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Glacier and snow hydrology studies rely upon measurements of snow accumulation and 
ablation at discrete points which are assumed to be representative of a certain elevation 
interval or other category (slope, aspect, etc.). Young (1973: also this conference) has 
suggested the use of a regression equation upon elevation, slope, and local relief (the last 
a measure of the convexity or concavity of the surface) to estimate snow accumulation at 
each point of a grid covering a given area, with sampling points chosen to cover the ranges 
of these variables as well as possible. The technique described in this paper is analogous in 
that it attempts to estimate ablation at each point of a gridded area on the basis of daily 
weather data collected at two different elevations in the area. Elevation is specified at 
each grid point, and slope and aspect (upon which solar radiation depends) are derived from 
elevations by finite-difference formulas. A measure of local relief is also derived from 
elevations by finite differences, and by incorporating Young's method to estimate winter 
accumulation at each point, the computer program described predicts the areal distribution 
of snow water equivalent for each day of the ablation season. The program has been devised 
for use in a study of the glacial history of parts of the Canadian arctic, but should be 
suitable for use in snow hydrology and glaciology studies anywhere. The test case to be 
described in this paper was run for comparison against observations made on "Boas" glacier 
on Baffin Island in 1970 (Jacobs, et al., 1972). 

Ablation is computed daily by estimating the heat and water exchange of the snow 
(including firn) with its surroundings. The air temperatures at screen height required at each 
grid point for heat calculations are determined by the lapse rates derived from maximum, 
minimum, and mean temperatures at the upper and lower meteorological stations. Surface 
temperatures are derived from the surface energy budgets, as explained later. Internal 
processes, including freezing of rain and meltwater within the snow, the latent heat re-
leased thereby, and retention of free water by the snow, are also accounted for. In order 
to hold computer time within reasonable limits and yet compute daily ablation at a large 
number of grid points, the methods and formulas used must necessarily he simple. On the other 
hand, the reliability of the results depends upon computing the terms of the energy budget 
with sufficient accuracy, at least the dominant terms. This is especially so for arctic and 
alpine environments where net mass balance is often only marginally positive or negative. 

Because solar radiation is ordinarily the largest heat source, it is given the most 
attention. The mathematical expression for clear-sky direct solar radiation on a slope is 
rather long and so is not given here; the method by which it is computed is described by 
Williams, et al. (1972). Diffuse radiation on a horizontal plane at the surface is approxi-
mated as the proportion of radiation scattered forward times the difference between 
extraterrestrial radiation not absorbed by aerosols and the clear-sky direct radiation at the 
surface. This expression is then adjusted for slope angle according to Kondratiev (1969, p. 
681). The forward-scattering coefficient and atmospheric absorption are specified as 
functions of latitude according to data given by Sellers (1965, p.22). Clear-sky solar 
radiation is computed with sufficient accuracy at intervals of 30 of sun's declination; 
that is, five times during the period June 1 to August 31 rather than 92 times, thus saving a 
large amount of computer time. The actual amount of incident solar radiation is greatly 
dependent upon cloud characteristics (See Vowinckel and Orvig, 1962). However, since the only 
information usually available is the proportion of sky covered by cloud, solar radiation is 
merely adjusted for mean daily cloud cover (this can easily be modified to account for 
diurnal variation of cloud cover, if desired) by the Savinov-RngstrOm formula (Kondratiev, 
1969, p. 467), which uses an empirical cloud transmission coefficient. The amount of solar 
radiation which actually contributes to the energy budget depends, of course, on the 
snow's albedo, which is highly variable. Commonly, albedo is specified 
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snow water equivalent is reduced by Q/Lf. Of course, if the snow is underlain by ice, 
ablation may continue to take place after snow water equivalent is reduced to zero to 
determine glacier mass balance; otherwise, computations are terminated for any point where 
the snow vanishes. 

When precipitation occurs on a day, it is classified as snow or rain according as the 
mean daily temperature (at each point) is above or below 00C. Snow increases the water 
equivalent, and increases storage potential by Wr(Tc/Lf + f), where Ws is water equivalent of 
the snowfall and T is its temperature (assumed the same as mean daily air temperature). Rain 
in the amount Wr will be held by the snow by at most the amount of storage potential S, so 
water equivalent increases by min(Wr,S) and storage potential becomes max(0,S-Wr). 

Measured and predicted values of accumulation and ablation are presented in Figure 2, 
where according to standard practice in glaciology, water equivalents of snow accumulation 
and ablation are plotted against altitude. The predicted accumulation is obtained by 
regression on altitude and a measure of local relief, similar to the procedure suggested 
by Young (1973). The points around 600 m are not on the Boas glacier, and these observed 
values were obtained from storage gauges, not the snow survey. Six other observations, not 
shown, were used from the adjoining glacier. The overall fit was excellent, with coef-
ficient of determination .91 and highly significant. 

More relevant to this discussion are the ablation results on the left of Figure 2. It 
is obvious that the summer in which we collected data for Boas glacier provides a 
rather extreme test of the model's performance, for it was cold and snowy much of the time 
and there was little ablation, even mass gain in the upper parts of the glacier, during 
the summer. Under the circumstances, it is suggested that the results of the simulation 
are acceptable. Further tests must be made, of course, preferably for ablation studies con-
ducted during more normal summers! 

However, since this is the area we were interested in studying, it was necessary to 
use the data available. Figure 3 shows the map produced of values of predicted water 
equivalent remaining on August 14, 1970, superimposed on the topography of a 6 by 9 km 
area surrounding Boas glacier. Comparison with photographs taken at this time shows satis-
factory agreement as to the location of snow; no measurements except those on the glacier 
(Figure 2) are available to determine if the amounts are correct. The locations of glaciers 
and perennial snowbanks all have large amounts of predicted water equivalent. 
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