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Preface

Mountains are among the most fragile environments on Earth. They are also rich repositories of biodiversity and water 
and providers of ecosystem goods and services on which downstream communities (both regional and global) rely. 
Mountains are home to some of the world’s most threatened and endemic species, as well as to some of the poorest 
people, who are dependent on the biological resources. Realising the importance of mountains as ecosystems of 
crucial significance, the Convention on Biological Diversity specifically developed a Programme of Work on Mountain 
Biodiversity in 2004 aimed at reducing the loss of mountain biological diversity at global, regional, and national levels 
by 2010. Despite these activities, mountains are still facing enormous pressure from various drivers of global change, 
including climate change. Under the influence of climate change, mountains are likely to experience wide ranging 
effects on the environment, natural resources including biodiversity, and socioeconomic conditions.

Little is known in detail about the vulnerability of mountain ecosystems to climate change. Intuitively it seems plausible that 
these regions, where small changes in temperature can turn ice and snow to water, and where extreme slopes lead to 
rapid changes in climatic zones over small distances, will show marked impacts in terms of biodiversity, water availability, 
agriculture, and hazards, and that this will have an impact on general human well being. But the nature of the mountains, 
fragile and poorly accessible landscapes with sparsely scattered settlements and poor infrastructure, means that research 
and assessment are least just where they are needed most. And this is truest of all for the Hindu Kush-Himalayas, with the 
highest mountains in the world, situated in developing and least developed countries with few resources for meeting the 
challenges of developing the detailed scientific knowledge needed to assess the current situation and likely impacts of 
climate change. 

The International Centre for Integrated Mountain Development (ICIMOD) undertook a series of research activities 
together with partners in the Eastern Himalayas from 2007 to 2008 to provide a preliminary assessment of the 
impacts and vulnerability of this region to climate change. Activities included rapid surveys at country level, thematic 
workshops, interaction with stakeholders at national and regional levels, and development of technical papers by 
individual experts in collaboration with institutions that synthesised the available information on the region. A summary 
of the findings of the rapid assessment was published in 2009, and is being followed with a series of publication 
comprising the main vulnerability synthesis report and technical papers on the thematic topics climate change 
projections, biodiversity, wetlands, water resources, hazards (this publication), and human wellbeing. 

Clearly much more, and more precise, information will be needed to corroborate the present findings. Nevertheless, 
this series of publications highlights the vulnerability of the Eastern Himalayan ecosystems to climate change as a result 
of their ecological fragility and economic marginality. It is hoped that it will both inform conservation policy at national 
and regional levels, and stimulate the coordinated research that is urgently needed.

           Andreas Schild, PhD 
           Director General, ICIMOD
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Introduction

Recent research work suggests that human-induced climate 
changes, particularly increases in temperature, are taking 
place in the Eastern Himalayas. Even a slight increase 
in global average temperature can be accompanied by 
much greater changes in local and regional climates. 
Mountains are unique areas in terms of detecting climate 
change and for assessing climate-related impacts 
because in the existing system changes occur rapidly 
with height over relatively short horizontal distances; as 
do the vegetation and hydrology (Whiteman 2000). 
Notwithstanding the uncertainties in the timing and exact 
magnitude of changes predicted in the Himalayan region, 
it is thought that many natural systems will be affected 
and their vulnerability to damage will increase. It is also 
thought that high mountain areas will be subject to greater 
increases in temperature than elsewhere; glaciers and 
snowfields will recede; and water supplies will decrease 
with severe impacts on irrigation and drinking water 
supplies as well as on supplies of hydroelectricity. 

Shifts in monsoon precipitation patterns are expected, 
leading to the possibility of increased frequency and 
intensity of droughts and episodes of intense precipitation.  

These in turn may lead to increases in floods, landslides,  
and erosion. Increased glacial melt may also lead to 
increases in the formation of glacial lakes and subsequent 
glacial lake outbursts. Changes in monsoon precipitation 
will also have significant impacts on current agricultural 
practices in the Himalayas. 

Biodiversity in mountain areas where migration of species 
is physically restricted will be threatened by rapid changes 
in temperature and precipitation. Consequently there could 
be rapid losses of habitat and genetic diversity from the 
mountain ecosystem. Iinfrastructure in the mountains and 
downstream could be threatened. All of these impacts 
will interact with one another, often in unexpected ways, 
in some cases resulting in greater impacts, in some 
cases partially compensating for eachother (Eamer et al. 
2007). In many developing countries, there is widespread 
poverty, poor health, and bad sanitation, in part because 
of the degradation of the natural environment (Price et al. 
2000). If the climate in the Himalayan region changes 
according to the present predictions, it will have serious 
consequences on the livelihoods of people in the region.
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Figure 1: Location of the Eastern Himalayas (demarcated by yellow line) within the entire range 

The Eastern Himalayas (Figure 1) occupy an area of 
524,190 sq.km in Bangladesh (0.1%), Bhutan (7.6%), 
China (6.3%), India (52%), Myanmar (18%) and Nepal 
(16.1%) (Sharma 2007): from west to east they cover 
Bhutan, the Zhondian state of Tibet Autonomous Region 
(China), Arunanchal (Shillong, Itanagar, and Aizwal) 
in India, Sikkim (India), the Chin and Kachin states of 
Myanmar, and Nepal. Given the socioeconomic status 
of the areas involved, therefore, hazards associated 
with climate change can undermine progress towards 
sustainable development (IPCC 2001). 

In order to minimise the adverse impacts of climate 
change, significant economic growth is needed in the 
countries of the Eastern Himalayas so that they are 
capable of adopting the necessary measures. 

In this paper, we have reviewed climate changes and 
related hazards and their impact on the economy and 
social life in the Eastern Himalayas. In addition we have 
also identified the gaps in knowledge about hazards, 
and approaches to their management that could be 
adopted in the region.

