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ABSTRACT

A new raster-based monthly snowfall climatology was derived from 1951-1980 snowfall station data for the
Laurentian Great Lakes. An automated methodology was used to obtain higher spatial resolution than previously
obtained. The increase in resolution was attained by using all available monthly snowfall data from over 1230
stations per year combined with a monthly time step to produce high-resolution grids. These monthly grids
were combined to produce snow-year grids. Multiyear average grids were created and compared. This technique
minimizes traditional problems associated with missing data and variable length station records.

The three 10-year average distribution maps presented here indicate a period of increasing snowfall. Windowing
of the 30 seasonal grids revealed that increasing snowfall was attributable to an increase in lake effect snowfall
and not to continental snowfall. The Great Lakes drainage basin was evaluated for trends within and between
monthly and seasonal average snowfall through windowing of all 240 monthly grids. The graphical and statistical
evaluation of these trends indicates a strong natural variation in the region’s snowfall and reveals an increasing

trend during the study period.

1. Introduction

The Great Lakes are located somewhat centrally
within the North American continent. Their location
puts them within a region normally dominated by
“continental” climate. The continentality of a region
relates to the degree to which it responds to the rapid
heating and cooling of the surrounding landmass.
However, the lakes are so large that they locally impact
the region producing a “marine” climate. This impact
affects many meteorological factors. In fall and winter,
when little or no ice cover is established, the lakes are
warmer than the air and lose heat and water through

evaporation, particularly during storm events. When"

these storms move onshore and begin to cool, excep-
tionally heavy rainfalls and snowfalls occur. These areas
of enhanced precipitation adjacent to each of the Great
Lakes are called “lake effect zones.”

In the Great Lakes region, heavy lake effect snowfalls
are natural hazards that can result in loss of life or
property damage. These snowfalls also pose severe
problems for air and surface traffic (Bolsenga and Nor-
ton 1992). A multimillion-dollar winter recreation in-
dustry, which is dependent on snowfall, has developed
within the region. Agribusiness can be strongly im-
pacted by changes in snowfall. This is particularly true
for the fruit belts located in the lake effect zones and
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winter wheat cropping further inland. The seasonal
snowfall of the Great Lakes basin is an important fea-
ture in the hydrometeorology of the region. Snow
meltwaters contribute to the water supply of the Great
Lakes. Spring meltwaters impact hydroelectric power
generation, commercial navigation, and riparian own-
ers. The albedo of snow-covered ground and heat of
fusion (needed to melt the snowpack) are significant
heat budget elements that keep the ground surface and
near-surface air cool. Once the snowpack melts, the
physics of soil hydrology becomes important. In heavier
snow years, high soil moisture keeps the ground surface
cool due to high evaporative fluxes. These processes
can delay the heating of the land surface in the spring,
thereby reducing the land-lake temperature difference,
which is the most important element in the region’s
marine climate.

Past studies on regional snowfall have relied on sub-
jectively defined climatologies. These climatologies
were normally assembled around long-term climato-
logic maps. The drawing of maps by hand has tradi-
tionally been a tedious undertaking. Hence, few long-
term snowfall maps have been produced for the Great
Lakes region (U.S. Weather Bureau 1959; Thomas
1964; Phillips and McCulloch 1972). Like all “atlas”
type maps, they were cartographic end products and
offered only a qualitative assessment of snowfall based
on sclected station data. The final drafting of these
maps was subjectively enhanced from posted station
average values. The maps presented here are computer
generated. These maps combine many times more in-






