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ETHE, o, BERERE LC, BURE, BUEESLCY OERRRE, AREX
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Summary

A study of snow melt and run off of melt water has been carried out since 1966-67
in Ikutora, which is located in the drainage basin of Kanayama Dam intercepting the
Sorachi River, in connection with an IHD project at the Hokkaido University. This
paper is the second report of the results.

Observations of micrometeorological elements, the rate of melting and evaporation
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of snow, and the flow rates of small streams in the observation site were made on a
flat snow field of 200X 200 m during a period from March 27 to April 1, 1968. The data
were analyzed partly to examine whether the hitherto reported formulae for calculating
the amount of snow melt caused, especially, by turbulent heat exchange between a warm
atmosphere and snow surface could be applied to predict the snow melt in this area.

Ishii (1959) reported that the amount of long term snow melt could be calculated by
using his empirical relation between daily snow melt and the excess of daily mean air
temperature over —3°C. It was also attempted, in this report, to apply the Ishii’s rela-
teonship to a computation of long term ablation of the snow cover in this area. It was
found that this method gives results which are fairly in good agreement between calcu-
lated and observed ablation for a period longer than 20 days except in the case of fre-
quent new snowfalls in the melting season (Fig. 8-Fig. 10).

The heat energy balance at the snow surface may be expressed as Qr+Q.+Qpt+
Qpr=0Qu, where Qp is the radiation absorbed by snow, Q4 is the sensible heat transfer
from the air to snow, Qg is the latent heat of evaporation or condensation of water
vapor, Qp is the heat transfered from warm rain drops to the snow, and Qur is the heat
for melting of snow. Heat conduction within the snow cover is elliminated here, since
the snow temperature was uniformly 0°C during the daytime when the heat balance was
observed. Qr and Qz are obtained by measuring the net-radiation at a height of 1m
above the snow and the rate of evaporation respectively, and Qp is not applicable except
for rainy weather.

The amount of Q4 for a one hour period is first calculated by a theoretical formula,
which is derived from Prandtl’s mixing-length theory, using the vertical distributions of
air temperature and wind speed observed during four days from March 28. Next, Q4
is also calculated by an empirical formula proposed by Ishii (1959),

QA =043V15Tas (cal-cm*z-hr‘l) , ( 1 )

where Tq.5 and Vs are the air temperature in °C and the wind speed in m-sec™ at a
hight of 1.5m above snow surface. He derived this from an empirical relation for the

rate of evaporation :
E=—112x10"3e15—ep) Vis (g-em~2-hr ), (2)

where €15 and ¢, are the water vapor pressure in mb at a height of 1.5m and at the
snow surface.

Thus calculated Qcate. is added to the observed value of Qz+ Qg and then a melting
rate is computed by (Qr+Q.ucate. +Qn)/80, where Qx is negative for evaporation. The
variations of calculated and observed melting rates with time are compared for March
29, March 30, and March 31. As shown in Fig. 6 in the text, it is found that Ichii’s
formula (1) gives too large values of rate in snow melt, and hourly values calculated by
the theoretical formula based on logarithmic profiles of wind and temperature also gives
values, at times, quite different from the observed rates of melting but seems to be better
than those by eq. (1). The observed values of snow melt for 4-7 hours during the day-
time are found to agree approximately with those calculated theoretically within an error

of 10% as shown in Table 2. Another similar formula:

QA = 0.32Ta1_0V1_0 (cal-cm‘z-hr‘l) . ( 3 )
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which is based on an empirical relation for the rate in evaporation:
E=—084x% 10_3(61.0_60) V1,0 (g-cm‘z-hr‘l) R (4)

is expected to give a betteer fit to our observed data. The latter formula was reported
by Kojima (1967) and is nearly same as that reported by Havens and others (1964).

The contribution of Q4 for the total heat of melting Qu for seven hours during
the daytime was found to be 24-48% and the role of radiation was most significant.
A comparatively strong sublimation or evaporation of snow seems to be one of the
characteristic conditions of this area. The daily amount of evaporation was 0.43 kg-m~2-
day~! when snow melt was observed as 19 kg'm~?.day~! on an average for four days in
March, 1968 and 0.55kg-m~2-day~! in the same season in 1967, although the melting rate
was as small as only 1.2kg-m~%-day~1

Melting at the bottom of snow cover during the cold season was also measured
by pit-wall observations on Jan. 31 and March 1, 1969. No melting was observed at the
bottom during February. But the thickness of frozen soil was diminished from 3 cm on
Jan. 31 to 2cm on Mar. 1. The depths of snow were 53 cm and 65cm on these days.

A part of melt water produced in the snow field was seen flowing along a small
open channel along a road in the center of the field. The maximum flow rate in this
small channel was found to appear approximately three hours after the maximum rate
of snow melt. Considering that it took only 17 minutes for the water to run the whole
length of the channel, this phase lag of flow rate seemed to be related to time for the
maximum of rate in flowing down of melt water at the snow surface to reach the bottom
of snow cover and further the channel. The width of the catchment area of this channel
is computed as only 6-10m considering the daily amount of snow melt and that of
flowing water in the channel with a length of 200 m. The depth of snow cover, which
was composed of very coarse depth hoar crystals, was 41 cm on Merch 27 and only
15¢m on April 1.

The diurnal variation of a flow rate of another small natural stream (Fig.2), the
drainage area of which is estimated as 2x1km, was very small until March 30 but was
very large on March 31 as shown in Fig. 13. The reason may be attributed to a very

! on

small flow velocity, 5cm-sec™!, on March 30 and a sudden increase to 50 cm-sec™
March. 31. This change was caused by considerable melting by unfavorable weather
with a rainfall of 9 mm during the night betweem these days and, in addition, a high
rate of melting on March 31.

This paper was prepared by Kojima and his colleagues with reference to the pre-

liminary report written by late Prof. Oura and others. (1968).



