades are used to prevent the extension of deep, narrow gullies and the erosion of V-shaped 
rills (Figure 20) by forming a strong barrier which stabilizes the gully floor and traps material 
moving downwards (Lammeranner et al. 2005). They are also effective on steep landslide or 
debris slopes. Palisades can be used on a wide range of sites with slopes of up to about 60°.  
Materials 

- Stakes made from cuttings of rooting plants of different species 3–5 cm in diameter and 
30–50 cm long Cross beam ƒ Gabion wire 

- Digging tools such as crowbars and shovels  
 
Installation  

- Installation should start from the top of the slope and work down.  
- Clean or trim the site, remove unnecessary irregularities of slope and loose material.  
- Mark the places to be planted. Palisades should be spaced at intervals of about 2 m down 

a slope of less than 30° and 1 m down a slope of 30–60°.  
- Make holes with the help of a pointed bar or crowbar for planting the cuttings.  
- Trim the top of the cuttings at a right angle to the stem and the bottom at an angle of 45°.  
- Place at least two-thirds of the length of the cutting into the hole and pack the soil around 

it.  
- Tie the stakes with pieces of gabion wire to a cross beam which is anchored in the sides 

of the gully and protected by pegs at either end.  
- On steep gullies and rills, support the palisade by placing a layer of stone and soil in front 

of and below the structure (Figure 20).  
- Regular inspection is necessary throughout the year. Broken stakes should be repaired 

and strengthened to encourage vegetation to develop.  
- Thinning might be required after a few years. 

 
12.4.2.8 Wattle fence  
A wattle fence is made by weaving flexible branches or vines between posts, rather like a large 
basket. A live wattle fence is constructed out of live branches which will root and continue to grow 
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and strengthen the fence. The main purpose of wattle fences is to catch debris moving down a 
slope and to reinforce and modify the slope. Different kinds of grass (e.g., broom grass and napier 
grass) and tree species can also be planted along the fence. Wattle fences are useful in small 
shallow short slides as well as for river bank protection if combined with other measures such as 
brush layering, live pegs, and rock riprap (Figure 66).  
Materials 

- Sharpened stakes from plants 1 m long and 4–6 cm in diameter 
- Shorter stakes 0.5 m long and 3–4 cm in diameter 
- Long and flexible woody cuttings from plants which can root easily 
- Jute or coir string or wire to bind 
- Digging tools  

Installation  
- Prepare the site by clearing all loose material and protrusions.  
- Mark lines along contours on the slope where the fences are to be installed. Fences 

should be spaced at intervals of about 4–5 m down the slope, depending on the site and 
slope angle.  

- Dig holes at 1 m intervals along the lines for the stakes.  
- Insert 1 m long stakes in the holes and place two 0.5 m long stakes at equal distances 

between the long stakes. Both long and short stakes should protrude about 20–30 cm.  
- Dig out a trench at least 15 cm deep along the contour between the stakes.  
- Place the cuttings with their lower ends in the trench, and bend them down along the line 

of the fence. Firm the soil back into the trench. Weave the cuttings in and out between 
the stakes one above another to fill in the fence area.  

- If desired, add soil above the wattle fence for planting tree and grass seedlings and 
cuttings.  

- Regular supervision and maintenance is necessary, including weaving the branches in 
and out as they grow. 
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Figure 58: Wattle Fence Cross Section 
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12.4.3 Water Irrigation and Sources 
12.4.3.1 Multi-Use Water Systems (MUS) 
Based on the IDE Guidelines for planning, design, construction and operation of Multiple Use 
Water Systems.156 Communities traditionally use water for multiple purposes, collecting it from 
multiple sources without established norms which limits the economic benefits of water supply 
systems and affects their sustainability.  MUS is a participatory approach that takes the multiple 
domestic and productive needs of water users who take water from multiple sources as the 
starting point for planning, designing and delivering water services—moving beyond conventional 
barriers between the domestic and productive sectors.  The MUS approach falls within the 
framework of Integrated Water Resource Management (IWRM).  Conceptual design for MUS: 
 
Figure 59 Schematic for Mullti-Use Water Systems 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
156 IDE Guidelines for planning, design, construction and operation of Multiple Use Water Systems, Sharma Et. al 
(2016) 
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Table 82: Indicative Options Used for Types of Water Systems 

 

 
 
12.4.3.2 Conservation Ponds 
Conservation ponds (also known as farm ponds) are small reservoirs constructed for the purpose 
of collecting and storing water from surface runoff. Storing water runoff during excessive rainfall 
helps to reduce the peak flow and surface erosion and thus reduce the probability of floods. It is 
also useful for providing supplemental irrigation for agriculture, water for domestic purposes, and 
fish farming. Conservation ponds can be broadly classified into embankment type ponds and 
dugout type ponds.  
 
