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A Geomorphic Study of Permafrost in the Nepal Himalaya
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Permafrost in Nepal has received very little scientific attention, despite the fact that Nepal
is a country known for the Himalaya: even its distribution has not been clarified yet. This study
deals with the distribution of rock glaciers and permafrost in five high Himal areas of the Nepal
Himalaya: Kangchenjunga, Khumbu, Langtang, Annapuma, and Sisne.

Permafrost is an invisible phenomenon and its distribution is difficult to identify.
Therefore, an indicator landform of rock glacier was used for aerial photograph interpretation to
identify the present distribution of permafrost in five-areas. Field observations were also made in
order to check the rock glaciers in three areas of Kangchenjunga, Khumbu, and Langtang. First,
rock glaciers of periglacial origin and glacial-origin were both mapped; and then size, altitude, and
aspect of each of the rock glaciers only of periglacial origin were analyzed by GIS. The results
show that: (1) the size of the rock glaciers tends to decrease from the east (Kangchenjunga) to the
west (Sisne); (2) the mean altitude of the rock glaciers decreases towards the west; and (3) the
aspects of the rock glaciers are variable, but southerly directions are most common.

Intensive field surveys were carried out at three sites in Langtang Himal (Yala, Gangja La
and Helambu) to examine the relationship between permafrost distribution a'nd geomorphological
arrangement. Altogéther, 140 seismic surveys, 9 ground temperature profile measurements, and 48
BTS (Bottom Temperature of Snow) surveys were conducted. The results obtained from each
method were then crosschecked to minimize potential errors. The combined results from the three
methods show that (1) the altitudes of the lower limit of the permafrost lie at 4,740 m at Yala site,
at 4,820 m at Gangja La site, and at 4,670 m at Helambu site; (2) permafrost occurs in areas
adjacent to rockwalls and in moraine areas where the glaciers have been retreating rapidly; and (3)
the permafrost areas lie within the horizontal distance of about 300 m from the base of the
rockwalls, whereas they lie within the distance of about 700 m from the glacier termini.

The foregoing results on the relationship between the permafrost area and debris-
accumulated areas suggest a possibility that the permafrost development is strongly related to the

debris supply, such as rockfall. Rockfall activities and exposed bedrock thermal regime were,
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therefore, monitored and evaluated at altitudes between 4,600 m and 6,000 m in Kangchenjunga
Himal. Effective freeze-thaw cycles were first calculated from measured rockwall temperatures at
different altitudes, and then, the exposed rockwall area was analyzed by GIS. The results show
that: (1) the south-facing rockwall experiences frequent diurnal freeze-thaw cycles, while the north-
facing rockwall is characterized by seasonal freeze-thaw cycles; (2) the south-facing rockwall has
greater number and amount of rockfall than the north-facing rockwall has; and (3) the altitudinal
belt responsible for the rockfall activities ranges from 5,400 m to 6,000 m on the south-facing
rockwalls, and from 5,000 m to 5,600 m on the north-facing rockwalls.

Finally, factors responsible for deciding the size, altitude, and aspect of the rock glaciers in
the Nepal Himalaya were discussed focusing mainly on the debris supply regimes from the
adjacent rockwalls. Summer preciﬁitation water experiences freezing and thawing to expand cracks
of the rockwall surface, so that more rockfall debris is produced; therefore, the concurrence of the
effective freeze-thaw cycles and the large exposed rockwall area, especially of southerly directions,
was considered as the major controlling factor for the development of the permafrost including

rock glaciers.
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