Climate Records and Trends

There is considerable multidisciplinary research literature 
on the geology and geomorphology of glaciated regions 
of the Himalayas showing evidence of climate changes 
over the last millennium. The following sections attempt to 
examine the effects of both natural and human-induced 
climate changes.

Paleo- and historical climate records in the Eastern 
Himalayas

The climate of the Eastern Himalayas is influenced 
strongly by the Asian monsoon system. The vast Tibetan 
Plateau is an engine driving the monsoon system by 
generating a high-altitude region of low pressure cells 
over southern Asia in response to the heating of the 
Eurasian landmass (which includes Bangladesh, India, 
Nepal, Pakistan, and Sri Lanka) in summer, with the hot 
air replaced by cooler air coming from the Arabian sea 
and Indian Ocean (Hastenrath 1991). During summer, 
the monsoon causes intense precipitation over eastern 
India and the Eastern Himalayas due to the orographic 
effects of the Himalayas on moist air advancing towards 
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the plateau from the Indian Ocean as a consequence 
of the low-high pressure gradient: the flow patterns are 
reversed in winter with cool and dry air dominating over 
south-central Asia (Johnson and Houze 1987; Murakami 
1987, Gregory 1989; Clemens et al. 1991).

Information about past and current records is essential 
for evaluating the adverse effects of climate change. 
The variability and trends in the monsoon recorded by 
past and present records also help in prediction and 
reduction of climate-related natural disasters. A great 
deal of research has been published already about the 
Indian monsoon and its variability in the Himalayas and 
adjoining regions. Most of the studies carried out focus 
on continental climatic proxies. 

Although the initiation, and subsequent intensification, of 
the monsoon system is the subject of debate, the results 
of numeric simulations have led some researchers to 
propose that it occurred around 30 million years ago 
(Ma) (Ramstein et al. 1997). Since that time, erosion has 
intensified, especially in the Himalayan region (France-
Lanord and Métivier 2002). The monsoon seems to have 
changed abruptly in its intensification around 11 Ma as 
shown by isotope data from freshwater mollusc shells 
and mammal teeth; and also by the types of paleosol 
in the Siwalik (Churia) sediments of Nepal (Hisatomi 
and Tanaka 1994; Dettman et al. 2001). In addition, 
examination of marine plankton indicates monsoon-related 
upwelling, presumably from strengthening of seasonal 
winds in the Indian Ocean by 10-12 Ma (Nigrini 1991; 
Kroon et al. 1991). Around 7-5 Ma, semi-deciduous 
forest (C3 type vegetation) was displaced by monsoon 
grassland (C4 type vegetation nourished by warm and 
moist summers) as a result of an increase in temperature 
and seasonal precipitation in the Indo-Gangetic plains 
south of the Himalayas. Evidence for this can be found 
in changes in oxygen isotope ratios in the paleosols 
and mollusc shells of Siwalik sediments deposited by the 
rivers that were ancestors of the modern Indus, Ganges, 
Brahmaputra, and their tributaries (Quade et al. 1995; 
Gajurel 2006). Terrigenous organic matter and sediment 
composition in fan sediments in Bengal transported by the 
Ganges and/or Brahmaputra river systems also changed 
at about the same period (France-Lanord and Derry 
1994). Among the main causes of late Miocene climate 
change in the Himalayas, uplift of the Tibetan Plateau and 
changes in solar forcing are considered to have been 
major driving mechanisms for the monsoon system (Prell 
and Kutzbach 1992). Consumption of CO2 as a result 
of weathering in the Himalayas is another strong factor 
(Molnar et al. 1993; Quade et al. 1995). Quantification 
of CO2 consumption during weathering in the Himalayas 

is an important way of learning about the compensation 
of anthropogenic CO2 emissions today. 

Past glaciation events in the Himalayas are manifested by 
well-developed moraines. In the following we discuss the 
results of published research into Quaternary (Pleistocene-
Holocene) glacial fluctuations induced by climate 
change; and studies focusing on landscapes, river valley 
incisions and alluviation, pollen, and lake sediments and 
speleothem as climatic proxies. Mostly radiogenic isotope 
and optically stimulated luminescence (OSL) dating 
methods have been used to estimate the ages of climate-
change events. 

Glaciation events in the Himalayas overall were not 
synchronous with the northern hemisphere ice sheets 
(Gillespie and Molnar 1995; Clapperton 1990; 
Owen et al. 1997; Benn and Owen 1998) and were 
influenced mostly in the eastern part by the South Asian 
summer monsoon (Benn and Owen 1998; Finkel et al. 
2003); i.e., during insolation maxima, the South Asian 
summer monsoon provides more precipitation as snow at 
high altitudes to cause a positive mass balance for glacial 
advances. 

On the southern flank of Mount Everest, an area of eight 
glacial advances is marked by pronounced moraine 
successions; these 35 ±3 cal ka BP (thousand calendar 
years before present) and 9.2 ±0.2 cal ka BP glaciation 
events occurred during periods of increased monsoon 
precipitation (Finkel et al. 2003). Strong solar insolation 
at around 40 cal ka BP is also demonstrated by the 
strongly evaporated characteristic isotope compositions 
of mollusc shells in the paleo-lake in Kathmandu Valley 
in the central Himalayas (Gajurel 2006). The extent 
of glaciation events at 23 ±3 and 16 ±2 cal ka BP 
of the global Last Glacial Maximum in the area were 
limited to around 5 km beyond the contemporary ice 
margin; the glaciation events occurred during reduced 
precipitation (Finkel et al. 2003). Glacial advances have 
also been identified at 20-21 and 8-10 cal ka BP in the 
Kangchenjunga area (Tsukamoto et al. 2002). An earlier 
glacial advance of 5-6 cal ka BP in the area is also 
reported by Tsukamoto et al. (2002). Glacial advances 
in the Gorkha area (Nepal) occurred around 13 cal ka 
BP, 3 cal ka BP, and <1.7 cal ka BP (Zech et al. 2003), 
while glaciers advanced a few hundred metres from their 
present positions at 400-500 14C yr BP in the Everest 
area (Muller 1980; Benedict 1976; Fushimi 1978).

