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Radiative Effects of Clouds and Cryosphere in the Antarctic
Takashi Y AMANOUCHI*

Abstract: Examination of the effects of clouds, ice sheet and sea ice on the
radiation budget in the Antarctic using Earth Radiation Budget Experiment
(ERBE) data were reported. The continental ice sheet affects not only the albedo,
but also the surface temperature because of elevation, and hence the OLR. Sea ice,
which is a critical climate feedback factor, appears to have less impact on radiation
than do clouds. However, these surfaces lie underneath clouds, and it was found
that the independent effect of sea ice is as large as that of clouds, and clouds are
masking the radiative effect of sea ice by more than half. The radiation budget at
the top of the atmosphere from satellite observation and that at the surface from the
surface radiation measurements at Syowa and South Pole Stations were compared.
Cloud radiative forcing at both stations for the surface, atmosphere and top of the
atmosphere was derived.
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Fig. 1.  ERBE monthly average albedo for full sky in (a) October 1987 and (b) January
1988, (c) outgoing longwave radiation for full sky in July 1987 and (d) annual
average net radiation for full sky in 1987/88. Data are plotted on a polar stereogra-
phic map, south of 50°S. The 0° meridian is at the top, and latitude 60° and 75°
S circles are drawn (YamAaNoUCHI and CHARLOCK, 1997 NCAR Graphics).
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Fig. 2. Topography map of Antarctic continent averaged for 2.5°X 2.5°ERBE grid (original
data were derived from DREWRY, 1983; YAMANOUCHI and CHARLOCK, 1997).
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outgoing longwave radiation (OLR) and net radiation (NET) for full sky from
quarterly months, April, July, October 1987 and January 1988.
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Fig. 4. (a) Surface elevation dependence of ERBE top of the atmosphere albedo for full sky
between 60°-90°E and 65°-90°S in October 1987 and calculated top of the
atmosphere albedo for clear sky with fixed surface albedo of 80% for cosines of
solar zenith angle 0.2 and 0.4, and (b) ERBE top of the atmosphere albedo along
the latitude band 75°-77.5°S in October 1987 and calculated top of the atmosphere
albedo for clear and cloudy sky, optical thickness v= 0 (solid line), 0.3 (dotted line),
3.0 (dashed line) and 30 (dot dashed line), with fixed surface albedo of 80% for
cosine of solar zenith angle 0.4 (YAMANOUCHI and CHARLOCK, 1997).
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latitude band 75°-77.5°S in October 1987 200 220 240 260
(YamanoucH! and CHARLOCK, 1997). Surface temperature Ts (K)
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Fig. 7. Sea ice concentration dependence of; (a) top of the atmosphere albedo, (b) shortwave
absorption, (c) outgoing longwave radiation and (d) net radiation, along latitude band
60°-62.5°S for full sky in October 1987. The solid line is a linear regression line
(YamanoucHr and CHARLOCK, 1997).
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and CHARLOCK, 1995).
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Fig. 12.  Same as Fig. 9. but for the South Pole (YAMANOUCHI and CHARLOCK, 1995).
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Fig. 13.  Same as Fig. 10, but for the South Pole in July 1987 (YAMANOUCH! and
CHARLOCK, 1995).
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Fig. 15. Scatter diagram of top of the atmosphere albedo versus outgoing longwave radia-
tion for clear sky over open water (55°-57.5°S; small solid squares), full sky over
open water (55°-57.5°S; crosses), full sky over sea ice (60°-62.5°S, solid circles), full
sky over continental slope (67.5°-70°S; open squares) and full sky over continental
interior (82.5°-85°S; asterisks). The solid line at the bottom left of the figure
shows the slope of the relation between albedo and OLR when both effects are
identical (YAmMaNOUCHI and CHARLOCK, 1997).
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