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Summary

Snow covers consist of a great many of thin, variously textured layers of snow, conse-
quently the boundaries between the layers also vary greatly. Surface melt water flows
down through the snow cover until it reaches certain of those boundaries which arrest
this flow. For the purpose of explaining why the melt water is only arrested by certain
boundaries, the author attributed a “surface pressure band” to each of the snow layers;
a range of pressures which water in a snow layer may contain without flowing.

Figure 1 of the text is a vertical section of a portion of a snow column of uniform
texture standing in a shallow vessel filled with water. As may be seen, the water rose
some centimeters in the lower portion of the column. Thin sections of this column were
made by freezing the wet lower portion. The upper portion of the column was solidified
with aniline. The upper surface of the water, ABCDEF, is a series of curved seg-
ments convex to the water, which indicates that the pressure of the water, p, is less than
the atmospheric pressure, P. If the curvature and the surface tension of the water are
represented by ¢ and a, the pressure difference, P—p, is equal to ga and this quantity

must satisfy the condition
a-dq =0g-dz, ’ (1)

where 0, g and z are, respectively, the density of water, the acceleration of gravity and
the verical coordinate of a point on the water surface. In addition there must be a defi-
nite contact angle wherever the water surface touches ice particles in the snow (Fig. 1 upper).
It seems improbable that surfaces satisfying these strict conditions exist in such a compli-
cated ice framework of snow. The author thinks that possible values for the curvature
of the water surface, g, lie within a narrow range, ¢,~g,; g, and g, being maximum and
minimum values for ¢g. Then, the pressure of water at its surface lies between P—agq,
and P—ag,, and this pressure range is the above mentioned “surface pressure band”.

The dotted portion of Fig. 2b represents the ice framework of snow, and the thick
crescent-shaped black bands indicate permissible locations for the water surface. (It should
be noted that all of the bands are not shown in this figure. There will be a great many
other bands curving downwards, to the left or to the right). The water pressure at the
most highly curved portion of the bands is expressed as P—agq,, while P—ag, expresses
this pressure at the least curved protions. In general, the actual positions of the water
surfaces will be intermediate between these extremes, as is shown by the black areas in
Figs. 2¢, 2d and 2e. '

For the sake of convenience, let hA=aq/fg, the pressure expressed in terms of the
height of a water column, be used in place of ¢; h, and A, are values for 2 which corre-
spond to g, and ¢,. Let us suppose that the snow texture is enlarged n-times. Then, the
curvatures ¢, and ¢. will be reduced to the 7-th part of those in the original texture, and
h, and h, will be reduced correspondingly. From this it may be seen that the coarser the
texture of the snow, the lower the values assigned to A, and h,. In Fig. 3, the cross-
hatched portion of each column indicates the “surface pressure band” expressed in terms
of h. The texture of snow becomes finer in the order a, ¢ and b.
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Two kinds of interlayer boundary can be distinguished :
1. the snow layers making this boundary are so closely related in texture that
their surface pressure bands overlap (Fig. 3, b and c).
2. this boundary appears between adjacent snow layers so different in texture
that their surface pressure bands are entirely separate (Fig. 3, a and b).
Water flowing through a snow cover cannot pass through the second kind of boundary,
since a discontinuity in the curvature, g, at the boundary prevents continuous change in
the water pressure. Therefore, when the texture of the snow is finer in the upper snow
layer, the flow of water is arrested by such boundaries and the snow lying above them is
soaked with the water. With the first kind of boundary, however, there is no disconti-
nuity in the pressure distribution and the melt water can pass through. Adjacent snow
layers usually have similar textures and usually form boundaries of this kind. The other
kind of boundary is more rarely observed.

Changes in the distribution of melt water soaking into snow cover with time, are
shown in fig. 6 A. The ordinate is the height above the ground and the abscissa is time.
The curves indicate the free water content in units of 0.01 g/cc. Larger amounts of free
water are retained at depths less that 5cm below the surface of the snow cover and at
50 cm above the ground, indicating that there are water-holding boundaries of the second
kind at these levels. Actually, there are rapid changes in the grain size of the snow at
both of these levels. Both boundaries separate an upper, fine-grained layer from a lower,
coarser-grained layer (Fig. 6 C).