Proxy records also provide detailed temporal and spatial 
information concerning climate change in the Himalayas. 
Many sediment deposits of glacial origin are the 
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source of mass wasting and fluvial and glacial erosion. 
Fluctuations in sediment deposits and discharge of water 
into the rivers are caused by variations in precipitation 
and glacial ice melt. Bedrock incisions and valley 
alluviation for the short term reflect the climatic responses 
of the area. In the Marsyangdi river, Nepal, Pratt-Sitaula 
et al. (2004) identified a major channel sedimentation 
with a monsoonal maximum at ca. 50-35 cal ka BP. At 
around 9 cal ka BP, sediment about 80 m thick filled the 
river valley during a period of strengthened South Asian 
monsoons. Such remarkable variations of sediment supply 
(fluvial vs. debris flow) and water discharge in Himalayan 
river valleys during the late Pleistocene to Holocene 
era are attributed to climatic variations (Monecke et 
al. 2001). Moreover the sediments could have been 
produced by deep-seated landslides and/or catastrophic 
debris flows of great magnitude (Fort 2000).

Temporal and geographical variability in the monsoon 
during the Holocene age are well preserved in the 
sediments of Lunkaransar and Didwana lakes in 
Rajasthan. These lake sediments show that there was 
no significant precipitation from the northwestern Indian 
summer monsoon prior to about 10,000 years ago 
(10 cal ka BP), as shown by the results of the general 
circulation model of 18,000 years ago (Manabe and 
Hahn 1977). Lunkaransar lake was desiccated about 5 
cal ka BP (Enzel et al. 1999), whereas Didwana Lake 
became dry at about 2.5 cal ka BP (Bryson and Swain 
1981). Around 6 cal ka BP, monsoon intensification 
was five times that of today (about 200 mm) in the 
Lunkaransar area (Bryson and Swain 1981).

A reduced monsoon precipitation record between 
2,300 and 1,500 years ago and elevated summer 
monsoon precipitation thereafter, was identified from 
the mineralogical records of the Siddha Baba cave, 
Nepal, by Denniston et al. (2000). A thousand years 
later, dense, optically clear calcite layers deposited 
from 1550 +5 AD to 1640 +20 AD indicate a less-
evaporative cave environment and suggest moister and/
or cooler conditions, possibly related to climatic changes 
associated with the onset of the Little Ice Age (Denniston 
et al. 2000).

Recent climate records

Increased concentration of greenhouse gases in the 
atmosphere due to anthropogenic activities leads to 
warming of the earth’s atmospheric system, while aerosols 
reduce surface warming. Global warming is manifested 
by decreases in snow cover, lesser extent of sea ice in 
the northern hemisphere, thinner sea ice, shorter freezing 

seasons for lake and river ice, glacial recession, decrease 
in the extent of permafrost, increases in soil and borehole 
temperature profiles, and rises in sea level. Global 
average air temperature is increasing and mountain 
glaciers and snow cover have declined on the average in 
both hemispheres and in the Himalayas. Here, we briefly 
review the evidence for climate change, particularly in the 
Eastern Himalayas. 

The Eastern Himalayas are subject to the southwest 
monsoon in the summer and the northeast monsoon 
in winter. Climate and weather in the mountains are 
extremely variable and influenced by altitude, latitude, 
topography, orientation, and continental position (Barry 
and Chorley 1992). Instrumental meteorological records 
show a global warming trend of 0.74°C in a 100-year 
period (1906-2005) (IPCC 2007). In contrast the higher 
Himalayan data from Nepal over the period from 1977-
1994 show an increase in temperature of up to 0.06°C 
per year, which is greater than the global trend (Shrestha 
et al.1999). 

Warming in the Himalayas is demonstrated by the 
increased rate of glacial recession and the resultant 
formation of new glacial lakes in the high Himalayas 
(e.g., Mool et al. 2001a).

The recorded rate of glacial retreat varies across the 
Himalayas. One reason is the variability in monsoon 
intensity (Karma et al. 2003).  Within basins, 
the orientation and position of a glacier, different 
meteorological conditions in the valleys, and amount 
of debris and distribution on and in the glacial mass, 
all play a role, as does the irregular carving of glaciers 
at the glacier end where the solid phase of water 
comes into contact with the liquid phase (Ageta et al. 
2001). Research is needed to decipher the controlling 
mechanisms and determine the causes of these changes 
in glacial melt velocity. In some cases the rate of retreat 
has increased in recent years. Gangotri glacier in the 
western Himalayas (India) showed a more rapid rate of 
retreat after the seventies, increasing from 15 m/yr from 
1935 to1976, to 23 m/yr from 1985 to 2001. The 
rate of retreat of the Imja glacier in Nepal almost doubled 
after 2001. One of the causes of acceleration in glacial 
retreat is probably the increased warming trend in the 
High Himalayas (Shrestha et al. 1999).

Geomorphology and Geology 

Geomorphology

Geographically, the east-west trending Eastern Himalayan 
region turns south at the bend in the Brahmaputra River in 
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Detachment along the Himalayan range (Gansser 1964; 
Le Fort 1975; Valdiya 1980; Stöcklin 1980; Schelling 
and Arita 1991). Geologically, the Eastern Himalayas up 
to the bend in the Brahmaputra can be divided from south 
to north, into four major tectonic zones — the Siwalik 
zone, Lesser Himalayan zone, Higher Himalayan zone, 
and Tibetan-Tethys zone. Each zone has its own historical 
geotectonic characteristics. 

