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Preliminary study of SAR monitoring of coastal lagoon environments:

Possibility of wind speed estimation

Keisuke I chikawa, Toshiaki Kozu, Toyoshi Shimomai, Katsumi Takayasu
Yuji Sakuno, Tsuneo Matsunaga

Abstract: Coastal lagoon is more directly affected by surrounding environment than open
ocean areas, o it isimportant to continuously monitor its environment. The Synthetic Aperture
Radar (SAR) is an active microwave sensor having a high spatial resolution and all-weather
monitoring capability. Thus it should be especialy useful to observe narrow water areas like
coastal lagoon. We have been studying the feasibility developing a satellite remote-sensing
system to explore the possibility of wind of utilizing a satellite SAR (Synthetic Aperture
Radar) as a part of monitor the environment of Lake Shinji and Lake Nakaumi. In this paper,
we analyze JERS 1/SAR data, acquired until now for severa years, as a preliminary an
examination of wind speed estimation with the SAR. Asaresult, good correlations are obtained
between in-situ wind speed and NRCS observed by the SAR in moderate to high wind
conditions. We have conducted a series of coincident satellite and in-situ observation
experiments at Lake Shinji and Lake Nakaumi in 2001. We also summarize these observations.
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Tablel List of satellite scatterometers and SARs for Earth observation launched by the end of 2001.

(@ Scatterometer

Frequency(GHz) Year of Launch
Seasat1/SASS 14.6 (Ku—band) 1978
ERS1/SCAT 5.3 (C-band) 1991
ERS2/SCAT 5.3 (C-band) 1995
ADEOS/NSCAT 13.995 (Ku—band) 1996
(b) SAR
Seasat1/SAR| ERS1/AMI ERS2/AMI JERS1/SAR |Radarsat1/SAR
Frequency (GHz) | 1.28 (L-band)| 5.30 (C—band)| 5.30 (C-band)|1.275 (L-band)| 5.30 (C—band)
Wavelength (cm) 235 5.66 5.66 235 5.66
Polarization™ HH \AY \AY HH HH
Look Angle (deg.) 20 20 20 35 20-49
Swath Width (km) 100 100 100 75 100-500
Resolution (m) 25X 25 30x 30 30x30 18%x18 25-150
Look 4 3-4 3-4 3
Year of Launch 1978 1991 1995 1992 1995
* H: Horizotal, V: Vertical, HH (VV): Horizonal (Vertical) transmit and receive.

s

78500 (2001) 1, HEREEEZ 15 (JERS1) #i#k
SAR (LLF JERS1/SAR LT ) 4 A —VIZEHS
(2001) » GMF %@ L, oGS A X % sk
72, Lo L&, #LEHEED DD~ 1 7 ajk
L UHICIE CNY FUEDOBEWERESH WS L
TBY, ERSUSARD L H % LNy FIZBW Tl
e SAR 77— ¥ DR = 7 BNT A v,

FZTAHENE, HAKRBIZBI A SART—4 %
ffio 72 B SAHEEDOE LB E LT, #@E
(1992~1997 4) IZHUS & 172 JERS-1/SAR 7 — %
DN AT - 72, Zhd, BUfETRA 2D T b B
ORI HAt A 2 (ALOS) AR EO L — ¥
(PALSAR) B X UV & 4 i w8 AR 4 il 4 51 2 &l
(AVNIR-2) & H\ 720t - it v H AN &
B {ROKIERBEE = & Hidff OWF%E (Kozu et al., 2001)
DT L CHMEMITONS.

JERS-V/SAR 7 — & DM IZ v 72 Jal [ Jil sk 7 —
F 1%, [EITCELACGHEA O F BN CTEI S
T2T =3 DRTHoT. TD720 2001 4F 12 1L H 2
B (R L CH BB 247, XDl 720 B
TR TLZEE L. RKEHLTIE, 2O
BTN OBEE B X OGRS e CHRE 5 5.
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T{ERA L 7= SAR O E

L — ¥ DSAEEI B b EHRE S 12 OZIEARH

(ZHALTHIFE S 72 ) O EELIT AR (NRCS) (&
i, 1986) TH V), WA ZEEMET S LITTE
v, LaL, BIZC/YY F (5GHzZ ) 5 Ku
(14 GHz 77) Tld~ A 7 gkt v % v 7z JGEHE
EFHRITERLoICH 5 (HiEM, 1986; Liu,
2001).
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T - REICL AMEEHICE s TiiREns, <A
7 OB OWE (10~30cm) & BT S
BORWINS OKIPEDOW R L DR TRS
N 2% Bragg BELOSMEH AT T 5.

