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Experimental investigation of air-surfaceinteraction in polar regions.

Leader: Yu.A. Volkov. (Institute of Atmospheric Physics Russian Academy of Sciences).
Contact: mail_adm@ifaran.ru or repina@ifaran.ru

Purposes of the investigations: Studying the processes which govern radiation and heat
conditions in ice-snow cover and in the atmospheric layer above:

to study the effects of structural and thermal non-uniformity at the ice covered surface on heat
ad momentum exchange between atmosphere and underlaying surface;

to investigate transformation of air flow caused by change of the underlaying surface type (ice
— open water, fast ice - thin one year ice, glassier - sea);

to determine the values of the exchange coefficient in the aerodynamic bulk formulas and the
surface roughness parameter with respect to the type of surface and meteorological conditions
in the polar regions.

The development of devices and methods for polar experiments.

Brief substantiation. The problems of climatology attract considerable attention, because the
climatic processes occurring in the Arctic and Antarctic regions are specific and it is
necessary to clarify the role of these regions in the mechanism of forming climate and
weather. Both analysis and interpretation of data are made difficult by the facts that polar
stations are sparsely located, and the series of observational data are comparatively short.
Moreover, the data processing methods developed for the middle latitudes are not always
suited to the polar regions. Consequently, since it is very important that the processes
occurring in the high latitudes should be taken into account in climate models,
parametrizations of specific polar processes must be developed. The interaction between the
ocean and the atmosphere in the polar regions is specific, first of all, due to the presence of ice
on the ocean surface and, thus, due to the properties of the boundary layers in the two media.
The mechanism of energy exchange between the atmosphere and the underlying surface in the
Acrctic basin is very complicated. Various types of surfaces are present here: open water at the
states of calm, developed waves, and storm; solid ice (smooth, covered with snow and
hummocks); melting ice; ice with polynyas and leads; ice of different age and thickness; and
the continental ice of a complex orography. On the one hand, the ice cover hinders the heat
exchange between the atmosphere and the ocean and on the other hand the presence and
development of the ice cover is determined by the intensity of thermal and dynamic
atmosphere-ocean interactions. Space and time variations in the sea ice are important for
large-scale atmospheric and oceanic processes. The ice cover determines albedo changes, heat
and moisture fluxes, and also the dynamic interaction between the atmosphere and the ocean.
Phase transformations occurring on the sea surface, which are related to water surface
freezing and ice melting, have also a pronounced effect on the formation of the thermal
regime of the atmospheric near-water layer. Of special interest is the effect of polynyas and
leads on the heat balance of the polar regions.

Expected results.

e The investigation of katabatic wind and its transformation caused by the glassier-sea
crossing investigation.

e The dependence of the height of maximum wind speed katabatic wind on momentum and
heat fluxes near ice surface and depth of the inversion.

e The variation of the katabatic flow turbulent structure during daily cycle.
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e The transformation of the katabatic flow turbulent structure above the sea surface.

e The character of heat and momentum transfer during katabatic wind action.

e The investigation of the effects of structural and thermal non-uniformity on the ice
covered surface on heat and momentum exchange between the atmosphere and the
underlaying surface.

e The effects of ice flowers, hummocks, polynya and leads on the ice covered surface on
heat and momentum transfer.

e The typical values of turbulent fluxes for different types of sea ice.

e The experimental determination of the values of the exchange coefficient in the
aerodynamic bulk formulas and the surface roughness parameter in respect to the type of
the surface and meteorological conditions in the polar regions.

Basic kinds of the investigations. The direct measurements of turbulent fluxes in polar
regions. The instrumental investigation of snow-ice surfaces properties.

Time, places and resources of field works. The observations are to be conducted from
shipboard in polar regions as well as at Russian Antarctic stations.
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