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Studies on glacial lake development in the eastern Nepal
Himalaya from 1964 to 2010
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Recent climate change has rendered widespread problems in the
Himalaya: one of the most prominent problems is glacier retreat leading to
the formation and expansion of glacial lakes. Such lakes often break and
cause a glacial lake outburst flood (GLOF) resulting in loss of property and
life. Mool et al. (2001) identified 20 potentially dangerous glacial lakes in the
Nepal Himalaya: among them, 12 lakes lie in the Dudh Koshi basin. However,
none of them have been studied in detail except some works in the Imja
Glacier Lake. Owing to methodological limitations, detailed morphological
mapping has not been carried out yet. This study aims (1) to develop
methodology for detailed 3D topographic mapping and (2) to analyze and
discuss glacial lake development in the Dudh Kohi basin.

This study used the images of Corona KH-4A (1964) and Advanced
Land Observing Satellite (ALOS) PRISM (2006) to generate digital terrain
models (DTMs) and topographic maps of glacial surfaces/lakes and their
surroundings in the Leica Photogrammetric Suite (LPS) platform. The DTMs
and topographic maps provided excellent representation of the elevation and
micro-landform topography of the glacier sufface, such as its supra-glacial
ponds/lake, surface depressions, ice cliffs, and moraine ridges, with an error of
about +/- 4 m (maximum). This study concluded that DTMs produced from the
Corona and ALOS PRISM images are suitable for the use in studies of the
surface change of glaciers.

There were altogether 58 glacial lakes in 1964, which climbed to 74 in
1992 and 90 in 2010 with the total surface area of 4.45, 7.37 and 8.09 km? for
the respective years. This suggests the slower expansion of the glacial lakes
from 1992 to 2010 in comparison to the earlier period. Likewise, there were 13,
16 and 17 glacial lakes larger than 0.01 km?2 in 1964, 1992 and 2010. Most of
the lakes have not been expanding since 1992. Expansion of the most dynamic
and dramatically developed three lakes (Imja, Chamlang-North and
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Chamlang-South) amounted to the total lake expansion during 1992 and 2010;
hence, all other lakes have not been expanding or only small expansion has
occurred from 1992 onward. The surface areas of glaciers (clean type) in 1964
and 2008 were 140.6 and 118.1 km? respectively: the 22.5-km? glacial area
decreased, which amounted to 16% loss. Two glaciers with surface area of
39,270 and 90,540 m?2 in 1964 were completely disappeared between 1964 and
2008.

Average surface lowering of the Imja glacier was 16.9 m for the
dead-ice area west of the lake and 47.4 m for the glacier surface east of the
 lake. Between 1964 and 2002, the lake surface lowered by 82.3 m. The glacier
surface in 1964 in the up-glacier area was considerably lower than the top of
the lateral moraines, in contrast with, the down-glacier area where glacial
surface was as high as lateral moraine ridges. This suggests that by 1964,
there had already been a greater degree of glacier ice melting in the up-glacier
area. Further, the gentler surface condition in the lower half of the mapped
area had already become conducive to the initiation of the small supra-glacial
ponds before 1964.

The depth of the Chamlang-S Lake was found to be 87 m, which was
measured by sonar-sounding machine (Eagle Fish Elite 500c) on a boat. The
depth measurement by the machine was also calibrated with fishing line in a
supra-glacial pond. Extensive surface lowéring that is as high as 156.9 m is
visible in the up-glacier area of the Chamlang-South Glacier. The average
lowering of the glacier for the 42 years from 1964 to 2006 in the entire area
was 37.5 m with average rate of surface lowering 0.9 m/year. The average
surface lowering for the 45 years from the 1964 glacier surface to the 2009
lake bottom was 99.5 m at a rate of 2.2 m/year, and the minimum and
maximum surface lowering in the lake during the period was 12 m and 153.8
m, respectively.

Morphological studies based on the topographic maps in 1964
(pre-GLOF) and 2006 (post-GLOF) in and around the Sabai Tsho revealed the
following pre-GLOF conditions: narrow damming terminal moraines, lake
water level as high as terminal moraine ridge, and steep mountain slope with
hanging ice/glacier immediately up from the lake. These three conditions are
considered as the major factors to assess the GLOF danger from the
‘potentially dangerous’ lakes by Mool et al. (2001). Morphological studies on
the five large ‘potentially dangerous’ lakes, exhibit that only Chamlang N and
Chamlang-S lakes have high potentiality to GLOF occurrence and that Imja
Tsho and Dudh Pokhari have medium potentiality, while Sabai Tsho has
smaller potentiality.
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Studies on glacial lake development in the eastern Nepal
Himalaya from 1964 to 2010
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17, 20004ECARRIZE L WERBIEANZRD 5N2DI, 1 L7Y KAHOATHD I Ebbhh
27,

BICELWEEHEERZRLE, 107y, FyAT2E, FyihT ko 3 DDOKIMH
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