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Abstract: Climate changes have a direct impact on glaciers that ultimately results in glacial 

retreat, creating a high risk from catastrophic glacial lake outburst floods (GLOFs). The GLOFs 

are glacier disaster, which is the result of sudden discharge of large volume of water with debris 

from proglacial or supraglacial lakes in valley downstream. The research on glaciers would give 

the light on the increasing effect of climate change as glaciers are the sensitive indicator of 

climate change and create the mitigations for the damages of it. Here, the information regarding 

the glaciers, glacial lakes and GLOFs in the Khumbu region were reviewed from previous 

studies. This gives a general overview of the Khumbu region and its glacial components.Khumbu 

region is one of the most glacierized regions with the ‘Khumbu glacier’, the largest glacier of 

Nepal. The retreating of glaciers in the Khumbu region is also evidenced by the increase in 

glacial lakes and leading to the potential danger GLOFs which result in destruction of 

downstream settlement. The mitigating measures needs to implement immediately to prevent 

future GLOFs prone destructions. 
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Introduction 

Hindu Kush Himalayas (HKH), defined by its glaciers, covers various peaks from North 

to North-Eastern regions of the Indian subcontinent which spread among Bhutan, Nepal, India, 

China (Tibet) and Pakistan (Bajracharya et al., 2015; Venkatachalam & Prabagaran, 2015). Most 

of the Himalayas landscape falls on the geographical boundaries of Nepal and India with higher 

coverage (two-third) in Nepal. It spreads out approximately 2500 km in length, 250 km in width 

and an area of 590,000 km2(Barnett et al., 2005; Richardson & Reynolds, 2000; Xu et al., 2009).  

Nearly 70% of the world's fresh water is frozen in glaciers, and the HKH have more than 54,000 

glaciers with 2300 to 7200 km3 glacier ice volumes besides the Polar Regions and considered as 

the dynamic storage of freshwater (Bajracharya et al., 2015; Dyurgerov & Meier, 2005; Frey et 

al., 2014). This region has been named as the ‘Water Tower of Asia’, as it provides around 8.6 × 

106 m3 of water annually (Bolch et al., 2012; Dyurgerov & Meier, 1997; Immerzeel et al., 2010). 

This meltwater help in the survival of more than 750 million people and support the economy of 

the countries by providing water for irrigation, hydropower, manufacturing and domestic usage 

(Immerzeel et al., 2010; Pritchard, 2017). 

Nepal is a small landlocked and mountainous country covering an area of 147,181 km2 

extending from 26º22’ to 30º27’N and from 80º04’ to 88º12’ E. It is surrounded by highly 

elevated valley and dry areas of the central Himalayas which are the most extreme but least 

prioritized environments on Earth (Rai, 2005; Venkatachalam & Prabagaran, 2015).Its elevation 

varies from 60 m a.s.l. in the south to 8848 m a.s.l. in the north within a horizontal distance of 

less than 200 km. Nepal is affected by two major weather systems, summer monsoon circulation 

(June to September) and westerly circulation from October to May (Immerzeel et al., 2012; Ueno 

et al., 2008; Whiteman, 2000). During the summer, the river discharge increases as a result of the 

southwest monsoon in river basins which ultimately cause floods and landslides (Salerno et al., 

2015; Shrestha et al., 2000).  The Himalayan Region consist 200 peaks of >6000 meters high and 

13 peaks of more than 8000 meters high, including the world’s highest peak Mount Everest (in 

Nepali “Sagarmatha”) at 8848m, with the variation in topography, weather, and biodiversity 

within the small latitudinal difference. Physiographically, Nepal is divided into three parts: the 

high Himalayas with 24% of the country’s total area in the north; the hills and mountains (56%) 

in the center and the plain Terai (20%) in the south .   
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The transboundary river system exists in Nepal with Tibet, China in the north and India 

in the east, west and south (Chen et al., 2013). The Koshi river basin, Gandaki river basin, 

