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Climatic and morphological factors controlling the 
existence of  Supra Glacial Lakes in High Mountain Asia
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Impact of Cooling on Glaciers and Supra Glacial Lakes

Analyzing On-Glacier Land Surface Temperature for summer 
months from 2002 to 2023 using cloud filtered MODIS-Terra.

RandolphGlacier Inventory v.7.0
Results

Our study area centers on high altitude glacier covered mountains 
of Karakoram and Himalayas lying between the UTM Zones, 44N 
and 43N.
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Methods

Morphometric Factors

�‡    Calculation of grid density of Supra Glacial Lakes
�‡  Horizontal Surface Velocity of Glaciers
�‡    Derving accumulation and ablation area ratios of HMA
      glaciers
�‡    Slope of Supra Glacial Lakes
�‡    Supra Glacial Surface Roughness
�‡    Supra Glacial Debris Cover

Climatic Factors

Supra glacial lakes tend to form more frequently on low-slope, slow-moving glacier tongues, where meltwater can accumulate 
without rapid drainage. Glaciers with lower surface velocities offer stable surfaces for lake development, while steep glaciers tend 
to evacuate rapidly. Gentler slopes favor stagnation, enhancing lake formation. glaciers with lower AAR are often more debris-
covered and prone to lake development. Climatic factors such as air temperatures, increased shortwave radiation, and changing 
precipitation patterns accelerate surface melting, directly boosting supraglacial lake formation. We think that supraglacial lake 
density is a sensitive indicator of both climatic warming and glacier morphological response.

We calculated the density of supra glacial lakes for each individual glaciers and aggregated on glacier area in each    1o x 1o degree 
grid (Fig. r1). A correlation gridded plot between the density and ablation part of the glacier can be related with mass balance 
estimates from (Brun et al., 2017) (Fig. r4, r5). AAR, mean velocity for the year 2022, slope calculated from ALOS Dem 30m from 
JAXA is given in (Fig. r2, r3) respectively. We used Randolf Glacier Inventory v.7.0 for glacier boundaries and sub regions of HMA.
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We found out that Glacier cooling (negative Tmax trend) during 
summer months also exists (through ERA5Land) in Karakoram 
and surrounding regions. Also, earlier down glacier cooling 
patterns detected in Himalayan glaciers (Salerno et al., 2023).
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Glaciers in High Mountain Asia (HMA) play a crucial role in 
modulating the release of freshwater into rivers and supporting 
ecosystems. An increasing frequency and risk of GLOFs is 
threatening the Asian population. In this context, first we present 
the Supra Glacial Lake Inventory for the entire HMA based on 
Sentinel-2 collected during peak ablation period in year 2022. 
Further, the study utilizes this inventory and aims to present 
rigorous methodology to evaluate morphological factors, derived 
from the Randolph Glacier Inventory v.7.0 and climatic 
parameters analyzed with ground station datasets, satellite 
images and reanalysis products. Generally, this work updates the 
current knowledge on distribution of supra glacial lakes and 
factors responsible for their development in High Mountain Asia.

We used sentinel 2 imagery and NDWI thresholding for 
automatic extraction of supra glacial lakes. PlanetScope 
imagery was used to find out optimal threshold distinguishing 
supra glacial lakes from other glacial and topographic artifacts. 
We have employed climatic ground station data, satellite and 
reanalysis modelled datasets, geodetic datasets such as 
DEMs/DSMs and updated mass balance records from various 
authors to analyze the factors controlling the existence and 
development of supra glacial lakes in HMA. 

Stationary and non-stationary, spatiotemporal analysis of the 
following variables have been done.

�‡  Air Temperature
�‡   Glacier Surface Temperature
�‡   Precipitation


