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CHANGES I A SHALLOW SNOW COVER SUBJECT TO A 
TEMPERATE CLIMATE 

By L. W. GOLD 

(Snow and Ice Section, Division of Building Research, National Research Council, Canada) 

A BSTRACT. Observations were carried out on each significant layer of the snow cover at Ottawa (lat. 
45° 24 ' N ., long. 75° 43 ' W.) on the thickness of the layer, and the density, grain size distribution and degree 
of bonding of the snow in each layer. A logarithmic dependence on time was found for the layer thickness, 
and the density and gra in size distribution . The product of layer thickness times the corresponding snow 
density was found to b e constant when no melting occurred. 

RESUME. On a effectue des observations sur chaque couche importante d ' une couverture de neige a 
Ottawa (lat. 45° 24 ' N , long. 75° 43 ' 0 ) . On a enregistre les modifications chronologiques de l' epaisseur d es 
couches, de la densite de la neige, de la dimension des cristaux et de leur r epartition. L'assemblage des 
cristaux, apres le passage au tamis, a fait l'obj et d'une etude. D es relations logarithmiques ont ete e tablies 
en fonction du temps ecoule. On s'es t aper<;u que le produit de l'epaisseur d'une couche et de la densit e 
correspondante de la neige est constant lorsque la neige ne fond pas. 

DURING February and March of 1956, a number of observations were carried out on the 
snow cover at Ottawa, Canada (lat. 45° 24 ' N., long. 75° 43 ' W. ). This report records some 
of the observations that are of interest in understanding how a shallow snow cover is modified 
by a temperate climate. These observations are: 

Height of each snow layer from the ground surface and the thickness of the layer ; 
The density of the snow in each layer ; 
The grain-size distribution of the snow in each layer as found by sieving; and 
The grain type in each layer and the degree of bonding between grains after sieving. 

Near the observation area the air temperature was recorded in a Stevenson screen. 
Records were also kept of the precipitation and the sequence of cold and warm air masses. 

PROCEDU RE 

Pits were dug in the snow cover I and 1000 cm.3 samples were taken from each layer 
using the National Research Council snow sampler for layers greater than 5 cm. thick and a 
special spade-like sampler for the thinner layers. These samples were placed in waxed card­
board containers and immediately removed to a cold room where they were weighed and 
sieved. Four sieve sizes were used which separated the snow grains into the following size 
ranges: 

o to 1'0 mm. 
1 ' 0 to 2'0 mm. 
2 . 0 to 3' 33 mm. 
greater than 3' 33 mm. 

The weight of the snow in each size range was measured and recorded. The snow in each 
range was then observed with a small hand microscope; the grain type was recorded according 
to the International Snow Classification 2 and an estimate made of the degree of bonding 
which was still recognizable in the grains. 

The technique for sieving was established at the outset and all sieving was carried out by 
the same person. It was recognized that some degree of uncertainty would be introduced 
depending on how much trouble one took to break up the snow. The technique finally adopted 
was to work the snow gently in each sieve with a gloved hand until further sieving would 
allow little more to pass through. It was assumed that the uncertainty which was implicit in 
the method would result in a scattering in the results but would not mask any significant 
change in the grain-size distribution. This was later confirmed when the results were plotted. 
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OBSERVATIONS AND DISCUSSION 

Fig. I (p. 220) shows the observed history of the snow layers, their age, height relative to 
the ground, and thickness. Three well-defined layers developed during the first part of 
February (layers I, 2 and 3) on which measurements could be made well into March. It was 
possible to make observations on layers 2 and 3 from the time they were first' formed, but 
layer I was a number of days old before the first observations were made. 

Fig. 2 shows the mean air temperature obtained from the temperature measured in the 
Stevenson screen, the sequence of warm and cold air masses, and the amounts of snowfall. 
The mean air temperature was obtained by drawing by eye a smooth curve through the 
continuously recorded air temperature record approximately midway between the daily 
maximum and minimum. 

It is interesting to note the relationship between mean air temperature, the periods of 
snowfall, and the sequence of warm and cold air masses. These facts, though well known to a 
meteorologist, are mentioned here because they draw attention to the cycle of events which 
have a definite influence on the development of the snow cover. 