The Siwalik zone is separated from the Indo-Gangetic 
Plain by the Main Frontal Thrust along which the rocks 
of the Siwaliks override the sediments of the plains 
in the south and the Main Boundary Thrust (which is 
a tectonic plane bringing the older rocks above the 
rocks of Siwaliks) in the north. These two thrusts are the 
most active major geological structures and they have 
generated stress on the rocks of the surrounding thrust 
zone making the mountains more fragile and unstable. 
Landslide hazards around these zones are mostly related 
to the activities of these thrust faults. Likewise folds and 
faults sap the strength of the mountains. The Siwalik 
zone is composed of Mio-Pliocene rocks, predominantly 
mudstone, sandstone, and conglomerates.

The Lesser Himalayan zone located in the hanging wall 
of the Main Boundary Thrust consists of meta-sedimentary 
rocks belonging to the Precambrian-Oligocene era with 
overriding rocks of crystalline nappes and klippen. 
The crystalline rocks of the Higher Himalayas are thrust 
over the Lesser Himalayan rocks. They are composed 
of gneiss, schist, quartzite, and marble. The overlying 
sedimentary rocks from the Cambrian to the Cretaceous 
age belong to the Tibetan-Tethys zone. The main rocks 
in this zone are sandstone, limestone, and shales. 
The contrasting topography in Nepal and Bhutan and 
its relationship with geology and structure has been 
explained by differing tectonic and erosional histories 
(Duncan et al. 2003). The geomorphology is a result of 
the interaction of tectonic, climatic, and denudational 
processes. 

The hilly area covering Bangladesh, east India 
(Assam, Tripura, and Mizoram), and Myanmar lies in 
the Western Fold Belt of the Indo-Burman Orogeny. 
Tectonically the belt lies in the Arakan range bounded 
by the Arakan Trench in the west and Kabaw Fault in 
the east (Tapponnier and Molnar 1975). It is composed 
of Miocene-Pliocene rocks. The sandy-argillaceous 
sediments are folded into NNW-SSE trending anticlines 
and synclines. This belt consists mainly of the intercalation 
of shale, claystones, siltstones, and sandstones with 
occasional intra-formational conglomerates. 

upper Assam and generally runs approximately north and 
south in Bangladesh and Myanmar.  

The Eastern Himalayas can be broadly divided into the 
following distinct, geomorphologic units from south to 
north as proposed by Upreti (1999); Alam and Tshering 
(2004); and Konagaya (2005) as follows.

Southern foothills with inner valleys (200 to1,500 •	
masl) 
Mahabharat range (1,000 to 3,000 masl) •	
Midlands (200 to 2,500 masl) •	
Fore Himalayas (2,500 to 4,000 masl) •	
High Himalayas (4,000 to 8,848 masl) •	
trans-Himalayas with inner valleys (2,500 to 4,500 •	
masl)

The southern foothills suddenly rise from the plains from 
a height of about 100 m to reach 1,500 m. East-west 
elongated inner valleys, also called ‘dun valleys’, are 
located within this zone. The inner valleys are densely 
populated. The climatic regime is very similar to that 
of the plains. The first orographic barrier of the outer 
Himalayas, also called the Mahabharat range, rises 
rapidly to about 3,000 m. The topography of the area is 
rugged and steeper in the western part than in the eastern 
part. The relatively mature and subdued geomorphic 
zone to the north of the Mahabharat Range is known as 
the Midland zone. The altitude of the area varies from 
200 to 2,500 m and contains a large number of wide 
river valleys and intermontane basins: it is a densely 
populated zone. To the north of the Midlands are the Fore 
Himalayas with altitudes ranging from 2,500 to 4,000 
m. The Fore Himalayan zone is denoted as the Central 
Mountain zone in Bhutan. The high-altitude area of the 
Fore Himalayan zone is covered by snow during winter. 
The High Himalayan zone with heights ranging from 
4,000 to 8,848 m includes peaks such as Annapurna, 
Manaslu, Mount Everest, and Kangchenjunga. Most 
of the glaciers, glacial lakes, and snow peaks are 
found in this zone. The trans-Himalayas contain inner 
valleys ranging in height from 2,500 to 4,500 m. 
The mountainous ranges in the eastern part of the East 
Himalayas (Bangladesh, east India, and Myanmar) 
have north-south directed trends. The mountain area in 
Bangladesh reaches a height of 1,003 m. 

Geology

Geologically, the main remarkable features are the 
continuity of tectonostratigraphic relationships and major 
tectonic structures such as the Main Frontal Thrust, Main 
Boundary Thrust, Main Central Thrust, and South Tibetan 
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Present Status of Hazards and 
Disasters 

Hazards in the HKH related to hydrometeorological 
conditions, and thus potentially subject to impacts as a 
result of climate change, can be loosely grouped into 
hydrological (especially precipitation-related) hazards, 
which include storms, cloudbursts, floods, landslides, 
mudflows, and avalanches; droughts and related disasters 
such as extreme temperatures and wildfires; wind and 
thunderstorms and related disasters, such as lightning 
bolts. Adverse effects on human activities resulting from 
glacial processes, whether direct or indirect, can also be 
regarded as hazards (Reynolds 1992). 