Karnali river basin, and Mahakali river basin are the main river basins of Nepal which are 

located in Eastern, Central, Western and Far Western regions respectively. The Koshi river basin 

lies in eastern Nepal and neighboring areas of China from longitude 85.48 to 88.70 E and latitude 

27.53 to 28.95 N. It has seven major sub-basins: the Tama Koshi, Arun, Dudh Koshi, Likhu, 

Tama, Sun Koshi, and Indrawati. Dudh Koshi is the most important sub-basins in terms of 

glaciers and glacial lakes (Bajracharya et al., 2007). The South Asian monsoon has a high 

influence on the glaciers of the Khumbu region which results in the maximum precipitation in 

summer, leading to high glacier sensitivity to temperature (Grove, 2004). 

 

Materials and methods 

This study is mainly focused on the information found online which was accessed 

through google scholar, science direct, and web of science peer reviewed journals. Literature was 

searched using the keywords (glaciers, glacial lakes, glacial lakes outburst floods, Dudh Koshi 

basin, Khumbu region) and further sorted the results based on the study area (Nepal) (Fig.1). The 

listed literature was studied and the information regarding our study was noted.   

 

Fig. 1Location of study area 
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Result and Discussion 

Glaciers and glacier retreat 

Glaciers occupy approximately 10% of the Earth’s total land area and most are situated in 

the Polar Regions like Antarctica and Greenland with some located in mountainous regions 

above snowline (Lemke et al., 2007; Shakti et al., 2013). The glacier is divided into five 

ecological zones: supraglacial zone (snow and ice); englacial zone (ice); subglacial zone 

(sediments); proglacial zone (streams and lakes) and glacier forefields(Hotaling et al., 2017). The 

largest mountain glaciers are found in the central Himalayan region and HKH is the origin of the 

largest river basins in Asia and provide water to 1.3 billion people (Bolch et al., 2012; Immerzeel 

et al., 2010; Xu et al., 2009). The length of glaciers ranged from less than 1 km to 24 km in the 

Nepal Himalaya (Azam et al., 2018). The lowest part of the glacier is known as ablation zone 

while above snow line (in case of glaciers of Nepal, 4000m above mean sea level), it is an 

accumulation zone. The glacierized area in the Himalayas varies from 36,845 to 50,750 

km2(Azam et al., 2018) and Nepal Himalaya is regarded as the most glaciated part of Himalaya 

(Fujita & Nuimura, 2011; Salerno et al., 2012).  

Glaciers are considered as the storage of freshwater for river systems which has 

important aspects such as generating hydroelectric power, sediment transportation, and formation 

of landforms including scientific fields i.e. sites (Jansson et al., 2003). They resemble the best 

indicator of climate change and significant impacts can be observed such as rapid glacier melting 

(Moore et al., 2009; Oerlemans, 2001). The glacier melting leads to the formation of new glacial 

lakes, the increase in the size of moraine-dammed lakes and cause the risk of GLOFs (glacial 

lake outburst floods) (Watanabe et al., 1994). On the basis of the 2001 inventory, there were 

3252 glaciers in Nepal with a total area of 5324 km2 (Mool et al., 2001)whereas the 2010 

inventory identified 3808 glaciers with an area of 4212 km2(Bajracharya et al., 2010; 

Bajracharya & Shrestha, 2011) and later reported with 3900 km2(Bajracharya et al., 2014). 

Among 278 glaciers in the Dudh Koshi catchment as shown in Table 1, 40 largest glaciers exert 

70% of the glacierized area with 482 km2 (Bajracharya & Mool, 2009). These glaciers have an 

increase in the total area of glacier surfaces since the 1960s and surface-lowering rates over 

recent decades (Nuimura et al., 2012; Thakuri et al., 2014) 
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Table 1: Details of Dudh Koshi Basin (Bajracharya & Shrestha, 2011) 

Parameters Dudh Koshi basin 

Basin area 4062 km2 

Latitude 27.64 – 28.10 

Longitude 86.52-87 

Number of glaciers 287 

Clean glacier area 304.42 km2 

Debris Covered glacier area 110.68 km2 

Total glacier area 415.09 km2 

Elevation 4344-8222 m a.s.l. 

