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Landslides and floods during the monsoon season impact lives and livelihoods in Nepal every year. The localised 
impact of these natural hazards will place an additional burden on earthquake-affected households. In addition, 
there will be landslides and floods in districts that were not affected by the earthquake, stretching national capacity 
to respond. This report provides a brief overview of the historical impact of landslides and flash floods in Nepal, as 
well as mitigation strategies to support contingency planning. 
 

KEY MESSAGES 
 
Historic Impact 
x Floods and landslides have caused at least 8,400 deaths in Nepal between 1983 and 2013 (p.7). 
x The monsoon period represents 60–80% of the annual total precipitation, and in the past has accounted for 

around 90% of landslide fatalities. 
x Past events have caused significant loss of life and damage to vital infrastructure such as roads, hydropower, 

irrigation and drinking water facilities, agricultural land, and property (p.7). 
x Flooding is, by far, the largest natural cause of building damage in Nepal on an annual basis (p.5). 
 

Expected Upcoming Impact 
x Landslides and flash floods are mostly triggered by monsoon rains, and increase in July and August (p.3). 
x Additional landslides are expected due to the instability of the soil after the earthquake. Over 3,000 landslides 

were observed after the 25 April earthquake, higher than the number of landslides reported in the past five 
years combined (p.3). 

x A weaker than usual monsoon is correlated with higher rainfall in the region most prone to landslides (p.3). 
x Steep slopes in narrow valleys destabilized by the earthquake pose a threat of flash flooding when landslides 

block rivers (p.5). 
x Access to earthquake-affected communities by both land and air will significantly decrease due to impassable 

roads, landslides blocking mountain footpaths, and stormy weather. 
x Approximately 40% of landslide dams break within a week of formation, and 80% break within 6 months, 

highlighting the need to monitor landslide occurrence closely and have mitigation measures in place (p.5). 
 
HAZARD OVERVIEW 
 

The Himalayas are tectonically active and characterised by steep slopes and high rate of surface erosion. This, 
combined with heavy precipitation in the central and eastern Himalayas during the monsoon, poses a high risk 
for landslides and flash floods. Approximately 83% of Nepal’s topography is composed of hills and mountains, 
making the country prone to landslides and debris flows (DWIDP 2013). 
 
National hazard maps for Nepal  
show the spatial distribution of 
earthquake and precipitation 
induced landslide hazard. 
Landslide hazard is defined as the 
annual probability of occurrence of 
a potentially destructive landslide 
event (ADPC 2013). The highest 
hazard for earthquake-induced 
landslides is in the central hill 
region running east to west. For 
precipitation-induced landslides 
the hazard is spread across both 
the hill and mountainous regions. 
These maps are not suitable for 
site specific analysis, which 
requires detailed engineering and 
geohazard assessment.  

Landslide zone 

Nepal Earthquake 
Assessment Unit 

Earthquake-induced landslide susceptibility map of Nepal 

Landslide inventory in Nepal was prepared by Department of Mines and 
Geology, Government of Nepal. Source: ADPC 2013 
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Precipitation-induced landslide susceptibility map of Nepal 
 
 
                  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Landslide inventory in Nepal was prepared by Department of Mines and Geology, 
Government of Nepal. Source: ADPC 2013 

 
New landslide susceptibility maps incorporating the earthquake and aftershock sequence beginning with the 
25 April earthquake are currently being prepared by ICIMOD. Site-specific detailed data on precipitation- 
induced landslides will be unavailable for Nepal due to insufficient number of rain gauge stations for continuous 
rainfall monitoring (ADPC 2013). Some general information may be derived from satellite-monitored patterns of 
precipitation.  
 
Landslides 
Definition: Landslides are a subset of natural processes of mass movement of slope-forming material under 
influence of gravity (Glade and Crozier 2004). They are composed of bedrock and/or soil (earth and organic 
matter debris), and are often classified by the type of movement such as fall, topple, slide, lateral spread, and 
flows (ICIMOD 2008). Although landslides occur naturally in the tectonically active Himalayas, there are also 
clear influences of human activity on their occurrence in Nepal, particularly due to road-building, deforestation, 
and agricultural practices (Gerrard and Gardner 2001; Petley et al. 2007). 
 