There are very few good data on occurrences of hazards 
and disasters and their impact on people in the Eastern 
Himalayas. One of the few long-term data sets is that on 
natural disasters published by the Centre for Research 
on the Epidemiology of Disasters (CRED) (Guha-Sapir 
et al. 2004). The CRED data (Guha-Sapir et al. 2004) 
can be used to show relative changes and increasing 
trends in disasters resulting from hydrometeorological 
conditions between 1974 and 2003 in the Eastern 
Himalayan countries (Figure 2). However, these data are 
for the whole of each country, not just the Himalayan 
part, and show aggregated data for a whole range of 
natural disasters and all locations, whether mountains or 
plains. Hydrometeorological disasters are more frequent 
in whole country statistics because they include typhoons 
and cyclones. A large country will also suffer from more 
disasters in total than a small country. Similarly, the  
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Figure 2: Total number of hydrometeorological and related disasters in  
Bangladesh, Bhutan, India, Myanmar, and Nepal (1974-2003)
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impact of floods, for example, is likely to be greater in the 
plains, whereas landslides will have a greater effect in 
mountain areas,  although cloudburst events in mountain 
areas can also impact the plains (Figure 3). 

Hydrological-related hazards

Steep, sloping, and unstable mountain terrain; extreme 
relief; and the relatively young mountain chain of the 
Himalayas, cause the whole region to be vulnerable in 
economic and ecological terms. The fragile geological 
structure of the Himalayas facilitates mass wasting 
more frequently when intense precipitation occurs. 
Intensification of rainfall in mountain areas can overwhelm 
the water storage capacity and trigger hill slope failures, 
leading to loss of life and property in the communities 
clinging to the steep Himalayan hillsides (Gabet et al. 
2004). Scouring of river banks during the monsoon 
season, even in trans-Himalayan valleys, can render the 
inhabitants of the area vulnerable (Figure 4).

Rock avalanches and landslides can create landslide 
damming incidents in the narrow and deep river valleys 
of antecedent Himalayan rivers (Figure 5). Such events 
are highly hazardous for the surrounding areas and 
equally dangerous to the inhabitants, agricultural lands, 
and infrastructure located in the valleys downstream. 
Landslide dams in the narrow river valleys can cause 
impacts of greater magnitude than the initial landslide 
event (Korup 2005). In September 2003, the valley of 
Tsatichhu River in Lhuentse, eastern Bhutan was dammed 
by a huge rock avalanche and landslide and impounded 

Data source: CRED (2004)
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Figure 3: Impact of flash flood due to the 1993 cloudburst event in the headwater area of Malekhu khola in the  
Mid Zone of Nepal: half of a bridge on the Prithvi Highway in the plains was washed away.  

A new bridge can be seen In the background

Figure 4: Braided river pattern of the Kali Gandaki river during a period of low flow in May 2003. In the monsoon,  
full discharge in the river triggers bank collapse due to scouring, rendering Kagbeni village in the  

alluvial fan of Kagbeni khola, extremely vulnerable
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Figure 5: Breached landslide dam in the Kali Gandaki river at Thaple Pairo village

Slide direction

Landslide 
deposit

Landslide 
deposit

Table 1: Flood and landslide disaster data for Nepal from 1994 to 2006

Year

People
Families 

affected Animal Loss

Houses destroyed

Dead Missing Injured Completely Partly

1994 49 - 34 3,697 284 569 416

1995 203 - 57 128,540 1,535 5,160 15,820

1996 258 - 73 36,820 1,548 14,037 14,392

1997 78 - 21 5,648 103 994 796

1998 273 - 80 33,549 982 13,990 0

1999 209 94 92 9,768 309 2,220 318

2000 146 351 14 11,167 na 4,357 1,961

2001 196 45 88 7,901 377 2,995 939

2002 441 21 265 38,859 2,024 13,956 4,204

2003 232 58 76 7,167 865 2,683 334

2004 131 11 24 14,238 495 2,552 1,132

2005 141 20 31 2,088 360 1,090 12

2006 114 30 39 18,385 9,980 2,946 388

Source: Home Ministry, Government of Nepal
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of 4-7 x 106 cu.m of water at full lake level (Dunning 
et al. 2006). Catastrophic collapse of the landslide 
released a flood wave with a peak discharge of 5,900 
cu.m/sec 35 km downstream (Dunning et al. 2006).

Table 1 shows another example of the impacts of 
hydrological disasters: deaths of people and animals, 
and other damage, from floods and landslides, between 
1994 and 2006 in Nepal, as recorded by the Ministry 
of Home Affairs. The number of families affected annually 
by hydrometeorological disasters ranged from 4,000 to 
nearly 130,000 and deaths from 49 to 441. Livestock 
losses were much higher than human losses. Losses in 
terms of dead, missing, and injured people were rare 
outside the monsoon months of June, July, August, and 
September (Figure 6). Similarly major landslide events 
over a 30-year period (1971-2000) in Nepal were 
found to be concentrated in the higher summer monsoon 
precipitation zone (Shrestha et al. 2000; Nadim et al. 
2006). This illustrates the impact of these events in an 
area covering 16% of the Eastern Himalayas. Similar 
impacts are likely in the remaining area although the 
micro-hydrometeorological characteristics within the 
region differ as do the sociogeographical conditions.
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Figure 6: Monthly variation in the number of dead, missing,  
and injured people from floods and landslides  

in the period 2001 to 2005 in Nepal 

Data source: GoN (2006) and Nepal Red Cross Society (2006)

Cryosphere-related phenomena

There are various types of risk phenomena related to 
snow and glaciers. Ice and/or snow avalanches can 
significantly affect communities living at high altitude. 
One of the more dramatic risks is that of glacial lake 
outburst floods (GLOFs). As glaciers retreat, glacial lakes 
can form between the frontal moraine and the retreating 
glacier. These lakes have a potential to breach their 
moraine dams, and suddenly release a huge amount of 
water and debris, known as a glacial lake outburst flood 
(or GLOF). The outburst has a potential for generating 
extensive destruction in the valley downstream, destroying 
infrastructure such as hydropower installations, roads, and 
others, and rendering communities in the river valley areas 
vulnerable. Discharge rates from GLOFs in the Himalayas 
can reach 30,000 cu.m/sec (Richardson and Reynolds 
2000). In general, an average lake of 0.02 sq.km 
contains 6x105 cu.m of water (Bajracharya et al. 2007). 
The impact of such an outburst depends on the physical 
character of the dam, the lake size and depth and the 
rapidity of its drainage, and the nearby surroundings (Ives 
et al 2010).  

