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Physical and Dynamic Properties of
Sea Ice in the Polar Oceans

ANTHONY J. GOW AND WALTER B. TUCKER III

INTRODUCTION

This monograph addresses the physical and dynam-
ic characteristics of the sea ice covering the polar
oceans. Itisthisice cover that gives rise to many unique
conditions in the polar oceans and atmospheres. Vol—
umetrically, the sea ice cover is almost negligible when
compared to the ice contained in the earth’s glacial ice
masses. It covers an area, however, that encompasses
about two-thirds of the total permanent ice cover. Be-
cause sea ice is such a thin layer in contrast to the large
areathatit covers, small changes within the atmosphere
or the ocean can cause major changes in the areal extent
and thickness of the ice. Suchchanges, in turn, will have
pronounced effects on the ocean and atmosphere through
modification of the albedo, the ocean—atmosphere heat
and momentum exchanges, and the oceanic salt flux.

Although seaice in the polar oceans has been under

scientific scrutiny formany years, researcheffortsinthe .

past two decades have become considerably more
focused toward understanding specific aspects of sea
ice. These studies have been stimulated by several
factors. The identification of the floating ice covers as
key elements in the ocean and climate systems, brought
aboutbylarge-scale computer simulations, has prompt-
ed efforts to develop numerical models of sea-ice be-
havior. Interest by several nations in exploring and
developing mineral resources inice-covered waters has
- encouraged much research dealing with the mechanical
behavior of sea ice. The development of airborne and
satellite-borne remote sensing instruments capable of
all-weather day and night surveillance of the ice cover
has also stimulated many studies dealing with the elec-
tromagnetic properties of ice. Finally, the desire for
commercial and strategic transportation on the surface
and beneath the ice cover has resulted in research
addressing the morphology and seasonal variations of

sea ice extent and thickness. Significant progress into
these areas of research has been made possible with the
advent of efficient computer systems, state-of-the-art
instrumentation, satellite technology, modern icebreak-
ers, and improvements in logistics that enhance field
studies.

In this monograph, we review our current under-
standing of seaice primarily as it pertains to the creation
and subsequent dynarnic behavior of seaice in the polar
oceans. We have purposely omitted any detailed discus-
sions of the mechanical and electromagnetic properties
of sea ice. This review was undertaken largely because
evidence accrued over the past decade has shown that

+ The physical and dynamic properties of sea ice

in the Arctic differ appreciably from those ob-
served in the Antarctic, and

» Suchdifferences are linkedclosely todifferences

inland/sea relationshipsin the two hemispheres
and their effects on ocean/ atmosphere interac-
tion and oceanic circulation.

First we deal with small-scale properties, beginning
with the freezing characteristics of sea water and pro-
gressing to the crystalline structure and salinity charac-
teristics of sea ice. Specific features of the small-scale
properties of the Arctic and Antarctic sea ice are then
compared to demonstrate the significant bipolar con-
trasts.

The next section deals with the large-scale aspects of
floating ice covers, from thermodynamic and dynamic
characteristics to specific ice features. The characteris-
tics of Arctic and Antarctic sea ice are again contrasted.

A standard taxonomy for the classification of seaice
based on its stage of growth has been developed by the
World Meteorological Organization (WMOQO 1956).
‘While much of this terminology deals with very young
ice, itis amore common practice among sea ice special-
ists to refer to thicker ice (> 50 cm) as simply first- or













































































































