2Asinfd =niA (n=0,1,2) (1)

22T, AMIWFEREORE, AL —FEo
Wk, 013V —FWAKEICAGT 5 & EZD AL
THbhH. ZTOREH 5 NRCS (& F:A M (28 12
X o TR SN A KEHE AN b IVEREE 25 < KA
THZ A, JNFIHT B OIS E T IKRE
(23T B IIIWGE IR WA R DSEIER T 2 25,
WEAKM WP IL R IIDE R, BARBICBIT A
NRCS (2 & 2 Jal#HEE D RETEIE T 0% 2 5 5.
SAR 12 & 2 JEEHEE I B S IEO — D 3B
HIPE—~THLZ L THDH. FOAFOLE, 7
¥ T F ORI O M FE VIR 72 1345 0 J5 1) & U]
EORIZIE, 0, 180 FECHMiok, 90, 270 FE T
T B L) BRDSH S (Ulaby et dl., 1982).
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X-band SAR L-band SAR
Frequency (GHz) 9.55 1.27
Wavelength (cm) 5.6 23.6
Off-nadir Look Angle 10-75(Variable) 20-60(Fix)
(deg.)
, 2-ch® 4-ch™® 6-ch™* * 4-ch*®

Obd t Mod -

ervation oce Pol./Interfero| Polarimetry| Pol.&Interfero 1-ch. Polarimetry
Swath Width 19.6/425km|  8.2/19.6km|  4.3/11.9km 42.5km 19.6km
(Observed from 12,000m Altitude) i ’ ) i i ) i )
Slant Range Resolution 1.5/3m 1.5/3m 1.5/3m| 3/5/10/20m| 3/5/10/20m
Azimuth Resolution
(4/8-look) 1.5/3m 3/6m

*1 1-ch [L] (HH) or (VV)

*2 2—ch [X] Polarimetry: (HH,HV) or (VV,VH)/Interferometry:(Vmain, Vsub)
*3 4—-ch [X,L] Polarimetry: (HH,HV,VH,VV)
*4 6—ch [X] Polarimetry & Interferometry: (HH,HV,VH,VV,Vmain,Vsub)

NE TITHT S BT S N7 B R o JaE 3 52 FH #%
BLET CIEHE R M OB & 17\ Jals & B o [F] IRgHfE
TE&%fT>CTw5b (Elachi, 1987). F72E£ 1IZRT X
IS, JEUIAF T BIRE DO C/NY FULEOE W
EEBEHNTWS, —J7, £1IZEDLETRT SAR
I L~C/\>Y FTa» A (Elachi, 1987; Li and Raney,
1991; JPL, 2002; Li and Raney, 1991; NASDA, 2002) .
INFTo, FAIEERATO SARIZ—HA2H
DEBEI LA TE w0, EROAFEEEIZL - T
JEGEDHEE D SAR 7 — ¥ O A TIIAFFE IR E A
b, FORDHEDOEZ A, BBOBGET—% %
[EET VL B RAEROFHDPLETH S, L
UM ZEREFEE SAR O X 9 I CHEED
5OBIMATRE AL, AmiEE R EZ S
n5.

A CTIRR72 X912, SRIFEITHTICHEH L7720
i, LNV N (JEE 8 24cm) HH R ORSFHR 3%
HE, KFERESZE) © JERSUSAR TH L. —H,
2001 FFFE O A FIHERR I L7 SAR &, &2
£ #k SAR & L T3 Radarsat-1/SAR & ERS-2/AMI,
M7t SAR & L CTIZ Pi-SAR T 5.

