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Sea Ice Observation by Microwave Radiometer
4.1

4.1.1  2005 3 2
a AMSR-E b MODIS 3

Fig.  4.1.1 Sea ice in the Sea of Okhotsk, March 2, 2005
(a) AMSR-E sea ice concentration   (b) MODIS 3 channels composite image

4.1.2   
Fig.  4.1.2   Observation for validation at the Bellingshausen Sea in the Antarctic
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(a) AMSR-E Sea Ice Concentration
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(b) MODIS 3 Channels Composite Image

B : Ch.2 (841 - 876nm)  G : Ch.5 (1,230 - 1,250nm)  R : Ch.4 (545 - 565nm)
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4.1.2

Sea ice, which is simply frozen sea-surface water, is seen in the Arctic Ocean, the Antarctic 

Ocean and the oceans surrounding the Arctic region such as the Sea of Okhotsk. The area 

where sea ice forms comprises 10% of the Earth's total sea surface.

Compared with the unfrozen sea surface, the albedo of sea ice is significantly higher and 

reflects the incoming solar radiation, which is the power source of the water and energy 

cycles. Sea ice interrupts contact between the atmospheric boundary layer and the sea 

surface, and blocks transportation of both sensible and latent heat. The process of sea-ice 

development may also contribute to formation of the Antarctic Bottom Water, which is an 

important component of ocean general circulation. Thus, sea ice is an essential factor 

affecting the global climate.

Sea ice also influences human activities, such as the movement of cruise vessels. Fig. 

4.1.1 depicts the sea-ice distribution on the Sea of Okhotsk from AMSR-E and MODIS. Those 

images have been released every day in the winter seasons since 2002. AMSR-E can 

observe sea-ice conditions from day to day regardless of clouds.

Sea ice has been observed by microwave radiometer since the 1970s. Validation of data is 

always a basic requirement, and validation observations for AMSR and AMSR-E were 

performed in collaboration with NASA and the Japan Coast Guard, using both airplanes and 

ocean vessels. Fig. 4.1.2 illustrates an example of such an observation.



Arctic Sea Ice and the Climate Change
4.2
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4.2.1   
Fig.  4.2.1   Seasonal variation of sea ice concentration in the Arctic region
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(a) Ice Extent Anomalies

(b) Ice Area Anomalies

(c) Ice Concentration Anomalies
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Trend : -33493.4  2329.0 km2/year
(-2.711  0.189 %/dec)

Trend : -36873.6  2120.9 km2/year
(-3.434  0.198 %/dec)

Trend : -0.082  0.011 %/year
(-0.953  0.125 %/dec)

    4.2.2

Fig.  4.2.2 Long-term trends of sea ice in the Arctic region
(J. C. Comiso, IGARSS 2005)
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Fig. 4.2.1 presents the seasonal variation of sea-ice concentration in the Arctic region (the Arctic Ocean 

and its surrounding oceans). In this region, sea ice reaches its maximum in March and its minimum in 

September. The ice extends from a minimum of 7.8 million km2 to a maximum of 14.5 million km2. The Arctic 

Ocean is surrounded by land, and the multi-year (perennial) ice remains throughout the summer season, 

covering about half of the total maximum extent of sea ice. The Sea of Okhotsk is located at the lowest 

latitude that we can find sea ice.

Fig. 4.2.2 plots the deviation from the average and the trend of sea ice in the Arctic region (J. C. Comiso, 

IGARSS 2005). In the figure, (a) indicates sea-ice extent (total area of 15% or more of the concentration); 

(b) indicates sea-ice area (converted into 100% of the concentration); and (c) indicates the concentration of 

sea ice. The red line represents SMMR data, and black represents SSM/I. These two data were used for 

deriving the average, deviation and trend. AMSR-E data was added as the green line. Clearly revealed in 

these figures, sea ice steadily decreased since 1978 at a rate of 3.4% per decade in extent, and 2.7% in 

area. Reduction of multi-year ice is especially remarkable, with reports that the extent of multi-year ice in 

September, the minimum time, is decreasing at 9.2% per decade. We know that the surface temperature of 

the Arctic region rose approximately 1 C over the past 20 years. We think that decreased sea ice in the 

region is a corresponding phenomenon.
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Antarctic Sea Ice and the Climate Change
4.3

4.3.1   
Fig.  4.3.1   Seasonal variation of sea ice concentration in the Antarctic region
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Trend : 8886.0  3142.5 km2/year
(0.719  0.254 %/dec)

Trend : 12430.5  2878.2 km2/year
(1.313  0.304 %/dec)

Trend : 0.067  0.014 %/year
(0.920  0.192 %/dec)
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    4.3.2

Fig.  4.3.2 Long-term trends of sea ice in the Antarctic region
(J. C. Comiso, IGARSS 2005)
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Fig. 4.3.1 depicts the seasonal variation of sea-ice concentration in the Antarctic region (the Antarctic 

Ocean). In this region, sea ice reaches its maximum in September and its minimum in February. Its 

approximate extent is a maximum of 20.0 million km2 and a minimum of 3.6 million km2. The Antarctic 

Ocean, in contrast to the Arctic, is not surrounded by land, so sea ice can expand outward from the 

continent. Therefore, most sea ice in this region is first-year ice, and it covers about 80% of the extent at its 

maximum time.

Fig. 4.3.2 presents the deviation from the average and the trend of sea ice in the Antarctic region (J. C. 

Comiso, IGARSS 2005). Similar to Figure 4.2.2, it indicates (a) extent, (b) area, and (c) concentration of sea 

ice. In the Antarctic region, sea ice increased slightly since 1978. The percentage was 0.7% per decade in 

extent, and 1.3% in area. However, the trend differs between the east and west Antarctic. At the 

Bellingshausen Sea and the Amundsen Sea in the west Antarctic, reports indicate that sea ice decreased 

6.7% per decade in extent and 6.0% in area. The trend of surface temperatures over the past 20 years was 

a decline in the inland of the east Antarctic, and a rise in the Antarctic Peninsula, the Bellingshausen Sea 

and the Amundsen Sea of the west Antarctic, consistent with the sea ice trend.

Through sea-ice observation using microwave radiometers, we can detect the signals of climate change. 

For that future objective, long-term and continuous observations are essential.


