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Sea ice studies___________________________

Some applications of the McMurdo-
generated NOAA satellite imagery for

polar-ice research
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The establishment of a high-resolution picture transmission
(HRPT) satellite data acquisition station at McMurdo (77°51'S
166°39'E) by the National Science Foundation has opened an
excellent opportunity to use satellite information for antarctic
research. A description of this system has been given by
Wiesnet, Berg, and Rosenberger (1981). Although the main pur-
pose of the tracking station is weather and sea-ice forecasting,
the imagery can provide information to characterize many
geophysical phenomena. In this article we describe a prelimin-
ary assessment of some applications of this imagery for sea-ice
and ice plateau studies in the Antarctic. The satellite observa-
tions of the ice features described here were obtained during the
austral summer 1981-82.

The HRPT system tracks National Oceanic and Atmospheric
Administration (N0AA) satellites. The high-latitude location of
McMurdo gives many overlapping passes per satellite. The
advanced very-high-resolution radiometer (AVHRR) sensors
aboard the satellites provide data in four spectral channels, with
a subpoint resolution of 1 kilometer. The satellite data from all
four channels are recorded on 7" high-density magnetic tapes
(diameter 36 centimeters). In addition, hard-copy HRPT imag-
ery, which covers an area of about 2,600 x 5,000 kilometers in
one orbit at a scale of about 1:12,000,000, is produced from the
infrared (IR) band (10.5-11.5 micrometers) and the visible band
(0.58-0.68 micrometer). In addition, we have used LAC (local
area coverage) data for the Ross Sea area having a scale of
1:7,000,000. Visual observations and photography were ob-
tained through numerous flights conducted by the U.S. Navy.

We observed several features from the satellite data:
• Movement of ice floes. Ice floes form when sea ice breaks up;

they generally follow the sea surface circulation. Move-
ment of ice floes can be observed directly from the hard
copies. Figure 1 shows the breakup of sea ice along the west
coast of the Ross Sea on 3 December 1981. The giant ice floes
outside Drygalski Ice Tongue are more than 30 kilometers
in diameter. We watched them on satellite imagery fQr a
month and a half. During that period they were rather

Figure 1. NOAA-6 vus LAC (visible, local area coverage) satellite
Image of western Ross Sea, 3 December 1981, showing the breakup
of sea Ice. Vectors show drift of Ice floes.

stationary, drifting slowly to the southeast. From 3 Decem-
ber 1981 to 3 January 1982, the smallest floe close to the ice
tongue moved 20 kilometers while the largest floe, away
from the tongue, moved 60 kilometers. Some rotation of
the floes also was observed. The smaller floes, farther sea-
ward toward Cape Adare, moved in the opposite direction
at speeds around 20 centimeters per second. The move-
ment of these floes will be used to study sea surface circula-
tion in a way similar to that described by Muench and
Ahlnaes (1976).

• Surface temperature of breaking sea ice. To study the surface
temperature distribution of water or ice with satellite imag-
ery, it is necessary to enhance the imagery from taped data.
When the general temperature range of the area under
investigation is known, a table can be constructed to reflect
that range (Ahlnaes 1981). Using that table, an IR image can
be produced, enhancing the temperature structure. Figure
2 is an IR enhancement of figure 1. Here six distinct shades
of gray were used to bring out the temperature to an ac-
curacy of 1°C. We hope in the future to obtain actual surface
temperature measurements to calibrate the satellite
imagery.
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Figure 3. NOAA-7 IR HRPT (infrared, high-resolution picture trans-
mission) satellite image, 23 December 1981, showing the surface
temperature distribution of the east antarctic ice sheet with super-
imposed ice-surface elevation contours.

• Icecap togra/iy. As we reviewed all HRPT satellite imagery
for the entire antarctic continent, excluding the Peninsula,
we observed a recurring pattern in the IR imagery for East
Antarctica. The pattern consisted of semicircular features
in shades of gray along the coasts of Wilkes Land and
Queen Maud Land but most noticeable around the Amery
Ice Shelf (see figure 3). Since figure 3 is an IR image, the
tones of gray correspond to surface temperature and show
an increase in temperature toward the coast. Since the
plateau also slopes toward the coast, the question arises
whether there is a relationship between surface tempera-
ture and topography. The superimposed ice-surface con-
tours were taken from the General Bathymetric Chart of the
Oceans (Canadian Hydrographic Service 1980). After our
taped data are processed, we will look into this relation-
ship. Benson (1962) noticed a linear relationship between
altitude and mean annual temperature of 1°C per 100
meters on the Greenland ice sheet, where meteorological
processes are similar to those in Antarctica. If we can find a
relationship in our study, then satellite imagery can be
used to monitor topographical changes corresponding to
the mass balance of ice plateaus over periods of time.

We anticipate discovering many more applications when the
taped data have been processed. Confirmation of these features,
however, will require a comparison with ground truth and
further analysis of satellite imagery specifically directed to the
features that have been identified. Preliminary analysis sug-

gests that AVHRR satellite imagery has great potential for antarc-
tic ice studies.

K. Ahlnaes was in the field 28 November 1981-28 January
1982. This work was supported by National Science Foundation
grant DPP 80-24636.
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Figure 2. NOAA-6 enhanced IR LAC (infrared, local area coverage)
satellite Image of western Ross Sea, 3 December 1981, showing the
surface temperature distribution of the breaking sea ice. Note the
abrupt change from white to black, which corresponds to the ice
edge. The "ice table" used is shown In the botton of the figure.
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