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Kaoru IZUMI 1985 Hardness of Wet Snow III. Decrease in Snow Hardness due to
Water Saturation and/or Solar Radiation. Low Temperature Science, Ser. A, 44. (With
English Summary p. 47)
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Summary

It was reported in the previous paper” that Kinosita’s hardness of wet snow decreases
with an increase in free water content for the same dry density. According to this relationship,
the hardness of wet snow should have the minimum value when the pore space in snow is
filled with water. With relation to problems such as the release of a wet snow avalanche,
it is important to have the knowledge of the changing process of hardness and the minimum
value of it for a dry density when the snow contains free water. So, a change in Kinosita’s
hardness of natural snow was measured in a cold room at 1+1°C, when it was immersed
in water at 0°C.

Hardness R of the immersed snow rapidly decreased immediately after the immersion and
then came to reach a nearly constant value at least within three hours (Fig. 1). This constant
hardness which is indicated by R; in Fig. 1 might be termed a stable hardness when snow is
saturated with water. This tendency of change in hardness was found in all of the 122
samples independent of the snow type and water content before the immersion.

The relation between stable hardness R; and dry density ps before the immersion is
shown in Fig. 2. The lower limit of R; is found in Fig. 2, as indicated by curve A. Figure
3 shows the relation between hardness R and dry density pgq of natural wet snow not saturated
with water (plus four plots, denoted by A, of natural fine-grained compact snow saturated
with water), together with curve A. This curve nearly represents the lower limit of hardness
of natural wet snow.

In case of samples of wet snow not saturated with water in Fig. 3, several values of
hardness are smaller than the lower limit (curve A) of stable hardness of water-saturated
samples for the same dry density. These values were measured at the surface snow layers.
Therefore, it is considered that this decrease in hardness to below curve A was brought
about by solar radiation.

To examine the above an artificial solar radiation consisting of long and short waves was
supplied on the upper surface of natural snow, and a change in hardness was measured in
a cold room at 1+1°C. The experimental apparatus is shown in Fig. 4. Snow samples were
20 cm in length, 20 cm in width and 6~17 cm in height. The amount of the solar radiation
supplied was 0.3~0.4 kW/m? at the snow surface. Because surface melting due to the absorp-
tion of long-wave solar radiation lowered the snow surface, the measurement level was taken
several centimeters below the snow surface before the solar radiation was supplied. The
experiment was continued till this level was exposed as the snow surface.

An example of the result of the experiment is shown in Fig. 5. Shown also in Fig. 5
for comparison are plots of hardness change of the same snow sample which also melted from
the snow surface due to the sensible and the latent heat transfer in the absence of solar
radiation. The snow sample was wet fine-grained compact snow, which had the free water
content W and dry density pg of 2.2% and 0.396 g/cm?, respectively. Despite the same decrease
in snow height HS with the lapse of time #, hardness R maintained a constant value after
the initial decrease in the absence of solar radiation, and rapidly decreased in the presence
of it. Shown in Fig. 6 (a), (b) and (c) are microscopic snow textures of vertical thin sections
about 1.5cm below the level of measurement, before solar radiation, after melting in the

absence of solar radiation and after melting in the presence of it, respectively. From Fig. 6,
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it can be seen that the decrease in snow hardness is related greatly to the decrease in the
number of bonds between ice grains. In all the comparative experiments such as Fig. 5,
hardness after melting due to solar radiation decreased to 80~10% of that after melting due
to the sensible and the latent heat transfer with the nearly same descent in the snow surface.

Snow hardness could decrease to bhelow curve A by solar radiation only in the following
two cases: One is the case that snow hardness before the supply of solar radiation has
already been small enough to be near this curve. An example of this case is shown by the
marks (x) and dashed line B in Fig. 3. The sample was the snow immersed in water which
had a small stable hardness. By the total amount of solar radiation of 6.7 MJ/m? the hardness
of this sample decreased to below this curve. Thin sections before and after the experiment
are shown in Fig. 7 (a) and (b), respectively.

The other is the case that it is possible for a snow sample to be supplied with solar
radiation on the surface for a long time by setting on the snow surface an ice plate which
restrains the surface from melting under the plate. An example of this case is shown in
Fig. 8. The sample was the dry coarse-grained granular snow, the hardness R of which
decreased to helow curve A as shown by the marks (Xx) and dashed line C in Fig. 3 by solar
radiation of 0.38 kW/m? for 7.5 hours.

In all the experiments it was observed that snow hardness decreased by solar radiation.
Then it is shown in Fig. 9(a) that the ratio y of hardness after solar radiation to hardness
before it decreases exponentially with an increase in total amount of solar radiation  in-
dependent of the snow type. It can be seen from Fig. 9(a) that snow hardness before solar
radiation decreases to about 1/10 when Q amounts to 5MJ/m?

Not only hardness R but also dry density pq and free water content W of snow samples
changed by solar radiation, as shown in Figs. 5 and 8. In order to indicate the influence
only of solar radiation on hardness, the correction of hardness before solar radiation was
made for these changes in pq and W using the relation® among R, pas and W of wet snow.
The relation between Q and the ratio y* of hardness after solar radiation to this corrected
hardness is shown in Fig. 9(b). It is seen that 7 decreases exponentially with an increase in
Q, and when it is compared with Fig. 9(a) snow hardness decreases mainly as a result of
the influence of solar radiation itself, considered to be short-wave solar radiation which melts

selectively the grain boundaries in bonds between ice grains within snow.



