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Abstract

Meteorological observations were carried out in the Lunana region, Bhutan Himalayas, from

September ,**, to October ,**.. An automatic weather station (Lugge AWS) was installed at ./,. m

a.s.l. on the end moraine of Lugge Glacier. In addition, air temperatures, ground temperatures and

relative humidity were observed simultaneously around the AWS from late September to early

October in ,**- and ,**. to investigate spatial variation of these components. Characteristics of

seasonal and diurnal variations of meteorological elements are shown using the data observed by the

AWS. Relatively large spatial variability of surface temperature is shown by the data observed at

di#erent sites compared to that of air temperature and relative humidity.

+. Introduction

Supraglacial lakes, which expand in the termini

of debris-covered glaciers due to the glacier shrink-

age, have a possibility of Glacial Lake Outburst Flo-

ods (GLOFs) that are caused by the collapse of mo-

raines. Such possibilities in northern Bhutan have

been pointed out in previous studies (e.g., Ageta et al.,
,***; Richardson and Reynolds, ,***; Iwata et al., ,**,;

Komori et al., ,**.). However, no study has been

published on meteorological conditions in northern

Bhutan.

Surface temperature as well as atmospheric con-

dition is also basic information on debris-covered gla-

ciers. On a debris-covered glacier, the ice melt rate

under a debris layer varies with thickness and ther-

mal properties of the debris (e.g., Fujii, +311; Nakawo

and Rana, +333; Mattson et al., +33-; Benn and Lehm-

kuhl, ,***). Generally, the melt rate increases with

thickness of debris, having a maximum at several

centimeters thickness, and then decreasing towards a

thickness at which the melt rate equals the rate for a

bare ice surface without debris. The melt rate de-

creases further with a further increase in thickness.

However, the range of such variation also depends on

the thermal property of debris, which is not uniform

among glaciers. Thus, surface temperature is a key

element for mass balance studies through investiga-

tion of thickness and thermal properties of debris

layers (Nakawo and Young, +32+; +32,).

Meteorological observations were carried out in

the Lunana region of Bhutan under the Japan-Bhutan

joint research project from ,**, to ,**.. The outline

of this project and activities has been reported in

Yamada et al. (,**.). Climatic conditions around de-

bris-free glaciers in the Bhutan Himalayas were also

investigated under the same project, and the results

have been reported in Naito et al. (,**0). The present

paper aims to report the meteorological conditions

around debris-covered glaciers in the Lunana region

of Bhutan.

,. Locations and methods

An automatic weather station (AWS) was in-

stalled at ./,. m a.s.l. on the end moraine of Lugge

Glacier in the Lunana region of Bhutan. The AWS

started to record 3 meteorological elements on +1 Sep-

tember in ,**, (Yamada et al., ,**.). The observed

meteorological elements, heights of each sensor and

observation periods are shown in Table +. Air tem-

perature was measured with a natural-draft type ra-

diation shield. A platinum resistance thermometer

was used for measuring ground surface temperatures.

Sand with a thickness of about + cm covered the sen-

sor for insulating solar radiation. Ground surface

temperature was recorded at +-hour intervals, and the

other meteorological data were recorded at -*-minute

intervals. Locations of each measurement are shown
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