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Seasonal and Perennial Snow  

The fact that research on seasonal and perennial snow has much in common is seldom 
appreciated because the research efforts are usually done separately, applied to different goals 
and carried out by different groups of people. 

Most research on seasonal snow cover has been directed toward solving engineering 
problems, such as determining the amount of water stored in the snow and the rate at which this 
water is discharged. This hydrological information is immediately applied to producing 
hydroelectric power and aiding agricultural and flood control projects. The need for such 
information gave birth to the field of snow surveying in the western U.S. (Church, 1942). Other 
major research efforts on seasonal snow cover hope to predict and control avalanches and develop 
effective means of snow removal and drift control. Basic research on the properties of snow has 
been included in some studies, but historically the emphasis has been on applied research 
primarily from a hydrological point of view. 

Research on perennial snow has increased along with human activity in Polar Regions. The 
research on polar snow and ice is generally referred to as glaciological, although the term applies 
equally well to seasonal snow cover research (Seligman, 1947). Studies on perennial snow also have 
hydrological and engineering goals, such as the determination of annual accumulation and ablation 
rates, the solving of over-snow transportation problems, and in the design and construction of 
large facilities, such as radar or research stations, on the Greenland and Antarctic ice sheets. 

Snow and ice so dominate the polar environment that they demand a more basic approach to 
the research than has characterized research on seasonal snow. Stratigraphic study of perennial 
snow strata on large glaciers and ice sheets, replaces the snow surveys of seasonal snow cover. It 
not only provides a means of identifying annual increments of snow and of determining their water 
equivalent, but also yields information on the physical properties of the snow which has served 
as a means of defining diagenetic facies on glaciers in general (Benson, 1962, 1967). The 
needs of science and engineering have stimulated a great deal of interdisciplinary research on 
the basic properties of snow and ice as a material. The approaches used in powder metallurgy have 
been useful in studies on the densification of snow. The deformation, flow and fracture of ice have 
been studied by using theoretical developments in the fields of plasticity and solid state physics; 
these studies have been applicable to research on metamorphic rocks as well as to glaciology. 

Alaskan Snow Cover  

Snow forms a thin veneer on the earth's surface over most of Alaska for 1/2 to 3/4 of the 
year. The physical properties of this snow layer and the physical processes which occur in, 
above, and below it are important and fascinating. The Alaskan snow differs from the 
hydrologically important mountainous snow of the western United States in that its temperatures 
are lower, steeper temperature gradients occur in it, and there is less of it per unit area; 
however, it lasts longer and enters more directly into human activity as snow itself rather than 
serving primarily as a cold storage water reservoir. This is of course especially true of snow 
which falls in glacier basins and enters into the complex glacier-hydrology system. Some of it 
may appear as runoff during the same year it was deposited, but much of it becomes locked in the 
glacier system for many years before it appears as runoff. 

Although Alaska is famous for its glaciers and has a large amount of perennial snow 
cover, it is especially well suited for the study of seasonal snow cover. Indeed, Alaska is 
virtually a made-to-order snow laboratory because it contains maritime, extreme continental, and 
Arctic climatic zones in proximity. The differences in the snow cover from one zone to the next are 
striking. This fortuitous situation is the result of two sharply defined climatic boundaries 
which cross the state: 
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(1) The Alaskan coastal ranges separate the north Pacific maritime climate 
from a severe continental climate. 

(2) The Brooks Range separates the interior continental climate from the 
Arctic polar basin climate. 

The two boundaries give three major climatic types which contain all varieties of snow 
cover: 

(1) The coastal mountains and lowlands of southeastern and south-central 
Alaska receive heavy maritime snowfall, which may be wet at low altitudes. 
This area receives precipitation from Pacific cyclonic disturbances which 
move through the Gulf of Alaska. 

(2) The interior, between the Brooks and Alaska Ranges suffers an extreme 
continental climate and the most notable feature of its snow cover is the low 
density, loosely consolidated depth hoar which makes up most of the snowpack 
in the lowland brush forest areas. The interior receives most of its 
precipitation from cyclonic disturbances which move eastward from the Bering 
Sea. 

(3) The Arctic Slope is characterized by a wind-packed, dry, sastrugisculptured 
snow cover. Its precipitation comes from cyclonic disturbances moving eastward 
from the Bering Sea or from along the Siberian Arctic coast. 

The Snow. Cover of the Arctic Slope  

Aside from the perennial snow of the mountainous areas, the snow cover lasts longest 
on the north slope of the Brooks Range. For three quarters of each year, the entire Arctic 
Slope, from the foothills across the tundra to the Arctic Ocean, is covered with dry, wind-
packed snow. This snow has several distinct features and research on it emphasizes the common 
ground which exists between studies of seasonal and perennial snow cover. It forms a wind-swept 
sastrugi surface which strongly resembles the year-round surfaces of the Greenland and 
Antarctic ice sheets, or the winter snow surface of the adjacent Arctic Ocean. 

The similarity to polar ice sheets does not stop at the surface. Indeed, the structure 
of the entire snowpack (thin as it may be) resembles the top annual stratigraphic unit of the 
perennial dry-snow facies of the Greenland or Antarctic Ice Sheets; it consists of a hard, 
high-density, wind-packed layer, overlying a coarse, low-density, depth hoar layer. Although 
there is considerable variability in the stratigraphy of this snow, one can generally 
describe it by referring to only four major varieties of snow. In approximate order from top 
to bottom in the snowpack these are: 

Range or 
Snow type Grain size  density 
 (mm)  (g cm-3)* 

1. Fresh new snow, variable 0.5 to 1.0 0.15 to 0.20 
crystal forms sometimes < 0.5 

2. Wind slab, hard, fine 0.5 to 1.0 .35 to .45 
grained 

3. Medium grained snow 1 to 2 .23 to .35 

4. Depth hoar, coarse 5 to 10 0.20 to 0.30 
loosely-bonded crystals 

* The density ranges are only approximate. However, they indicate the 
differences one may expect between the various layers. 
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