Fig. 3 shows the change in the thickness of layers I, 2 and 3 with time. Fig. 4a is a 
plot of the density of layers I, 2 and 3 against time. In Fig. 4b the product of the layer thick­
ness times the density is plotted. This should show the gain or loss of material in layers 1,2 and 
3 over the period of observations. In Fig. 4C the sum of the density times the layer thickness 
for all layers up to and including layer 5 is plotted. This indicates the gain or loss of mass in 
the snow cover up to the top of layer 5 over the observation period. In Fig. 5 (p. 22 I) is 
plotted the grain-size distribution in per cent against time for layers 2a, 2 and 3. The 
estimated degree of bonding of the particles after sieving and the observed crystal type are also 
indicated. 

Fig. 5 shows that the change in grain-size distribution was fairly rapid and occurred at 
approximately the same time for all layers even though the age of the layers differed. It is also 
seen that a significant portion of the change occurred during a thaw which took place from 
I to 7 March. For three days prior to the thaw the weather was clear and the days sunny. On 
24 and 25 February a disturbance occurred which produced some rain and above-freezing 
temperatures. The evidence thus points to mild weather as the cause for the sudden change in 
grain-size distribution. After 28 February, the grains in the size ranges greater than I mm. 
were mainly type C and showed medium to extensive bonding. Though this is evidence of 
melting and the change in the grain-size distribution coincides with a definite mild spell, the 
part of the change which took place between 25 February and I March was during pre­
dominantly cold weather. The importance of temperature gradients in the metamorphism of 
snow has been pointed out by de Quervain 3.4 and it is significant that the gradient through 
the snow cover from 15 February to I March was always between o· I and 0 ·2°Cjcm. 

From Fig. 3 one could say that a major change in layer thickness, particularly \ layers I 

and 2, occurred during the mild spell. The I . 25 to 2' 5 cm. ice layer into which layer I was 
transformed was certainly a result of this period. The change in thickness of layer 3, which 
was near the air-snow surface, is fairly uniform. 

It must be emphasized that it is impossible to draw firm conclusions from data such as 
those shown in Fig. 3 because of the natural variability which exists in the thickness of a snow 
layer. For instance, the effect of the wind could easily develop undulations in the surface of 
the snow which later appear as variations in layer thickness. This is obvious in Fig. I where 
variations in layer thicknesses are reflected in the over-all snow depth. 

In Fig. 4a a gradual increase in the density of layers I, 2 and 3 is seen. Again, one could 
attribute the jump from a density of approximately o' 3 gm. fcm.3 to o' 4 gm.fcm.3 to the 
mild spell of I to 7 March. One interesting feature is seen in Fig. 4b in which the product of 
density times the layer thickness is shown to be approximately constant over the period of 
observation. The product for layer I drops off after the mild spell of 8 March but it was 
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difficult to make observations on this layer at this time because of the presence of free water 
and iater of ice. The product for layers 2 and 3 also drops off when the spring thaw sets in 
after the middle of March. In Fig . 4C the sum of the product for all layers shows a decided 
drop during the mild periods but seems to hold approximately constant during cold periods 
(i.e. 6 to 12 March) . There are some indications in Fig. 4b that the total mass in layers 1, 2 
and 3 may actually increase during a cold spell but the evidence is far from conclusive. The 
drop during a mild spell is probably due to water from melting snow draining out of the 
layers. 

If the changes in density and grain-size distribution depend primarily on the time for 
any particular climatic region, Figs. 6 and 7 indicate that this dependence may be logarith­
mic. For density the equation is of the form P8= poea.t where P8 is the density of the snow at 
time t in days. 

Po and r£ are constants. A line drawn by eye through the points gives: 

Po = o· 19 gm. /cm.3 
r£=0'o268/day 

gm. 
o < P8 <o '4 -

cm.3 
The percentage by weight of snow that is lost from the size range 0 to 1 mm. to the larger 

size ranges is given by loo-A = Aoe(3t where A is the p ercentage by weight of snow in grain­
size range of 0 to 1 mm. at time t in days. Ao and [3 are constants. From a line fitted by eye 
to the data : 

Ao= O' 21 7% 
[3=0' 273/day 
0<100-A < 82% 

Fig. 4b, which shows the product of density and layer depth to be approximately constant, 
indicates that the layer thickness varies inversely as the density. Therefore the layer thickness 
varies according to an equation of the form: H8 = Hoe-a.t where r£ = o·o268/day. The 
calculated values of r£ and ~,ifvalid, would probably apply only to a climatic region of which 
the Ottawa area is an example. 
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