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Summary

An areal variation of the rate of snow melt in a drainage area of 11.4km? in
Moshiri, Hokkaido, has been studied every late April since 1970 in connection with
snow melt run-off and heat balance at the snow surface.

In the first report (1970) it was pointed out that the greater rates of snow melt
were observed at the higher altitude under a condition of continuous fine weather and
strong inversion of the air temperature with a considerable difference between wind
speeds at the higher and lower places. This is similar to the phenomena observed by
Wendler (1971) at Fairbanks, Alaska. The second report (1971) indicated the effect of
energy loss due to greater rates of snow evaporation at higher places during fine days.
However, no consistent variation of melting rate with elevation was found in 1971 and
1972.

Similar observations were made during a week starting Apr. 22, 1973. The weather
condition was characterized by unusually frequent rainfalls and continuous overcast.
The influence of such a condition upon the melting rate of snow and its areal variation
in the drainage area is reported here.

Thirty-five snow stakes were set at various places with different altitudes mainly
along the two boundary ridges of the drainage area as shown by solid circles in Fig. 1.
Some of them were on the slopes along the east-west or north-south directions. Two
stakes at the lower base (Site B), which is on a level snow field near the outlet of the
drainage area and has an elevation of 290 m, were read several times a day and other
stakes were read once a day at about 1700~1800 hours. The radiative energy absorbed
by snow, the air temperature, the vapor pressure, and the wind speed at a height of
1m above the snow surface were observed at Site B and also on a flat field near the
top of the west ridge, which had an elevation of 580 m.

The results of stake measurements show a clear tendency of decreasing melting
rate with increasing altitude except for two periods: that is, (a) 1200, Apr. 22~1700,
Apr. 23 and (b) 1800, Apr. 25~1800, Apr. 26, during which inverse distributions of
melting rate were observed as shown in Fig. 4(a). The total amount of surface lower-
ing of snow due to melting during 6 days after 1700 h, Apr. 23 was 22.8cm at Site B
and 15 cm at the highest observation site. The ratio 15/22.8=0.66 is much smaller than
generally observed values, 0.9~1.0 for fine weather during this season. The melting
rates of snow on the slopes are found to have the similar variation with altitude to
those at the level places on the ridges (Fig. 6(a)). The average melting rate on the
east slopes was about 1.1 times that on the west slopes and the melting rate on the
south slopes was 1.2 times that on the north slopes. The ratio of the melting rate of
the south slopes to that of the north slopes is compared with that observed for clear
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days in 1971, which had the much greater value of 1.6. The angles of inclination of
the slopes, where the stakes were set, were 8~22° and averaged 13.9°.

Comparing the meteorological data observed at Site B with those at the highest
site as shown in Fig. 7, the following characteristics are found: (1) The air tempera-
tures at Site B were lower than usual during the daytime but higher at night, and this
made rare {reezing of free water in the snow at night. The air temperatures at a height
of 1 m above the snow surface at the highest site were mostly lower by 2~4°C than
those at the lower base except for the short periods of inversion; (2) The air humidities
were always comparatively high at the lower base except on Apr. 24; (3) The wind
speeds were mostly much higher at the highest site than at Site B, but in a different
way from the case of lasting fine weather; (4) The radiation balance at Site B was
nearly the same or slightly higher than that at the highest site except at the clear
night of Apr. 23~24, and the diurnal radiation was generally smaller than usual.

From these data, the heat for snow melt Qy is calculated by adding the amounts:
sensible heat transfer Qa, latent heat transfer Qg, net radiation Qx, and heat transfer
from rain to snow Qn The amounts of Q4 and Qg are etsimated by empirical formulae
relating with air temperature, vapor pressure, wind speed at a height of 1 m and surface
temperature of snow. Thus the calculated heat balance at Site B is compared with
that at the top, where the estimation of Qs and Qg can be made only for the periods
when snow is apparently melting because of the lack of the data about surface tempera-
tures. Every 6 hour amounts of Qgr, Qa, and Qg at both sites are compared in Fig. 8.
The latent heat transfer is found to be mostly positive at the lower base because con-
densation occurred more frequently than evaporation. The positive amounts of Qg and
Q4 at-the top are specially greater than those at Site B during the first night of the
period. This is related to a warm humid wind blow with a velocity of 7~10m/s at
the top and a very weak wind at the lower base and also a temperature inversion.
A similar condition is found to exist during another period, Apr. 25~26, though the
inversion is not very remarkable. These two periods agree with those of inverse profiles
of melting rate. On the other hand, the heat loss by a comparatively large amount of
evaporation of snow at the top on Apr. 24, 28 and 29 seems to be related to the de-
creasing rate of snow melt with height observed on these days.

The contribution of heat transfer from rain to snow to the total melting energy is
found to be very small and 2.2% in maximum for the 6 hour amount. The amount of
snow melt directly due to a total rainfall of 40 mm from Apr. 22 to 29 is approximately
1/9 times as small as that caused by condensation of water vapor of 0.10 g/cm? during
the rainfalls. The percentages of Qg, Qs, Or and Q. against Qy at Site B during the
daytime, 0600~1800, are 75.2, 22.8, 1.7 and 0.3 respectively on the average of 7 days.
The contribution of Qg is smaller than that usually observed in the area during the
same season, namely, 80~90%, but is still much larger than other energy sources in
spite of bad weather.

The vertical profiles of the wind speed, humidity, and air temperature were occa-
sionally observed by a balloon covering a height range of 2~300m above the snow
surface at the basin. In the case of decreasing melting rate with incereasing altitude,
a normal lapse rate of air temperature, 0.5~0.8°C/100 m, and the roughly homogeneous
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wind speed were observed, while in the case of inversion of melting rate we found
a smaller lapse rate of temperature and a high wind speed zone on a stagnant lowest
layer with a thickness of 20 m. The most remarkable inversion of air temperature was
observed at the clear night of Apr. 24, when its thickness was 200 m and the tempera-
ture difference between the top and the bottom of the layer amounted to 13°C.