Recorded past GLOF events include 15 in Nepal, six 
in Tibet AR, and five in Bhutan (WECS 1987; Yamada 
1998; Watanabe and Rothacher 1996; Mool 2001). 
Glacial lakes in the Himalayas have been growing 
rapidly since the Little Ice Age and there is a concern 
that the frequency of GLOFs could increase as a result of 
accelerated glacial thinning and retreat.  

Fluctuations in glacier volumes lead to fluctuations in 
water resources, and this can lead to increased volumes 
of meltwater in rivers (during excessive melting) and/
or reduced volumes if the glaciers shrink markedly or 
disappear. Problems with water resources linked to 
glacial wasting threaten the livelihoods (and lives) of 
farmers in the hills and plains, and threaten the viability of 
the growing number of hydropower projects in the region. 

Changes in snow and ice

In the Eastern Himalayas significant amounts of snowfall 
at high altitudes in the summer, and a large part is 
rapidly lost by melting (Owen et al. 1998). Surface 
hydrological discharge of snowfed rivers is affected to a 
significant degree by fluctuations in the glacial mass of 
the Himalayas. As the glaciers retreat, less precipitation 
will be stored in the form of snow and ice and more will 
immediately flow into the river systems. This means both 
an increase in the risk of flooding and landslides close 
to the time of precipitation, and an increase in the risk of 
water shortages during the later dry season.  
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Impact of Climate Change on the 
Hazard Scenario 

The hazard-related elements in mountains most sensitive 
to climate change are water resources, glacial lakes, 
inundation, and landslides. However, increases in hazard 
levels can be related to many factors, not only climate 
change. These include, for example, environmental 
degradation and landuse change. Hence, care must be 
taken when analysing disasters with respect to climatic 
factors.

Climate change is projected to compound the pressures 
on natural resources and the environment: pressures 
associated with rapid urbanisation, industrialisation, 
and economic development will increase. Likewise, 
endemic morbidity and mortality due to diarrhoeal 
diseases primarily associated with floods and droughts 
are expected to rise in East, South, and Southeast Asia 
due to changes in the hydrological cycle (IPCC 2007). 
It has been predicted that, by the 2050s, the supplies of 
freshwater in Central, South, East and Southeast Asia will 
decrease, particularly in large river basins.

Future scenarios of climate change in mountain regions 
are not easy to determine due to the low spatial 
resolution of climate models. Nevertheless, as an 
approximation, the scenarios in surface air temperature 
and precipitation relative to the baseline period of 
1961-1990 indicate that surface warming will be of 
the order of 1.4±0.3°C in the 2020s, 2.5±0.4°C in 
the 2050s, and 3.8±0.5°C in the 2080s, considering 
the combined effect of greenhouse gases and sulphate 
aerosols (Lal et al. 2001). The scenario of temperature 
and precipitation change in the Eastern Himalayas using 
20-year observational data (1981-2000) also predicts 
significant changes (Shrestha and Devkota 2010). The 
highest mean temperature increase of 3.2°C is projected 
during winter (December – February) and post monsoon 
(September – November) and the lowest increase of up 
to 2°C during the pre-monsoon period (March-May), and 
indicates annual mean temperature increases of 2.9°C 
by the middle of the 21st century. The area-averaged 
increase in surface air temperature is likely to be most 
pronounced over boreal Asia and least in Southeast Asia 
in all seasons (Lal and Harasawa 2001).

The climate model also projects an increase in rainfall 
during the monsoon, with a 7% increase in monsoon 
precipitation over the Eastern Himalayas by the middle 
of the 21st century, and an increased intensity of extreme 
rainfall events. These are expected to cause an increase 

in the frequency and intensity of natural disasters such 
as floods, landslides, and others in parts of Bangladesh, 
India, and Nepal (Lal et al. 2001). Changes in the 
intensity and pattern of the monsoon have already left 
direct and indirect impacts on the communities in the 
mountains and adjacent plains, particularly through 
floods, landslides, and drought.

The potential risk to human lives and activities in the 
Himalayas from glacier-related phenomena may have 
increased with climate change. The glacial lakes in the 
Himalayas are growing in both number and size and 
bigger floods than heretofore are conceivable (Reynolds 
1998; Yamada 1998). Overall, hazards from flash 
floods, riverine floods, breached landslide-dam floods, 
and GLOFs are likely to increase. Each of these is 
associated with morbidity and mortality in the generally 
poorly-prepared populations.  

The Eastern Himalayas are comprised of complex 
basins that have both seasonal snow and permanent 
snowfields and glaciers. The hydrological response of 
a basin consisting of permanent snow and glaciers will 
be different from that of a basin receiving seasonal snow 
only. For the complex basin, melt runoff from the portion 
of the basin that becomes snow-free will be reduced 
during winter, but runoff from the glaciated part of the 
basin will increase (Singh and Bengtsson 2003). The 
resultant impact of climate change on total streamflow 
depends on the relative contributions from the upper 
glaciated zone and the lower groundwater storage of 
each basin. The reduction in total streamflow due to the 
impact of climate change will threaten the efficacy of 
water management. Moreover, populations depending 
on water from snow- and glacier-fed mountain rivers for 
hydropower, surface irrigation, and agriculture a likely to 
suffer in the future.

Exploitation of water resources through hydropower 
generation and irrigation is important for the development 
of Himalayan countries. Thus water-induced disasters 
jeopardise the economic status of the countries. 

