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Sea Surface Measurement by Using Microwave Scatterometer
—Part2 Study on the Relation between Sea Surface Condition and Microwave Scattering —

by Chang kyu Rheem, Member Hidetaka Kobayashi, Student Member
Kazuomi Yamanishi Fumihiro Suzuki

Summary

Microwave remote sensing is effective technique for sea surface measurement. For example, it
enables us to know the wind vector on global scale. In order to develop more advanced measurement,
it is necessary to understand the mechanism of microwave scattering at sea surface. This
phenomenon consists of two physical processes. One is the formation of sea surface by the composite
action of wind, waves and currents, and the other is microwave scattering at that surface. Because
these processes are so complicated, appropriate models are not established. In this paper, the
relation between sea surface condition and microwave scattering is investigated. Microwave
scattering from wind wave surfaces is measured in the experimental tank and the results are
analyzed by scattering coefficients and Doppler spectra. In order to connect these values with water
surface parameters, surface condition is investigated minutely. The energy of high frequency waves
is expressed by the friction velocity, and so it is presumed that there is the universal law between
friction velocity and scattering coefficient. Since wind-generated current exist, the usual dispersion
relation is not available. Furthermore, very high frequency components move at the phase velocity
of components near the spectral peak. The results of Doppler spectra agree with that phenomenon.
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Fig.3 velocity distribution of wind(left) and
wind-generated current(right)
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Fig.5 angular frequency spectra

3.3 BLEDANRT MV

3.3.1 AREEANYT ML

BT MIERA R HES O ERITTES & ERTEY &
DRz /2 FBN L LI 2RI FETHIEZREL
72 FNED LI, ARAERA RS PVOERIEEB A
AR D—4 FIZHBITIERDL ) RARY PV
BrRELz.

Sw)=a,gU.0™ ®)

ZIT, ST —ARZ PVEE, a, i 0.06~0.12

BEOERTHL, EROARY FVETF VI 0 B
BEAETHo, BETR o BRITH S ENER
EBoTWh, ZOL)LBERDPSL, B, FIUH 2
W BOEFEBRART PVOBEREEREL T 5,
3 —2, REODENTVEEIT, BEEEYNMLT
AEZEAEBREEERO ANV ~OE{LEZER L
TWb I ETHhbD, Figh IEBRTEH S N ABE DA
R MVTH BN, BEEERG O LR VF -2 BE L
EDITHEMLTWA I EAbh b, 20O L) LiEBEOM
AV MMOZELAS, <A 7 TEEELETIC X 2 BEDHRIE
FAEEICL TWh, LA L. fFlxiE Pierson-Moskovitz
DAY FVTIE, RBIC L o TEBEKESMETE A

EEALLZVOT, e BEBRERRTHDOICEL
Tz,

Fig.5 #O SHITEERZEA 13.7Tm/s DT — AZD0»
T, RODFHEMERL-bDTH S, BMEREHSIE
HOREEHE CEEIREIGEL, 20X AV F—12K(8)
TRENLEVDRTWS, TI T, a, 2006 &L
TEHE LD, Oy — 222V TIRIAVF - 28K
WCRRLAERER o7, ZORE L LTiE. KIEOK
URBEREOUEBRENEZ Db, £72, a, IEHK
TR, BEEEOMBTH 5 L OBFE S5 9, &
FEOFHFER T FOEMISROLNLED, 5485
ABREPLETH L,

3.3.2 HMANYT FADOEH

<A 7 UEBELOM S IZTBEBKRTHRT S, L2
T, B~ A 7 0 EAREORRES I TED T,
RGBT ALEND L, HEIIREL VHICL
DKEER 2 FHEIT 2 5 2b H D A5, £ Vo KRk
LRETASESE S L VIS RHER > 5 EHIER 2 i#EE
LAl b2,
—BICIEEERANRY P VR ERANRY P VST
THHENE OIS, TOB, RODOHFHBEHRXIH
SNB I ENEVH, RO X ) IHEIIIREFOF

BEILLDBRENEL D, Tbb, BUERETH NI
Fo TEENITKEVIEEIZIT, BRI SN HERIIEC 2

%, Fig6 IZaHll S N7 BEHEARS P veR@ /23

(NOSBHERRZRACTERLIBBANRS PV TH

Bo MBEDEIIHHETH D, L & bEBRKIEICE
Tid. WMEROEBIIKEVEWVE S, £5|2, FHEHM
2 AKEFRIZHIET 5 2RTEEBA RS PV eRD BT
BHIZiE, FASHEBRLLEL 25, HEOHRISHAE

BIIEHECHRTEN o0/ LTwah Enbh

TWwh,
U,=8.6m/s
by Eq.(7)
' - / by Eq.(3)
1 1.5 2

Fig.6 wave number spectra

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

4. RUEEICH 371 7 OiKEEE

BET VT KEICBE SN A 7 OEIZK
HORKICIG L TS FSEF L FANCEEL SN S, F72.
COLEYA 7 UFEORERIIHEEOERE IR LT
LT 5. BT V7 HIGEo T A A 70T h
LOEBE T TARAIEHLTEY, B nd
KEFIK - REFREIC X DIRE - BEEERSA TV,
ZOERODBERIZOWT, ERERDPOREFEIT .