Radarsat-1 (& 1995 4E |21 F+ ¥4, F 72 ERS2 X
1995 4£ 12 ESA (European Space Agency) #3515 LI
72 SAR £ O HiEk @Il 2 TH 5 . Radarsat-1/SAR,
ERS-2/AMI (WLEHUSE— F)* DF#FITCIEFELITRL
720 CThHDH., T-E2ICP-SAR DETLEIRT.
W EBF LI CNY FTH Y BEEOWEIZN 5.6

* AMI (Active Microwave Instrument) &, #HEO#REZ > C Y
YRL=FTHY, g, iR, B 3 00/ME— FEHED.

em TH 5. FiEIMRIEA HH, BEDVV (%3
EQEERYE) THAH. Z D72, Bragg ELELO BT
T AHKERE DI EH ERSVUSAR & 13# 74 1, ERS
2 L Radarsat-1 CIXRIEDE VD FHET S, D72
® Radarsat-1, ERS-2 Tl JERS1 & i3 #F N ENHie
LR AR OA A=Y, F—yHPHEEIND L I
N5,

Pi-SAR (T BB A 5 AT FEAT (CRL) & S B
FEHFEN (NASDA) H33L[F LTRSS L 7z At Zepk g &
EOREET IV F NG A—F SARTH Y, LNV F
& XN F, HH, VV, HV, VH D 23 F 4Rk
TOBDTTRE: E DR O S REO M L —
5 Cd 5 (CRLINASDA, 1998). FIZFEEIZ X & L
INYR, A BRI BT AEBINA TR -0, £
%AW, BeAREOT— ¥ % @SEE T T
b, TD0, 5%, FMERRPREDENIZLS
NRCS O B IKAFE D E WA f2E 3 5 L CIEEICH
HAThrtEZLNS.
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Table3 Outline of JERS-1/SAR data and wind speed/direction data used for the analysis.

Izumo Airpol Center of Lake Shinji Center of Lake Nakaumi Miho Airport
Date Path—Row| Direction| Relative | Velocity| Direction| Relative | Velocity | Direction| Relative | Velocity [ Direction| Relative | Velocity
(deg) |Direction| (m/s) | (deg) |Direction] (m/s) (deg.) |Direction| (m/s) | (deg) [Direction| (m/s)
1992/10/27 | 77-241 VRB - 1.5 SSE| Cross 1.8 | No data Cross 1.0 210 Cross 21
1992/12/10 | 77-241 60 Up 1.0 SW| Cross 1.9 | No data|] Cross 0.0 200( Cross 1.0
1993/1/23 | 77-241 60 Up 26 SSE[ Cross 0.8 | No data] Cross 04 VRB - 0.5
1993/3/8 77-241 340( Cross 3.6 SSw Down 6.8 [ No data| Cross 29 350 Cross 4.6
1993/4/21 77-241 70 Up 3.6 SE Up 52 ENE Up 58 70 Up 72
1993/6/4 77-241 260 Down 6.7 SSW| Down 9.0 WNW| Down 79 280 Down 72
1993/7/18 | 77-241 300 Down 15 SSW Up 26 NE| Cross 42 40( Cross 3.6
1993/8/31 77-241 40( Cross 3.1 ESE Up 22 NNE Up 10 60 Up 3.1
1996/7/22 | 77-241 240| Down 46 W| Down 44 WNW| Down 238 250/ Down 3.6
1996/10/18 | 77-241 VRB - 15 WNW|[ Down 24 NE Up 05 190| Cross 26
1997/1/14 77-241 230( Cross 4.6 | No data Down| No data SW Down 9.3 250 Down 117
1997/4/12 | 77-241 260 Down 8.2 W| Down 8.4 WNW| Down 7.0 270 Down 6.7
1997/7/9 77-241 40( Cross 15 NE| Cross 0.8 NNW Down 25 340 Cross 26
1997/8/22 | 77-241 250 Down 8.7 W| Down 10.9 WNW| Down 8.1 260 Down 117
1997/11/18 | 77-241 260 Down 1.7 W| Down 12.5 WSW| Down 13.2 260 Down| 123
F 4 JERSVSAR 7 — & NI v 72 Jala) G 7 — & B (L2l 4 ) O Bl & 4

Iy gERT) OfLE

Table4 Location of wind vector observation stations operated by Ministry of Land, Infrastructure and
Transportation (MLIT) and Meteorological Agency used for the JERS-1/SAR data analysis.

