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Severe Environment of Uncharted  Continent Necessitates Satellite Observation
5.1

5.1.1   2003 7 27 AMSR 3ch 89GHz 18GHz 10GHz
Fig.  5.1.1   Composite AMSR image from July 27, 2003 using 89, 18, and 10GHz channels
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A composite AMSR image of 89, 18 and 10GHz displays the Antarctic 

snow and ice distribution. Antarctica has an inland plateau area with an 

elevation over 3,000m a.s.l. and a very cold climate with temperatures as 

low as -80 C. In winter, this area is closed to frequent observation due to 

darkness, strong winds, and blowing snow. On a peak of an Antarctic 

dome, Dome Fuji, Japan maintains an observation site but seeks more 

observation techniques to combat the severe conditions described above.

Shelf ice forms the coastal ice margin, and its fluctuations are an 

important factor in the changing ice mass outlet from Antarctica. Microwave 

observation by AMSR 6 and 10GHz channels will focus on these regions in 

all weather conditions since this area appears as a low brightness 

temperature (Tb) area.



Microwave Signals from the Antarctic Snow and Ice
5.2
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5.2.1   F AMSR-E
Fig.  5.2.1   Air temperature and AMSR-E Tb at Dome Fuji
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5.2.1 F AMSR-E 6
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Comparing the annual (2003) pattern of air temperatures from the 

Automatic Weather Station (AWS) and six AMSR-E Tb at Dome Fuji, 

the air temperature indicates a very clear coreless winter  pattern of 

no clear winter minimum from April to September. This particular 

pattern is due to the combination of the semi-annual and annual 

oscillations. All the Tb follow the seasonal trend found in the AWS, 

although the amplitudes decrease and delays of the maxima increase 

with decreasing frequency. This phase delay is nearly non-existent at 

89GHz; approximately 15 days at 36.5GHz; 24 days at 23.8GHz; and 

28 days at 18.7GHz. The delays for 6.925GHz and 10.65GHz are 

greater than 30 days. The phase delay depends on thermal diffusivity 

and the microwave properties of the snow. The phase delay differs 

among frequencies due to the differing penetration depths of the 

microwave signal.
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5.2.1   AMSR
Table  5.2.1   Penetration depth of AMSR channels in Antarctic snow

Frequency Channels (GHz) 6.925 10.65 18.7 23.8 36.5 89

42. 8.0 1.2 0.55 0.15 0.03

34. 11.5 3.3 2.50 0.90 0.20

1
Penetration depth Type1

2
Penetration depth Type2

5.2.1 AMSR 6

10GHz
20GHz

2
1 -60

2
-20  

6GHz 2

Table 5.2.1 presents penetration depth ranges on six AMSR frequency channels, and penetration 

depth for two types of snow, assuming observation at a 50 degree incidence angle. Penetration depth 

over the ice sheet (dry snow) depends on the frequency, but also on the snow's temperature, density, 

layering, and crystal size and type. As the frequency increases, penetration depth decreases. For 

penetration depth below 10GHz, the snow cover temperature and layering are determinant factors. 

Above 20GHz, crystal size has the greatest influence, although density and temperature also have an 

effect. In the following example, snow type 1 is a cold (-60 C) snow cover with coarse grain, low 

density, and low accumulation rate. Snow type 2 is a warmer (-20 C) snow cover with fine grain, low 

density, and high accumulation rate. Penetration depths are greater for snow type 2 than for snow 

type 1 except at 6.925GHz, where the snow temperature was the determinant factor.
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Climate and the Antarctic Ice Sheet : Detecting Signs of Change
5.3

5.3.1 AMSR 6GHz 

Fig.  5.3.1 AMSR 6GHz indicating shelf ice along the coast
Tb reflects the annual mean temperature pattern inland.
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In some areas of the Antarctic, where recorded temperatures have 

risen and shelf ice has collapsed, observation data are available from 

low frequency channels of AMSR. AMSR 6GHz and 10GHz channels 

focus on the shelf ice area, where instabilities are of great concern in 

the relationship between climate and ice sheet.

There is great change in Tb in the surrounding oceans as the sea ice 

changes, but little change over the ice sheet. This is because the 6GHz 

signal indicates the temperature from the deep snow layer where the 

annual mean air temperature of the site can be determined. It remains 

low in the inland areas.

By observing the shelf ice and mean temperature, sensors can 

monitor the signs of change in ice sheet conditions.



Ice Sheet and Atmosphere : Sudden Rise in Ice Sheet Temperature
5.4

5.4.1  AMSR-E 36GHz
Fig.  5.4.1  Detection of sudden rise in ice sheet temperature (AMSR-E 36GHz)
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2003 10 28
Before rise of ice sheet temperature (Oct. 28, 2003)

2003 11 7
After rise of ice sheet temperature (Nov. 7, 2003) Blocking pattern and the area where rise of ice sheet temperature
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An abrupt rise of air temperature has been recorded in Antarctica. The left and center figures 

illustrate the 36GHz Tb patterns on October 28 and November 7, 2003. The inland cold area was 

diminished. A sudden temperature rise of 30 C in a few days heated the surface snow layer, 

increasing the microwave emission. Microwave sensors can observe the ice-sheet temperature, as it 

is not affected by clouds.

The composite map with a 500hPa height chart (right) displays the associated blocking pattern 

over Antarctica. The pressure field is usually low because the polar vortex is located over the 

Antarctic. However, in the blocking pattern, the circulation brings heat and moisture over the ice 

sheet. This phenomenon significantly influences temperature and snow accumulation on the ice 

sheet.

Using multiple-frequency observations with AMSR, we see thermal fluctuations between surface 

and deep snow layers on the ice sheet, and then a short-term temperature rise and a long-term 

temperature trend. Through microwave observation of the ice sheet, we can detect the environment 

of this uncharted  continent.


