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Abstract | Long-term measurements of rock surface temperatures were conducted at three
sites in the Langtang Valley, Nepal Himalaya. Glacier Camp (5110m) and Kyangchen site
(4110m) provided data for a south-facing slope, while Gangja La site (5090m) provided data
for a north-facing slope. Frequent freeze-thaw cycles were observed at the Glacier Camp
during all periods except for summer, at the Gangja La site during both spring and autumn, and

at the Kyangchen site during winter.
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I. Introduction

Rock surface temperature is determined by the heat balance at an interface between rock and
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air. Fluctuation of rock surface temperature has been considered to be an important factor in
the breakdown of rock in a physical environment. The freeze-thaw cycle of the rock surface
temperature is principally responsible for inducing the rock breakdown due to the freezing and
thawing of water between the joints of the rock. This has been measured in many parts of the
world such as in Norway (Battle and Lewis, 1951 ; Hall, 1980), Canadian Rockies (Gardner,
1969, 1992), Colorado Front Range (Fahey, 1973 ; Thorn, 1979), the Alps (Coutard and Francou,
1989 ; King, 1990), Peruvian Andes (Francou, 1988), Antarctica (Matsuoka et al., 1990)and
Japanese mountains (Fukuda, 1974 ; Ono and Watanabe, 1986 ; Matsuoka, 1990).

In the Himalaya, measurements of rock surface temperatures have been very limited both in
terms of time and space. After the work of Hewitt (1968) in Karakorum, Dronia (1978), Whalley
et al. (1984) and Francou (1989) measured the rock surface temperatures for short periods at
high altitudes in the Himalaya. Recently, Shiraiwa (1992) discussed a relationship between the
rock breakdown and the freeze-thaw cycles of rock surface temperatures in the Langtang
Valley, Nepal Himalaya, on the basis of two-years continuous monitoring of both rock surface
temperatures and rock breakdown.

This report shows all the data of the rock surface temperatures obtained in the Langtang
Valley, which are the results of the first long-term monitoring of rock surface temperatures in
the high regions of the Himalaya. The report also includes additional data which were obtained

after the publishing of Shiraiwa (1992).

II. Method of observation

The measurement of rock surface temperatures was conducted in the Langtang Valley,
located approximately 60km north of Kathmandu (Figure 1). The measurements were conduct-
ed at three different sites : Glacier Camp (5110m ; Photo 1), Gangja La site (5090m ; Photo
2), and Kyangchen site (4110m ; Photo 3). The Glacier Camp represents a specific altitude
on a south-facing slope, while the Gangja La site covers a north-facing slope. The Kyangchen
site provides measurements of rock surface temperatures at a lower altitude on a south-facing
slope of the valley.

Rock surface temperatures were observed on outcropping rock cliffs at each site. The aspects
of the cliffs at each site are shown in Table 1. Thermistors were installed in drilled pits of 1.5
cm depth below the rock surface, and the pits were fixed with silicone rubber mixed with
granules (Photo 4). The data were recorded hourly in automatic data loggers (KADEC-U of
KONA System Co.).

Observations were carried out continuously from June 1988 to May 1990 at the Glacier Camp,
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Figure 1 Location map of the Langtang Valley and the measurement sites of the
rock surface temperatures.

Table 1 The aspects of the rock cliffs where the thermistors were installed.
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Glacier Camp (5110m)

Gangja La site (5090m)

Kyangchen (4110m)

S25°W,17°S
Aspect of (May 1, 1988-May 23,1989)
rock surface S28°W,90°S

(May 24,1989-May 31,1990)

N25°'W,60°W
(June 1,1989-May 31,1990)

(June 6,1990-May 20,1991)

S6°W,90°S
(June 5,1990-April 29,1991)

from June 1989 to May 1991 at the Gangja La site, and from June 1990 to April 1991 at the

Kyangchen site. However, owing to an instrumental problem, the thermistor sensors were

re-installed at different exposures both at the Glacier Camp (May 24, 1989) and Gangja La site

(June 6, 1990) (Table 1).

1. Results

The time sequences of daily maximum, minimum and mean rock surface temperatures are

shown in Figures 2 —A to C (Glacier Camp), 3—A to C (Gangja La site) and 4 —A and B

(Kyangchen). The data are tabulated in

Table 2 (Nos.1 to 17).

At the Glacier Camp, daily freeze-thaw cycles occur in almost all periods except for the
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summer monsoon season (June to September) (Figures 2 —A to C). It is worth noting that daily
maximum temperatures attain the highest values not during the summer but in spring and
autumn. Daily maximum temperatures rise considerably even during the winter season, prob-
ably due to intensive incoming short wave radiation.

On the contrary, daily freeze-thaw cycles occur only during autumn (October and November)
and spring (March to May) at the Gangja La site (Figures 3— A to C). This is because the lower
solar elevation during the winter season is less effective for heating the north-facing slope, and
therefore, the rock surface temperature is constrained below freezing point.

The Kyangchen site has freeze-thaw cycles only during winter (December to March), reflect-

ing the warmer conditions at a lower altitude (4110m) (Figures 4—A and B).
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Photo1 The Glacier Camp and the Yala Glacier behind. The star denotes the site
where the rock surface temperatures were measured.

Photo 2 The Gangja La site and the Gangja La Glacier behind. The star denotes
the site where the rock surface temperatures were measured.
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Photo 3 The Kyangchen site and the Lirung Glacier on the left side. The star
denotes the site where the rock surface temperatures were measured.

Photo 4 The thermistor sensor indicated by an arrow was fixed at a depth of
1.5cm below the rock surface.
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Figure 2 Time series of the daily maximum, minimum and mean rock surface
temperatures at the Glacier Camp. (A)1988, (B)1989, (C)1990.
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Figure 3 Time series of the daily maximum, minimum and mean rock surface
temperatures at the Gangja La site. (41989, (81990, (C)1991.
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Figure 4 Time series of the daily maximum, minimum and mean rock surface
temperatures at the Kyangchen site. (A)1990, (B)1991.
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Table 2. Rock surface temperatures at each site (Nos. 1 —17)

Takayuki SHIRAIWA

Glacier Camp 1988 No. 1
MAY JUNE JULY AUGUST
MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN
1 18.6 —5.8 3.1 13.7 1.3 3.0 13.1 2.5 7.0 2. 0.2 0.7
2 17.2 —0.7 4.3  18.7 2.2 5.3  13.2 3.6 6.8 12. 0.8 5.5
3 -0.1 —-1.8 —0.7 9.5 -—-1.0 3.2 123 1.3 6.4 16. 2.8 7.2
4 13.5 —5.0 0.3 14.2 -0.3 4.2 156 2.2 7.6 17. 2.7 8.3
5 21.2 —17.7 1.8  16.1 -—2.2 3.4 111 2.2 6.2 17. 0.3 7.4
6 9.9 —4.2 0.7 181 3.8 4.9 9.7 2.4 5.2 11. 3.6 7.1
7 16.3 —5.5 2.4 206 —3.0 6.2 158 2.4 7.3 13. 4.3 7.4
8 15.7 —4.4 3.4 221 —2.3 7.6 12,5 1.2 6.1 16. 3.8 7.9
9 9.3 —3.3 1.8 11.6 —1.4 4.4 144 3.8 7.9 11. 4.2 7.0
10 15.8 —4.6 3.6 7.4 0.1 2.7 13.0 3.5 7.4 15. 3.2 7.7
11 13.8 —4.8 2.0 15.2 -—0.1 3.9 13.2 0.9 6.1 13. 3.3 7.1
12 16.4 —6.1 2.1 13.7 0.4 5.2 11.3 1.0 5.5 13. 4.0 7.3
13 7.2 —54 —0.7 7.9 0.1 3.1 135 1.3 6.0 12. 3.6 7.1
14 3.5 —-1.9 -0.3 0.2 0.0 0.1 14,1 1.2 6.9 14, 3.7 7.0
15 0.0 —0.8 —0.2 0.0 0.0 0.0 135 3. 6.5 10. 3.2 6.6
16 0.2 —-2.6 —0.8 0.0 0.0 0.0 10.7 0.3 5.2 14, 3.8 7.1
17 12,9 —4.2 1.5 0.0 0.0 0.0 12.8 3.4 6.7 13. 1.8 6.0
18 10.8 —2.2 2.0 0.1 0.0 0.0 10.3 2.7 6.1 11. 2.9 6.5
19 15.0 —2.7 4.1 4.0 —1.7 0.5 14.2 2.0 7.5 17. 2.6 7.0
20 20.1 —3.7 5.2 11.9 —2.8 3.6 17.3 4.3 7.4 13. 3.5 6.9
21 19.8 —3.5 4.7  13.6 0.1 3.6 123 4.0 7.5 17. 4.1 8.3
22 11.6 —4.4 1.7 143 0.4 5.9 16.6 2.8 7.9 10. 0.3 5.8
23 13.7  —2.7 3.6 13.6 0.5 6.0 11.3 1.5 6.1 9. 0.2 2.9
24 15.4  —0.7 3.2 15.0 2.3 7.1 11L.0 3.8 7.0 13. 0.7 5.1
25 15.7 —-1.7 3.9  24.3 2.4 8.3 14.0 4.2 7.8 9. 1.2 4.7
26 16.6 —2.9 4.2 258 0.5 10.4 16.2 3.8 7.6  11. 1.3 5.7
27 19.1 —-2.7 4.8 25.2 1.6 10.3 13,5 3.3 7.0 15. 2.4 6.5
28 18.3 —1.1 4.8 155 2.2 7.4 129 3.8 7.8 16 1.8 6.9
29 18.3 —1.6 5.2 21.0 0.1 9.1 15.9 4.6 8.7 13. 1.9 5.7
30 11.1 —-1.9 3.0 21.4 1.9 9.6 19.3 2.0 9.5  12. 2.6 5.8
31 21.9 -—2.5 6.2 11.0 0.3 6.4 12. 0.5 5.2
Mean 13.5 —3.3 26 13.2 -0.3 4.6 13.4 2.6 6.9 13. 2.4 6.4
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Glacier Camp 1988 No. 2