. Center of Cneter of . .
[zumo Airport | |\ o Shinji | Lake Nakaumi| Mine Airport
North latitude 35°24 387| 35°26 50°| 35°27 48°| 35°29 21~
East longitude 132°53733"| 132°57°45”| 133°11738"| 133°14’ 21"
Altitude 10.3 5.7 14.1 7.2

Z Z T, CF (Conversion Factor) i —85.34 (dB)
(NASDA BEHEfEIX #Af5, 2001) THH, KT 5

TV NIVHEATHL, LaL, K (2 TRDS
N5be' 2L, MEBNOEINTVWED, SNIb
DEVIGEIIIERNLETH S.

JERS-1/SAR @il H & fif RV H O
R AL RIS BT B e w BT o i m i 7 — v &
#3112, FLEFBMNEOMNEEZFKAIRLTY
5. 209 Lok (EE, #12~13m/s) (97
8 H 22 H) &gk (ELE, % 1~25m/s) (92
F£A0H27H) OREMN R 24 XA =T %X 1 IR
T, KA S IEREEED T PSR SV
(NRCS VK& W), F72, FRlZouE#ic B Tidy
BT E WA T E A 2 b0 b.

JERS 1/SAR (3 JEFE DR T, NRCS D/ Sk
BCIIMESE DS LEIC o T AT REED H B, #
DDLU TOHETHZT L NIVDEF X 275 7.

ML ANV ERRHEEST B 20, ANIEE - il
DI E ENENMA < HEIL (178 7% 2000
my), FNFho 7oy 712815 NRCS & &
WL, 20870y 709 L, 153 —2IZBIT5
/Y NRCS % M5 % i NRCS & L7-. ZTh
i, i pElsnzz7ay 7 odizid, NRCS2S

FFINS BV Ta Y 70T 5 &
EZONLLDTHA. ZOFE, ME5H NRCS
(%) 13—19.8[dB] £ 7o 7. 6ome DELTIE %
TH)2ET, LV EENLBTZIT) 2 LS REL
B, DIEBAT IS T 5 NRCS (6°) 13 6% &7
LolwzboThy, kUL HEH L7

(3)

KT JEGE & 6° OABIEAT IC B\ CTid, B & SAR
BT 0 D H 3R\ IKFE 72 53 D 1) & DA F BE 12
LB EGEE o OBBRDOIKFEZ B TR, 2
Wi, JBlcak7z X 9 7 L — &k AS 510 & JElR o
HEX 48 FE D BB AVEAIB I BT H LT 2 Dh %
MR A0 TH 5. ok, BINEGET — &7 135558
Wi E bW Lo T -7 2L, F¥ NRCS
LT Lkm UG IZBIT LD TH 5.

0

g"=10|ogm(1oﬁ —10%5)
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(a) October 27, 1992

(b) August 22, 1997

1 JERS-V/SAR DIREMMLZOF) (1992 4E 10 H 27 HB XUV 19974E 8 H 22 H)
Fig. 1 Examples of JERS-1/SAR image of Lake Shinji (October 27, 1992 and August 27, 1997).((c) METI/NASDA)
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Table5 Summary of satellite and airborne SAR observations of Lake Shinji and Lake Nakaumi, and simultaneous in-situ

observations conducted in 2001.

Number of point Observed data
. Observation Spe',:‘t_ral .
Date Sattelite time Coast |Over water] M?;k;a)ta reﬂi?:;g;iy at Chl.a %Z;::'Turbidet SS ﬁa;? Salinity| pH | DO
wavelength
3/14 Radarsat1 6:16 0 2 O Oo| O O O| O O |Of|O
9/4 Radarsat1 17:56 10 6 @] O O O Oof O O |OfO
9/6( ERS2/SPOT2| 10:47/11:12 10 7 O O O O O| O O |OfO
10/30| ERS2/SPOT2| 10:47/11:12 9 3] O O O O |O]O
11/10 Pi-SAR| 13:57~14:35 10| 20(12)3% 1 O O | O O |O] O O |O]O
11/15| ERS2/SPOT2| 10:47/11:12 9 4 O O O O O O| O O |OfO
12/1] ERS2/SPOT2| 10:47/11:12 10 4 @) @) (@) @) @) Ol O O |0of0o