Landslides can vary from abrupt flows to gradual slumps. Slumps are less of an immediate risk to safety 
although should be considered in detailed geohazard assessment for longer term programming such as shelter.       
        

Landslide movements: Slump vs. Flow 
 
 

 

 

 

 

 

 

 

  
 

 

 

 

 

Landslide zone 

Source: GNS 2013 
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Landslides in Nepal: The steep mountainous terrain of Nepal combined with heavy monsoon rainfall yields a 
high risk of landslides each year.  Landslide risks have been further exacerbated by the earthquake and 
subsequent aftershocks, which have destabilized slopes, making the areas affected more susceptible to 
landslides during the monsoon than usual (Faris and Wang 2014). Over 3,000 landslides were observed after 
the 25 April earthquake (ICIMOD 15/05/2015), higher than the number of landslides reported in the past five 
years combined (ICIMOD DIMS 25/05/2015). Furthermore, the 12 May earthquake reactivated some landslides 
as well as triggered new landslides. Most landslides tend to occur late in the monsoon period, when the 
moisture content of the land surface reaches a critical stage (MoHA 2012), with the highest numbers of 
landslides occurring in July, August, and September (Petley et al. 2007).  

The Hills and Mountains are the areas most prone to landslides compared to the Terai, and in mild monsoons 
the Hills agro-ecological zone typically experiences the most rainfall (Petley et al. 2007). Thus, the predicted 
lower overall rainfall should not be assumed to bring fewer concerns in terms of landslides and their 
consequences. 

Landslides are in themselves extremely damaging in the presence of property and people when they bury 
villages, and block roads and trails, but they pose risk of additional disastrous consequences when they block 
rivers or affect critical infrastructure such as supply routes or electricity networks. Landslides are very localised 
and rarely span over more than one VDC (GRIP 2011). 
 
Sectoral Impacts of Landslides 
Health 

x The primary causes of death during landslides are trauma from direct impact and suffocation from being 
buried under debris (WHO). Thus, mortality is usually high and injuries few.  

x Mental trauma has been observed in both the short and long-term in survivors (WHO). 
 
Shelter and NFI 

x After large landslides, the immediate need is search and rescue of people trapped in debris and emergency 
shelter for the homeless (WHO). 

x People who are still living in unsafe/damaged buildings are at risk of further building collapse due to heavy 
monsoon rain, wind and continuing aftershocks. 

 
Water, Sanitation and Hygiene 

x Destruction of sanitation facilities will result in increased practice of open defecation. 
x Drinking water systems are destroyed and/or contaminated with sediment. 
x Those displaced will need temporary water systems and latrines in temporary settlement sites if not available. 
 

Food Security, Agriculture and Livelihoods 

x Agriculture is both impacted by, and influences the occurrence of landslides. Inappropriate agricultural 
practices on steep slopes are thought to increase the frequency of landslides (Adhikari 2000).  

x Sediment and debris from landslides destroys standing crops and prevents planting, as well as destroying 
livelihood assets such as seeds, tools, and equipment.  

x Irrigation channels are severely damaged or destroyed. 
x Food security is likely to deteriorate due to both decreased food production and decreased access to markets. 

Education 

x School facilities may be destroyed or heavily damaged, as well as roads and footpaths leading to them, cutting 
off access. 

Protection 

x Further destruction and damage of homes from landslides may increase the number of people seeking 
compensation since the earthquake, and those who are not owners of the damaged homes may be left out of 
the relief allocations.  

x Relocation and resettlement issues are expected to increase as more natural disasters occur during the 
monsoon. Rights of vulnerable groups must be monitored to ensure equitable access to services. 

 

Flash Floods 
Definition: Flash floods are severe flood events triggered by extreme cloudbursts, glacial lake outbursts, or 
bursting of artificial dams or dams caused by landslides, debris, ice or snow (ICIMOD 2008). These cause more 
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damage than regular floods, because they tend to move higher amounts of debris, thus causing more damage 
to hydropower stations, roads, bridges, and buildings (ICIMOD 2008). 
 