SEPTEMBER OCTOBER NOVEMBER DECEMBER

MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN

1 23.9 1.2 9.3 234 -—2.1 7.6 14.7 —8.3 0.9 13.6 —7.6 0.5
2 21.0 3.0 85 21.8 —1.8 7.9 14.5 —7.8 1.1 15.3 —8.0 1.2
3 21.0 1.6 7.9 223 —1.4 8.1 14.9 8.1 0.5 14.4 —6.5 1.4
4 17.3 1.8 6.9 15.6 —1.0 4.7 —-0.1 —48 -—-1.7 150 —6.9 1.8
5 22.1 1.1 9.2 1.4 0.1 0.4 0.0 —2.4 —1.2 14.8 —=5.9 2.0
6 12.9 3.1 6.3 2.8 —3.4 0.0 0.1 —-6.4 —2.4 13.4 —5.8 1.3
7 10.0 1.7 4.9 16.7 —6.0 2.7 59 -89 -39 1.4 —5.4 0.6
8 2.2 0.1 0.7 186 —5.7 3.7 10.6 —10.5 —2.0 1.9 —-83 —-0.6
9 13.1 —0.6 3.8 18.7 —6.3 3.5 12.1 —-10.1 —1.9 13.6 —8.8 —0.2
10 19.5 —1.9 6.6 18.3 —6.0 3.8 13.5 —9.7 —1.8 13.0 —-8.0 —0.1
11 22,4 =21 7.8 17.7 —5.5 3.1 12.3 —-9.2 —0.6 13.5 —7.9 0.4
12 23.1 —0.5 8.1 18.1 —6.0 3.2 12.5 —-86 —1.3 12.4 —=5.5 0.2
13 23.7 0.4 9.3 15.7 —6.3 2.4 1.8 —9.3 —1.5 9.1 —6.3 —1.6
14 19.6 0.2 7.9 16.9 —6.2 3.0 13.1 —9.1 —0.6 12.5 —7.5 —0.4
15 14.0 —0.1 4.1 16.8 —6.5 3.2 13.6 —8.2 0.2 5.7 =97 —4.0
16 16.0 —0.4 3.4 18.9 —4.9 4.4 13.4 —7.7 0.6 7.2 —12.2 —4.6
17 8.6 0.1 2.3 18.6 —4.3 4.4 129 —-79 —-0.2 —-1.2 —95 —6.2
18 9.5 0.1 3.0 16.2 —6.2 2.6 0.9 —-9.0 -—-1.4 —-3.8 =60 —5.0
19 15.7 0.2 4.0 16.1 —7.1 2.5 10.8 —10.2 —2.1 —1.6 —6.0 —4.4
20 19.1 0.2 5.3 184 —6.2 3.2 8.8 —10.7 —4.0 —05 —53 —3.7
21 9.1 0.2 3.5 16.6 —6.7 2.8 9.9 —-11.2 —-26 —0.9 7.2 —4.7
22 11.9 0.1 4.0 18.0 —5.2 3.8 11.7 —-9.7 —-1.7 —-1.8 =86 —5.7
23 10.4 1.1 4.4 18.7 —4.6 4.3 16.1 —-10.4 —2.8 —0.7 —85 —5.5
24 23.3  —0.3 7.2 16.8 —5.1 3.7 9.8 —10.9 —-3.2 —-52 —9.1 —6.6
25 8.1 —0.2 7.2 17.1 —5.4 3.3 1.8 —-11.4 —-2.3 —-6.2 —-7.2 —6.6
26 22.9 —0.3 9.1 16.9 —5.8 2.9 10.6 —10.7 —2.7 —56 —9.5 —6.4
27 21.7 0.4 7.7 16.7 —6.2 2.4 11.9 -10.6 —2.2 —3.5 —12.8 —8.5
28 21.4 0.4 7.9 15.0 —7.6 1.6 9.7 —11.1 —=3.0 1.2 —11.0 —6.5
29 21.3 1.5 8.8 15.8 —7.5 1.4 12.8 —10.5 —1.6 9.3 —12.2 —5.1
30 22.3 0 9.4 15.7 —8.0 1.1 13.2 —9.3 —0.3 10.5 —12.9 —4.3
31 15.5 —8.5 0.7 9.5 —14.6 —5.7