X1 Onls} wind direction was obtained at eight points become of the failure of the Instrumen

~+

%2 Meteorological data include air temperature, humidity and pressure.
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DTHY, WEIEREIC LY 30 70 O3 EE
EDERTELLDTH A, FAMITHMBIZLD
30 MM OFH % 16 AL Cridk L7z, SEEiM -
M 2B O R RRCRIE R 1 H AR T, #d 5 »
34 FTHHKRIEL] T 5 Radarsat D4, 3 1 14
HA4RI 60164, 9 H 4 O 5K 5647, %
DA KB R # 2 (ERS-2, SPOT 7 &) 1341 11

BRI Th b, 72 P-SARIC X 2 BUINI 1% 2
PO THo7o. B L URRmEINE, EAmICS

N O REKELN A TERML 7.

BT E LT, WETIEK 4 1R TIEE R #E]
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Bl SR IC TR E L, BEOMIELEEY O
BTG 2 @R L7z, F72, W Lol
W IEEEARMIZEIT L ) R ORI &bt
5T ERBEL, fREOFRNKRRM & 20 10 477, 10
SO IMBETEI 4T - 72, F OB, SO
TEIM S OFEE S LE R 2o, S DI
AR & B L7omE b Risk Lz, 70, RN
GBI OB AL Z b EZONDL 20, B
HIRE 2B A AR O AL KE O T 72 £ b R0
L7,

7272 L, Pi-SAR O [AHIFERERE (2IZ LT O B 2
CETHEEZZZBIEZIT > 72, Pi-SAR IFALZEHE
B TH L OBEICL~NEEIEL, /240
OEAICIIhilE L2 E A HAb, FOEi R %A
MOHEAN, SRE - P EZEE TR S HAD 30D
I— A% BT o 72720, BHABRG S#T
FTH A DDE. TD8, FEICHZ THE
2BV T b AL % 47 Vil F Tl 20 H s T

BATo 72 — )7, WETOBMM AL 10 S TH
AR, 158 ClE% { 208 I Bl 247 - 72,
42 WMETF—2OHE

FHABGANC X » CTIES N EGE T — 7 D) b
MEICBIFA2bDEEKG6I1Z, MEICBITAbDEE
712”9 .20014F 3 H 14 HIZoW T, #iEIcBr
B e i B EH BN ER L TB 57, [T R
FOEHBRNEIIBIILTFT - EATFETHLD
T, MOBAH & IZRIcR8ICEFLDD. b, A
MOWREICBWT, BMIZFOFEETIL &, %
F2vK E WIGAITITEY) T v G apsEmE & 72 A1)
BV DB, 20720, 1 OOBAEOBETF—%
2B A 16 o) boRMEEamE Lz, 7
720, AT 180 L EAE L T A A
VRB (Variable) & L 7-.

B, KE, 5RO T— 5 BIHIZOWTORE
M (FEEPA, ARFEH) 2B I 72w,

72, 2001 4F 9 H IO BN D WThH, FHFHO
KRBT MR E LA A B & 7 — % EOE R
W o B EGEBNA 2 4R AT L, e Ttz 3
TOLTETHA.

5. NRCS & ERDERIAEAT#E R

AHXT ALY (1) 045 % (Up) B & U8 180+45 i
(Down), (2) 90+45 £ 3 X UF 270445 £ (Cross)
DEED 2DIZ5HL, TNENOEEIZBIT A
& NRCS DA & FH~7- kR 2 X 2 12K 7.