Total ice reserves 41.62 km3 

Clean glacier elevation 4588-8222 m a.s.l. 

Debris Covered glacier elevation 4344-5996 m a.s.l. 

 

The majority of Himalayan glacier’s retreat started in the mid 19th century with different 

rates from glaciers to glaciers (Ageta, 1993; Bolch et al., 2012; Fujita & Nuimura, 2011; Fujita et 

al., 2009). Glacier retreating is a threat to the Nepal Himalayas as it would have an impact on the 

hydrological cycle to which the downstream population fully depends on for their living. All the 

glaciers have negative mass balance as shown in Table2; the proof of glacier is retreating. The 

remarkable changes have been observed in the Mt. Everest region: rapid and accelerating loss of 

ice from glaciers (Bolch et al., 2012). The number of glaciers found in the Dudh Koshi basin was 

287 with an area of 415.09km2 and an ice volume of 41.62 km3(Bajracharya & Shrestha, 2011). 

Ngozumpa, Khumbu, Bhote Koshi, and Hungu glaciers are the principal glaciers in this basin. 

The longest glacier in this basin is Ngozumpa Glacier with an area of 81 km2 and Imja Tsho is 

the largest lake with an area of 0.95 km2, one of the fastest-growing lakes in the entire Himalaya 

(Bajracharya et al., 2007).  
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Table 2: General characteristics of glaciers of Khumbu region (Watson et al., 2017) 

       
Period (1970-

2007) 

Period (2000-

2015) 

Glaciers Lon Lat 
Area 

(km2) 

Lengt

h 

(km) 

Min-max 

elevation 

(range)m 

Gradient 

(º) 

Glacier Geodetic 

mass balance 

estimate 

(m.w.e.a-1) 

 

Glacier Geodetic 

mass balance 

estimate 

(m.w.e.a-1) 

(King et al., 2017) 

Ama 

Dablam 
86.86 

27.8

8 
2.29 4.44 4769-5084(315) 1.6 -0.29±0.08  

Barun 87.02 
27.8

8 
53 9.17 5018-5453(435) 1.5 -  

Changri 

Nup 
86.79 

27.9

9 
4.62 5.75 5057-5540(483) 1.6 -0.28±0.08  

Changri 

Shar 
  2.75 4.84 5074-5436(362) 1.6 -0.28±0.08  

Gaunara   4.33 7.70 4983-5432(449) 1.6 -  

Imja 86.94 27.9 1.18 2.56 
5023-5187(164) 

6431 
1.6 -0.50±0.09 –0.79 ± 0.24 

Kangshu

ng 
  10 12.1 4586-5377(791) 1.6 -  

Khumbu 86.83 
27.9

8 
6.54 10.9 

4856-5446(590) 

6523 
1.6 -0.27±0.08 –0.35 ± 0.15 

Lhotse 86.92 
27.9

2 
5.76 6.73 4815-5245(430) 1.6 -0.26±0.08 –0.65 ± 0.14 

Lhotse 

Nup 
  1.4 3.88 4954-5210(256) 1.6 -0.18±0.07  

Lhotse 

Shar 
  3.03 4.05 5008-5329(321) 1.6 -0.50±0.09  

Ngozump

a 
86.71 

28.0

2 
83 15.8 4668-5241(573) 1.5 - –0.53 ± 0.19 

Nuptse 86.87 
27.9

5 
3.04 6.19 4962-5554(592) 1.6 -0.25±0.08  

 

Khumbu Glacier 

Khumbu glacier, linked by the ridge connecting Everest, Lhotse, and Nuptse, is 17 km in 

length widely known as the trekking route to Everest Base Camp (Hambrey et al., 2008). It is the 

representative glacier with elevation ranging between 4900 to 8848 m with area 6.54 km2, which 

is conducive to moraine-dammed lake formation in near future with key features as steep 

avalanche-prone flanks, icefall ponds, lower 6 km debris mantled.  