Simple earthen ponds are cheap and durable but have high seepage losses that reduce 
effectiveness. Vertical and horizontal seepage loss can be significantly reduced by compacting a 
30 cm deep layer of heavy clay on the floor and walls of the pond. Addition of cow-dung and 
puddling will help seal seepage pores. Watering of buffaloes in such ponds also helps reduce 
seepage. High density polythene sheet or SILPAULIN (multi-layered, cross laminated, ultraviolet 
stabilized plastic sheet) can also be used to reduce seepage. 
 



Improving Climate Resilience of Vulnerable Communities and Ecosystems in the Gandaki River Basin Nepal 

Annex 2a: Feasibility study               236 

Figure 60: Typical Lined Conservation Pond 
 

 
 
Based on Nepal Engineering norms and practice NTNC has provided the following design for 
alternate to this for installing a conservation watering hole: and irrigation canal (all dimensions 
are in meters): 
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Table 83: Typical Costs for construction of conservation ponds 

S.N Description works Quantity Unit Rate 

Total 
Amount 
(NRs) 

USD 

1 Earthwork excavation.                 19.13 m3 490.0
0 9371.25 $84.34 

2 Dry stone soling work . 1.86 m3 6284.
64 11665.86 $104.99 

3 PCC Work in 1:3:6  on floor. 1.90 m3 11968
.76 22710.72 $204.40 

4 
Stone masonry work in 1:6 c/s mortar for 
complete work. 13.74 m3 11122

.92 152787.22 $1,375.08 

5 
12.5mm thick cement plastering work in 
1:4 c/s 30.60 m2 365.0

8 11171.44 $100.54 

6 
Load unload of cement , and other 
material to the site .     Ls 10000.00 $90.00 

   total Nrs.        217706.50 $1,959.36 
  Contingency 5%       9015.97 $81.14 
  13 % of VAT       29473.92 $265.27 
  Grand total Nrs.        256196.39 $2,305.77 

 
12.4.3.3 Irrigation Schemes – Technical Considerations  
In a review of the potential irrigation schemes157 that may be consideration for interventions can 
include provision of a simple watering can to more involved like drip irrigation system.  The 
community members within the drought vulnerable area will form Water User Associations to 
determine a best way to equitably distribute the available water (considered a community 
resource). Based on the field topography and location of suitable water sources configurations 
for small scale farm systems will vary and will need to conceptually designed in the field and 
implements with bio-engineered methods to ensure long term sustainability of the infrastructure 
built. 
 
The indicative design considerations for river water sourced water systems include: 

1. Canal and pipe conveying systems - Water conveyance from intake to crops is an 
essential element of the irrigation system, in most cases done via a simple earthen gravity 
canal. Water losses in such a system can be quite considerable due to evaporation and 
seepage through the canal bottom, particularly in sandy soils. Moreover, if water 
regulating structures are absent or inadequate, water distribution will be uncontrolled, 
leading to possible canal breakages and water losses. Open gravity systems are usually 

 
 
157 Irrigation Techniques for Small Scale Farmers – FAO and Humanitarian Aid and Civil Protection (2014) 
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about 40 percent effective, pump energy is wasted, and less area than planned is 
irrigated.  

2. Canal systems conditions, requirements and constraints: 
 

 
Table 84: Canal Systems and Considerations for Design 

 
 
 

Basic assumptions of excavation costs of US$4 per m3, concrete work at US$150 per m3 
for lining and cost of regulating structures, canal construction costs may amount to 
US$600–800/ ha including partial lining (10 percent) and small regulation structures. To 
reduce the costs, local contractors or CFUG or WUG’s members should do as much of 
the work as possible. When large national or international contractors undertake the 
design and construction, costs are likely to be substantially higher and investment costs 
can range from US$3 000 to 8 000/ha. Note: the project team has collected Nepal Norms 
for costs on construction operations and maintenance 
 

3. Small Scale and Community Irrigation Systems 
Three basic types of small-scale or community irrigation schemes can be distinguished, 
depending on how water resources are mobilized for irrigation, namely river and spring 
diversion schemes; pump schemes and small dam schemes.  
 