Mean 17.2 0.4 6.3 16.7 —5.3 3.3 10.6 —9.1 —1.5 6.3 —8.4 —2.8
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Glacier Camp 1989 No. 3
JANUARY FEBRUARY MARCH APRIL
MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN
1 2.0 —-14.0 -7.7 9.9 -85 -—-1.7 94 -—-93 -2.1 100 —-7.3 —-14
2 5.3 —15.3 —6.2 13.0 —-7.8 —0.8 8.7 —10.3 -—3.2 0.0 —-26 -—1.3
3 —4.2 —-8.3 -—6.2 4.2 —-7.5 =25 10.6 —10.5 ~—2.9 0.8 —8.2 -—3.5
4 4.3 —11.1 —-6.7 12.3 —10.4 -—1.3 9.4 —12.2 -3.6 2.2 —9.9 -5.3
5 7.0 —15.4 —-6.7 —0.4 -3.2 -—1.6 85 —12.2 —4.2 11.7 —-11.9 -2.2
6 —2.2 —14.7 —-10.1 -—-0.8 —-7.3 —4.2 14.0 —12.6 -—2.6 12.1 —-9.8 —1.4
7 —4.1 —14.2 —-9.4 1.5 —10.6 —6.5 10.7 —11.8 2.5 149 —-99 —0.3
8 —-7.3 —10.6 —9.1 4.7 —12.6 6.3 8.9 —11.7 -—-3.6 15.7 —7.8 1.2
9 2.1 —13.7 —8.2 5.0 —12.9 —6.3 4.9 —12.1 —5.9 15.3 —6.6 1.4
10 2.3 —15.5 =9.6 3.7 —13.7 —6.8 7.2 —11.6 -5.0 2.8 —7.6 —4.2
11 2.5 —16.6 —10.0 4.9 —-14.2 —-7.0 —-2.0 —89 —5.6 9.7 —10.2 —14
12 4.8 —19.6 —9.5 4.7 —17.5 -85 —0.8 —6.6 —4.2 8.5 —6.8 —-1.2
13 8.6 —13.9 5.7 6.5 —14.3 —7.0 —0.2 —9.1 -—4.9 11.8 —10.5 —0.7
14 7.7 —14.6 —6.1 1.2 —-13.6 —-8.4 —0.4 —-6.2 -—3.7 13.3 —8.5 0.4
15 10.5 —13.9 —4.6 8.5 —10.9 —48 —24 —42 -—-34 10,4 —-7.5 —0.8
16 5.8 —13.1 —6.1 7.3 —15.6 —6.7 —-1.9 —5.2 —3.8 126 —-6.1 —0.5
17 8.9 —16.8 —6.2 58 —-16.0 —-7.7 —0.7 —-7.3 —4.6 9.2 —-6.0 -—1.2
18 11.4 —-14.6 —4.7 —-33 —124 —95 —0.9 —-7.5 —4.3 11.3 —-9.6 —0.8
19 8.9 —12.7 —4.3 —8.1 —13.6 —10.3 0.3 —6.2 —-3.0 1.1 —-8.9 -—-1.0
20 7.5 —-11.8 —4.7 7.0 —15.6 —8.0 1.1 —-7.9 -—-3.7 15.8 —10.2 —0.5
21 1.7 —-11.3 2.9 -3.5 —11.5 —8.2 14.2 —-7.7 —0.6 9.4 -85 -—25
22 13.3 —-12.1 -2.3 —0.1 —15.0 -—9.7 16.1 - —7.7 1.1 15.4 —8.9 0.8
23 14.8 —10.4 —0.8 5.0 —-16.5 -—-7.9 7.4 —-7.2 -—1.6 12.8 —-7.2 —-0.2
24 15.0 —9.7 —0.6 12.1 —14.5 -3.9 13.1 —-9.9 —0.7 129 —=7.1 0.1
25 14.1 —-11.1 —-1.5 144 —-12.9 -2.3 15,1 —-7.8 —0.3 0.2 —-3.3 -1.7
26 7.1 —10.8 —4.1 15.8 —10.8 —0.5 3.1 —-94 -—-15 -1.2 -—-2.4 -1.8
27 11.7 —12.1 —3.2 15.1 —=10.7 -—1.2 26 —-74 -—-20 -—-08 -24 -1
28 19 -129 -3.1 157 -104 -0.4 -—-10 -1.7 -1.3 —-1.3 -3.0 -2.0
29 14.7 -7.8 0.1 -1.3 -21 —-1.7 —04 —-23 -1,
30 15.9 —6.9 1.0 —0.2 —-33 -—-1.8 —0.2 —45 -—-2.1
31 11.9 -8.8 =—-1.1 0.1 —-54 =30 .
Mean 7.2 —12.7 -—5.2 58 —12.2 —5.4 5.3 —82 -2.9 8.2 —-7.2 -—-1.2
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Glacier Camp 1989 No. 4
MAY JUNE JULY AUGUST
MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN
1 —0.1 —-34 -—1.4 16.9 0.2 6.2 17.5 2.4 8.8 7.5 2.2 4.2
2 0.5 —3.2 -—-1.3 16.4 —1.5 5.1 12.9 3.6 7.4 10.3 1.8 4.4
3 45 —5.6 —1.9 14.8 —0.5 5.5 12.2 3.6 6.3 11.4 1.4 5.1
4 12.6 —7.1 1.4 12.3 1.1 5.6 13.4 2.9 6.7 14.7 2.0 6.3
5 8.8 —5.1 0.1 156 —0.7 4.9 17.8 2.9 7.9 12.6 2.0 5.7
6 14.2 —55 1.7 17.3 0.3 7.0 12.5 4.1 7.2 13.0 2.8 6.0
7 13.0 —-7.3 1.0 15.7 1.3 5.8 12.0 3.2 6.6 11.4 3.5 6.0
8 13.4 —7.6 0.8 15.5 0.1 6.2 13.4 3.6 7.5 111 3.3 6.0
9 16.3 —8.4 1.1 20.5 2.1 9.2 15.3 3.7 8.4 11.8 3.5 6.3
10 17.0 —6.0 3.3 13.6 3.2 7.8 12.9 4.0 7.2 15.3 3.3 7.1
11 16.8 —5.7 2.7 17.2 2.6 8.4 15.3 3.3 8.3 12.9 3.7 6.7
12 12.7 —4.8 0.6 15.5 3.0 8.4 10.7 3.9 6.5 15.1 3.1 6.6
13 —0.1 —-3.3 -—1.4 1.3 4.0 7.0 10.2 3.6 6.0 11.8 3.2 6.5
14 0.0 —1.5 —0.6 14.9 2.5 6.1 6.8 2.3 4.2 16.3 2.9 7.9
15 5.7 =39 -—1.0 14.2 2.3 7.2 8.1 1. 4.3 17.2 3.8 8.5
16 16.7 —=5.2 2.4 15.0 2. 7.5 12.4 2. 6.3 8.8 4.6 6.4
17 11.5 —4.0 2.5 11.5 2.4 6.2 16.1 3.5 7.9 10.1 3.2 6.1
18 11.8 —1.8 3.4 10.2 1.9 4.4 13.7 4.9 7.3 11.5 3.3 6.2
19 11.3 —=0.9 2:7 9.7 1.6 4.8 10.2 4.6 6.5 10.9 3.4 5.6
20 9.3 —1.2 2.7 16.4 0.8 5.8 134 2.5 6.8 9.9 2.9 5.7
21 12.1  —0.8 3.5 13.5 —0.2 4.7 9.9 2.8 6.2 11.6 3.2 5.9
22 12.3 —0.7 4.3 10.5 2.4 6.0 12.9 1.6 6.2 15.2 3.2 7.4
23 11.8 —1.0 4.3 16.6 2.2 6.6 12.4 1.9 6.5 16.7 2.7 7.7
24 11.6 0.1 4.0 14.3 1.4 6.6 14.2 3.2 7.1 15.3 3.0 6.9
25 8.8 —0.1 3.8 10.9 3.5 6.8 12.1 4.7 7.1 10.0 3.4 5.8
26 8.3 0.4 3.0 14.4 3.3 7.5 14.6 3.2 7.9 13.9 2.0 6.6
27 5.9 0.3 1.8 15.0 3.1 7.5 10.7 5.6 7.4 18.9 3.3 9.1
28 9.1 —0.6 2.8 15.4 4.0 8.1 14.7 4.5 8.1 15.1 4.1 7.8
29 15.8 —2.3 4.8 11.8 3.9 6.9 8.6 3.8 6.1 18.6 3.2 8.4
30 14.5 2.1 4.4 11.2 3.8 6.8 9.6 3.2 5.1 14.2 2.7 6.6
31 15.4 —0.5 5.4 9.7 2.3 4.6 15.5 3.6 6.9
Mean 10.4 —3.2 2.0 14.3 1.9 6.6 12.5 3.3 6.8 13.2 3.0 6.5
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Glacier Camp 1989 No. 5
SEPTEMBER OCTOBER NOVEMBER DECEMBER

MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN

1 20.0 3.2 8.8 22.3 —0.7 8.1 16.5 —5.8 1.9 16.1 —8.0 1.8
2 15.8 2.9 7.9 23.2 1.1 8.6 12.8 —5.4 0.5 15.8 —8.4 1.3
3 17.0 3.4 8.6 21.9 0.5 7.8 18.9 —5.6 3.7 18.3 —8.5 1.9
4 19.2 5.8 10.2 19.8 1.2 8.0 14.3 —=5.0 2.0 19.0 —=7.9 3.0
5 13.1 5.1 7.9 16.2 0.3 5.7 12.4 —5.6 0.4 24.9 —6.7 4.7
6 19.6 3.9 9.2 20.0 —0.7 6.4 18.3 —8.0 2.4 18.3 —6.3 3.6
7 18.0 4.2 9.7 21.9 —1.8 7.7 20.8 —6.0 4.6 18.3 —6.2 4.1
8 11.0 3.0 6.5 23.1 0.1 7.7 20,9 -—3.8 6.1 17.6 —4.8 3.3
9 19.7 1.9 7.3 19.7 —0.6 6.1 22.8 —2.9 7.3 19.7 —5.1 4.4
10 13.9 3.2 6.3 14.7 1.2 5.6 22.0 —2.4 7.1 17.2  —=5.5 3.2
11 9.5 2.6 5.1 8.4 —1.2 2.7 18.8 —2.1 6.2 19.5 —7.0 3.1
12 14.7 2.5 5.9 14.9 —0.8 5.0 17.4 —3.4 4.6 16.1 —7.3 1.4
13 15.7 2.8 6.4 20.1 0.3 6.3 17.8 —3.8 4.5 12.0 -84 —0.9
14 6.4 2.6 4.1 21.8 —1.7 7.4 15.8 —4.1 3.7 19.8 —9.2 1.6
15 19.4 1.9 7.2 23.4 —1.1 8.1 19.0 —5.2 2.9 12.1 -7.9 —0.1
16 13.0 2.4 6.0 23.4 —1.5 7.7 19.5 —5.8 4.0 17.6 —8.3 1.4
17 11.3 2.1 5.7 20.6 —0.8 6.6 21.9 —5.0 5.5 2003 —6.7 3.4
18 8.1 1.3 4.3 21.7  —0.6 6.3 21.9 —4.1 6.0 205 —5.2 4.7
19 12.1 1.3 4.6 20,4 —1.4 6.9 18.1 —4.2 3.2 14.5 —4.9 1.6
20 7.8 2.1 4.5 19.3 -2.8 3.5 20,4 —5.1 3.0 96 —-6.3 —2.2
21 20.0 0.8 7.3 4.2 —3.5 —0.7 12.0 —5.8 0.0 11.6 —-9.6 —1.9
22 19.5 2.9 8.0 17.0  —5.3 2.9 14.3 —=-7.2 —0.2 16.0 —8.8 1.0
23 16.3 3.3 7.0 19.9 —3.7 5.9 19.7 —7.4 2.2 11.4 —-7.8 —-1.3
24 11.9 1.9 4.9 19.7 —2.3 6.5 18.1 —5.9 2.7 16.4 —8.2 0.0
25 20.7 0.8 7.4 20,9 -—2.1 5.5 25 —-7.9 -3.2 15.7 —10.2 —0.7
26 13.6 1.7 5.9 19.5 —2.4 6.1 17.7 —10.3 0.8 6.6 —11.5 —5.1
27 13.3 1.0 5.8 17.8  —3.1 4.8 19.1 -=8.0 2.8 15.6 —13.3 —-2.0
28 7.4 2.1 3.8 19.8 —4.5 4.7 11.0 —-6.0 —1.8 11.8 —11.0 —1.8
29 3.0 0.4 1.7 19.1 -5.1 2.8 22.4 —10.0 1.7 13.5 —-9.8 -—1.5
30 2001 —0.5 6.1 12.6 —5.8 0.3 24.1 —9.3 3.0 13.0 —-9.9 -1.7
31 15.7 —6.9 0.3 16.2 —11.0 —0.5
Mean 14.4 2.4 6.5 18.8 —1.8 5.5 17.7  —=5.7 2.9 16.0 —8.1 1.0
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Glacier Camp 1990 No. 6

JANUARY FEBRUARY MARCH APRIL

MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN

1 16.2 —9.8 0.4 13.4 —-10.1 —1.9 6.4 —85 —3.3 6.8 —11.1 —4.0
2 13.8 -9.9 —0.4 151 —9.7 0.0 14.7 —10.4 -—2.2 121 =7.7 —-1.2
3 10.1 —-10.2 —2.4 14.9 -—8.0 1.0 12.9 —-10.7 —2.1 4.1 —46 —1.8
4 13.4 —-11.3 —1.4 10,9 —5.8 0.6 13.9 —-11.7 -—1.9 2.9 =53 -—-1.7
5 9.4 —-94 32 0.8 —89 —-45 16.1 —11.7 —1.0 2.9 =52 =22
6 14.0 —11.3 —0.8 10.8 —9.8 —1.0 12.9 —11.1 —3.3 1.9 —-59 -—2.6
7 9.5 —9.0 —3.5 7.1 —=7.1 1.9 17.5  10.2 —0.3 6.9 —-35 -—1.3
8 18.3 —9.5 1.5 16.1 —5.8 0.8 17.1 —95 —0.2 1.5 —41 -1.1
9 19.8 —7.8 2.8 13.1 —6.4 1.1 13.3 —8.9 —1.5 0.0 —2.7 —1.3
10 23.4 —6.6 4.7 105 —6.0 —0.3 6.6 —80 —2.0 6.6 —50 —0.2
11 23.9 —5.6 5.3 20,5 —5.2 2.1 12,7 —9.6 —2.2 16.9 —4.1 3.1
12 214 3.8 5.4 13.2 —7.8 0.1 —-0.9 —-65 —3.6 203 -—3.7 4.4
13 18.1 —4.1 4.0 0.7 -6.0 -3.3 123 -—-76 —0.9 1.0 —4.1 0.8
14 19.8 —6.0 4.1 —0.1 —87 —4.3 19.8 —8.0 1.5 10.8 —6.5 0.6
15 22.9 —5.0 5.7 17.3 —-11.3 —2.0 16.9 —7.2 1.5 12.0 —6.2 1.3
16 21.8 —4.1 5.8 18.2 —9.9 —0.6 24.5 —6.8 5.2 9.3 —5.6 0.6
17 23.4 —4.0 6.3 17.1 —-10.9 —0.5 19.8 —5.9 2.9 10.7 —=5.2 0.0
18 23.7 —2.7 7.7 0.4 —10.7 —6.4 17.8 —5.4 2.6 12.2 —4.6 0.8
19 26.8 —0.7 10.1 19.7 —-9.5 -—0.1 15.8 —5.3 2.2 13.2 -2.0 2.6
20 26.6 0.8 10.7 96 —81 —-2.3 15.8 —6.6 0.7 12.4 —4.4 1.7
21 26.3 —0.2 9.7 18.0 —11.8 —1.4 18.7 —=5.7 1.9 8.2 —57 —0.5
22 23.7 —1.1 8.2 15.8 —11.8 —2.1 6.2 —4.7 —1.8 9.4 —5.1 0.1
23 23.1 2.5 7.1 13.8 —11.56 —3.8 8.8 —7.4 -—2.6 8.0 —5.0 0.4
24 26.6 —2.6 8.1 11.6 —11.5 —2.3 1.4 —11.7 —5.4 1.3 —4.1 1.1
25 202 —2.8 6.2 —0.1 —7.7 —4.0 0.5 —13.9 —6.7 9.6 —3.6 1.0
26 20.2 —3.3 5.5 1.6 —6.0 —2.8 2.4 —75 —4.0 9.9 —3.6 1.4
27 9.8 —3.8 1.1 4.0 —50 —2.3 0.1 —=7.6 —3.9 9.0 —3.2 0.7
28 3.3 —6.4 —3.0 0.7 —-6.4 —3.5 45 —4.7 —2.6 12.1 —3.0 1.2
29 15.2 —9.2 0.4 9.7 —7.5 —1.5 11.9 —4.3 0.2
30 19.5 —6.7 3.3 13.8 —10.3 —1.7 10.9 —5.3 0.8
31 7.3 —7.0 —1.5 1.2 —-8.7 —1.9

Mean 18.4 —5.7 3.5 10.9 —8.5 —1.5 11.7 =84 —1.2 9.0 —4.8 0.2
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Glacier Camp 1990 No. 7

MAY

MAX MIN MEAN

1 13.9 —4.55 1.8
2 11.4 —=5.1 1.3
3 10,0 —4.1 1.1
4 9.0 -—1.9 1.2
5 12.2 -3.8 1.1
6 13.1 =53 2.1
7 175 —1.2 5.4
8 15.6 —1.8 2.8
9 15.3 —2.9 2.9

10 13.6 —2.8 2.4

11 14.9 -=3.0 3.9
12 15.6 —0.2 5.7
13 14.3 0.9 6.3
14 23.1 1.0 .8

8
15 17.0 0.5 6
16 16.3 —0.3 6.6
17 16.4 0.3 6
18 9.7 1.7 4.9
19 16.3 —0.1 5.8
20 15.5 1.2 6.3

21 1.1 —1.5 3.2
22 9.6 —2.8 2.3
23 11.6 —1.1 2.8

24 12.5 0.4 5.3
25 10.9 0.5 3.8
26 10.6 0.1 4.2
27 11.7 0.5 4.3
28 12.8 —0.7 4.5
29 12.2 1.3 4.7
30 10.9 0.7 5.1
31 15.4 0.1 6.3

