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Snow cover has a well-known thermal insulation effect on underlying soils. Similarly,
the freeze-up and subsequent thaw of soils can lead to a period of isothermal
conditions due to latent heat exchange of freezing and thawing soil water, known as a
zero-curtain effect. These thermal effects are known for permafrost and seasonal frost
environments. Here, impacts of snow cover on soil heat and water fluxes are
evaluated for the maritime diurnal frost environment of Marion Island. Snowfall and
snow cover is described from direct observations by Holness for the year 1999
(Holness, 2001). Ground temperature and soil moisture records at 200m, 750m and
1000m asl are used to demonstrate the effects of snow cover on the ground thermal
and moisture regime. Effects of zero-curtain conditions are demonstrated in absence
of snow. Snow cover is shown to occur for a significant part of the year at altitudes
above 400m asl. and is an important modifier of the ground climate. As radiation
inputs are buffered by the snow, the ground heat flux establishes a balance with the
latent heat exchange of the melting snow. Surface temperatures stabilize at the
melting point of ice, similar to a zero-curtain effect. Meltwater percolation at the end
of the snow cover period may induce a rapid cooling down the soil profile.

Ground temperature profiles at 750m asl show snow insulation to result in isothermal
soil profiles. In the absence of snow, an effective zero-curtain effect establishes at
depths of 10-20cm during winter. Complex heat flows by water advection and water
vapour transport continue beneath the zero-curtain zone in response to the repeated
phase changes of water near the surface. In contrast to polar regions, maritime diurnal
soil frost environments snow cover not only exhibits a direct thermal insulation effect
but is shown to act as a distinct source of cooling on underlying soils. The zero-
curtain effect is shown to be a prominent feature in this environment and reveals
complex latent heat exchange mechanisms that result in a similar thermal insulation
effect as snow. On Marion Island, both snow and the zero-curtain effect lower the
winter mean ground temperatures to values close to the freezing point of water, to at
least 80cm depth. The soil frost cycle frequency-intensity is increasingly reduced by
snow cover with increasing altitude.
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