Flash floods in Nepal: Flash floods occur regularly in the Himalayas, with the most common cause in this region 
being intense rainfall due to either cloudbursts or monsoon troughs. The intensity of rainfall contributes to the 
risk of flash floods more than the overall amount (ICIMOD 2008). The river basins and sub-basins of concern for 
the earthquake-affected areas are the Gandaki (Trishuli, Budhi Gandaki, Marsyangdi, Seti, Kali Gandaki) and 
Koshi (Dudh Koshi, Likhu, Tama Koshi, Sun Koshi, Indrawati). River basins of concern for flooding outside of the 
earthquake affected area include Rapti, Karnali, Mahakali and Kankai. 
 

River basins where intense rainfall may cause flash floods 
 
 

1) Rain-induced floods 
 
The monsoon arrived a few days later than expected this year (DHM 07/06/2015), and though it is forecast to be 
weaker than usual, still has the potential to be very damaging. The monsoon lasts an average of 105 days, with 
much higher rainfall experienced in the eastern region compared with the western region, and highest rainfall in 
the central region (Sigdel and Ikeda 2012, Ichiyanagi et al. 2007). In terms of agro- ecological zones, the Hills 
receive higher annual rainfall than the Mountains (Panthi et al. 2015). The distribution of daily precipitation can 
be uneven, with some intense days of heavy rainfall thought to play a crucial role in triggering landslides (Dahal 
and Hasegawa 2008).  
 
Heavy rains in the northeast of the country have already caused numerous mudslides in Taplejung district, 
killing at least 38 people, injuring 18 and leaving 23 missing (Nepal Police 15/06/2015). 
 
Main types of extreme precipitation that trigger floods are as follows:  
 
a. Cloudbursts are characterised by heavy rainfall resulting from thunderclouds that form as a result of intensive 

heating and rapid rise of an air mass. 
 
b. Monsoon troughs are characterised by heavy and prolonged rainfall as a result of an elongated cone of low 

pressure along a mountain range.  
 
2) Dam-burst flood risks 
 
a. Landslide Dam Outburst Floods (LDOF) 
 
Earthquakes and excessive rainfall and snowmelt are the most common triggers for landslide dams. Dams most 
commonly occur as a result of rock and debris avalanches, rock and soil slumps and slides, and mud, debris 
and earth flows (Costa and Schuster 1988). Large landslide dams tend to be caused by complex landslides that 
start as slumps or slides and transform into rock or debris avalanches (Shrestha 2008).   

Hills

Terai

Mountains  
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When landslide debris blocks a river, it can cause flooding upstream. As the water level in the reservoir rises 
with river flow, and overtops the dam crest, erosion of the dam may cause an outburst and rapid downstream 
flooding. 
 
Generally, landslide dams form in narrow valleys with steep walls, where there is little space for landslide mass 
to spread out (Costa and Schuster 1988). A flood resulting from this kind of dam causes heavy damage and 
huge sedimentation in downstream areas (Shrestha 2008). Approximately 40% of landslide dams break within a 
week of formation and 80% break within 6 months (Shrestha 2008). 
 
b. Glacial Lake Outburst Floods (GLOF) 
 
Atmospheric warming has contributed to creation of lakes from melting ice on lower sections of many glaciers in 
Nepal, which are formed behind potentially unstable moraine dams (DHM 2015). These dams can break due to 
internal instabilities or external triggers such as earthquakes or avalanches. A GLOF is characterized by a huge 
release of lake water that rushes downstream in flood waves of water mixed with glacial debris. 
 
There are about 20 potentially dangerous glacial lakes in Nepal (ICIMOD 2010). These were ranked by 
assessing physical condition of the lake, stability of surroundings, and socioeconomic characteristics such as 
population density, numbers and type of bridges and road, presence and capacity of hydropower projects, and 
area of agricultural land (ICIMOD 2010). 
 
Three lakes in particular are considered dangerous to the districts most affected by the earthquake: Tsho Rolpa 
(Dolakha), Imja Tsho (Solukhumbu) and Thulagi Lake (Lamjung). 
 