Mean 13.5 —-1.1 4.2
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Gangja La 1989 No. 8
MAY JUNE JULY AUGUST
MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN
1 32.1 4.2 13.4 17.2 1.4 9. 13.3 4.3 7.6
2 36.5 1.1 17.0 14.7 2.9 7. 16.1 4.0 9.1
3 36.0 3.6 18.0 17.9 1.6 8. 19.0 3.7 9.3
4 18.9 3.1 9.8 22.3 2.9 9. 14.2 3.7 8.3
5 32.4 —0.2 13.5 20.6 2.2 10. 19.8 3.1 10.4
6 27.4 2.1 12.6 14.2 4.0 8. 14.2 5.1 8.8
7 25.2 3.1 11.7 27.4 2.4 13. 12.0 5.0 8.0
8 36.0 1.1 17.6 27.8 5.0 12. 13.4 4.6 8.2
9 34.4 5.1 18.6 26.9 4.4 12. 10.7 4.8 7.6
10 34.4 4.9 17.9 24.7 3.6 12. 12.4 4.9 8.0
11 23.1 5.1 11.8 28.6 3.4 14. 20.8 4.3 10.4
12 25.9 4.4 12.8 19.8 5.0 10. 18.0 5.4 9.0
13 27.3 4.7 14.3 14.1 3.1 7. 21.5 5.1 12.1
14 21.7 4.4 10.2 9.1 0.5 3. 23.9 5.1 13.5
15 30.9 3.3 12.7 11.2 0.2 5. 17.0 5.3 11.0
16 31.8 3.8 14.2 21.4 2.2 10. 12.5 6.1 8.6
17 31.0 3.7 12.7 22.7 3.6 11. 15.2 4.9 8.8
18 12.9 0.8 4.9 20.7 4.5 9. 12.6 5.3 8.2
19 22.9 0.9 9.5 5.7 2.2 3. 13.4 5.2 7.9
20 23.8 0.7 7.8 9.9 1.6 4. 13.0 3.2 7.6
21 33.8 —0.7 13.7 6.4 0.3 3. 16.1 4.7 9.5
22 21.4 4.1 9.0 7.6 0.1 3. 21.9 4.3 10.5
23 30.6 1.6 15.1 27.6 3.4 14. 19.0 4.0 9.6
24 29.0 3.0 15.9 30.6 5.7 16. 19.8 3.6 9
25 14.7 5.1 9.4 19.4 6.5 11. 13.1 3.4 7.1
26 20.4 2.9 9.6 28.8 4.9 15. 13.8 2.3 6.9
27 26.4 2.9 11.7 16.7 6.8 10. 19.5 2.7 9.7
28 17.7 4.9 9.1 22.2 5.8 12. 18.7 3.5 9.1
29 12.0 2.6 7.5 13.9 5.8 9. 19.5 3.1 9.6
30 20.8 3.0 8.9 135 4.9 8. 14.6 2.3 6.7
11 1.8 4.3 7. 181 2.9 9.3
Mean 26.4 3.0 12.4 18.8 3.4 9. 16.3 4.2 9.0
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Gangja La 1989 No. 9
SEPTEMBER OCTOBER NOVEMBER DECEMBER

MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN

1 21.1 3.5 10.7 13.7 -—1.0 5.7 0.8 —6.3 —3.2 —4.3 —13.4 -—9.3
2 25.5 2.8 12.3 19.3 0.6 9.2 3.2 —7.7 —-36 —4.4 —12.0 -—9.1
3 24.4 3.9 13.2 19.6 0.9 8.5 3.0 —79 —4.1 —4.6 —12.8 —9.5
4 21.8 7.3 11.2 18.3 1.5 8.0 29 —-86 -—35 —46 —13.1 -9
5 13.0 6.3 8.8 16.3 0.0 6.5 27 —-9.0 —48 —-31 —-11.0 -7.8
6 23.7 4.2 11.8 199 —0.4 7.5 8.9 —-10.7 -6.2 —3.0 —116 -—7.6
7 22.3 5.1 11.8 146 —1.4 5.3 1.4 —-96 —5.0 —2.0 —10.7 —6.7
8 4.1 2.4 7.1 145 -—1.0 4.8 3.4 —83 -—3.2 0.4 —88 -—5.1
9 21.3 2.3 9.7 13.7 -—1.8 3.8 4.2 —-6.6 -2.2 —09 =85 =57
10 19.9 2.9 8.5 17.3 —0.5 6.0 3.4 —-6.2 -—-19 -—-2.2 —10.2 -—-6.9
11 16.2 3.6 8.2 159 -—1.5 5.5 3.8 —53 -—2.2 —33 —114 -8.2
12 14.9 3.5 7.0 13.7 0.6 5.5 2.6 —7.0 -3.0 —4.7 —11.9 -—-9.2
13 19.6 3.4 8.3 159 0.2 5.5 26 —7.2 -—-35 —3.6 —-135 -—9.5
14 9.0 2.4 5.1 13.7 —2.6 3.7 2.4 —7.7 —40 —4.2 —-12.9 -—8.7
15 16.0 2.1 7. 12.3 —2.1 2.7 0.7 —-9.7 —-56 —1.6 —12.1 -—8.2
16 20.7 1.9 8.9 10,0 —3.4 1.4 0.3 —-94 —5.2 —2.8 —12.2 -8.1
17 14.5 3.2 7.3 10,4 —3.8 2.6 1.3 —-8.8 —4.6 —3.2 —-10.7 -7.2
18 10.3 2.1 5.5 15,9 —2.3 4.8 1.6 —7.7 —4.0 -1.4 -89 -—5.7
19 14.5 2.1 6.4 11.3 —2.8 3.6 0.0 -9.0 —-54 —-29 -—-93 -6.5
20 10.1 3.0 5.7 10.1 —4.4 1.4 -0.3 —9.7 —49 —0.8 —10.2 —6.4
21 12.4 2.1 5.2 8.3 —3.2 1.5 1.4 —8.2 —49 —4.0 —-12.8 -8.7
22 16.8 2.2 7.7 7.5 —4.6 0.8 0.8 —94 —53 —46 —11.7 -—8.8
23 18.6 2.5 8.3 9.5 —4.7 1.1 —-0.2 —-98 -59 —2.2 —-11.5 -8.1
24 12.4 2.1 5.7 10,0 —4.1 1.3 —-90.8 —10.1 —-5.9 —=5.0 —12.9 —9.6
25 18.5 2.1 7.8 9.1 —4.6 1.3 1.2 —94 —4.2 -7.3 —-14.7 —-10.9
26 16.1 2.1 7.2 9.0 —4.4 0.0 -1.8 —87 —57 —-7.8 —14.5 —10.7
27 14.7 2.0 6.5 7.3 —56 -—-12 -1.2 -99 -7.0 —8.4 —-14.7 —-12.0
28 7.7 2.1 3.9 43 —-7.0 —-3.0 —-5.0 —-10.0 —-6.8 —8.3 —158 -—-12.5
29 2.7 1.9 2.2 3.5 —88 -39 -—-57 —10.6 —-7.3 —6.1 —14.8 —11.5
30 8.4 0.0 2.7 28 —91 —46 —6.1 —12.4 —98 —-7.0 —14.4 —11.3
31 2,1 =97 =40 —7.7 —14.9 —-11.7
Mean 16.0 2.9 7.8 11.9 -—2.9 2.9 0.8 —8.7 —48 —4.1 —12.2 -—8.7
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Gangja La 1990 No10
JANUARY FEBRUARY MARCH APRIL
MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN
1 —6.7 —13.9 —10.6 0.1 —-10.5 —-7.3 -39 -56 —4.8 —2.3 —3.1 —2.8
2 -75 —14.3 —-11.4 -1.2 -12.2 —81 —44 —-65 —-55 —2.5 —-34 —2.9
3 —7.4 —14.7 -11.7 0.2 -11.6 —6.4 —45 —-6.8 —57 —2.6 —4.0 —3.1
4 —-7.8 —15.2 —11.6 2.6 —-9.2 —47 —-50 —-75 —6.4 —2.7 -—-3.6 -—3.1
5 —85 —14.0 —11.6 0.3 —-11.1 —-5.8 —49 —-86 —-6.9 —2.3 -3.6 —2.8
6 —6.1 —13.8 —10.1 0.5 —10.8 —5.3 —3.4 —8.8 —57 —2.2 —4.0 —2.8
7 —5.1 —12.6 —9.4 3.7 ~-97 -38 -21 —-79 —-53 -—-14 -—-2.6 -—1.9
8 —4.1 —11.4 —8.5 3.8 —-88 —35 —03 —-82 —45 —-04 -—-1.7 —-1.0
9 —4.3 —-12.3 -—-8.6 3.6 —8.9 —4. 4.2 —-76 —2.2 —0.1 -—1. —0.5
10 —2.9 —11.3 -7.1 2.5 —9.1 -—-3.6 1.4 —48 —-2.1 —-0.2 -1.5 -—0.7
11 -1.9 -9.9 —-6.2 —-2.7 —4.9 -3.6 3.1 —6.0 —2.0 0.3 —-15 —0.5
12 -0.2 -85 -50 -—-1.5 -51 -=-3.7 —2.7 —38 —3.2 1.5 —-0.8 0.7
13 0.5 -79 —48 —-24 -—-52 -—-36 —3.0 —4.4 —3.6 2.0 0.9 1.5
14 -0.8 —-9.1 -57 -25 -32 -2.9 —-2.8 —50 —4.0 2.5 0.2 1.5
15 -0.3 -89 -52 -29 -35 3.2 -—-1.4 —49 -—-3.1 5.2 —1.8 1.3
16 1.3 =79 —45 —3.4 —42 3.7 0.9 —44 —-2.2 13.7 -1.9 4.3
17 0.8 —8.3 —44 —35 —45 -—4.1 21 —-55 —-2.0 182 —-04 6.6
18 25 —6.9 -—-2.6 —4.0 —54 —4.8 3.6 —4.4 0.4 23.4 —25 7.6
19 4.6 —4.4 —-0.8 -39 —6.5 —5.3 7.4 =23 1.3 18.2 0.6 6.1
20 6.0 —2.3 0.7 —4.4 —-6.3 —54 124 —4.5 1.9 25,1 -—=2.4 10.0
21 49 -39 —0.7 —-48 —-6.3 -—-57 13.1 -—3.4 2.5 263 —2.6 8.9
22 41 —-5.1 -1.9 —43 —6.7 —5.6 8.5 —4.0 1.1 23.7 —=3.7 7.0
23 23 —-68 -33 —36 —-64 -50 —-01 —-07 —0.4 246 —3.8 8.8
24 29 -6.1 -29 —43 -55 —-49 —-03 -1.8 —-0.8 27.7 —-1.3 104
25 29 -58 -2.8 —49 -55 -52 -—-15 -—-2.6 -—-2.2 299 -—0.6 11.2
26 28 —-6.9 -—-31 -50 -55 -—-5.3 -—-2.2 —32 -—2.7 271.8 -—-1.4 11.2
27 26 —-75 —2.8 —36 —59 —46 -—-29 -—-35 -—-3.2 256 0.8 9.1
28 21 —-81 -37 -—-36 —-51 —45 —-3.3 —-3.6 -—3.5 4.3 -—-14 1.6
29 —-0.1 —-8.6 -53 —-3.1 =37 -—-34 12.7 -2.8 3.8
30 0.4 —9.7 —5.5 -3.1 -39 —3.4 238 27 8.4
31 2.6 —9.5 —4.2 -2.7 -3.7 -—3.1
Mean —0.7 —9.2 -57 -—-1.8 —-7.1 —4.8 0.0 —4.9 -2.8 10.7 -—-1.9 3.3




