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Sea Ice Detection using Microwave Remote Sensing Techniques in the
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We investigated the distribution of sea ice using various microwave remote sensing techniques including radar
altimeter, radiometer, and scatterometer data in the part of Drake passage, Antarctica, between the area 45°-75°W
and 55°-66°S. Topex/Poseidon radar altimeter data were used to analyze the monthly distribution of sea ice surface
area between 1992 and 1999 by using Geo_bad 1 flag of MGDR. From satellite radiometer measurements of
DMSP's SSM/], sea ice concentration was extracted during the period from 1993 to 1996. To select a value of ice
concentration, normally ranging from 0 to 100%, that can be used as a critical value of judging the existence for
ice, sea ice areas estimated from various ice concentrations of radiometer measurements were correlated with the
area estimated from the radar altimeter measurements. As a result, 20% of ice concentration was selected, and, then
this value was used to integrate radiometer data with radar altimeter and ERS-1/2 scatterometer data. To indirectly
verify the result, the last 20 year's sea ice concentration was correlated with surface temperature data near Esper-
anza Observation Station. The two data showed a high correlation coefficient of 0.86. The amount of sea ice and
temperature variation were found to be closely related in the study area, and this indirectly verifies the result of this
study. We provided a method to judge the existence of sea ice from ice concentration of satellite radiometer data
and suggested a method to monitor more detailed temporal and spatial variation of sea ice distribution by integra-
tion of various microwave remote sensing techniques.

Key words : Antarctica, Sea ice, Altimeter, Scatterometer, Radiometer
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® Radiometer measurement
(62°04'S, 56°23'W)

e Temperature measurement
(63°24'S, 56°59'W)

D Study area

Fig. 1. Study Area in the Drake Passage, Antarctica (45 °-75 °W, 55 °-66 °S). Blue square and red dot denote measurement

points for Radiometer and tempera-ture, respectively.
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Fig. 2. The development of radar pulse over a planar sea
surface [Modified from Ridley and Partington(1988)].
Typical ocean and sea ice return wave forms are also
illustrated. The return is from the sea or ice surface only.

edges EUTh vk Auigos 23 @ ZHAPE A
gk aiyo] HAPHQ Afole aEAME EaEd o9
£ dAEH, o] A Ir &S 3 HIPERMS
4% A44-s #AA ¥rhRidley and Paertington,
1988). ol2igt E4dol oJs) "AlHS EAE Y, &
A 2 dYes {33k, ey 1xAlel GDR
(Geophysical Data Receord)ell ol#3t Ay} 35
b=



144 25 -
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Table 1. Bits for T/P MGDR Geo_Bad_1 Quality Flag
[Modified from Beneda, 1997].

Bits Definition - Value
0-Deep water
0 Deep water flag [-Shallow water
1 Land/water flag 0-Water
for the altimeter 1-Land
5 Land/water flag 0-Water
for the TMR 1-Land
3 Ice surface as detected 0-No ice
by the TMR 1-Ice
4-7( Spares(0)

Table 2. Combinations of Geo Bad 1 Flag of T/P MGDR.
B;I:Ty De;?‘ﬂ Definition Surface
0000 0 Deep water WATER
0001 1 Shallow water

LAND
0010 2 Water/Land/Deep or
WATER
0011 3 Water/Land/Shallow
0100 4 Land/Water/Deep
0101 5 Land/Water/Shallow
0110 6 Land/Land/Deep LAND
011t 7 Land/Land/Shallow
1000 8 Ice/Water/Water/Deep ICE
1001 9 Ice/Water/Water/Shallow ;
1010 10 Ice/Water/Land/Deep
1011 11 | Ice/Water/Land/Shallow
1100 12 | lce/Land/Water/Deep
1101 13 Ice/Land/Water/Shallow
1110 14 Ice/Land/Land/Deep
111 15 Ice/Land/Land/Shallow

oPEE - A - FH9 -

a3 - Y - URY - RS

Brightness Temperature®] %5} git]en|e] #&gt
F°] ¥3Erh nk ofjel, MM 2 Age) s
UERE Flags® #3131t} Flags Al 7o) Hioa
35] 2=vl Instrument Flag, Telemetry Flags}
Quality Flag7} 3ic}. Instrument Flags oj= 7]7)9}
Foprt AR EEX] gelsT, Telemetry Flage= &
EA REF 7202 X Telemetryxtge] ZaLe

U=

2 A7ME o] Quality Flag 7}-¢8 Field No.
119 ¢ Geo_bad_1 flag& ©)&3lgc}. ol= golust
o wkpHel &, X, EE IS A Ft
(Ocean/Land/Ice Indicator)(Table 1). ©|XE Table
29} 7ol 167FX19) Bits ¢S wH=0] Land, Ice,
Shallow/Deep Water®] < 7148 & 9z, & «
ToME e Ieet EREE A9E vhAlEHO| &)
el Ael= 7Hy st

22. A2 A X8 (Satelite Passive M-
crowave Radiometer Datq)

AFTAEE o183 thald Passive Microwave
SensorZFE HAL A71E FHsl] 24 YL B
g vk ZAHE EAL A7l Balle] ewet H)
#SI22 Rayleigh-Jeans 2AFS o] 43l ul7] ox
2 g 9y, ol2RY aEEe) Wablg 1
& 4 rt

A7l AHgE AEE W5 NASAS] DMSP (De-
fense Meteorological Satellite Program)<] SSM/I
(Special Sensor Microwave/Imager) Series®]t}. o]
Aol A= NOAA(National Oceanic and Atmos-
pheric Administration)2 %8 453 99 25kmx
25km AA} 21855 ARSI

AN ADAE o) 8-8 AYARE nlo| Az vy
29| RF pulseE AME3lo] #2381 HEolo= AlE
54, % ¥ (empirical model} o|&3le] s)AbE
= dpdhet] F2 207 FuidAsaRE )
e} EAIE sty sy Feix AR 5 9
t}. o] @-PollM= IFREMER(French Research Ins-
titute for Exploitation of the Sea)ZHE] <=3
WNF(ERS WiNd Fields) ProductE AM-a}5lz, o)==
Ice Flags ol &3t 3, iy, 22l Sx2 32
gk %, 5kmx5km2 A=3} 519}
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Fig. 3. Annual surface areas of altimetry-implied sea ice
in the study area.
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Fig. 4. Ice surface areas estimated on the basis of ice
concentration in Radiometer measurements.
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Fig. 5. Comparison of ice surface areas estimated from T/
P Altimeter, Radiometer, and Scatterometer.
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