The increase in frequency of disasters due to climate 
change, and the resultant impact on human systems in the 
Himalayan region, are critical as the area is home to a 
large proportion of the global population. The impact of 
climate change on various sectors needs to be assessed. 
Proper records of disasters in the Eastern Himalayan 
countries are needed. Data should be collected 
systematically on the frequency and distribution of various 
disasters with respect to location in mountainous areas. 
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This information is needed as a basis for developing 
appropriate adaptation measures for climate change, 
and implementing appropriate mitigation actions against 
climate change related disasters in order to reduce the 
risk of economic loss and threat to lives in the Himalayan 
countries. 

Gaps in Hazard Research 

Inter- and multidisciplinary approaches, which include 
the natural, social, health, and engineering sciences, 
are important in mountain research. A concerted effort to 
improve research and long-term monitoring is required in 
order to address the gaps in our knowledge about what 
is happening to ice and snow and hazards in general,  
and their effects on the climate, biodiversity, and human 
wellbeing. Likewise, integrated model-based studies of 
environmental change in the Himalayan region, including 
variations in the monsoon, are urgent. More clarity is 
needed concerning future changes in weather patterns. 

There is a paucity of data and publications on observed 
extreme weather events such as cold days and nights, hot 
days and nights, heat waves, and frequency of heavy 
precipitation events in the region. Projections of relative 
changes in runoff by the end of the 21st century are 
less reliable for lower latitudes, especially those in the 
monsoon region (IPCC 2007). Further research is needed 
in the following areas:

The locations of glacial hazard areas in the Eastern •	
Himalayas and their potential threats; this is needed  
for decisions on national investments in large 
projects. 
Snow avalanche forecasting and risk mapping •	
The•	  vulnerability of local people to natural disasters 
such as avalanches, GLOFs, landslides, and debris 
flows; and ways to reduce these by limiting human 
activities in zones where there are potentials for 
natural hazards. 

Recommendations for Adaptation 
Strategies

People in the region have adapted by changing 
livelihood, agricultural, and cultural practices to cope 
with the uncertainty of climate change, variability, and 
extremes: they have even accepted enormous losses. 
Although cultural norms affect people’s adaptive choices, 
new occupations and livelihood practices which are 
socially and culturally unacceptable have been adopted, 
in some cases in response to climate-related changes 
and stress (ICIMOD 2009). Social networks and local 
institutional support with good governance and planning 

are vital for enhancing adaptive capacities for collective 
water management, equitable distribution of irrigation 
facilities, livestock management, communal grazing, 
and development of infrastructure for flood management 
and water security (ICIMOD 2009). For example, the 
water distribution system in an environment of persistent 
drought in Mulkhow, Pakistan, is determined according to 
the extent of the land being irrigated, incorporating day- 
and night-time routines depending on the geographical 
location and potential for loss through evaporation. 
Similarly, the social code of conduct plays a vital role in 
management. In addition, attention is paid to the affect 
of short-term gains which can have long-term effects on 
society. National institutional support is essential during 
formulation of new policies in order to increase the 
effectiveness of adaptive measures.

Extreme weather conditions can result in disasters; 
policymakers should focus on adaptation to the risks 
posed by climate change, and preparation for disasters. 
Responding to climate change involves an iterative risk 
management process that includes both adaptation and 
mitigation and takes into account damage from climate 
change, co-benefits, sustainability, equity, and attitudes to 
risk (IPCC 2007). It is understood that neither adaptation 
nor mitigation alone can avoid all climate-change 
impacts; however, they can complement each other and 
together can significantly reduce the risks from climate 
change (IPCC2007).The following adaption strategies 
are identified.

Policy and strategy•	
Institutional capabilities•	
Adaptation measures•	

Policy and strategy

Some hazard issues have international dimensions, 
hence, managing risks of such extreme hazards requires 
intergovernmental cooperation. The key development 
sectors that are directly affected by climate change are 
human health; water supply and sanitation; energy; 
transport; industry, mining, construction; trade and 
tourism; agriculture, forestry, fisheries; environmental 
protection, and disaster management (World Bank 
2006).

Policy responses should lead to coordinated action by 
government and non-government organisations towards 
protecting the environment in the mountains and uplands 
and helping local populations adapt to changing 
ecological, economic, and health-related impacts. 
Policies should also aim to convince key global actors 
such as the World Trade Organization (WTO) to take 
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mountain issues into consideration in the planning of future 
trade accords and commercial practices. Recognition 
of the adverse impacts of climate change and extreme 
events on future development, and incorporation of 
this recognition in policy and strategy documents are 
the approaches taken by governments in the countries 
covering the Eastern Himalayas. 

Adaptation and disaster-risk reduction activities should 
be integrated into climate risk management. Even though 
climate change is a long-term environmental problem, it 
should be treated as a major economic and social risk to 
national economies. Therefore, it is necessary to address 
it through reducing vulnerability over the short term in 
order to reduce the possibility of long-term impacts. 

Adaptation activities should be integrated into existing 
development programmes (Alam and Regmi 2004). 
Participation of and cooperation from different 
stakeholders such as government policy makers, 
implementing agencies, development partners, the private 
sector, and communities are required. Policies should 
mainstream adaptation activities in sectoral activities: 
policies, efforts, and strategies adopted to cope with the 
impacts of hazards should be modified to address the 
integrated impacts caused by climate change. 

Institutional capability

Although governments in the region have established 
bodies to study and address climate-change issues, 
several aspects need strengthening. Improvements are 
needed in gathering and sharing information and data; 
public-government partnerships need strengthening; 
inter-departmental coordination should be improved; and 
better regional collaboration should be undertaken. Most 
importantly, focus should be given to the development of 
technical expertise and human resources. 

Up-to-date scientific data on climatic parameters and 
their impacts should be collected in a systematic manner 
in collaboration with government agencies, academia, 
and local-level partners so that adaptation and mitigation 
measures can be established. Data banks can be kept 
up to date by sharing the data among partner countries 
in the region. In this way it will be possible to construct 
regional climatic models for understanding the climate 
mechanism. Listing appropriate parameters and analysing 
them should be the first step towards devising effective 
adaptation measures.