Ngozumpa Glacier 
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One of Nepal’s longest glaciers, Ngozumpa glacier (28°00’N and 86°45’E) is debris 

covered valley glacier with length 18 km and area 83km2. It flows from south-southeast from the 

flanks of Cho Oyu (8188 m) and Gyachang Kang (7922 m) (Benn et al., 2001). The glacier is 

mantled by supraglacial debris to the lowermost 15 km with snow field altitude 6400 to 6800 m 

(Williams et al., 2010) 

Chukhung Glacier 

The 2.5km long Chukhung Glacier lies at the east of Ama Dablam and has own suite of 

moraines (Hambrey et al., 2008). The glacier is a steeply sloping crevassed remnant on the slope 

of a high ridge with lateral-terminal moraine complex. The moraine used to have a lake which 

was discharged through the outburst flood. 

Lhotse Glacier 

The Lhotse Glacier extends 8.5 km from the 3000m high headwall of Lhotse’s south face 

to snout is located at the west of Imja Tsho. The upper 4 km consists of crevasses and fractured 

bedrock which indicate that part being active whereas the remainder is covered with lichen and 

moss-covered boulders, pointing stagnation and the moraine is not conducive to dam formation 

(Hambrey et al., 2008; Quincey et al., 2007). 

Imja Glacier 

Imja glacier is comprised of two major tributaries: Lhotse Shar Glacier, the larger 

northeastern component (4.5 km long) and Imja Glacier itself, the southeastern component, lies 

in eastern Khumbu Himal. Both of the tributaries ended in the moraine-dammed Imja Tsho. Both 

of the glaciers are fed by avalanches from Lhotse Shar (8383 m) and Baruntse (7168 m) with 

debris-mantled and supraglacial ponds (Hambrey et al., 2008).  

Glacial lakes 

When a glacier retreat leaving the debris at the end of the glacier then it forms a dam 

called moraine which traps the melting water from glacier and form a lake, glacial lake. The 

Himalaya’s glacial lakes are connected to the glacier terminus and have small area as compared 

to glacial lakes of Tibet which are larger in area (Zhang et al., 2017; Zhang et al., 2015). Since 



 

North American Academic Research , Volume 3, Issue 06; June, 2020; 3(06) 27-42 ©TWASP, USA34 
 

1960s, new glacial lakes have been emerging as the result of notable warming in Himalayas and 

still their number is increasing (Bolch et al., 2008; Shrestha et al., 1999; Zhang et al., 2015). In 

2017, one study revealed 1541 glacial lakes with a total area of 80.95±15.25 km2 in Nepal 

(Khadka et al., 2018) and this indicate the increment number of lakes than the previous study by 

(ICIMOD, 2011) which reported 1466 glacial lakes. The glacial lakes range from 2456 to 5908m 

with mean elevation of 4873m and almost 98% of the glacial lake lies above 4000m. The size of 

glacial lakes differs from small glacial lakes of 0.05km2 to maximum 4.61 ± 0.33km2.  