A rapid analysis found that shake intensities at these glacial lakes were very low and immediate risk due to the 
earthquake does not exist (ICIMOD 2015). However, this assessment was done based on pre- 12 May imagery, 
so a more updated assessment is needed. An assessment mission to inspect Tsho Rolpa and Imja Tsho as of 
12 June was stalled due to poor weather (Nepal Mountain News 2015/06/13). 
 
As recent as 10 June, a GLOF event in one or more of five glacial lakes upstream of Hunga Khola, part of the 
Koshi River Basin, was deemed to be the reason for increased water levels downstream (DHM 2015). Further 
assessment by physical observation as well as updated satellite imagery is pending to confirm this. 
 
Early warning systems for GLOFs do exist, and are discussed in a later section. 
 
Sectoral Impacts of Flash Floods 
Health 

x Drowning, water inhalation, lacerations, broken limbs, and electrocution are the main health problems.  
x Flooding is likely to cause contamination of the public water supply, increasing the risk of diseases transmitted 

via the fecal-oral route, such as typhoid, diarrhoeal diseases, and hepatitis. 
x Food shortages in communities may be exacerbated where flooding damages food supplies and/or crops, 

thereby negatively impacting nutritional health. 
 
Shelter and NFI 

x Flooding is by far the largest natural cause of building damage in Nepal on an annual basis (MoHA 2012). 
Mud-built homes are especially vulnerable to floods. 

x Basic commodities and valuables such as documentation are swept away or no longer usable. 
x Land tenure issues may arise, leading to people being in temporary shelter for extended periods of time.  
 
Water, Sanitation and Hygiene 

x Rural floods are challenging for sanitation interventions due to limited land availability, limited waste disposal 
options, high ground water table, poor quality of existing water sources, and dispersed population (WASH 
Cluster 2009).  

x Overflowing of pit latrines is likely to lead to further contamination of unprotected water sources. 
x Shallow wells are more prone to contamination from flooding than are deep boreholes. 
x Unprotected water sources are likely to be contaminated with sediment and/or waste from livestock and open 

defecation. 
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Food Security, Agriculture and Livelihoods 

x Sediment carried by water may destroy irrigation structures, stored grains and seeds. Even after floodwater 
subsides, the land may be unfit for agricultural production for a period of time, and livestock and standing 
crops are almost always lost (Ferris 2010). 

Education 

x School facilities may be washed away or heavily damaged, as well as roads and footpaths leading to them, 
cutting off access. 

x Schools in unaffected areas are often used as shelter for those displaced by floods, indirectly disrupting 
education in areas that did not sustain flood damage. The 2008 Koshi flood affected 61 schools and 9,950 
students, and disrupted the education of double that number of students when including host schools where 
displaced were sheltered (MoHA 2012). 

Protection 

x As in most disasters, the poor, women, children, elderly, and people with disabilities are often the hardest hit. 
In the 1993 floods in southern Nepal, poor people were more than six times more likely to die as wealthy 
people (Pradhan et al. 2007). 

x Land tenure issues may arise where boundaries are washed away and/or documentation is lost. 
 

MITIGATION STRATEGIES 
Most mitigation measures for landslides and flash flooding are long-term solutions related to watershed 
management through addressing agriculture, forest cover, and other land use patterns. However, the focus of 
this document is on short-term mitigation measures that can be used in this monsoon season by communities 
and humanitarian actors. 
 
Early Warning Systems and Continuous Monitoring 

x The Department of Hydrology and Meteorology has installed automatic water sensors that monitor water level 
and normal flow in 27 major rivers (DHM 2015). Some of the glacial lakes also had early warning systems in 
place in case of dam breakage, although it is unclear whether the system is currently functional. 

x Multiple communication channels to relay warning messages to communities should be mapped out, tested, 
and refined (Ex. FM radio, text, telephone, megaphones, hand operated sirens). 

x Collation of observations of the distribution, character, and impact of landslides from people in the field is 
necessary to enable continual landslide risk assessments. 

 

Coordination for Rapid Response 
There is little time to react to sudden effects of landslides and floods in remote and hard to reach areas. Prompt 
activation of the District Disaster Relief Committee (DDRC) needs to be supported, by preparing for different 
scenarios of access.  
 
x Coordination and communication between government, humanitarian partners, and communities is essential. 
x Local knowledge of landslide prone areas and local history should be tapped into for planning purposes. 
 