School science and local-level awareness programmes 
can be advantageous for local communities since they 
can become directly involved in the choice of suitable 
adaptation measures (Eriksson et al. 2009). 

A tool for screening climate risks should be prepared for 
quick risk assessments of development projects. The tool 
should assess whether projected climate changes might 
increase or reduce risks, thus assisting planners to make 
appropriate decisions. This is especially important in the 
case of hydropower projects which have a lot of scope in 
mountain countries such as Nepal and Bhutan and offer 
great opportunities for national development. Identifying 
the appropriate type of hydropower project (run-of-the 
river or storage) is a step towards the sustainability of 
hydropower projects. Other options for water storage 
(ponds, lakes, and aquifer recharges) should be identified 
with reference to the geographical regions and be 
implemented in the context of hydrological, geological, 
and climatic parameters. 

Adaptation measures

There are many techniques that can contribute towards 
better environmental planning and management, notably 
tools for pollution control, waste reduction, transport 
planning, environmental impact assessment, capacity 
studies, strategic environmental plans, and state of 
the environment reports. Options and measures for 
adaptation can be categorised broadly as soft measures 
and hard measures. Soft measures are improvement 
in observation and forecasting, development of early 
warning systems, mapping of hazards and vulnerabilities, 
community awareness and participation, and 
conservation of forests and water. 

Adaptation measures should focus on capacity building 
and work on reducing the impacts of climate change: 
they include climate forecasting for agriculture and 
livestock production; integrated natural resource 
management plans; exploration of current coping 
responses adopted by communities facing climatic 
extremes; analysis of droughts; examination of the 
impacts of floods and mass movements; and providing 
appropriate response mechanisms in a variable and 
changing climate.

Climate change is altering the risks of disaster and can 
lead to adaptation. An effective adaptation strategy 
could be improvement in local capacities to adapt to 
climate change through limiting environmental hazards 
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or their consequences on health. Social processes 
generate unequal exposure to risk by making some 
people more vulnerable than others. These inequalities 
exist in every society and more so in the Himalayan 
region. The multifaceted nature of disasters in which 
climate-related processes coalesce with environmental 
degradation, conflict, disease, and poverty bring about 
and magnify the loss and damage caused by natural 
hazards. Socioeconomic development and institution-
building are important ways of reducing the vulnerability 
associated with disasters. The vulnerability of the Eastern 
Himalayas is associated closely with changes in the 
water regime. Several adaptation options and measures 
are possible. Regarding management of disasters related 
to climate change, in addition to the short-term approach 
to response and recovery, long-term goals such as 
improving awareness, preparedness, and risk reduction 
are essential. Disaster risk reduction through vulnerability 
reduction is the major aspect of adaptation to impacts of 
climate change. Capacity-building of local communities 
through community-based approaches using critical 
assessment of their strengths and weaknesses is necessary 
as capacities vary from community to community and 
according to geographical region. 

Hard measures include engineering projects to reduce 
vulnerability and are more expensive than soft measures. 
These include mitigating GLOF risks, expanding irrigation 
and storage, and promoting reservoir hydropower 
instead of run-of-the river for electricity generation so that 
supplementary water supplies are available for domestic 
and agricultural use during dry seasons. 

Integrated adaptation measures should incorporate 
improved public health programmes to meet increasing 
threats from disease resulting from climate change: such 
measures should be included in regional development 
plans.

Conclusions

There is evidence of climate change in the Himalayas 
as in other parts of the world. In the past, the region 
has experienced several warming and cooling events 
such as those of the Last Glacial Maximum and the Little 
Ice Age. The Eastern Himalayan region is influenced 
strongly by the Asian monsoon system. Changes in the 
intensity and pattern of the monsoon in mountain areas 
can lead to increases in natural hazards such as floods, 
landslides, and drought; this increase is facilitated by 
the fragile geological structure of the mountains. Climate 

change in mountain areas can lead to a reduction in the 
area of glaciers and snowfields; resultant reductions in 
water sources may have severe impacts on irrigation and 
drinking water supplies as well as on the reliability of 
hydroelectricity generation. 

The potential risks to humans and their activities from 
glacier-related phenomena such as glacier lake outburst 
floods are likely to increase. Several lakes in the 
Himalayas have the potential to burst catastrophically. 

There appears to be an increasing incidence of disasters 
related to hydrometeorological influences, especially 
changes in rainfall patterns. However, there is a lack 
of data and publications on observed extreme weather 
events such as cold days and nights, hot days and nights, 
heat waves, and frequency of heavy precipitation events, 
which limits making projections for the region as a whole. 

Detailed field-based hazard assessment on the effects 
of climate change and delineation of vulnerable areas 
located in complex geographical and climatic regions is 
necessary. 

The lack of systematic and standardised data collection 
on disasters in the countries of the Eastern Himalayas 
makes long-term planning for disaster preparedness and 
response difficult. In addition, the region has limited 
climatological records in terms of the temporal and 
spatial adequacy to characterise and uncover significant 
changes in physical and biological systems. There is an 
urgent need for research in various aspects related to 
climate change. A representative model of the regional 
climate system should be generated as a foundation for 
future planning. 

Management of risks from extreme hazards requires 
coordination among communities involved with climate 
change, disasters, and development so that disaster 
management can be improved. In totality, a holistic 
approach to the problems faced currently by many 
mountain regions is necessary. Sufficient finances, 
networking to share important information, and promoting 
public awareness are important in terms of formulating 
an appropriate response to climate change. Integrated 
adaptation measures should be implemented in order 
to define and facilitate specific adaptations and policy 
options to meet the anticipated impacts of climate 
change.
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