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Summary

The sea ice in Arctic regions is generally covered with snow of several to several
tens of centimeters in thickness throughout the winter. These snow covers, even as
thin as a few centimeters, greatly influence temperature distributions in sea ice beneath
the snow, hence, the heat budget of the sea ice and the formation of ice at the bottom
of the sea ice.

In March, 1973, observations were made on snow covers on sea ice in Arctic Alaska
in conjunction with the Sea Ice Research Project in Arctic regions conducted by the
Sea Ice Research Group of our Institute. For a comparative study, snow covers both

on lake ice and the frozen ground in this area were also observed.

(1) Snow covers on sea ice.

Figure 1 shows the vertical section of a snow cover on the fast sea ice approxi-
mately 500 m off Pt. Barrow, Alaska. The surface was very rugged, which was due to
the drifting of snow and the formation of sastrugi on the snow surface. The thickness
of the snow cover was different from place to place, ranging from only 1 cm to 60 cm.
Figure 2(a) and (b) show the stratigraphy, grain size, temperature, density and Kinosita’s
hardness of snow observed at two sites with different thicknesses. The snow cover
consists of a fine-grained, hard wind-packed slab, which rests on a layer of coarse-
grained skeleton-type depth hoar (Fig. 3b). This is the structure of the typical Arctic
snow cover as described by C. Benson® and G. Wakahama?*.

The temperature gradient in the snow cover was very steep; the temperature
gradient averaged 0.4°C/cm at sites with snow 52 cm thick and 1.4°C/ecm at sites with
snow 5cm thick. A fine-grained, wind-packed, high-density snow turned into a coarse-
grained skeleton-type depth hoar under these strong temperature gradients.

The depth hoar thus produced in snow covers on the Arctic sea ice is usually fairly
hard : more than 10 times harder than the depth hoar commonly found in Hokkaido
which is very fragile. Akitaya® found in his laboratory experiments that, when a fine-
grained snow of more than 0.35 g/cm® in density was placed under a strong temperature
gradient of more than 0.6°C/cm, it turned into a coarse-grained skeleton-type depth
hoar having an increased hardness. The hard depth hoar found in the Arctic regions
may result from the metamorphic transformation of high-density snow under similar
circumstances to those in Akitaya’s experiments.

The thermal conductivity of a snow cover was estimated from the difference be-
tween the temperature gradients in the snow cover and in the sea ice underneath.
The larger thermal conductivity was obtained for thicker snow covers; 8Xx107*cal/°C-
cm-sec for a snow cover of 52 cm in thickness and 5X107%cal/°C-cm-sec for that of
5cm in thickness. This is important in the heat budget of the sea ice and the further

formation of ice at the bottom of the sea ice.

(2) Snow covers on a frozen ground
Observations of a snow cover on a frozen ground were made at the experimental
site of Tundra-Biometeorology, the Arctic Research Laboratory at Pt. Barrow. Figures
6 and 7 respectively show its vertical section and observational results. The strati-
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graphy, the hardness and the density of snow on the frozen ground at this site was
similar to those observed in snow covers on the Arctic sea ice. The temperature
gradient, however, was not so steep as observed in the snow covers on sea ice, which
result in a minor development of skeleton-type depth hoar. The majority of the snow
layers were composed of fine-grained solid-type depth hoar.

Observations were also made on a snow cover at a frozen ground in Gambell, St.
Lawrence Island in the Bering Sea. Figures 8 and 9 respectively illustrate its vertical
section and observational results. The lower part of the snow cover consists of very
hard coarse-grained granular snow, which was subjected to wet metamorphism. This
reflects a warmer maritime climate in the Bering Sea than in the Arctic Ocean. The
temperature gradient in this layer was not very steep (less than 0.1°C/cm), so that the
skeleton-type depth hoar was not developed there. The upper layers were composed
of very hard fine-grained wind-packed snow.

(3) Snow covers on lake ice

A snow cover on lake ice of Lake Barrow was observed and the results obtained
were summarized in Fig. 10. The structure of the snow cover was markedly different
from those observed on sea ice or the frozen ground; layers of coarse-grained skeleton-
type depth hoar were observed in the upper part with layers of hard fine-grained snow

underlying. This structure is not common in snow covers in the Arctic regions.