Out of the 1541 glacial lakes, 1064 (64.69 km2) were identified as glacier-fed lakes and 

477 (16.26 km2) as non glacier-fed lakes. Similarly, 1064 glacier-fed lakes were divided into 166 

(2.33 km2) supraglacial lakes and 349 (30.52 km2) proglacial lakes and 549 (31.84 km2) 

unconnected glacier-fed lakes (Khadka et al., 2018). Among four major river basins of Nepal, the 

Koshi river basin has the maximum glacial lakes as well as the mean elevation of these glacial 

lakes is the lowest as compared to other river basins. Supraglacial lakes are reported high in 

number in Everest region of the Koshi river basin, where debris cover was found to increase by 

~18% between 1962 to 2011 (Thakuri et al., 2014; Watson et al., 2016). Among the sub basins of 

Koshi,  Dudh Koshi catchment consist of 170 unconnected glacial lakes (4.28 km2), 17 

proglacial lakes (1.76 km2) and 437 supraglacial lakes (1.39 km2) (Salerno et al., 2012). 

In total, 21 glacial lakes have been known as potentially dangerous glacial lakes (PDGL) and 

among these, 6 glacial lakes (Imja Tsho, Tsho Rolpa, Thulagi, Chamlang South, Lumding Tsho, 

and Lower Barun Tsho) are given more attention as they tends to extend faster than others  as 

well as they are in high risk of bursting (ICIMOD, 2011). Previous studies on GLOFs showed 

the heavy destruction which cause the loss of life and property and effect on economic status 

with damage of hydropower work, roads, and other infrastructures (Lutz et al., 2016; Richardson 

& Reynolds, 2000). The different characteristic features of the glacial lakes have impact on its 

expansion rate. With the increasing in the area and deepening of glacial lakes, results in 

expansion of its volume and ultimately increase the chance of potential flood. 

Imja Tsho 

Most of the attention for the research has been done in Imja Tsho which is located at the lower 

part of the Imja-Lhotse Shar glacier and it flows through the moraine dam, forming Imja Khola 
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which is a tributary of Dudh Koshi (Chen et al., 2013; ICIMOD, 2011) . It is located in the 

easternmost part of the Sagarmatha region in Solukhumbu district (27º53'55"N, 86º55'21"E; 

5000 m a.s.l.), near to one of the world’s highest massifs Everest-Lhotse which is dammed by 

ice-cored moraine to the west and lateral moraines to the north and south whereas calving front 

of Imja/Lhotse Shar glaciers to the east (Haritashya et al., 2018). The development of Imja Tsho 

started as a pond in the 1950s (Watanabe et al., 1994) and the area was found to be 0.028km2 in 

1962 (Bajracharya et al., 2007). The surface area expansion of Imja Tsho ranges from 0.19 km2 

in 1975 to 1.30 km2 in 2017 with average growth of about 0.03 km2 yr-1(Haritashya et al., 

2018)and the expansion of the lake could result in the increase of its hazard profile as it is 

susceptible of incoming avalanches. This will have devastating results as it is situated on the trek 

route of Everest and the villages built that support those activities as well as the calving ice 

fronts make them vulnerable for the dam failure. With the growing risk of GLOF seen in Imja 

lake, its level had been reduced by 3.4 m in 2016 (Cuellar & McKinney, 2017) that account 10% 

drainable volume. 

Glacial lake outburst flood 

Glacial lake outburst flood (chhu-gyumha, Sherpa word for it) caused due to the sudden 

release of the water from the moraine- or ice-dammed lakes which can be stored within 

topographic lows at the glacier surface (Benn et al., 2012). This leads to catastrophic damage to 

the downstream settlements, infrastructure and mountain ecosystems (Haritashya et al., 2018; 

Thompson et al., 2012). The melting of glaciers also triggers slides and avalanche falling in the 

glacial lake which assists the outburst of the lake which is considered a common natural hazard 

in the Nepal Himalayas (Shakti, 2008). 
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Table 3: Status of potentially dangerous glacial lakes (Khadka et al., 2019; Rounce et al., 2017) 

Lake Elevation(m) Area (km2) Average expansion rate Overall hazard 

 

1987 - 2016 (km2yr-1)  

Imja Tsho 5003 32.9 0.024 Moderate  hazard and risk 

Tsho Rolpa 4550 49 0.005 High risk 

Thulagi 4003 15.2 0.006 Moderate hazard but High 

risk 

Barun Tsho 4530 45.8 0.038 High hazard and high risk 

Lumding Tsho 4831 25.5 0.018 High risk 

ChamlangTsho 4924 28.2 0.010 High risk 

 

Imja Tsho lake have the moderate hazard and risk in the Dudh Koshi region so this 

indicate it do have risk to be potentially dangerous glacial lake in future (Rounce et al., 2016). 

