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A program to prepare digital mosaics of multispectral (mss)
Landsat images has been initiated by the U.S. Geological Sur-
vey to provide accurate synoptic views of land and ice features
in Antarctica. The mosaics aid in understanding the kinematics
and dynamics of the ice shield and, when compared with other
images taken in different years, furnish information on the
waxing and waning of the antarctic ice sheets. Additionally,
derivative products of the images will aid in the identification of
types of snow, ice, and soil.

About 170 computer-compatible tapes (figure 1) have been
acquired covering the coastline along Victoria Land, Marie Byrd
Land, the Antarctic Peninsula, and selected areas in the
Ellsworth Mountains, the Shackleton Range, and Dronning
Maud Land. The areas were chosen because their Landsat im-
ages accurately portray nunataks and the coastline as seen in the
early to mid-1970's. Landsat coverage of Antarctica extends to
only about latitude 81°S; therefore, large parts of the Transan -
tarctic Mountains are not available for analysis.

Calibration of data from individual Landsat images involves
radiometric corrections, noise removal, and geometric correc-
tions. Further processing includes haze removal, image-enhan-
cement techniques, geometric transformation to a standard pol-
ar projection, and digital techniques to minimize tone
mismatching at scene boundaries. The mosaics will be pub-
lished eventually as colored image maps at scales of 1:1,000,000
and 1:250,000. Previously published Landsat-image maps were
based mostly on unenhanced paper prints. The comparison
pair in figure 2 shows that significant improvements in image
quality can be obtained by the digital-enhancement process.

The preparation of multispectral digital mosaics of Antarctica
is not without problems. Some tapes are no longer available
because of degradation during tape storage. Many images are
saturated in bands 4 and 5, and to some extent in band 6; band 7
is never saturated. The saturation appears to depend on Sun
angle: Sun-elevation angles between 15° and 22° generally yield
unsaturated images, angles below 15° yield degraded images
because of atmospheric effects and large shadows, angles high-
er than 22° yield saturated images. Consequently, images ac-
quired inland and close to the South Pole tend to be unsaturated
because of their low Sun angles, whereas images taken near the
west antarctic coastline and the Antarctic Peninsula tend to be
saturated. Only snow and ice information is degraded; rock,
soil, and water data remain usable.

We are currently developing a restoration technique for re-
constructing the saturated snow and ice information in bands 4
and 5. If an image contains undulating terrain, slopes facing
away from the sun will be lower in brightness value and less

subject to saturation than flat areas or slopes facing toward the
Sun. To a first order, the spectral-color ratios of snow and ice will
be independent of sun-elevation angle. During the restoration,
images are scanned for snow and ice areas that are unsaturated,
and statistical relations are established between the band ratios
4/7, 5/7, and 6/7. From these relations, band 5 can be predicted
as a function of the 6/7 ratio and intensity of band 7, and band 4
can be predicted as a function of the 6/7 and 5/7 ratios and
intensity of band 7. A second pass through the data will apply
these functional relations to saturated areas. For images having
insufficient areas of unsaturated snow and ice, the functional
relation from other less saturated images can be applied.

Another problem in digital mosaicking is tone matching of
images having different color and brightness signatures caused
by differing Sun-elevation angles and atmospheric conditions.
To minimize tone mismatching of images in a mosaic, the mean
and standard deviation of density numbers in overlapping im-
age areas are determined and compared. Multiplicative and
additive constants are then calculated; their iterative application
to each image minimizes the sum of the differences in the mean
and standard deviation for the overlapping areas, and the im-
ages thus approach uniform tones.

Analysis of preliminary mosaics and derivative maps has
yielded geologic as well as glaciologic results. The spectral sig-
natures of soil and rock are sufficiently different from those of
snow and ice to permit the preparation of maps showing only
nunataks, thus furnishing precise information on their location.
Bedrock and soil exposures in nunataks are generally small, but
where bedrock exposures are extensive, as in the dry valleys of
Victoria Land, lack of vegetation and presence of a clean at-
mosphere and physically weathered bedrock facilitate discrimi-
nation of rock types. On the basis of spectral ratios, sandstones
can be clearly distinguished from dolerites and granites. Struc-
tural information is enhanced in first-derivative images, result-
ing in the recognition of lineation sets. Meteorites, whose pres-
ence in Antarctica recently acquired much significance, occur

Figure 1. Aerial coverage of Landsat scenes and computer-compati-
ble tapes acquired by the U.S. Geological Survey. ("-" denotes
approximately; "KM" denotes kilometer.)
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Figure 2. Landsat image 2281-07424(30 October 1975) showing the JUtuistraumen Glacier in Dronning Maud Land. (Left) Unenhanced band 7.
(Right) Composite of enhanced bands 4, 5, and 7. Notice improved definition of flow lines in glacier (right center), in wind streaks crossing
glacier (lower right center) and in undulations of ice sheet. Blue-Ice areas (arrows) show as light blue in false-color version. ("KM" denotes
kilometer.)

mostly in blue-ice areas. Blue ice is easily identified on multi-
spectral Landsat images, and many new such areas are being
discovered. Also, blue-ice areas appear to be preferentially de-
veloped over buried mountain ranges; this relation is aiding in
their identification and location. For glaciological research, the
synoptic view of the Landsat-image mosaics permits a regional

picture of glacial systems and aids in the interpretation of the
dynamics of the antarctic ice sheets. Furthermore, the mosaics
precisely delineate the coastline as it existed during the early to
mid-1970's; this information will provide an important baseline
for the evaluation of future changes in the Antarctic ice sheets.
Such changes have profound implications for world climate.
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This marked the fourth year that ITT/Antarctic Services, Inc.
(ANs) has provided support service to the United States Ant-
arctic Research Program. Primary responsibilities were divided
between continental Antarctica and the Antarctic Peninsula. In
the continental area, ANS operated and maintained facilities at
Williams Field, McMurdo Station, South Pole Station, Siple

Station, and a remote field camp located on the Siple Coast. In
the peninsula area, ANS's primary tasks were operating and
maintaining Palmer Station and the RIv Hero. Specific con-
struction and renovation projects, as approved by the National
Science Foundation, were either begun, continued, or com -
pleted at all locations. Support of annual scientific investiga-
tions at the various sites was also an ANS responsibility.

Contract management was based at Paramus, New Jersey;
specialized support functions were effected through offices
maintained at Port Hueneme, California and Christchurch,
New Zealand. Direct support of Hero/Palmer Station operations
was coordinated through Chilean ship husbanding agencies.
During 1983-1984, 274 ANS employees deployed to Antarctica.
ANS also arranged deployment of 431 National Science Foun -
dation sponsored grantees affiliated with 96 research programs.

McMurdo Station. An ANS contingent arrived on winter fly-in
(wINFLY) aircraft to begin preparations for the upcoming field
Christchurch by 24 August, but because the weather was bad at
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