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Abstract:

The radiation budget of the Antarctic with ice sheets and sea ice is a driving factor of the
climate system of earth. Therefore, in order to understand global meteorology and climate, it is
necessary to study the Antarctic. The clouds over the Antarctic may have a great influence on
the balance of energy. However, full discussion has not been done on the role of cloud over
cryosphere. It is essential to analyze the interaction between cloud and snow and ice region for
understanding of global climate.

Over the past few decades, a considerable number of studies have been conducted on the
technique of detecting cloud over the Antarctic with satellite image. One recent and notable
technique presumes the particle size, temperature, and optica depth of cloud from the
distribution of small brightness temperature differences (BTD) between near infrared data (3.7
micrometer region: T3) and a therma infrared data (10.8 micrometer region: T4), and from two
therma infrared data (T4 and 12 micrometer region: T5) of Advanced Very High Resolution
Radiometer (AVHRR) onboard the polar orbital satellite NOAA. Although this method can
discriminate cloud from snow and ice surface using the dight BTD, the temperature difference
between cloud and snow and ice surface may become smaller during polar night, making it
especidly difficult to discern cloud from snow and ice surface in the Antarctic.

For this reason, cloud detection over the Antarctic has been limited in terms and regions
and there are no quantitative cloud detection data for a year-round analysis. In this study, an
algorithm was developed using the AVHRR data from NOAA-14 for cloud detection over the
Antarctic, and the cloud distribution properties were analyzed for the period from March 1997 to
January 1998.

In conclusion about cloud detection over the Antarctic and properties of cloud distribution,
I would like to state the following points.

The method was developed to identify BTD of cloud from the surface by determining the
BTD of snow, ice and open water. It was found from the examination of the BTD between T4
and T5 that T4-T5 depends clearly on T4 and the T4-T5 increases with the increase in T4. This
dependence changes rapidly around -35 degrees of snow and ice surface temperature. From the
calculated T4-T5 by the atmospheric radiative transfer software tool "MODTRAN" (Anderson et
a., 1995), the water vapor can cause BTD at T4 higher than -30 degrees, and the difference of
the emissivity on the snow surface can cause BTD over all the temperature region. Since the
weather and the geographical feature are not the causes, it is suggested that the factor of this
rapid change is from change of radiation properties influenced by the change of physica
characteristics of the surface snow particles.

On the other hand, from investigation of BTD (T3-T4) between near infrared and thermal
infrared temperature of the snow and ice surface, temperature dependence was confirmed that
T3-T4 decreases with T4 increase in the absence of solar radiation. When there is solar radiation,
the reflected radiation on surface increases T3. In this case, BTD of the snow and ice surface
was estimated by presuming increased temperature from using variation in visible data (ALB1)
added to T3-T4 without solar radiation.

The investigation of BTD of the open water shows that a radiation property of open water
does not change greatly, and the increasing temperature is small by affected by solar radiation,
since albedo of the open water is very small.

An algorithm was developed which classifies BTD of cloud and BTD of snow and ice
surface. An algorithm was applied to satellite data of the Antarctic for year-round, and it was
found that the method was useful for detection of cloud. However, the near infrared data of



AVHRR (ch3) has solar contamination for the period when the sun exists in the position near
the horizon. From the result of analysis of near infrared data, it was suggested that there were
factors of error in sunlight causing the rapid change of a calibration coefficient by sunlit to black
body for calibration, and direct contamination of sunlight to the sensor itself. An error by the
latter factor can not be corrected now. Accuracy of cloud detection was improved using both
BTD, T3-T4 and T4-T5 during the period when no solar contamination contained in data. Cloud
detection of snow and ice surface and open water with a relatively high temperature was
especially good.

In comparison with cloud amount of surface observation at Syowa and Dome FUJI station,
the detection accuracy of cloud was good in region of higher temperature; however, it turned out
that the accuracy became low in region of very low temperature like Dome FUJI station in
winter.

It was shown that some kind of clouds which appear in the observation result clearly by
the lidar at Dome FUJI station could be detected by developed algorithm.

From the result of analysis of cloud distribution during year-round using above agorithm,
it was found that there was considerably less cloud over inland compared with that over open
water and sea ice, and the temperature distribution of cloud changed with atitude. In the cloudy
regions over open water, the temperature of the cloud increased with decreasing latitudes. The
amount of cloud over sea ice is lower during the increasing period of the sea ice extent and
higher during the decreasing period. Low clouds with higher optical depth in coastal region of
the Antarctic are liable to border the sea ice and the open water regions, since the warmer water
vapor from the air over the open water cools in contact with the ice. The formation of stratified
cloud at the edge of the ice is not unique to the Antarctic as it is a well known occurrence in the
Arctic aso. It is now recognized that the formation of stratified cloud at the ice edge of both
the Arctic and the Antarctic might have an important impact on ice-albedo feedback.
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