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temperature readings are fascinating: starting with 8° F. (-13'3° C.), which obviously is the mean
annual temperature of the atmosphere at this altitude, the ice grew progressively warmer as the
tunnel advanced, reaching 17° F. (-8'3° C.) at 30 m.; then the ice dropped to 10° F. (- 12·2° C.)
at 50 m.; the ice warmed up again to 17° F. at 70 m.-then dropped to 8° F. at 90 m.-and the rock
itself was at 8° F.

These temperatures varied very little over the whole exposure of the tunnel opening-up to
three months. They are not to be interpreted as applying to the old tunnel.

Temperatures of the air outside and inside the tunnel were also recorded during the summer.
25 West 43rd Street, JOEL E. FISHER

New York 36, N. Y.
25 October 1954
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The Editor,
The Journal of Glaciology

SIR, Finsterwalder's and Ahlmann's Rules
Finsterwalder's and Ahlmann's rules are often used in calculations of the accumulation and

ablation balance of glaciers. I doubt whether they are in fact valid for an alpine glacier in equilibrium.
They are based on the shape of the curves of precipitation p and ablation a as a function of altitude z
(the slight modification introduced by movement of the glacier is here neglected). These curves
were obtained by Ahlmann for sub-polar glaciers (Fig. I, below). The precipitation curve p increases
slowly with z, and is concave downwards, reaching a maximum a little after the firn line zoo However,
Morikofer in the Oberland and Peguy in the eastern Oisans have found that the precipitation in-
creases rapidly with altitude (see, for example, Peguy, C.-P., La neige, Paris, Presses Universitaires
de France, 1952, p. 51); the curve for p is concave upwards until very near to the maximum which
is appreciably higher than the firn line, at about 4000 m. (Fig. 2). In the Andes of central Chile the
same seems to be true.

In this case, the curve of p-a=f(z), instead of being a parabola reaching its maximum at the
highest altitude of the glacier as Finsterwalder supposes, will be approximately a straight line.

We can write Ahlmann's rule as follows: if S is the surface area of the glacier in horizontal
projection and po=ao the precipitation at the firn line, then

fZ2 t(p +a)dS
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the integral being extended over the whole area of the glacier. Po must be equal to the weighted
mean of t(p +a) if the glacier is in equilibrium. This is possible in the case shown in Fig. I, for the
curve i(p+a) is roughly a straight line except at its ends, where the weight is negligible, but in
the case shown in Fig. 2 (p. 510), po=ao is certainly less than the weighted mean of !(p+a), even
if the glacier is in equilibrium.

That the glacier is in balance can only be seen on curves of p . ~~ and a . ~~ as functions of z
(Fig. 3, p. 510). The areas between the curves and the z-axis represent the total ablation and accu-
mulation of the glacier. If the glacier is in equilibrium the two shaded areas in Fig. 3 must be equal,
and will both be equal to the amount of snow and ice crossing a vertical surface through the firn
line in one year.

It would be of great interest to have further data on the accumulation and ablation at different
heights.
Clasificador 95 L. LLIBOUTRY

Santiago (Chile)
7 July 1954
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By R. FINSTERWALDER

(Technische Hochschule, Munich)

THE data upon precipitation p and especially ablation a in glaciated regions have so far been rather
poor. The parabola with a maximum in the height where the ablation is nearly zero is an approxima-
tion for the superposition p -a of the precipitation and ablation curves. This parabola has proved
true to a certain extent in the Eastern Alps for precipitation 1 and also ablation measurements by our
calculations of the height Zo of the snow line. The method used by myself for fixing the height Zo

does not depend absolutely on this parabola as I have mentioned on page ]10, Vol. 2, No. IS. of this
Journal. But if it is possible to draw a parabola the calculation of the height of the snow line is very easy
and quick.2

It is certain that the shapes of the curves p -a for precipitation and ablation can vary in the way
Lliboutry explains in his interesting letter. The shape can be a parabola as in Fig. I or nearly a straight
line as in Fig. 2 or a curve of higher order. For fixing the height of snow line by the formula (5) on
page 310 of my paper it is only necessary to shift the curve parallel to itself in the direction of the
z-axis until Ef.a, or in the writing of LIiboutry f (p -a) dS, is zero. The fixing of the height Zo of the
snow line becomes more accurate the larger is the angle by which the curve p -a cuts the z-axis.

The method shown by Lliboutry in Fig. 3 for fixing Zo is very interesting. By shifting the two
curves p and a in the direction of the z-axis one can obtain equality in the two shaded areas. In prac-
tice it would be necessary to draw very accurately in order to obtain a sufficiently accurate result by
this graphic method.

I agree with Lliboutry also with respect to his closing remark. It would be very useful to obtain
more data about the variation of accumulation and ablation with height.
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SIR, The Depth of Crevasses
The discussion on crevasse depths in the Journal of Glaciology, Vol. 2, No. IS, 1954, p. 339, leaves

me in some doubt whether crevasses in temperate glaciers cannot exceed 30 m. in depth. On the
Ebnefluhfirn in the Bernese Alps, at a height of abou t 3700 m., lance pulled a man from a snow
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