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Satellite microwave sea-ice
observations

and oceanic processes
on the antarctic continental shelf

S.S. JACOBS

Lamon f-Doherty Geological Observatory
Colunibia University

Palisades, New York 10964

J.C. Cotvtiso

National Aeronautics and Space Administration
Goddard Laboratory for Oceans

Greenbelt, Maryland 20771

We have been investigating the spatial and temporal vari-
ability of antarctic sea-ice distributions, based upon the Nim-

bus-7 satellite scanning multichannel microwave radiometer
(SMMR) brightness temperatures (Comiso and Zwally 1989).
In the Ross Sea, ice concentrations derived from the 1979-1986
SMMR data show a persistently lower ice cover over the con-
tinental shelf than above the adjacent deep ocean (Jacobs and
Comiso 1989). Sea ice remained through the austral summer
northeast of that continental shelf except during 1979 and 1980,
years characterized by other sector and antarctic-wide anom-
alies. Early autumn ice growth around this residual ice field
advanced southward across the eastern continental slope and
shelf to join sea ice moving northward away from the ice-shelf
front. This insulated the shelf water column well before all
sensible heat could be extracted by vertical mixing. Persistent
southwest winds and greater heat storage in the ocean surface
layer lead to later ice formation in autumn and lower ice con-
centrations during winter on the west-central shelf. Migratory
cyclones increased open water areas for brief periods, but had
relatively little impact on the large-scale ice cover.

Two newly identified polynyas near the continental shelf
break are associated with a shoal area at the northeast end of
Pennell Bank and with the slope front northeast of Victoria
Land. The latter occurs in a region historically preferred by
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Monthly average air temperature (upper left scale), ocean temperature (upper right scale), ice concentration (lower left scale), and ice extent
(lower right scale) in the Ross Sea, 1984 and 1985. Air temperatures are from automatic weather station records (e.g., Savage et al. 1985)
with vertical bars showing ± 1 standard deviation for the 1984 Franklin Island records. Ocean temperatures are the averages of hourly
recordings from the shallowest instrument (125-425 meters) at each of nine moorings set along the Ross Ice Shelf by Oregon State
University personnel. (m denotes meter. km 2 denotes square kilometers.)
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ships attempting passage to and from the southern Ross Sea.
The Pennell and Ross Passage polynyas are best developed in
spring and autumn, but also display intermittently lower ice
concentrations during winter. They appear to be topographi-
cally controlled and maintained in part by upwelling of warmer
water from the continental slope region. Slope water transports
heat onto the shelf as it replaces denser shelf water outflows.
The warm inflows to the continental shelf are evident from
year-long temperature records near the Ross Ice Shelf and from
the rapid spring enlargement of several shelf polynyas. These
polynyas near the continental slope are well positioned to in-
tercept and melt sea ice as it is exported from the shelf.

There is an impressive stability in the 86 percent average
winter sea-ice concentration on the shelf, which shows little
monthly or interannual sensitivity to present-day atmospheric
variability. Sea-ice extent in the full Ross sector and subsurface
ocean temperature along the ice shelf front both lag air tem-
peratures in the southern Ross Sea by several weeks (figure).
Warmer subsurface water entrained in the strong winter ver-
tical circulation on the shelf retards ice growth and enhances
heat flux to the atmosphere. The cycle of monthly average
ocean temperatures near the Ross Ice Shelf during 1984 in-
cludes a feature resembling the early winter air temperature
reversal that characterizes the coreless winter. This suggests
a shelf-water sensitivity to some climatic measure such as ac-
cumulated degree-days, which may be expressed in an ice-
thickness variability that is not observable with SMMR data.

Precautions are required in using SMMR brightness tem-
peratures and the derived ice-concentration data near conti-
nental margins, especially along dynamic coastlines where maps
are not regularly updated. Because of relatively large footprint
sizes and sidelobe effects on the antenna signal, observed val-
ues associated with data elements (pixels) near the continental
boundary may be significantly contaminated by adjacent areas,
particularly during summer. Interpretation of SMMR data in
coastal regions should evaluate probable errors associated with
this problem.

This work has been supported by grants to Columbia Uni-
versity from the National Aeronautics and Space Administra-
tion (NAGW 1344) and the National Science Foundation (DPP
85-12540), and by the Oceanic Processes Program at the Na-
tional Aeronautics and Space Administration.
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Current velocities and sedimentation
patterns in Granite Harbor fjord,

northern Victoria Land, Antarctica
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Granite Harbor is one of approximately 10 large fjords along
the coast of northern Victoria Land. These fjords constitute
the outlet zones of extensive glacial systems which traverse
the Transantarctic Mountains and drain the ice sheet of the
Polar Plateau. Most of these fjords contain deep basins (up to
1,000 meters) which are often silled to the east. Deep, protected
basins on the antarctic continental shelf act as sediment traps,
collecting fine-grained and low-density materials winnowed
from shallower areas. The combination of high rates of sedi-
ment accumulation and location near major glacial outlet zones

makes the fjord basin sediment packages uniquely suited for
high-resolution studies of Holocene ice sheet advance and re-
treat.

As part of a cooperative U.S.-New Zealand investigation of
sedimentation within Victoria Land fjords, we studied water
circulation within the inner deep basin of Granite Harbor (fig-
ure 1) between early November, 1988, and early January, 1989.
Our specific objectives were to assess the efficacy of marine
currents in winnowing and transporting fjord sediments and
to examine the influence of a large ice tongue on deep circu-
lation. Our overall goal is to combine results from sediment
trapping, current measurements, and surface sediment anal-
ysis to construct a comprehensive view of sedimentary dy-
namics in a very high latitude polar fjord. Here we report on
the results of short-term and long-term current measurements
during the 1988-1989 field season.

Field operations. All sites were reached by tracked vehicles.
Water column and seafloor samples were collected through
holes drilled in annual fast ice. Current measurements were
collected using two InterOcean S-4 electromagnetic current
meters. The Rice University group collected short-term mea-
surements ranging in length from 1.1 to 24.4 hours at 11 sites
between 9 and 22 November 1988. The Victoria University field
party installed an S-4 current meter 3 meters above the seafloor
adjacent to the MacKay Ice Tongue from 15 November 1988,
through 7 January 1989. In addition, 19 surface sediment sam-
ples and 11 large diameter gravity cores were collected in the
Granite Harbor area (see table). These samples are curated at
Rice University and are available to other investigators upon
request.
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