80 Takayuki SHIRAIWA

Gangja La 1990 Noll

MAY JUNE JULY AUGUST
MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN
1 25,5 —-1.0 10.8 17.9 6.4 11.3 17.0 3.3 9.1
2 28.7 —1.4 11.6 16.1 5.9 10.8 13.5 5.2 9.3
3 30.8 —0.3 10.8 17.0 5.2 9.5 11.3 4.9 7.6
4 13.7 —0.7 4.2 18.0 5.1 10.2 10.9 4.0 6.9
5 28.1 —0.8 8.3 12.9 6.1 8.8 17.1 3.6 9.7
6 29.3 —2.5 13.2 16.8 1.8 8.9 13.4 5.4 8.9 12.1 4.3 8.4
7 27.4 2.3 10.9 13.3 2.5 8.5 12.0 6.1 8.4 12.7 5.2 7.8
8 33.3 0.5 13.6 14.1 3.8 8.8 10.8 5.6 7.8 9.7 4.5 6.8
9 32.4 1.3 4.6 17.1 4.2 10.1 15.1 5.6 9.2 10.0 4.8 7.2
10 30.9 1.5 13.7 16.7 5.2 9.9 17.9 4.9 8.8 9.7 4.6 6.7
11 33.6 1.4 16.6 15.2 3.8 8.8 17.5 5.4 9.8 11.1 4.4 7.3
12 25.5 4.2 12.1 14.4 3.0 9.1 18.3 6.3 10.2 8.8 4.5 6.4
13 27.9 3.6 13.6 14.0 3.1 9.0 14.7 5.2 9.6 12.1 3.6 6.9
14 30.2 4.1 14 .4 19.2 4.7 10.1 14.2 6.4 8.8 13.3 4.1 7.3
15 28.6 2.9 13.7 15.5 .1 9.8 17.7 5.2 10.1 12.0 4.4 7.6
16 30.8 2.7 14.6 18.6 5.2 11.3 16.8 6.0 10.2 11.6 4.8 7.9
17 28.6 3.3 15.0 15.7 4.9 10.4 10.8 6.4 8.1 13.9 5.0 8.2
18 18.7 3.6 9.0 16.3 4. 10.1 12.0 5.5 7.9 9.9 5.6 7.2
19 34.5 1.8 15.6 14.1 5.5 10.1 14.0 5.5 8.1 11.6 5.1 7.6
20 33.9 3.9 14.3 16.0 4.6 16.4 14.4 4.0 8.7 12.9 5.3 8.1
21 36.3 2.9 13.8 16.6 4.8 10.4 18.5 4.3 10.4 13.6 4.1 7.9
22 25.6 0.6 12.5 12.1 6.5 9.1 17.1 5.3 10.8 14.9 4.6 8.8
23 28.4 2.7 14.4 22.7 4.6 12.7 15.6 5.5 9.4 15.0 4.0 8.5
24 25.6 5.3 13.8 18.3 6.1 12.4 15.1 5.5 9.1 15.0 5.5 9.5
25 22.1 4.5 10.5 20.0 6.1 12.9 16.7 4.5 9.2 15.9 4.8 9.9
26 15.3 3.5 8.2 20.2 6.9 12.0 15.2 4.7 9.1 16.4 5.8 10.3
27 36.1 2.7 15.9 20.1 6.2 11.8 11.7 4.4 7.7 15.8 6.1 9.8
28 33.9 3.1 16.3 16.3 7.7 11.2 15.4 4.4 8.1 11.0 5.0 8.0
29 18.3 3.2 8.2 15.7 6.5 10.4 19.1 4.7 10.4 16.3 4.1 9.1
30 20.0 2.8 9.6 17.1 6.7 10.7 14.0 5.7 9.5 17.4 5.6 9.8
31 33.0 2.0 15.7 14.0 5.7 8.9 13.4 5.8 8.0
Mean 28.0 2.1 12.6 16.6 5.0 10.4 15.3 5.4 9.3 13.1 4.7 8.2
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Gangja La 1990 No12
SEPTEMBER OCTOBER NOVEMBER DECEMBER
MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN
1 10.8 4.4 6.9 11.0 0.2 3.8 —-35 —-9.7 —-7.0 —-3.1 -84 -—6.1
2 11.9 4.7 7.6 7.6 0.1 28 —-1.7 -85 —57 —-1.4 ~81 -5.6
3 9.5 4.6 6.5 10.2 —0.2 3.5 —0.2 —-73 —43 —40 -85 —6.7
4 14 .4 4.4 8.3 9.5 0.1 3.3 21 -49 -1.8 —40 —88 —6.8
5 13.2 3.3 7.2 9.0 1.0 3.5 1.6 -38 —-1.6 —-3.0 —85 —6.3
6 12.5 2.6 6.9 8.9 —0.7 2.5 0.8 —41 -—-2.1 —5.2 —-10.4 —8.5
7 12.1 3.6 6.4 58 -—1.3 1.2 —-0.3 —-54 —-34 —6.6 —11.2 —9.4
8 12.1 2.3 6.4 5.2 -—-1.5 1.0 -0.2 —-65 —3.8 —59 —-11.2 —9.1
9 13.3 3.1 7.2 4.7 —0.5 1.7 -1.2 —-64 —41 —3.6 —10.8 —7.6
10 11.7 5.1 7.0 3.3 —1.5 0.5 —-3.1 -8.8 —6.3 —38 —-10.8 —7.4
11 9.5 4.3 6.4 4.5 —2.6 0.4 —1.8 -85 —5.6 —6.7 —12.6 —10.1
12 15.0 3.1 7.4 4.2 —1.9 0.0 -2.7 -87 -6.2 —6.1 —-12.0 —9.2
13 11.5 3.6 6.7 2.6 —-34 —-08 -1.7 —-76 —-5.2 —-5.0 —9.7 -=8.1
14 13.2 1.9 6.9 3.2 -29 —-0.2 —-0.8 —-6.8 —44 —-35 97 -—75
15 12.2 3.3 6.8 3.5 —-54 -—-13 —-16 —-6.8 —4.8 —2.1 —-10.3 —7.3
16 10.3 2.2 5.5 82 —49 -—-0.6 —-18 —-7.0 —4.8 —6.4 —-11.2 —9.3
17 10.4 2.7 6.1 2.4 —-46 -—-15 -2.0 -7.1 -51 -7.5 —-11.7 -10.1
18 9.4 2.0 5.4 21 —45 -—-18 -22 -—-7.8 —=55 —7.7 —12.8 —10.7
19 10.7 1.6 .3 1.1 =59 —-31 -1.0 -75 —45 -—-53 —12.3 -—8.9
20 9.3 1.8 4.6 0.8 —-5.8 —3.2 3.2 —-64 -—-2.1 —40 -—-95 —7.4
21 8.9 1.1 4.2 0.2 —-6.2 —3.6 1.3 -5.6 —-2.6 —44 -—92 —7.3
22 15.6 2.4 7.4 0.6 —-6.0 —-3.4 —-23 —-80 -58 —40 —97 —-74
23 9.4 3.8 5.9 0.4 —-6.1 —-36 —-43 -96 —-7.6 —-50 -—97 -—-7.38
24 10.3 2.4 4.7 —-0.3 —-68 —42 —-51 —-10.3 —-8.2 —4.9 -—95 —7.7
25 9.1 2.0 4.4 —-0.7 —-7.2 —46 —56 -10.8 —8.9 —-4.9 -—9.7 -—7.7
26 11.4 0.3 41 -16 —-79 —-53 -56 —-11.8 —8.8 —3.8 —87 —6.9
27 10.1  —0.5 3.5 —-15 -84 —-55 -—-25 —-73 —-53 —4.7 -92 74
28 8.2 0.7 2.9 —-14 —-76 —5.0 —-2.3 —-64 —4.9 -35 -—-9.7 7.2
29 10.0 0.0 3.2 —-23 -9.0 -6.1 —-1.3 -59 —4.1 -3.8 —81 —6.6
30 13.0 0.1 41 —-16 —-80 —-55 —2.8 7.3 —53 —42 —-86 -—7.2
31 -1.7 —-90 —6.5 -2.3 -7.7 -6.3
Mean 11.3 2.6 5.9 3.2 —41 —-13 -—-16 —-7.4 —-50 —45 -99 -—7.8