X 2 (3 ARG Ok R A, HER LA 2 BRI L
72NRCS % & 5725 DTH A5, X255 TR
1755 Up [ OF Down O3 E IZIE R WA S 5 2 &
Db, ZOZ &I, FJAKBIZEBIT L EEEEET
MEB DT EEMEZ /R L TWA. L L, REGEET
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Table6 Results of wind speed and direction measurements simultaneous with satellite and airborne SAR observations in
2001 (at the coast of Lake Shinji and Lake Nakaumi) .
(a) 9/4/2001
Observation Point| 1 2 3 4 5 6 7 8 9 10 11 12
Wind  |Average 15 o6| 32| 29| 13| 24| 39| 39| 35| 38
velocity[Max 20| 13| 45| 38| 22| 34| 45| 45| 40| 45( £ £
[m/s] [Minimum | 05| 00| 23| 20| o1 10| 35| 35| 30| 20| © °
Wind direction NNE| NNE[ NE| ENE| ENE E| ENE| ENE| ENE| NE| 2 2
ASL[m] 20] 10| 10| 20| 32| 25| 30| 70| 30| 25
ASL: Above Sea Level
(b) 9/6/2001
Observation Point 1 2 3 4 5 6 7 8 9 10 11 12
Wind  [Average 12| 00| o1 32| 75| 59| 31 40| 03| 22
velocity [Max 20 03| 08| 45| 90| 70| 40| 55| 19| 40| £ £
[m/s] [Minimum | 05| 00| 00| 20| 52| 48| 20| 30| 00| 05| © o
Wind direction | ENE| VRB| VRB S s| sw| ssw s| sw| vre| 2 2
ASL[m] 20/ 10| 10| 20| 32] 25| 30| 70| 30| 25
(¢) 10/30/2001
Observation Point 1 2 3 4 5 6 7 8 9 10 11 12
Wind  [Average 02| o7 18] 27| 04| 15| 12| 09| 22
velocity [Max £ 14| 21 32| 3. 15| 22| 19| 29| 28| ¢ £
[m/s] [Minimum | © 00| oo0| 00| 15| 00| 00| 02| o1 19| © o
Wind direction > VRB| NNE| ESE W[ wsw| NE N N| ENE| 2 2
ASL[m] 10/ 10| 20| 32| 25| 30| 70| 30| 25
(d) 11/10/2001
Observation Point 1 2 3 4 5 6 7 3 9 10 11 12
Wind  [Average 38| 57| 5.1 35| 41 42| 64| 54 32| 60
velocity |Max 2 49| 66| 61| 43| 50| 53| 78| 63| £ 47| 14
[m/s] _[Minimum | © 29| 48| 38| 22| 31 35| 40| 40| © 23| 48
Wind direction | = NE| ENE| NE| NNE| NE| NE[ NE N| 2 NE| ENE
ASL[m] 10| 10| 20| 32| 25| 30| 70| 30 20| 40
(e) 11/15/2001
Observation Point 1 2 3 4 5 6 7 3 9 10 11 12
Wind [Average 02| 09| o6 03 14 20| 07 07| 33
velocity|Max £ 10| 21| 28 16| £ 211 29| 20| 20| 37
[m/s] [Minimum | = 00| 00| 00| 00| © 0.1 02| oo0| © 00| 28
Wind direction | = | VRB| NNE| wsw| wnw| 2 | NNw| Nnw| wsw| 2 | wsw E
ASL[m] 10| 10| 20| 32 30] 70| 30 30| 25
® 12/1/2001
Observation Point 1 2 3 4 5 6 7 8 9 10 11 12
Wind [Average 60| 27| 59| 24| 24| 6.1 04| 22 0.1 1.3
velocity|Max £ 65| 45| 66| 32| 40| 65| 14| 40| £ 06| 2.1
[m/s] [Minimum | © 52| 17| 50| 15| 10| 53| 00| 05| © 00| o.1
Wind direction | = SW W W w| wsw w| VRB| sw| 2 | wsw| sw
ASL[m] 10/ 10| 20| 32| 32| 30| 70| 30 30| 25
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Table 7 Results of wind speed and direction measurements simultaneous with satellite and airborne SAR observations in
2001 (on Lake Shinji and Lake Nakaumi, measurements with small boats) .