The most magnificent Himalayan GLOFs occurred in the Khumbu region on 4th August, 1985, it 

was caused due to an ice avalanche which rumbled down the Langmoche Glacier and crashed 

into Dig Lake (< 25 years old lake). When the avalanche hit the lake, it released more than 1.3 

billion gallons of water downstream, destroyed the almost completed Namche Small Hydro 

Project and extensive damage farther downstream. Similar, outburst flood occurred in 1977 at 

south of Mt. Ama Dablam as a result of collapse of moraine dam of the Nare Glacier lake. One 

of the recent GLOF from a supraglacial pond was observed in June 2016 from the Lhotse glacier 

(Rounce et al., 2017). 

The spillway is a base-level supraglacial lake or moraine-dammed lake on the 

south/southeast-flowing Ngozumpa glacier in the Gokyo valley, situated between the Rowling 

and Khumbu valleys (Thompson et al., 2012). It has the capacity to grow into much larger 

moraine-dammed lake (5-6 km in length) due to its multiple sub-basins separated by debris 

islands which are gradually merging into a larger lake. Lake expansion and deepening could 

result in the millions of cubic meters of water that can potentially outburst downstream, affecting 

human settlements.  
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There is not much report of GLOF after the 2015 earthquake which suggests the stability 

of glacial lakes. However, GLOF events are unpredictable as the different triggering factors such 

as ice, snow and rock avalanching, glacier calving, moraine degradation, permafrost thawing, 

physical characteristics of the dam, the size and depth of lake, earthquake could result in dam 

failure, this will result in huge destruction of communities below the valley (Westoby et al., 

2014). Similarly, the temperature rise due to the climate change also have an effect on glacial 

lakes as it is result of glacial melting or retreating (IPCC, 2014). 

CONCLUSION AND FUTURE PERSPECTIVES 

Khumbu region is one of the important regions with socio-economic importance. It is the 

region of Mount Everest which lures trekkers and climbers in this region. Many research works 

have been done in this region related to mass balance of glaciers and GLOFs as this region have 

the high potential GLOFs risk glacial lakes. Based on the available literature and recent studies, 

some of the following gaps are found to be hindered in this region which is mentioned below 

with the mitigations:  

• Due to remoteness, steep slopes and extreme logistical difficulties, detail study on 

glaciers are limited and challenging. 

• Lack of technical, human resource, and financial capacities. 

• A careful watch/research should be given to these glaciers to minimize a natural disaster 

caused by GLOF. 

• Government should also develop the database of spatial distribution of glaciers and make 

clear vision and strategy on climate change. 

• More effort to be given to control GLOF in the development of water resources in the 

vicinity of glacierized areas in the Nepal Himalaya. 

• High-resolution satellite images (such as Landsat) need to be use for the glaciological 

studies in Nepal such as for inventory, monitoring, mapping, and hazard prediction and 

detection. 

• Treat the glacial lakes according to their characteristics as it is the natural storage of 

water at the time of scarcity of water. 
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•  The issues of GLOF risk assessment, early warning systems and mitigation measures 

should be implemented to the people with awareness programs living in the vicinity of 

glacier.  

• Formation and growth of glacial lakes need to be monitored continuously as its condition 

is changing yearly. 

• Residents could build gabions-wire cages filled with rocks or stable barrier such as broad 

outwash fan to deflect the flood from settlements 

• Real-time monitoring system in the high risk glacial lakes need to be implemented   
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