82 Takayuki SHIRATWA

Gangja La 1991 Nol3

JANUARY FEBRUARY MARCH APRIL

MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN

1 —-5.7 —11.2 —-8.0 —4.8 —-12.1 —9.0 —2.4 —10.8 —7.8 4.9 —-2.9 -0.4
2 -7.9 —-13.7 -11.0 -5.7 -12.5 —99 -1.9 —10.1 —6.8 4.1 —4.4 -0.9
3 —-7.1 —-13.3 —-11.3 —3.0 —13.9 -—9.2 0.6 —86 —5.5 43 -39 -0.8
4 -7.7 —-13.8 -11.2 —6.8 —12.0 —9.9 3.9 —75 —2.4 1.2 —2.3 -0.8
5 -7.3 —-13.5 -11.0 —5.1 —12.7 —9.5 —2.8 —4.6 —3.4 2.7 =31 -0.8
6 —6.3 —-12.2 —10.1 —2.6 —11.6 —8.2 —4.7 —8.7 —6.2 3.4 —3.0 0.4
7 -40 —-12.4 -94 -51 -11.9 —-88 —0.8 —-95 —5.9 2.9 -—-1.8 0.3
8 —4.5 —12.7 -85 —3.6 —11.7 —8.4 23 —-7.9 =39 1.4 —-1.4 0.0
9 -7.3 —13.6 —11.2 ;1.0 -9.7 —6.6 15 =71 -3.6 1.5 —1.7 0.1
10 -76 —-14.1 -116 -15 -89 —-6.4 —2.6 —8.0 —5.7 0.2 —-0.9 -0.3
11 —-8§.4 —-15.0 —-12.3 —-0.1 —-9.0 —5.7 —-1.7 —-8.2 —54 —0.5 —-1.5 —0.9
12 -8.4 —14.7 —-12.3 —-5.1 —-10.7 -84 —-09 —-88 —-54 —-0.1 -—-1.5 —0.8
13 -9.1 —-14.9 —-12.9 —5.8 —12.1 —9.6 1.3 —8.6 —4.9 0.6 —0.7 —0.2
14 -9.6 —16.3 —13.9 —4.4 —11.0 —8.3 0.5 —8.6 —4.3 0.4 —0.8 —0.3
15 —10.7 —18.0 —14.5 —4.2 —-10.3 —8.3 —-04 —-64 —43 —-0.3 —-1.4 —0.9
16 —2.3 —14.2 —-94 —3.6 —10.5 —-76 —0.8 —7.4 —45 0.2 —-2.1 -0.9
17 —7.6 —12.9 —10.4 0.3 —87 —=53 0.6 —6.4 —3.6 0.9 —-1.0 -—0.2
18 —6.8 14.0 —-10.7 —0.3 —-9.1 —6.0 1.6 —-6.2 —3.0 1.1 —-1.2 0.0
19 —7.6 —14.3 —-11.6 —2.4 —10.7 —6.9 1.9 —-54 =23 0.8 —-1.3 —-0.4
20 -84 —-14.1 -11.9 —0.3 —-7.8 —5.2 3.5 —5.5 —2.3 1.0 —-1.6 —0.2
21 —7.3 —13.8 —11.3 0.5 =85 —5.0 3.1 —-6.5 —2.3 2.9 -—-1.7 0.3
22 -7.3 —-14.1 -11.0 —1.0 —8.5 —5.3 4.6 —55 -—1.4 4.0 —1.0 0.9
23 —6.4 —12.1 —9.5 3.9 —-6.4 —-2.2 —0.2 —-6.9 —4.5 1.8 —1.6 0.3
24 —6.5 —13.2 —10.2 2.1 —78 —43 —-30 —-49 -39 0.9 —0.3 0.2
25 —4.0 —-10.3 —7.9 1.7 —8.1 —4.6 3.1 —-7.8 —3.1 1.2 —-1.0 0.0
26 -1.8 —-94 —-64 —-1.2 —86 —5.3 4.8 —6.9 —2.3 1.7 -—-1.0 0.3
27 -1.4 —-80 —-54 —-3.7 —-81 -—6.3 4.0 —5.7 —1.5 3.0 —0.8 0.9
28 —0.7 —-7.0 —4.6 0.4 —85 —5.5 9.9 —4.5 0.7 4.2 1.1 2.1
29 —2.2 —=7.7 —5.5 7.3 —4.1 0.2 6.3 1.1 2.9
30 —4.0 —-9.8 =75 9.8 —3.8 1.4 9.1 0.3 3.4
31 —5.2 —10.6 —8.6 9.2 -—1.2 1.6

