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DEVELOPMENT AND EXPERIMENT OF AIRBORNE MICROWAVE
RAIN-SCATTEROMETER/RADIOMETER SYSTEM

4. MICROWAVE BACK-SCATTERING EXPERIMENT OF
OCEAN SURFACE

By

Harunobu MASUKO, Ken’ichi OKAMOTO, Hideyuki INOMATA,
Masanobu SHIMADA, Hiroyoshi YAMADA, and Shuntaro NIWA

An airborne microwave scatterometer/radiometer system was applied to the observations of

microwave back-scattering signatures of the ocean. The normalized radar cross sections (¢°) were

measured as combined functions of microwave frequency (10.00 GHz and 34.43 GHz), polarization
(HH and VV), incident angle (0-70°), azimuth angle (0-360°), and wind speed (3.2-17.2m/s). The
azimuth anisotropic signatures at 34.43 GHz are confirmed to be similar to those at 10.00 GHz, and

the wind speed dependences are analyzed for each azimuth angle, polarization, and incident angle.

For each parameter, behaviors of ¢° for microwave frequencies are shown as compared with the

results obtained by other experiments and theories. Some parameters of the ocean surface, such as

the effective reflection coefficient, the mean-square surface slope, and the wave-number spectrum

of the short surface waves are estimated from the microwave scattering signatures.
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YEEEELSF (SASS) ik ->TELNIHERE THED.
AESBEL bbb 5T, KEERT 10.00GHz
OBEAIE LN kEREIEZ Moore & Fung O#R LB
{—ET 5. —fpic, HBBEFERTIE HQA, 2,0, 96)
BEDEERD, o BEEOHEMEE bICHMT 3.
chiz=4 7 ok S HEEERT 2 EEOE OB RE &

BEHEHTFR

13754, (MROEUDERIL T % OiidiZEEHs 30 m/s
BEEZFTEEILNTNS.

B RCAEROERGED TN T TOERKUH
Bk - TRONERBERTC BT 5 HQ,p0,9)
DIEEASHEE 5 =2 ELTRT. HA,p,0,9) i
10GHz BED FTIRIZZ—EDMHELE S0, ZThUTF
TRELUTEERORBL L L bILBLTB.

ASRHIERETIR o OERBERICK ST IRIZ—E
T, ch& b ARBONSOBREARMETIE HQ p,
0,¢9) DIIZALIED o FREOHEM &L DITHLT
3. ZORBLOEARBEENENEEREN. TOE
e LT, BEOEMNE &S ICEMRERESEDT S
z &, R, BEOIE 2 REHLEMT 5 EBEL
o>ha.

3.3 ASAKEY

BORCREE/ 5 4 —4 & LI o° OANAKRERE
ORIERY. o OERASRAOEMELS K BPTS
5, AGHAE0~20 B, 20~T0BEfha, KU, TOERE
Y FORERTE DIERMRILS. 0~20 EOFH TR
BR Ulc & 5 KESEEBEBSELHRIABETHD, O
BHicLhid o ZROXNTEINS O,