Guidance for Choosing Sites for Temporary Facilities 
Site selection for temporary facilities such as tented health centres, temporary learning centres, and shelters 
should be chosen carefully away from riverbanks and fragile slopes, ideally at least 10 m above the active river 
channel. The widest part of the valley is safest. 

x Avoid areas with piles of large boulders or other signs of previous landslides. 
x Stay away from steep hill slopes and minimise the angle between a site and the local skyline. 
 
Contingency Planning 
 
x Areas at high risk of landslide dams should be identified, and then monitored as water fills them. 
x Alternatives for getting around highest risk routes for delivering aid should be planned. 
x Emergency stockpiles of shelter materials, NFIs, food, water and medicines should be located strategically for 

access by communities in the case of large landslides cutting off supply routes. 
x Coordinate with military and logistics cluster to identify what major transportation corridors problems are most 

likely to arise, and prepare for continued clearance of rock fall/debris and maintenance of major roads to 
ensure access is not affected for long periods. Strategic positioning of heavy machinery needed to clear 
landslide-blocked roads and trails is advisable. 
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Messaging for Communities at Risk/ Personal awareness 
Two-way communication regarding risks should be maintained, and messaging on personal measures that can 
be taken to reduce risk promoted among both local communities and humanitarian actors delivering aid. 

x Be aware of surroundings. Unusual noises, tremors, and dust in the air are all possible indicators of an 
earthquake or a landslide. 

x Be aware of decreased river flow and/or change of colour (in absence of rainfall changes) as it may indicate 
damming upstream. 

x Minimise time spent in areas beneath visibly unstable slopes and alertness when using narrow mountain 
paths at the bottom of steep slopes. 

x Do not assume that because a slope has already failed, that it will not continue to do so, particularly with 
heavy rains approaching. 

x Earthquakes might have changed some landscapes dramatically, so other areas may also be at risk 
x Roads tend to follow valley floors, so be aware of terrain above and the condition that it is in. 
x Stay away from riverbeds, as streams and rivers may change course unpredictably as a result of erosion from 

loose sediment and debris flows. 

 
HISTORY OF LANDSLIDES AND FLASH FLOODS IN NEPAL 
Floods and landslides have caused approximately 8,400 deaths in Nepal from 1983 to 2013, with an average of 
269 deaths per year (DWIDP 2013). Another estimate puts the death toll between 1971 and 2010 at 4,327 for 
landslides and 3,899 for floods (DesInventar, 2011). In general, the mountainous and hilly regions are more 
prone to landslides while the Terai region is more susceptible to floods (Nepal IASC 2008). There tends to be a 
seasonal spike in deaths and building damage from landslides and floods in July and August (MoHA 2012). 

A review of archived reports of natural disasters in Nepal shows that between 1900 to 2005, the highest number 
of disaster events (6,255 incidents) was reported in the Hills agro-ecological zone (Aryal 2012). In the Mountain 
zone, there was a total of 1,580 disaster events reported (Aryal 2012).  

Casualties from landslides and floods by agro-ecological zone as a percentage of total disaster events1 
 

 
There have been at least 14 GLOF events recorded in Nepal, as well as 10 GLOF events in China that caused 
damage downstream in Nepal (Shrestha 2008). In early August of 1985, A GLOF from Dig Tsho destroyed the 
Namche hydropower project, 14 bridges, numerous trails, cultivated land, and caused many deaths (Shrestha 
2008).   

                                                      
 
 
 
1 Other natural disasters considered are fires, storms, and epidemics.  

Hills

Terai

Mountains  Mountains 
Landslide events: 555 (35.1%) 
Landslide casualties: 14397  
 
Flood events: 163 (10.3%) 
Flood casualties: 9344  

Source: Aryal 2012 

 

Hills 
Landslide events: 1610 (25.7%) 
Landslide casualties: 31610  
 
Flood events: 903 (14.4%) 
Flood casualties: 388745  
 

Hills

Terai

Mountains  

Terai 
Landslide events: 113 (0.83%) 
Landslide casualties: 14226 (0.19%) 
 
Flood events: 1674 (12.4%) 
Flood casualties: 2.86 million 
(38.6%) 

Hills

Terai

Mountains  
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Debris flows along the Sunkoshi and Bhote Koshi rivers generated from GLOFs destroyed infrastructure such as 
bridges and hydropower facilities in 1967 and 1996 (MoHA 2012). 
 
