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THE PROBLEM OF SHORT PERIOD MEASUREMENTS OF
SNOW ABLATION

By RICHARD C. HUBLEY

(University of Washington, Seattle)*

ABSTRACT.A simple equation is developed for ablation in a snow cover on the basis of the principle of conserva-
tion of mass. Sinking of the snow surface as measured with ablation stakes or ablatographs is commonly accepted
as a measure of ablation. In so doing, a principal term associated with density changes in the snow with time in the
above-mentioned equation is neglected. In a few investigations, ablation was determined from sinking of the snow
surface alone, and also by other methods. These investigations demonstrated errors in the calculated ablation values
resulting from neglect of density changes in the order of 15-20 per cent for long observation periods, and as great as
65 per cent for short observation periods. The terms are also discussed which must be measured to determine
short period values of melting and evaporation of the snow for analyses of the heat exchange at a snow surface.

ZUSAMMENFASSUNG.Auf Grund des Princijis von der Erhaltung der Masse wird eine einfache Gleichung fiir die
Ablation in einer Schneedecke entwickelt. Die iiblichen Messungen der Ablation, besonders die mit der Ablations-
stange oder dem Ablatographen, bestehen in solchen der Senkung der Oberfliiche. Hierbei wird ein Hauptterm
obiger Gleichung, der zeitliche Dichteiinderungen erfasst, vemachlassigt. In einigen Untersuchungen wurde
Ablation bestimmt einmal aus der Oberflachensenkung und ausserdem mit anderen Methoden. Hiemach kann
Vemachllissigung der Dichteschwankungen Fehler der Ablationsberechnung von 15-20% in langen und bis 65% in
kurzen Beobachtungsperioden-erzeugen. Es folgt eine Discussion der Elemente deren Messung notwendig ist zur
Schnellbestimmung von Schmelzen undoVerdunstung von Schnee bei der Analyse der Warmebilanz an der Schnee-
oherfliiche.

IN glaciology, lowering of the surface of a melting snow layer is commonly accepted as a measure
of ablation within the layer. For determining diurnal or even shorter period ablation rates, measure-
ment of the fall in height of the snow surface as shown on ablation stakes, by ablatographs, or in
the change in depth of holes punched in the snow is used almost exclusively. Yet even with
extremely accurate measurements of the change in height with time of the snow surface, the·
problem of measuring the actual ablation, particularly for short periods, would be far from solved.
The measurement of change in thickness of a snow layer is essentially a measure of the decrease
in volume of the snow layer, whereas ablation, in its practical sense, is the decrease of mass within
a snow layer. Setting the ablation equal to the decrease in thickness of a snow layer multiplied by
a density factor implies that the snow density is constant both in time and space, an assumption for
which there is little justification even for an over-ripe, melting snowpack.

The purpose in this discussion is to derive a simple expression from conservation of mass
principles for changes of mass within a snow layer, and to point out the implications of the terms
involved to the problem of measurements of ablation in a snow cover. In this discussion, ablation
will be considered as the loss of water, in the liquid, solid or gaseous state, from a snow cover (cor-
responding to net ablation as defined by Ahlmann).

As a model for the analysis, a horizontal snow layer is considered of thickness h, and having a
density P (mass of water per unit volume of snow), which is a function of depth z, though not
necessarily a linear function. Then for a vertical column extending from the surface to the base of
the snow cover and having unit cross-sectional area, the total mass of snow, M, within the column
is given by:

M=JohpdZ

For hand P functions of time, differentiation of (I) with respect to time yields:

dM =Phoh+ {h Or!dz.
dt at Jo at

where Ph is the snow density at the upper surface, h, of the snow layer.
• Contribution No. II, Department of Meteorology and Climatology, University of Washington.

(2)
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If the discussion is restricted to cases in which d:.(0, equation (2) is then an expression for

the rate of ablation per unit area in the snow layer. In this equation the term Ph:: represents loss of

mass at the snow surface through evaporation and downward percolation of water from the surface
in excess of water reaching the surface through condensation and precipitation; and through

surface lowering by compaction. The term S: ~dz represents changes of mass within the snow

layer, being positive when sub-surface retention of water percolating downward from the surface
and the effect of snow density increased by compaction exceed the flow of water out of the snow
layer, and negative when these conditions are reversed.

