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Summary

While penetrating to the snow cover, short-wave solar radiation is absorbed in it. As
a result the temperature in the snow cover increases locally any mad lead to internal melting.
Remarkable examples are seen in ice shelves or sea ice in Antarctica, as are generally referred
to as subsurface melt pools or puddles.

Qualitative conditions of local temperature increase or internal melting are as follows:
the weather is fine, the wind is blowing and the air temperature does not much exceed 0°C.
Simulating the conditions experimentally, a study was made of the local temperature increase.
By supplying an artificial short-wave radiation and a wind on the upper surface of a snow
sample block, temperatures at various depths within each sample were measured. The experi-

mental apparatus is as shown in Fig. 1. In all the experiments local temperature increases
were observed, three examples of which are shown in Fig. 2. In some instances internal
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melting took place (Figs. 2(c) and 3).

The local temperature increase is largely related to the absorption of short-wave radiation
within the snow cover. For the reason the extinction of short-wave radiation within the snow
cover was measured by the device which authors developed. An example of the measurement
is shown in Fig. 4. It followed from the measurement that ¢ (cal/cm®-sec), the amount of
short-wave radiation absorbed by a unit volume of snow, in a unit time and at depth X {cm)

from the snow surface is expressed as
g=pl—-R)Iexp(—pX)

where p{em™), R and I (cal/cm®+sec) are the extinction coefficient, albedo and incoming short-
wave radiation at the snow surface respectively. Therefore, the temperature profile within
the snow cover is calculated by solving the equation of heat conduction which includes the
term of ¢. The equation is

2
Cp-%% = k%X—UZ +p(1—=R) Liexp (—puX)
where U (°C) is the temperature of snow, T'(sec) is the time elapsing since the beginning of
insolation, ¢ (0.50 cal/g) is the specific heat of ice, p{g/cm?® is the density of snow, and &
(cal/cmesec+°C) is the thermal conductivity of snow. This equation was solved with the initial
and boundary conditions which were derived {rom the experimental result.

Then, in the case of Fig. 2(a), a good agreement between measured and calculated values
was seen in Figs. 5(a) and 6(a), if we use the value of 2 which was calculated from the
experimental formula presented by Akitaya (1972). When the smaller value of % was used,
a temperature increase in the maximal value of local temperature increase became larger but
the depth of the maximal value of local temperature increase did not almost change in the
calculation, and a disagreement between measured and calculated values was seem as shown
in Figs. 5(b) and 6 (b). In turn when smaller value of p was used, the depth of the maximal
value of local temperature increase became deeper in the calculation, and disagreement between
measured and calculated values was also seen in Fig. 7. The measurement of the extinction
coefficient which was gained from the depeloped device should be considered to be accurate
from these results.

The influences of snow properties on local temperature increase were found from the
experiments and the calculations as follows:

1) With a decrease in %k, an temperature increase in the maximal value of local temperature
increase shows an increase.
2) The depth of maximal value on local temperature increase is mainly determined by p.

With a decrease in g, the depth of the maximal value of local temperature increase lowers.