<4 7 uEELET I & S HEEH 245
5
0 Exp{30° ) & Exp(45° ) o
o k|~ Cal(30° , Eq3) ~a=-Cal(45 . Eq3) .
-0 Cal(30"  Eql) ~aCallds” Eah| ..o " b
~~ _5 r
S
- -10
o
-15 +
-20
_25 1 'l A J
0 0.2 04 0.6 08 1 1.2

4.1 HEARK

A 7 UEHEEHIBREN LSOO —-TH 5%
FEELE 2 BET 2B TH L, BEOD L D IIH—TF
LRI AS o 72 R O EEL S 12 BEUR o TREh
bo COEFKEVIIE, BHEHIZ~A 70X BEEH
W IFARETERE L TWAZ LIl b,
FEERTHEO N BREEE L SERROBRE Fig.7 12
Ko B, TITRLABEBBOERICOVWTIE,
FOFL OTHBL TS, HERPLEAEE & DITHEE
DOBERHAINT 5 2 LB SON T WD, FRATA
7 UEEBERHC L 2 AEOBERETH 525, €OHEM
FIZOWTIEERHICL2bD o Tk,

K ri2id, Bragg BRELERIC L ARTEBREI RLTY
bo STEICLERERANRY M VIZEHN S W2 BE A
R MVER@ T ARZDOSEBBERAEECTERL

TRDz, EHHDBEREEZARICRED o TWAH S,

RDZFHVLERL D EVERE o7z, ZHIZFHEI)
DOBE. DABEERIHTR2EETERL VO E
LTLEIZ0ThHD, 7273, AL LTEEL L DE
BREEL L ICHMTARERE R o7, I Fig5 2
RUA LD 2AEIC L 2BEERERD T A V¥ —
BALIZHE L T 5 BB S O = 5 V¥ —123(8)
DEHZ, BPLDIAINF—HAEREKT HEERE
EEEMICETD VTV S, Thbbh, B2 BE~D
IANVF-H{BOBKIZ L 2ERRBETORE, Fh
2D BELRE O AR L VO EBRENFET 5, T2,
EERMZFMITI TS TIZ R WAS, BEEEE & HEERD
MICEENLBRVFETAILEEZELLNS,

4.2 FyZ5—ZRT ML
BELEN/ 2~ 7 OO, Fy 7T —%RIC
LV BEBOEFEIIRE L TRBT %, KED L ITF
HRICIEAY , P OZHETOREEENSR L 5 50EME
O, SFSTLREABRBOBEEIFELE I LIl b,
Fo75—2A_7 PVIIRERBEAEHRI O ANV F -
FHERLIZODOT, FOFENFEHETEITIRLDTY
A7 OBBEA T AL BRLIEVE D,

Um/s)

Fig.7 dependence of scattering coefficient

on friction velocity

<4 7 OEHEET P 51T v T FOBRBR AR ORE
&ﬁ#mﬁénéo;of‘kﬁﬁ#kémiam$ﬁ
HORERTEREIWADI LR D, ZOEELR
(T, RRFETIHEH SR By 77 —EERKES
WREE(T » 7 72580 K FRADSIENCER L THER Z R
To COFERZEKFEFAEREIIR L TIASTAH D
b SR CEHE SN2 A5, KEISE F RS HEE
THEE. ABAMNWNEVIEIEEELZARE(REL- T
LEd. LAL, BBBRT X912, FHAME % KFHRIBK

WEBRT A2 EASAOEENILALRDON 2N
272,

Fig.8 WM&/ F v 7F— A7 b VO—BITH
5o BENIEROL ) IS TEKFEHEMEETEL,
I FHZEENTERTILL T0D, FyTI—2
R MVERTREMEE LT, ZOEH LT E RO,
Kt O IE 2 UHIET 5 Gauss S TH 5o X /N>
FOBEIFLAEDY — A2V T Gauss FFH & V5
BB CEOOR E ol IR Fy T —A~2
MVYOFH, R EFNREREY Ny 7T - Bk, F
Y7 T—NY FIgEERL TEIT T