In calculating ablation values from ablatograph or ablation stake data only the first term on
the right in equation (2) is considered. This method of determining ablation is valid, therefore,
only when the second term, associated with changes in snow density with time, is negligibly small
or zero. Retention of melt water within a snow cover, which can lead to a significant increase of
snow density with time, has been discussed by Ahlmann and Eriksson,1 and Wallen.2 In measure-
ments of the ablation of snow on the Kiirsa Glacier, Wallen found values computed from sinking
of the snow surface as measured on ablation stakes to be in the order of 15 per cent higher than
values computed from changes in thickness and density of the snow measured in pits dug through
the snow cover at different times. Because the snow had a temperature of 00 C. during the period
of observation and the data showed snow density increasing with time, the discrepancy in values
from the two methods of measurement could be explained either by compaction of the snow cover,
or by deposition of melt water in the snow layers beneath the surface as suggested by Wallen.
La Chapelle,3 in a similar investigation of snow ablation on the Taku Glacier, found ablation
values computed from ablation stake data which were in the order of 20 per cent lower than values
computed from snow thickness and density measurements made in pits at different times through-
out the ablation season. Aside from possible errors in observations, the discrepancy could be
eXplained by decrease in density of the snow as a result of sub-surface ablation.

It is not difficult to find a heat transfer process which could lead to sub-surface melting and,
thereby, sub-surface ablation in a snow layer. From radiation absorption coefficients for snow
determined experimentally by different observers,4 it appears-that 90 per cent of the solar radiation
.penetrating a snow cover is absorbed in a layer in the order of 10 to 50 em. thick, depending on the
physical characteristics of the snow. It follows that insolation absorbed by the snow can lead to
melting through a comparable thickness of snow. An investigation of the surface heat exchange
over snow on the Lemon Creek Glacier, Alaska, carried out by the writer in the summer of 1953
demonstrated that during a few periods when insolation was strong and heat transfer from the
atmosphere to the snow negligibly small, ablation values computed from heat exchange data were
consistently higher than values computed from measurements of the change in thickness of the
snow layer. On the other hand, in one particular case when a sequence of relatively calm, sunny
days was abruptly terminated by high winds and rain, ablation values computed from change in
snow surface level were unreasonably large. This was clearly shown later in that the rate of lowering
of the snow surface during the earliest hours of the storm was about 65 per cent higher than the
rate of lowering later in the storm period when stronger winds, increased radiation to the snow
and increased rainfall had led to an increase in the net energy transfer to the snow. Very probably,
the surface layers of snow which had suffered a decrease in density during the calm, sunny period
as the result of sub-surface ablation were later compacted by wind and rain in the early part of
the storm.

Based on these considerations, it is concluded that measurement of lowering of the snow sur-
face for purposes of determining short period ablation rates is quite insufficient, and in many
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situations computations of ablation which do not take into account density changes within the
snow layer can contain excessive errors.

Other methods of ablation measurement must therefore be sought which consider density
changes within a snow cover. Where the snow cover under consideration is not excessively deep
and is underlain by solid ice, rock or soil, the problem is solved through use of a vertical coring
instrument such as the Mt. Rose Sampler, with which it is possible to determine directly the change
in mass in the snow layer through measurement of the total mass at regular intervals of time in a
vertical column of unit cross-sectional area extending from the snow surface to the base of the
snow cover. A different approach must necessarily be used in the case frequently encountered in
glaciological studies where the snow layer is so deep as to make impractical frequent measurements
of vertical cores through the entire layer.

On the other hand, the observer is often more interested in obtaining values of melting in the
snow layer and evaporation from the surface in order to investigate their relationship to energy
received by the snow from the atmosphere and sun. For this case, the snow density can be written:

P=Pi+Pw (3)
where Pi is the ice density of the snow, defined here as the mass of solid ice per unit volume of snow,
and Pw is the water density of the snow, defined as the mass of liquid water contained in a unit
volume of snow. Substitution of (3) into (2) gives:

dM ah fh8Pi 8h {hopw
di=Pih8t + 08tdz+Pwh8t +)0 fjjdz

where the first two terms on the right express the change with time in the mass of ice contained
within the vertical column of snow, and the last two terms the change in mass of liquid water
within the column. When the sum of the first two terms is negative, it equals the net melting of ice
per unit area in the snow layer, plus evaporation of ice that may occur at the surface.