The Central development region, which contains the majority of the districts most affected by the earthquake, 
has the highest historical reporting of casualties from natural disaster (Aryal 2012). 
 
The number of districts has remained constant only since 1971, although major changes in size and boundaries 
mean that disaster distribution is not comparable by district until 1983 (Aryal 2012).  

 
Deaths caused by landslides between 1991 and 2010 (Source: Desinventar 2015) 

 
 

 
Deaths caused by floods between 1991 and 2010 (Source: Desinventar 2015) 

 

 
 
 
There have been devestating events in recent monsoon seasons. In 2014, more than 256 deaths and 185 
missing persons were reported due to landslides and flooding between June and August (IFRC 2014). In early 
August, a massive landslide in Mankha VDC of Sindhupalchok dammed the Saptakoshi river and killed 33 
people, and put downstream districts, including Kavre, Dolakha, SIndhuli and Ramechhap on high alert for flash 
flooding (IFRC 08/03/2014). Later in August, heavy rain caused floods and landslides in 18 districts, affecting 
173,800 people, of which 29,680 were displaced and at least 53 killed. Highways were blocked, communication 
networks restricted due to falling of electrical and telecommunication poles, and suspension bridges swept away 
(IFRC 2014). 
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In 2008, the Koshi river burst from its embankment, displacing 7,000 families in Nepal and affecting 3.5 million 
people in India (UN 2012). 
 
The devastating flash floods and landslides in Central and Eastern region in July 1993 affected 1.5 million 
people, killed approximately 1,500, led to 16 bridge collapses, damaged hydropower facilities and blocked 
Kathmandu from the rest of the country by landslides (DHA 1993). Dhading, Makawanpur, Sindhuli, 
Ramechhap, Okhaldungha, and Kathmandu Valley were among the most affected districts. This series of events 
was triggered by record-setting rainfall in central Nepal. 

 
LINKS TO USEFUL SOURCES 
 
Nepal Earthquake 2015: Disaster Relief and Recovery Information Platform 
http://apps.geoportal.icimod.org/ndrrip/ 

x Jointly developed by the Government of Nepal and ICIMOD with technical support from the Environmental 
System Research Institute (ESRI), this platform aims to be a unified information hub with regional and global 
partners including space agencies, humanitarian partners, research organisations, private sector 
organisations, and civil society. It provides overall snapshot of rapid damage assessments and more. 

x Includes a Rapid Landslide Assessment Tool.  

x Interactive map of reported geohazards post-earthquake. 
http://nepalem.maps.arcgis.com/apps/MapJournal/?appid=6c801035fad54704b54c6e21d0fae824 

 

Mobile application for reporting disaster events (ICIMOD) 
http://www.icimod.org/?q=18659 

x An android application that enables users to report disaster events (ex. landslide) and incidents reported can 
be visualised on an interactive web map. The primary objective is to speed up reaction times and improve 
information accuracy around disasters that occur. The application can be customised to user requirements for 
field data collection, disaster assessment, long-term planning, and overall disaster management. 
 

GoN Department of Hydrology and Meteorology Flood Forecasting Project 
http://www.hydrology.gov.np/new/bull3/index.php/hydrology/home/main 

x Map of water level status in major rivers based on data from early warning sensors. 
 

Logistics Cluster Road Situation Maps and Assessment forms 
http://logcluster.org/search?f%5B0%5D=field_raw_op_id:24058&f%5B1%5D=field_document_type:27 

http://www.logcluster.org/document/nepal-road-assessment-form 

 

 

 

 
 
 
The Assessment Unit welcomes all information that could complement this report. For more information, comments or questions please 
email nepalassessments@humanitarianresponse.info 
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