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Abstract

The present study investigates thermal resistances on debris-covered glaciers around Mt. Everest

and in the Lunana region of Bhutan, using satellite images taken by ASTER and NCEP/NCAR

reanalysis data. The thermal resistance is defined as the thickness divided by the thermal conductiv-

ity of a debris layer, and is an important index to the evolution of glacial lakes through the melting

process. This index is obtained from surface temperature and heat balance on the debris layers.

Since the net radiation is a dominant energy source on the Himalayan glaciers, thermal resistances are

calculated by neglecting turbulent heat flux in heat balance. We evaluate errors of thermal resist-

ances using field meteorological data and multitemporal ASTER data. The result shows that above

errors are unlikely to a#ect the spatial pattern of thermal resistances. About half of ,/ target glaciers

without moraine-dammed lakes have larger thermal resistances than 1 glaciers with the lakes.

Spatial distribution of thermal resistances shows the large increases toward glacier termini on the

glaciers without lakes, whereas relatively small and uniform values on those with lakes. These

results imply that the di#erence in magnitudes and distribution of thermal resistances on debris-

covered glaciers are related to di#erent evolutionary stages of the glacial lakes in the Himalayas.

The present study demonstrates the possibility that ASTER data provide thermal resistance distribu-

tion over many glaciers for glacial lake studies without simultaneous field observations.

+. Introduction

Many studies have reported that debris-covered

glaciers generate moraine-dammed glacial lakes

(Yamada, +332; Ageta et al., ,***; Richardson and

Reynolds, ,***; Komori et al., ,**.). The potential

hazards of Glacial Lake Outburst Flood (GLOF) in the

Himalayas are attributed to the rapid retreat of gla-

ciers in this region (e.g., Yamada, +332; Ageta et al.,
,***; Komori et al., ,**.; Quincey et al., ,**/). How-

ever, physical processes controlling expansion of the

moraine-dammed glacial lakes are still uncertain.

Revealing what determines the presence of glacial

lakes is particularly crucial and practical for hazard

assessment. Thus, investigation of the di#erences

between debris-covered glaciers with lakes and those

without lakes is needed.

Reynolds (,***) suggested that a glacier’s surface

gradient is a controlling factor in the formation of

supraglacial ponds. He mentioned that ice melting is

also an essential controlling factor because it interacts

with the glacier’s surface gradient and is a source of

meltwater itself. Regardless of such a direct link, the

extensive spatial characteristics of glacier melting un-

der debris layer have never been studied in relation to

the presence of glacial lakes in the Himalayas.

Here we focus on thermal properties of supragla-

cial debris as another possible controlling factor in

di#erent evolutionary stages of glacial lakes in the

Himalayas, as ice melting depends on the thermal

properties (e.g., Fujii, +311; Lundstrom et al., +33-;

Mattson et al., +33-; Diolaiuti et al., ,**-). However,

the thermal properties such as thickness and thermal

conductivity of debris layers are so heterogeneous

even on a glacier that field observation is not practi-

cal. Satellite remote sensing is an e#ective technique

for mapping surface characteristics regarding glacier

melting. Rana et al. (+331) and Nakawo and Rana

(+333) demonstrated a method to estimate the melt

rate of a debris-covered glacier in the Nepal Himala-

yas using Landsat TM images. They applied the idea

of thermal resistance which was defined by Nakawo

and Young (+32+; +32,) as thickness divided by ther-

mal conductivity of a debris layer. The thermal re-

sistance at a specific site can be regarded as constant

usually in a melting season. Rana et al. (+331) pro-

posed this parameter for runo# modeling and showed
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