Fig.9 ICAEIC L Z2FH F v 77 —AKBOELE &
BIZERLTRLTWAS, $72, MPOEK & EHIET,
FREFNRET 8 L7 Bragg tBIKHE & FkE

BRETHL. I TRLIEDIZAE A 30° 07—
APZFTHEDS, KEFMEEICERT S L AHFAHOE
BIIILALERDON Do, XY FOBE. T
Fv 79— HEIRIZIIPREOERMEI—HT 5, =
hid Figda OFtHEICA NS L) %, ¥— 2Bk
2 LU EOBAENE— 7 BEEES L ELVIEETE
BLTYS VW) RBEXRTIERETHL, XNV F
DL REEOF A 7 WEOHE, BELICKECH
53 M RBETH L LEFESIND,

Fig.10 IZEFEIZE 5 Fv 79— N2 FIEOZE{LE K

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

246 HAEMFRRE F1U5

FHARRERLERTH D, Ny 77— ART b
WIEREE EDICEAo TWB I EXbPb, Fv 7T
=NV FIBIZAKFROEEERT D EAFAOEE
CNE Y PYROBERE & OB S A 2B AEE
HHND, AGAL L IZETHEMT 501X, AFAMN
RELLDEGHRETHEA 7 DEDOBEHI/IEL
20, HHWI A XIBELDLDEHEFEEND,

r Va U,=86m/s
4Vy, 8=30°
' :
2 i
Q [
\ »
Q |
1r ]
]
i
3 1 il ; 1 : n
-0.2 0 0.2 04 06 08 1
Vm/s)
Fig.8 Doppler spectrum
08
O Doppler shift
06 | |« - Bragg wave
— — Mean wave R
L -
£ 04
I
0.2
6 =30°
0 1
0 5 10 15
U,.(m/s)
Fig.9 Horizontal velocity corresponding to
mean Doppler frequency
04 ¢
030"
545"
031 | o ]
\2 ¢ 35° A
E 02 o 40°
N a50°
< 0 55°
0.1
a Orbital velocity
0 N . ,
0 5 10 15

U, (m/s)

Fig.10 Horizontal velocity corresponding to
Doppler bandwidth

5. 8TV

BEIRE L <1 7 OEBELOBRERARD 2O, £
BAKEIIBWT~YA, 7 0EBELERT T 720 FDBE.

KEOHMAP VRS EE * BT 20138 L7
O, BRIV OKERELHEETILENDH S, $72, F
VT T AR MVIZXBBITIE, Z ORI LCSE
FEICBERTH B,

<A 7 OEBELCH T A EESKE VIR, R
THIREMIEL, FOIRNT— ZBEEREICHFRL
TWh, LA o T, BERER L HEURROMIZIZEE
W BEAIAHET 2 LREShD, ZRIZDVTIE, B
. BRESEOBEY I 2L —Ya v itk aREtrE
HTW5D,

XNV FOEIICEEOEVT, 7 0EDEE, FO
HE BB L REETHY ., FYFy 77 —EEIL
BVWEDKEREDT v 7 HFHRBAMBSITHIG L T b,
Fh. Py 7 I—NY FIBEKEAFRAEECERTS L,
FHEOHMEEE L L VHEEERLL,

UEDERDS, RICL o THEBEENLBEICENT
i, A 2 ORBELDT A — 5 Th L EEURE. Y
Fo7s—FE, Fv 75— FigiE., FRFhKE
KEONT A=y THLEERRE., FHER, PERE
R LTWAZ D bh o, 20X ) LBFROER
LR ED TNV Z LD, EHIIEELREBERE*TEEIZ
TEHEEZTVWE,

2T XM

D MEZE, IHER, FHEL FAENZ. <A
EBEETIC L 2 BEBRI - 20 1—, BFER
ZLMLE, 51915, 2002, pp.143-148.

2) R, BEL— REOBTIEOEREIIOWT,
BEIZEHEIF/XE, $F 21 &, 1974,
pp.255-259.

3) Mitsuyasu, H., Y. Kuo, A. Masuda : On the
dispersion relation of random gravity waves,
Part 2. , J. Fluid Mech.,, Vo0l.92, 1979,
pp.731-749.

4) Toba, Y. . Local balance in the air-sea
boundary process, II ., J. Oceanogr. Soc.
Japan, Vol.29, 1973, pp.209-220.

5) FIIKE, EREE, FIER: o1BEAXS
NVOEAEFHERTFHNOKE, BRERESR
I, %1915, 2002, pp.149-158.

6) Mitsuyasu, H., T. Honda : The high frequency

spectrum of wind-generated waves, J.
Oceanogr. Soc. Japan, Vol30, 1974,
pp.185-198.

7) Tang, S.,, O. H. Shemdin : Measurement of
high frequency waves using a wave follower, J.
Geophys. Res. Vol.88, 1983, pp.9832-9840.

8) MEZE, IKER, IWE—E <7 ogk#Elc
BIIDHNOEEIZETAHFE, £ 17 REEL
23 URY YA, 2003, pp.79-84.

NI | -El ectronic Library Service



