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Abstract  

In high mountainous terrains, with the melting of glaciers, the risk of glacial related 

hazards increases. One of these risks is Glacial Lake Outburst Floods (GLOFs). As glaciers 

retreat, glacial lakes form behind moraine or ice ‘dams’. These ‘dams’ are comparatively weak 

and can breach suddenly, leading to a discharge of huge volume of water and debris. Such 

outbursts have the potential of releasing millions of cubic meters of water in a few hours 

causing catastrophic flooding downstream with serious damage to life and property.  Mass of 

the pro-glacial lakes are rapidly growing in response to climate change and glacier retreat 

which may lead to catastrophic socio-economic disasters. The failure of moraine-dammed lakes 

is associated with hazard for mountain communities due to high velocity and depth with 

destructive ability of glacial lake outburst foods (GLOFs). Therefore, assessment of pro- glacial 
lake development and food impacts in downstream. 

  As a result, total 23 glacial are found in upper Teesta basin area is 5536.48 km2. 4500 

to 6000 meters height area is 2036.25 km2 and more than 6000 meters area is 124.93 km2 and 

the entire glacier are located at above 4500 meters. In addition,. Glacier lake code 14, 13, 2, 

15, 18,4 and  area are 1.24, 0.49, 0.37, 0.22, 0.8, 0.09 Km2 respectively during 1976 to 2020. 

Due to increasing lake size could increase the frequency of outburst and cause socio-economic 

damages in downstream area. The flooding contributed due to lack of awareness of GLOF 

hazard and non-existence of land-use planning. Therefore, this study anticipated supporting the 

decision-makers to prepare the management plan in response to futuristic climate scenario and 

risk measures with inclusive of GLOFs; also suggested to utilize the glacial lakes as reservoir to 

reduce the risk for mountain communities. Based on the future project ions of snowmelt, the 
earlier snow-melting or shifts have been observed in extreme high and low elevation areas of 

the Sikkim Himalaya. 

Keyword: Glacier and Pro-Glacier Lake Inventory, Retreat, Glacial Lake Outburst Floods 

(GLOFs) and Climate Change, snout. 

Introduction 

The upper portion of the catchment area of Teesta River is mostly covered with Snow 

and glaciers and lower portion covered with forest. The Teesta River exhibits large variability in 

geography such as undulating elevated profile. The glacial and peri-glacial deposition, uneven 

elevation dissected valleys, undulating plains and flood plains, valley-side slope s and landslide 

slopes, forest, rich fauna and flora (Nag et al. 2016; Singh et al. 2016; Meetei et al. 2007; 

Mukho padhyay 1982). The Teesta River has formed canyons and narrow valley in Sikkim and 
high-lands with Kalimponghi. Along the river course vegetation cover changes from high 

elevation zone alpine vegetation to lower Elevation zone with tropical deciduous vegetation.  
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The Teesta and its major tributary Rangeet are the Perfect places for river. The landforms in the Teesta river basin is 

the result of continuous denudation and deposition processes that are constantly modifying the newly formed landforms 

in the upper reaches existing land form s in the lower reaches (NDM A 2013 ). Based upon the geo-morphological 

ecological and climatic regimes, Teesta basin in Sikkim can be demarcated into five distinct geo-eco –climatic zones 
such as (Carrying capacity study of Teesta Basin in Sikkim 2005). 

1. Sub-tropic zone up to 1000-m elevation (fluvial processes). 

2. Warm temperate zone in between 1000 and 2000 m (fluvial processes). 

3. Cold temperate zone in between 2000 and 2500 m (fluvioglacial and fluvial processes). 

4. Cold zone between 250 0 and 4000 m (periglacial, fluvial processes). 

5. Frigid Zone above 4000 m (glacial, periglacial and fluvioglacial processes). 

The upper Teesta River basin is characterizing by glacial, accumulation of debris, avalanches. The middle and 

lower parts of the basin is relatively less slope and relatively subdued relief. Teesta and most of its tributaries flow with 

high velocity and carry boulders and suspended sediments. The flow is turbulent and characterized by high velocities 

throughout basin area. Teesta River basin is characterized by heavy rainfall and floods in monsoon season. In north 

basin region, due to steep slope and uneven elevation, these extreme events lead slope transformation, landslides, and 
exhilarate rate of erosion. These events are responsible for the deposition of suspended sediment in river channel. The 

northeastern part is one of the most vulnerable regions in response to precipitation and steep slope (Shivam et al. 2016; 

Goya l 2014). The huge variation in the elevation from 7,251 to 166 Meters in Teesta basin area. Climate change and 

global warming further affects the precipitation and temperature (Singh 2015; Singh and Agnihotri 2016). 