LBRBETB1DT, Thick>Tv4 7 o#ElEt (1,0, Uy =IBROI* 1 exp{_ tan?d }
y Vs 2 4 2
K& B FROREDENNSTRESS. LbL, BE (4, U) costd s U)
DEWEIZEREOWNE & diIEEIRicRET ST e 8)
W2E CHITRTOLNAEERRUERIEI2 KX->THEONT, RAREEICBY 2EEE
H (4,0,0,¢) OWE. KFERE, up-wind.
Frequency (GHz) | 0.428 | 1.208 | 1.274 | 4.455| 8.910| 10.00 13.9 14.509 | 34.43
Wavelength (cm) | 70.1 | 24.4 | 23.51 | 6.73 | 3.37 | 3.00 2.16 2.05 | 0.87
Incident| Experimenter SEASAT RRL/ Moore |SEASAT|RRL/
Angle | or Analyst NRL (SAR) NRL  |NASDA|SKYLAB) LaRC |g "Eingl(SASS) [NASDA
. _ ] oos _ _ | oss _ _ 0.69
20° Experiment (23°) (22°) 0. 865 0.957 (22°)
Theory 1.22
097 | 112 1.30 | 1.20 1.32
Experiment | 0.47 | 1.54 | — 140 | 095 | 1.72 | 1765 | 1.404| 1.63 | 1.483 | 1.18
30° 1.35 | 0.70 (32°)
Theory 121 137 | 144 1.50
. 1.45 | 105 1.89
Experiment — — - 4501 105 | 908 | 1.31 | 2.034| 205 | 1.908 | 1.95
o 45°) | (45 3%
2.12 2.21 | 2.2
Theory (450) (450) (450) 2.03
Experiment - - — — — 23 | M8 ) ous| 240 | 2200 | 254
50° :
Theory 2.65
oo |Experiment — — — | w50 | 145 | 2.49 — | rezm| — | 226 | 2m;
Theory 1.97 2.36 2.75
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ZZT, RO BASHAIEICETZ7 L300 Kt
FH, s BYEH2FERTH 5. BIRD 0~20FD
EHOEYRHRIIASA 0 ERU SBMEDT — 2 25
KBRAEH VT SDTH 3. COEIFEHEDEEIC
Boh 3 KEERIE, bRP7LVAVORERKLE R
20, EBROEEOMMDOMHREESLHEHR R EF
ENEHDTHY, v4 7 oBOEE, Rl HHA,
KU, BECKRET 2R THS. ATV TELSDL
1 EYRERROMIZ, A 9.3m/s © 4, 10.00
GHz it LCikeh Tk EE T 0.55, BEERET
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FfRE T 0.018, TEFH T 0.015, 34.43GHz icxtL
TiEhEnAEEE T 0.023, EEFEETO0.018 TH
stz THhODEIR7 LA VORSHESREROTHAIX
ha3EIHA, 10.00GHz DEAICH 50~60%, 34.43
GHz DEAIT 80% DL/h&w.

0D DT — 2Tt LT, KB T, AHA
20~70 Bitb7c 37— 2 EAVTRAD & 5 BEEK
EVR%EfT-72.

P2, 2,0, 6, U)=exp {~ 3 Ba(3, 2, 6, U)-07)

Moore & Fung {3 SKYLAB o 13.9GHz @ 57—
220 TORD 1k E TORBREERELTNE @,
LirL, £ERTR, 1ROBEATRRTSTSH -1
72, 4RXIZSIROEHARERA V. FIKDOAHA
20Dl EDfEEIC B ZEIRERIZC O RERT. B
iR fe kS, T OASAFERICET 2 HEEER,
HIEHE LR R O/ AEARELE Fvic & - THEAMR
B o5NTNE®, COERICLINIIBEOEBEZ < b
WIERZHOOEBICKBIEN, <47 uEORELFAEE
DOEED AR F VERIEEORKEMK L LToRE %
BL, v4 7 olOlRID BT > ERERPEDES
AR P IVDIEEIZC O WEDRE LI EEEE
HXEIHMBELTHL. LEkd-T, COEEDOKRE
REHNEOREBCEL >T, HxDERHICYTE<(47 0
BOASAHSEEEEOENERLE LTHETS. T
tibb, COEAD o FRXDLSIKEINS.

#%,2,0,6,=[" " om(@,9)
X Po(Zz', Zy')AZ5'AZy’
opp(0’, §) =8| app |I?W (8", ) oo (0
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agg=cost¢’+Rx e )
HEHREDOEA
ayy=Ry-cos?d + (k'2—Fk%) - Ty2.sin2 0’| (2k'?)

Lizh. ¥i, WO, ¢) FHDLWEDIEEH A R7 b
W, REUTRENZNORKICEBT 27 v rxvDREt
BERUBEEE, RO F BEhEhAEHRUE
hicBd 2= 4/ uBOE¥ TH 5. Fi, P2,
Zy) BAHA 6 TRIGEEOMEASMEETHS. C
DI & » THEEBELO FA AR AR AR
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KOWTRERIEIC K BHEEEREO R KBl % 2%
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BRTHEONI o OEIKEKBNTELN TS 13.9
GHz ® 14.6GHz OF—4% LR —KLTEY, Ui
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FIRRICIEE I RET 2 T L bk,
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wHE, FhAEl, kU, BEREHOBEKcL 32
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