(@) 9/4/2001

Observation Time(JST 17:46 17:57 18:07 17:45 17:57 18:07
North latitude 35°27° 4187 35°28729.7” 35°29'186"| 35°26°53.5” 35°27'46.4" 35°28'255”
East longitude 133°13730.8”| 133°13°02.8”| 133°12'32.4”| 133°11"17.1"| 133°11'35.7"| 133°11'43.1”

Wind velocity [m/s] 24 3.7 2.8 4.1 2.6 2.7
Wind direction[deg]* 71 81 57 87 90 96
ASL[m] 1.6 1.6 1.6 2.0 2.0 2.0
*: From Mag. North
(b) 9/6/2001
Observation Time(JST 10:36 10:47 10:57 10:34
North latitude 35°27° 475" 35°27 476" 35°29'46.8”| 35°30°59.4"
East longitude 133°09°37.9”| 133°12°23.7"| 133°12'22.8"| 133°09° 40.0”
Wind velocity [m/s] 0.9 45 6.0 0.6
Wind direction (deg.) 270 180 340 324
ASL[m] 1.7 1.7 1.7 1.6
Observation Time(JST 10:47 10:57 11:13
North latitude 35°29'39.9” 35°28'29.2” 35°28'39.6”
East longitude 133°09'02.2| 133°08'57.07| 133°11'59.9”
Wind velocity [m/s] 0.9 1.3 2.2
Wind direction (deg.) 80 182 146
ASL[m] 1.7 1.6 1.6
(b) 10/30/2001
Observation Time(JST 10:37 10:50 11:01
North latitude 35°27°19.1” 35°27° 416" 35°27'46.4"
East longitude 133°09° 07.3”| 133°09°58.5"| 133°11'35.7”
Wind velocity [m/s] 3.0 15 15
Wind direction (deg.) 326 65 10
ASL[m] 1.8 1.8 1.8
(d@-1) 11/10/2001(Lake Shinji)

Observation Time(JST 13:04 13:17 13:36 13:49 14:01 14:23
North latitude 35°27°13.37] 35°26°47.2” 35°26'16.7"| 35°25°53.3” 35°25'23.2" 35°25'50.6"
East longitude 132°54’49.9”| 132°55°06.1”7| 132°55°08.8”| 132°55’ 12.0”| 132°55  17.8”| 132°56’ 39.5”

Wind velocity [m/s] 54 6.3 45 45 54 4.0
Wind direction (deg.) 0 40 40 30 40 40
ASL[m] 1.6 1.6 1.6 1.6 1.6 1.6

Observation Time(JST 14:42 15:12 15:24 15:34 15:44 15:54
North latitude 35°26°20.8”7| 35°28°00.7” 35°27'33.17| 35°27°03.8” 35°26'32.6" 35°26'04.9”
East longitude 132°57"42.8”| 132°59°35.9”| 132°59’39.4”| 132°59’ 485" 132°59’57.6”| 133°00’ 04.1”

Wind velocity [m/s] 6.3 3.1 7.5 4.0 2.7 3.1
Wind direction (deg.) 30 40 60 60 30 30
ASL[m] 1.6 1.6 1.6 1.6 1.6 1.6
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7oy — REY A Cross DE D 7 — ¥ B34 7%
{, o & W L ZoMHEEERT A LITTE R

V. L LRI Up, Down B X 1) & NRCS 131
WEDSH D, EEBICIE I N T TOBIREE L
BLTWhRW, 5%07 =% AFOFIZIE Cross D
bOERBRIIZAFL, BITEIT) FETHS.
F72, 21213 JERS I/SAR & [F] UK AR % THL
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(d-2) 11/10/2001 (Lake Nakaumi)

Observation Time(JST 13:15 13:30 13:47 14:05
North latitude 35°30°26.57| 35°30° 235”7 35°28'30.17| 35°27 454"
East longitude 133°10° 45.0”| 133°08’ 43.3"| 133°08'51.1"| 133°09’37.1”

Wind velocity [m/s] No data No data No data No data
Wind direction (deg.) 45 20 30 30
ASL[m] 2.0 2.0 2.0 2.0

Observation Time(JST 14:21 14:40 15:03 15:21
North latitude 35°27'47.0” 35°27'46.3" 35°29'30.2" 35°30'31.9”
East longitude 133°11'32.0"| 133°13'38.2"| 133°12'19.2"| 133°1228.2"

Wind velocity [m/s] No data No data No data No data
Wind direction (deg.) 30 50 50 45
ASL[m] 2.0 2.0 2.0 20

(e 11/15/2001

Observation Time(JST 10:25 10:47 10:56 11:14
North latitude 35°27°46.47| 35°27 465" 35°27'46.6"| 35°29°30.1"
East longitude 133°09° 41.5”] 133°11732.3"| 133°13'38.8”| 133°12"17.0”