For investigation of the energy balance of the snow layer, only the first two terms in (4) need
to be measured. Where the snow layer overlies ice or firn, melting of the snow takes place between
the upper surface and the maximum depth to which heat from the sun and atmosphere penetrates
the snow. In this case the needed terms can be measured in a vertical column extending from the
snow surface to a fixed horizon sufficiently far beneath the surface to remain below the maximum
depth of sub-surface melting throughout the period for which measurements are made. To deter-
mine melting over periods less than a day's time, the most practical method would be direct
measurements of the change in mass of ice contained within a snow column from one observa-
tion to the next. This might be accomplished by using a vertical coring tube similar to a Mt.
Rose Sampler for measuring the total mass of snow at the beginning and end of the observation
period in a column between the surface and the above-mentioned sub-surface horizon, together
with calorimetric measurements to calculate the ice density. The usefulness of this method would
depend, of course, on finding a suitable means to identify the fixed lower horizon from one time of
observation to the next.

With the present rapid development of methods for more precise measurements of the meteoro-
logical parameters associated with the energy transfer at a snow surface, it is becoming increasingly
urgent that more effort be spent in developing. new, more precise methods of ablation measure-
ments, as well as the development of instruments to carry out these methods. As stated by Sharp,5
" ... some method is sorely needed for measuring ablation of snow and firn with an accuracy and
reliability equivalent to that with which the meteorological factors are measured. This is not an
easy task, but it is essential to an eventual balancing of the ablation equation."

MS. received 30 April 1954
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GLACIER FLUCTUATION, 1953

SWISS ALPS

Seventy-six glaciers were observed in 1953; 4 were stationary, 70 were receding and 2 were
advancing. The mean rate of recession was 16 m., 2 m. more than in 1952. The Rhone Glacier, as
in the year before, was still stationary. A full report will be published in Die Alpen.

P.-L. MERCANTON

NORWAY

The year 1953 showed a heavy deficit for all glaciers in Norway. The measurements of regime
on Storbreen in Jotunheimen showed a reduction of 0·85 million tons per square kilometre. The
firn line was found at a level of 1850m., as against 1650m. in 1952when the regime measurements
indicated an increase of 0'3 million tons per square kilometre.

On Jostedalsbreen I I glaciers were abserved; of these 8 were in retreat and 3 (B0yumsbreen,
Suphellebreen and Briksdalsbreen) were advancing. From this it appears that the shorter outlet
glaciers from the Jostedal Ice Cap are still advancing.

One glacier in Svartisen and I I in Jotunheimen were observed and all were receding at an
average rate of 20 m.

O. LIEST0L

EASTERN ALPS

Fifty-eight glaciers were studied in the period 1952/53 by the members of the Osterreichischer
Alpenverein under the guidance of Professor R. von Klebelsberg, who published a full report in
Mitteilungen der Osterreichischen Alpenvereins, Vol. 79, Ht. 1-2, 1954, p. 5-7. .

The summer of 1953 was rather cool and rainy and the melting of ice was somewhat slower
than in the period 1951/52. The snow line lay at about 100-200 m. lower than in the previous
summer. Of the 58 glaciers 2 high-lying glaciers advanced by 9 and 2'5 m. respectively. Of the rest
some advanced in part and receded in part; most receded, but not to the same extent as in the
previous year. As in earlier years the thickness, movement and amount of ablation of certain
glaciers, for example the Pasterze, were measured. The firn field of this glacier showed greater
accumulation in 1952/53 than in former years, but the surface of the tongue had fallen by 2-4 m.
One must assume that the melting away of the glacier is still in process.

H. PASCH1NGER

ICELAND

Out of 27 glaciers observed 22 per cent were advancing, 4 per cent were stationary and 74 per
cent were in retreat. The right (northern) side of Skaftafellsjokull advanced 20 m., while the left
(southern) side receded 12m. The Breidamerkurjokull west of Jokulsa receded 28 m. (average of 4
markers) while the south-east of the river remained stationary.
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