Mean —6.2 —12.7 —-10.0 —2.2 —10.1 —7.0 1.7 —-6.8 —3.4 2.2 —1.4 0.1




Rock surface temperature in the Himalaya

Gangja La 1991 No14
MAY
MAX MIN MEAN
1 10.1  —0.1 3.2
2 8.3 —0.6 2.9
3 1.7 0.4 1.2
4 4.7 0.1 1.5
5 9.3 0.3 3.1
6 12.2 0.0 4.1
7 12.5 0.0 4.4
8 11.4 -—1.1 3.6
9 8.4 —2.2 1.9
10 7.9 —2.8 1.7
11 8.7 —2.9 2.4
12 46 —2.5 0.7
13 9.8 —3.3 2.1
14 0.9 -2.2 3.8
15 11.7 -1.0 3.7
16 14.7 -1.1 5.6
17 14.7 0.8 6.5
18 13.3 -—-1.9 5.2
19 11.3 0.4 4.8
20 7.1 —0.5 7.0
21
22
23
24
25
26
27
28
29
30
31
Mean 10.2 —1.0 3.5

83



84 Takayuki SHIRAIWA

Kyangchen 1990 Nol5

MAY JUNE JULY AUGUST

MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN

1 19.7 11.0 14.1 19.8 9.1 13.1
2 19.6 10.7 13.9 18.8 9.6 13.1
3 18.5 10.2 13.4 16.9 8.7 1.1
4 17.8 10.5 12.4 14.5 8.6 10.3
5 19.0 9.6 13.2 14.9 9.8 11.6 20.1 7.6 12.8
6 18.3 8.8 12.4 17.2 9.4 12.5 18.1 9.1 12.2
7 17.8 8.6 12.0 16.0 9.8 12.3 14.8 9.3 10.6
8 17.5 9.0 12.3 14.2 9.5 11.3 15.8 8.4 10.7
9 18.3 9.8 12.9 13.5 9.4 10.9 16.9 8.6 10.8
10 19.3 10.1 13.8 14.7 9.0 10.8 18.8 7.9 12.0
11 17.2 8.8 12.5 16.6 8.8 11.4 19.1 9.4 13.1
12 18.4 9.6 13.2 16.8 9.3 11.8 11.7 8.6 10.1
13 18.7 9.6 13.4 18.7 8.9 11.9 10.6 8.1 9.0
14 21.4 11.4 14.4 15.6 9.8 11.3 12.4 7.6 9.4
15 15.6 10.8 12.7 19.2 8.8 12.2 17.6 7.7 10.9
16 18.1 10.0 13.4 20.2 9.4 13.3 19.5 8.7 12.0
17 19.8 9.4 14.0 15.2 9.7 11.4 19.3 9.2 11.9
18 19.4 9.3 13.4 12.6 9.6 10.7 12.8 9.3 10.6
19 17.4 10.0 13.2 11.8 8.9 10.0 15.4 8.4 10.9
20 19.5 9.1 13.1 14.5 8.4 10.5 19.3 9.1 13.0
21 19.1 9.3 12.5 19.9 8.1 12.3 183 8.6 12.2
22 15.9 9.9 12.1 19.8 9.5 13.1 21.6 9.7 13.8
23 18.2 9.6 13.4 15.0 9.0 12.1 23.3 10.4 15.5
24 19.1 10.0 14.0 18.7 9.4 1.9  23.3 10.8 16.1
25 19.8 11.4 14.8 19.1 8.6 12.1 23.7 11.5 16.6
26 19.8 11.6 15.3 18.8 8.7 11.6  23.1 12.5 16.5
27 20.3 11.1 14.7 14.0 8.6 10.6 14.0 10.1 11.9
28 18.7 1.9 13.9 18.8 8.6 11.3 16.9 8.9 1.9
29 20.1 10.3 13.3 18.3 9.1 12.4 16.7 8.9 11.0
30 20.1 10.7 14.2 14.8 9.3 11.4  22.0 8.6 13.4
31 17.1 9.0 11.9 19.2 10.4 13.5

Mean 18.7  10.0 13.4 17.0 9.3 11.9 17.9 9.1 12.3
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86 Takayuki SHIRAIWA

Kyangchen 1991 Nol7
JANUARY FEBRUARY MARCH APRIL

MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN

1 2.2 —-58 -—3.1 18.7 —1.5 5.8 17.9  —5.3 4.0 17.4 1.0 6.9
2 145 —88 —2.4 17.9  —=3.3 5.8 18.1 —4.1 5.8 19.2 1.5 8.1
3 16.3 —8.3 1.3 26 —33 —0.8 17.7 —-1.2 7.0 194 1.2 7.1
4 21.8 —8.5 3.8 15,7 —6.1 2.1 1.3 —0.1 3.2 183 0.1 7.7
5 23.7 —6.0 6.5 16.1 —5.8 3.6 2.9 -3.7 -0.7 183 2.1 8.8
6 24.3 —4.6 7.3 18.3 —3.1 5.8 18.2 —6.4 3.0 11.3 3.8 6.6
7 21.9 —3.7 7.0 18.8 —2.3 6.6 246 —3.5 8.2 14.7 1.4 5.7
8 7.1 —4.2 0.6 17.8 —1.8 6.8 18.2 —0.2 7.9 16.7 1.0 6.8
9 18.1 —8.2 3.3 21,7 —1.4 8.7 206 1.2 7.6 6.7 —0.3 3.0
10 19.2 —5.6 5.0 20.3 0.8 8.9 20.3 —2.0 7.6 151 -—2.3 4.4
11 19.0 —5.4 4.9 175 0.7 5.7  20.0 0.0 8.8 13.5 —1.2 4.5
12 17.0 —4.6 4.7 17.6 —2.8 5.6  20.0 0.2 8.5 16,4 —0.7 6.4
13 19.3 —5.6 5.0 19.7 —2.9 6.5 19.0 0.3 7.7 15.2 2.6 7.5
14 15.4 —5.9 3.0 20,7 —1.2 7.5 12.3 0.8 4.0 14.3 2.1 7.4
15 14.7 —6.9 1.8 19.3 —1.6 7.5 155 —2.3 5.5 18.3 1.5 8.5
16 7.5 -—56 —0.1 208 —-1.1 8.0 19.1 —0.5 7.9 18.7 2.6 9.1
17 16.8 —5.5 3.6 16.3 0.1 5.4 21.2 1.7 10.3  19.4 3.3 10.1
18 21,1 —5.9 4.6 5.2 —3.3 0.6 21.5 3.4 11.2 19.5 3.5 10.1
19 17.2  —4.8 3.8 18.9 —5.8 5.3 21.9 3.9 11.4 17.6 3.1 8.6
20 15.6 —4.8 4.0 20.8 1.0 9.2 21.9 3.8 10.5 16.3 2.2 8.0
21 14.0 —4.7 1.5 21.2 0.2 9.6 21.1 2.6 10.6 15.8 2.8 8.1
22 17.7  —6.6 4.1 22.7 1.1 10.7 12.4 3.4 7.4 17.2 3.3 8.5
23 19.3 -—-1.6 6.3 13.9 3.3 6.8 19.3 0.7 6.7 11.0 3.7 6.5
24 17.0 3.7 4.1 16.8 0.0 6.6 14.3 —-1.3 2.9 13.9 0.9 5.3
25 235 —3.2 8.0 15.9 0.2 6.1 22.2 —4.0 7.6 154 —0.8 6.4
26 26.1 —0.4 10.9 2.5 —1.6 0.2 18.3 1.3 8.3 16.4 2.7 8.2
27 23.9 1.7  11.7 19.3 —3.2 3.4 18.1 1.4 8.0 17.8 3.8 9.3
28 24.9 2.6 123 9.8 —3.0 2.1 18.2 2.4 8.1 16.8 3.7 9.3
29 21.0 2.8 10.9 18.8 3.2 9.8 17.7 5.6  10.0
30 19.3 0.8 9.0 20.0 4.5 10.1

31 19.5 —0.7 7.8 15.0 3.1 6.9

Mean 18.0 —4.2 4.9 16.7 —1.7 5.7 18.1 0.1 7.3 16.1 1.9 7.5