Table 85: Types of Irrigation Systems and Design Considerations 
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4. River and Spring Diversion 

Farmers have traditionally erected small stone or pole and brush weirs in the riverbed to 
make simple diversions in rivers and streams. Groups of farmers sharing an inlet excavate 
the gravity canals and construct the simple structures. The inlet canal often runs over 
several kilometers before reaching the valley where the irrigated lands are situated. 
Rainfall determines the level of discharge in the river and stream diversions. The design 
of the diversion structures must consider the (often substantial) fluctuations in discharge 
over the dry and wet seasons. Special precautions in dam design are required to manage 
extreme floods, heavy siltation and reduced water supply in the dry season. Moreover, 
several irrigation schemes may be constructed along the same river and conflict situations 
can develop when upstream users divert water at the cost of downstream use.  
Operation and maintenance by the WUA is a major factor for success of the scheme. To 
succeed, WUA require assistance in areas such as building capacity, in setting rules and 
regulations on water distribution, in water use, maintenance of structures, and collection 
of water fees for maintenance works. 
 

 
Table 86: Types of Diversion Weirs 

 
 

 
 

Success and failures of new irrigation technologies can be attributed largely to the capacity of the 
national institutes and agencies entrusted with the implementation of the DRR/M programme. 
Good results can be directly ascribed to a good institutional system with effective support 
services. Technical support services are indispensable in:  

1. The selection, conception, design and implementation of the irrigation technologies;  
2. The introduction of appropriate agricultural practices to optimize irrigated crop production;  
3. The demonstrations and farmer training and extension programmes; and  
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4. The formation and strengthening of farmers groups.  
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 Costs Norms for Interventions in Nepal 
Due to the participatory nature of building the interventions within Nepal for both ecosystems, 
bioengineering and irrigation systems the cost effectiveness and sustainability of each measure 
is improved relative to other countries. 
 
 
Table 87: Indicative Cost Norms for Interventions in Nepal 

Ecosystems  

Climate 
Risk and 
Impact Method 

Value (USD) 
per Hectare 
of Degraded 
Ecosystem 

Value 
(USD) per 
Hectare of 
Restored 
Ecosystem 

Restoration 
Capital 

Cost (USD)/ 
Ha 

Operations 
Cost 

(USD)/Ha/ 
Yearly 

Maintenance 
Costs 

(USD)/Ha 
Yearly 

Forest 
Restoration 

Landslides/ 
Flooding Plantations 

                                   
120  

                                        
7,120  

1100 to 
3,663 

89.6 to 
2930.4 

22.4 to 
732.6 

Grassland 
Restoration 

Landslides/ 
Flooding Plantations 

                                     
25  

                                        
1,035  200 to 300 160 to 240 40 to 60 

Wetlands 
Restoration 

Landslides/ 
Flooding Plantations 

                                   
400  

                                      
14,600  750 to 880 600 to 704 150 to 176 

Forest 
Restoration 

Landslides/ 
Flooding 

BioEngineerin
g Slopes 

                                   
120  

                                        
2,120  

18,000 to 
40,000 

14400 to 
32000 

3600 to 
8000 

Grassland 
Restoration 

Landslides/ 
Flooding 

BioEngineerin
g Slopes 

                                     
25  

                                        
1,035  

16,000 to 
22000 

12800 to 
17600 

3200 to 
4400 

Wetlands 
Restoration 

Landslides/ 
Flooding 

BioEngineerin
g Slopes 

                                   
400  

                                      
14,200  

17000 to 
33000 

13600 to 
36400 

3400 to 
6600 

Rural Roads 
Landslides/ 
Flooding 

BioEngineerin
g Roads 

                                     
40  

                                        
4,050  

30000 to 
52000 

24000 to 
41600 

6000 to 
10400 

Agriculture - 
Drought 
Resistant Drought Plantations 

                                
8,500  

                                      
17,000  

1500 to 
3000 

1200 to 
2400 300 to 600 

Water 
Conservation 
Ponds  Drought New Ponds     

 2000 to 
5000 

1600 to 
4000 400 to 1000 

Irrigation 
Systems Drought New Irrigation     

 8000 to 
12000 

6400 to 
9600 

1600 to 
2400 

       
 
References: note: range varies from low lands to mountainous areas 

1. Rai, R.K.; Nepal, M.; Karky, B.S.; Somanathan, E.; Timalsina, N.; Khadayat, M.S.; Bhattarai, N. (2017) Costs and benefits 
of reducing deforestation and forest degradation in Nepal. ICIMOD Working Paper 2017/5. Kathmandu: ICIMOD 

2. R De Groot, et. Al. 2012. Global estimates of the value of ecosystems and their services in monetary units, Ecosystem 
Services 1 (2012) 50- 61 

3. http://old.grida.no/publications/rr/dead-planet/page.  
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