Wind velocity [m/s] 05 25 1.8 04
Wind direction (deg.) 19 315 300 260
ASL[m] 2.0 2.0 2.0 2.0

® 12/1/2001

Observation Time(JST 10:32 10:44 11:03 11:21
North latitude 35°27°48.17| 35°27° 46.6” 35°27'454"| 35°29°29.8"
East longitude 133°09°38.9”| 133°11733.5"| 133°13'41.3"| 133°12’ 20.0”

Wind velocity [m/s] 3.0 20 0.4 2.7
Wind direction (deg.) 280 285 VRB 270
ASL[m] 2.0 2.0 2.0 2.0

ZERFERO L — & & Fl W CEUH & L7z NRCS (A)
-15 (Guinard and Daley, 1970) 2S¢ CT/RLTH A, =
NEAREH L7 NRCS EDEFH B IZETH -
. — T, AR 72 NRCSIZEH 512X 5 GMF
PORB LD LT AL 4~10dB 1T &K &
VW, SIS HEE OBV EPER E LTE

_20 -

_25 -
A O Cross Xl I;) ﬂé .
A Aircraft
-30 R
-1 -05 0 05 1 6. SARBERICR SN 28BN E L7+
log10 of Wind Speed (m/s) a'_ _\7

2 FHEME X OHEROEIC B A EGE (E L
B F 7 — BT 5 BL) & JERS-1/SAR NRCS
DA

Fig. 2 Correlation between wind speed measured at

6.1 JERS-1/SAR %
3WIESHEmITE4T 72156 — > D JERS 1/

Ministry of Land, Infrastructure and Transport (MLIT) SAR A A =T DOHT, $RIZHFEMN %Y 7 F v 25
stations and JERS-1/SR NRCS at Lake Shinji and Lake NTW/219934F 1 H 23 H, 8 H 31 HOZE MO A

Nakaumi. A= VAT, €3 Q) CIRTEREOER L5,
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Table 8 Wind speed and direction data on and around the time of Radarsat-1/SAR

observation on March 14, 2001.

Observation Time(JST 6:02 6:19 6:35
North latitude 35°27°66.7°| 35°27°68.3” 35°29'30.0
East longitude 133°10° | 133°14° 024" 133°12’

Wind velocity [m/s] 24 2.7 1.3
Wind direction[deg]” 270 205 52
*: From Mag. North

(a) January 23,1993.
(Example showing possible water flow from Hii River).

LS

(b) August 31, 1993
(Example showing possible water floats from small rivers)

3 KBl O JERS-VUSAR NRCS LG FiH) 7% o 7 F F v & F¢ D Hl
Fig. 3 Example of NRCS image derived from JERS 1/SAR data at Lake Shinji (examples showing

peculiar signatures) . ((c) METI/NASDA)
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Fig. 4 Location of wind speed and direction measurement around the coast line of Lake Shinji and Lake Nakaumi.

3 (b) TIRIALEDTN DS DFHAZRT L9 Y
FFFrrHlAZENTEL., BWHE D EHIE

55<, 1 H 23 HIFZSEMIC B 2 HEK 2m/s, 8
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6.2 Radarsat-1/SAR &%

X 512 2001 4 3 A 14 H O #R il 0 Redarsat 1/
SAR f A — VE DM N2 bV & A bE TR
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(Vachon, Olsen, 2000) 73 4 2%, 24 H IZEHAL DAL
I & A CHRIIFERR SN TEB 53 F D] B I
WV, F BRI E OXFID D 7 <, BAEOTEIKIZ
REIC & TW i\,

5(b) IZ/REND2001EI9HAHDA A=Y
X, 3H 1 HDA A=V L BT 5 LRI S
, WAL 7 Fx 2R3 TERWV, Y
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R L7t - MZERR IR LB OB EE & s L
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(b) 9/4/2001, 5.56 AM (JST)
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Fig. 5 Radarsat 1/SAR images on March 14 and September 4, 2001. ((¢) Canadian Space Agency (2001); provided
from NASDA), superimposed by wind vectors measured simultaneously with the SAR observations.
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