Study Area: 

 Teesta river basin covering the whole Sikkim and part of the Darjeeling District of West Bengal. Basically my study 

are is only the upper teesta basin glacier and impact of the GLOFs in dowun stream area. Latitudeis 27° 04’ 13‖N to 

28° 07’ 28‖N  and longitude  88° 07’ 07‖E, 88° 52’ 58‖E . It originates from the high-altitude areas Pahunri (Teesta 

Khangse glacier, 7068 metres)., and flows southward through gorges and rapids in the Sikkim Himalaya. The 

precipitation occurred basically by the south west monsoon and is thus characterized by a pronounced summer 

precipitation maximum. The Teesta River is a right bank tributary of the Brahmaputra. 
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Data Used and Methodology: 

First of all taken the temporal Landsat satellite image by different years, (1976, 2000 and 2020) enhance all dataset and 

also prepare the Normalized Difference Snow Index (NDSI) to delineate the temporal glacier and pro- glacial lake 

boundary, observed that the lake and glacier area are changes and further  create the land surface temperature (LST) 

map with the help of by Thermal infrared (TIR) sensors can obtain quantitative information of surface temperature 

across the LU/LC categories by  temporal image for different years and observe that in different year temperature are 
rapidly increasing then effects on glacier retreat and lake area development.The strong absorption by snow in the 

infrared region allows the calculation of the surface temperature of snow from satellite thermal channels. The infrared 

radiance measured from a satellite can be converted to surface radiance by applying the Emissivity Normalization 

method. The surface radiance is then converted to surface temperature. 
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Results and Discussion: 

1. It is conceptual framework of the land surface temperature analysis in upper Teesta glacier region by temporal 

Landsat satellite image and compare, co-relate these datasets with each other (1976, 2000, and 2020). 

2. Due to the increment of greenhouse gases (Co2, So2, NOx etc) the temperature is increasing globally and also soot’s 
is increase ((Unburned black Carbon substances) and circulate these in air pressure belt, consequences the lake 

area is increasing and glacier area is degrading gradually. As we observed bellow in Figure no. 1. 
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Climate change has a significant impact on glaciers and lake formation, which are very sensitive by changes in 

atmospheric conditions. Long term temperatures observations over the glaciated terrains in the Himalaya region, the 

lake formation is increasing and glacier area are decreasing therefore provide a detailed understanding of climate 

change in the region. The main aim of this investigation was to examine the increment the lake area damages the 
economy, livestock, human catastrophe and many more harmful for flora and fauna in downstream area, and 

catastrophe. The resulting estimated the glacier lake outburst flood (GLOFs) occur in downstream area.  By this 

observation We should take necessary action by deferent organization and developed the pre monitoring report in area 

and saves the life and properties 

 

 

 

 

 

 

 

 

 

Glaci

er  

Code 

Glacier 

Area  

(Sq. Km) 

Glacier 

Area 

 (Sq. 

Km) 

Glacier 

Area 

 (Sq. 

Km) 

Glacier 

Area 

Retreat 

 (Sq Km) 

Glacier 

Area 

Retreat 

 (Sq Km) 

Glacier 

Area 

Retreat 

 (Sq Km) Glacier Name 

Code 1976 2000 2020 

1976 - 

2000 2000 - 2020 1976 - 2020 

 1 35.91 35.87 35.87 0.05 0.00 0.04 

 2 6.95 6.78 6.51 0.17 0.27 0.44 SOUTH LHONAK 

3 44.06 44.06 44.06 0.00 0.00 0.00 SOUTH LHONAK 

4 1.57 1.57 1.42 0.00 0.15 0.15 LANGPO 

5 5.08 5.08 5.08 0.00 0.00 0.00 LANGPO 

6 22.33 22.33 22.33 0.00 0.00 0.00 CHANGSANG 

7 7.20 7.20 7.20 0.00 0.00 0.00 

CHOMO YUMMO 

GLACIER 

8 2.12 2.12 2.12 0.00 0.00 0.00 GURUDONGMAR 

9 5.91 5.91 5.91 0.00 0.00 0.00 CHANGSAN 

10 3.34 3.34 3.34 0.00 0.00 0.00 

KHANGCHUNG 

TASHO GLACIER 

11 1.14 0.92 0.92 0.22 0.00 0.22 

GURUDONGMAR 

(WEST) 

12 9.46 9.46 9.46 0.00 0.00 0.00 

 

13 2.55 2.29 1.99 0.26 0.30 0.56 

KHANGCHUNG 

TASHO 

14 14.34 13.74 13.11 0.59 0.63 1.22 LHONAL 

15 1.67 1.60 1.29 0.08 0.31 0.38 

GURUDONGMAR 

(EAST) 

16 4.67 4.67 4.67 0.00 0.00 0.00 

GURUDONGMAR 

LAKE(NORTH) 

17 2.02 2.06 2.02 -0.04 0.04 0.00 UNKNOWN 

18 12.34 11.93 11.52 0.41 0.42 0.82 UNKNOWN 

19 120.75 120.75 120.75 0.00 0.00 0.00 
TALUNG 
GLACIER 

20 11.90 11.90 11.75 0.00 0.15 0.15 UNKNOWN 

21 12.57 12.57 12.57 0.00 0.00 0.00 

 

22 15.82 15.82 15.82 0.00 0.00 0.00 

GURUDONGMAR 

GLACIER (EAST) 

23 40.78 40.78 40.78 0.00 0.00 0.00 
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Temporal Glacier Retreat Rate In Teesta  

Basin  
(Sq. Km.) 

Temporal Pro-Glacier Lake Area changes in sq. km 
Lake 

Code  1976  - 2000 2000 - 2020  1976 - 2020 

Name of the  

Pro- Glacier lake 

2 0.21 0.16 0.37 SOUTH LHONAK 

4 0.00 0.09 0.09 LANGPO 

13 0.26 0.23 0.49 KHANGCHUNG TASHO 

14 0.56 0.69 1.24 LHONAL 

15 0.08 0.14 0.22 GURUDONGMAR (EAST) 

18 0.34 0.46 0.8 GURUDONGMAR (NORTH) 
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