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FEURE J32 %) ¥ T 2 SR RN WO B G DR AR, AR E A
T B TR 3K 1 O R B, AR TR X S S
R | B IR A SRR B R ER, 1]
LI FHAH A2 A8 43 N SAR 5245 rp B BT THI X
MG (OB 4%, 2018), XFF SARMERE IR
T, 222 50 Hh sk ) FEAK Y pK 2 GMF  (Geophysical
Model Functions) & A% MM FB. HATH
1Z 0T C Uk B VV Ak SAR 52 AR A J 8 1 S
CMOD (C-band model) F 5 GMF, XA ki 4L
EHIEN T VV A B 04 96 T K37 S s i i
T, Rl RS T SAR W7 e i . CMOD
Z 51 GMF Z 8458 T SAR A —1k 7 1K 5 1 B &
B NRCS (Normalized Radar Cross Section) A5 1A
SR AR R ) 0 SR TET 10 m sy A XU 7] 1Y R
BOCHR, Kfgmxm . B SRRV il
NRCSfUA CMOD pRi%, il i ik 405 n] DL peis
B A O T XL AR S (Ren %8, 2019). #HELTLA
I Gt E T A R B R, s
T FACSS B DAy Bl ) Y DDl IR A Y LA AN 2
R R TR A R BRI A DL, o2 SAR XU B T Y
RIS o TR OB, SAR SZ Y NRCS
AMUFNEE TN A G, & GHERIE . K oL
BEFH A B S B OC, BARHXI7 S i 2o AR 45
s g%, H T B R B B A ) B S
PRI T LA B i 3% 221 b 3L i SAR R 32 R ) N 7
PLBE, JUHAE A RO | W K L IO 4 il
TERIR RIS b BAT )iz pa e (/g
45, 2019),

1 2 TR DR 3 %o ¥ 7K 7 A 104 4 B A AT el 2
MRS, 72— & TASEMPERMNT, 1§
T HEL A 82 2 5 ) SAR S AR 1) B B E BRI R
PR AR, TR AR, FRIK RS
HAL B % fE BRI R A Y 87 X O BRI R, 3R
PRAE SAR MR FACIE s i A XURE, i 22 15
KRS | LGS F G I 5 32 2 1 T 30 AV o) 36 2 A P A
(Bragg) HUJT. Bragg B BHR Bragg IR, H
WTEY BRI SEBR G s, J2& SAR X i i
BCAG A die 2 I P AL E] (Plant, 1986) . R 1M,
Bragg WU RIS J T A5 R A M (20°—707)
AN ROEE RS AR FRRLRS W TS D0, A T/ Ry A
AEO (0—207) ARG, L
SRR B Ry i (Hwang %%, 2010; Zhang
G5, 2017) . [HG, TEASREWIHA X AR A £ Fi e

S LB SR AR T IR R 0 — R
2H A 3% 1] Bragg HUS#7Y CSBS  (Composite Surface
Bragg Scattering) .

CSBS 5 Bt Bk & 43 WU JE AR A CTSM
(Composite Two—Scale Model ) , & ¥ VT BLHT 28
BUAEAY B Y Bragg MURSE AR L2 B AU 20 5
M (La%§, 2018). CSBSHERYIA Jy Bl HIL 1 A
RN RUEE PR A T, /N (5
TG AAT H O B ) S TE R RE P2 |,
ZIN DX P ) IR 22 SRy /I RORE IR0 X R, 98 A Y
Bragg HCSF . 74 Dl DU 38 gk JFC A A 1 3 T 97 )
W, BUR RGN RIS A, DTN B 8 9] HE
S A (s 48, 2001; Valenzuela,
1967; Donelan 11 Pierson, 1987; Plant, 2002)., 7E
CSBSHEAY B9 Je B0 &y A S R (e, LA
5 A NVANEZE 2 L R NG I O D =R e 6 R N 9
R BEAT I 1) A B X TN A A,
B T S S A R KA 1) B R e AR
BEIS NRCS B i L[ a2 AR5 X 2 AL
TS, Bragg BT 5 T ZBTHK, LI NRCS B iy
Bragg HURMSERITHEE . SRTT, AT o IR P 2 A
SRR SRR, BRI CSBS R AL A A 1 Y 22 B H 1
W TCAE I

Barrick (1968) A4 >4 Jay #h A S £ /N T 10°
I, 5 TR 52 AT o F R D o 3K O T B 5 5 Y
FETTHR, SRR LA G A AR 5 NRCS,
I LA MG S 7 48 X HELU A T8 T Y P B RIS R R AT T
5% o Donelan Fll Pierson (1987) H:T =g &
1710 5 7T % AAFE  (Advanced Applications Flight
Experiment) #5281 Ku {7 Bt Langley 5} 11504 43+
Prog i, MR AG /N T 18° ] LI M IRA
YA, ISR LT G A BT 5 NRCS B8 45
o WREMBIE (1996) LUASS i 20° fFE KA
GEANSA AR, I CSBSAELAIEE T —FlBi i
WA FE P I R i R B . TEMIA 0.428—
34.4 Ghz U N, BT HESHU R HUT R85
DK — SO BB, Bk L Ry e T IR
AR T — Ao ag B % . Hwang %6 (2010) LR
Hu A5 10° S FEER L R ] CSBS AR BL X il & R
RADARSAT-2 (RS-2) AH41 U 1k SAR dfs NRCS
HEAT TR, IR BN R 5 K52 SAR 2R NRCS
AT, AR R, HT CSBSBLALy B iy Hhik
TENRCS 5 RS-2 WLE B A A1 — 2k, HAZ
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S AR NRCS X 1 AU S i sk, I LA Ry Ll
T LT 32 AL SAR S5 X S 3 4 1%
5. BfiJ5, La%f (2018) F&T Sentinel-1 VV FlI
HH R AR 2240 = 3 BERs AR 8 dE . LL10° AT
FEE, %47 T CSBS %I FI CMODS. N #5555
5 A NRCS, I3 T 5 5 1 NRCS #4715 K 10
Kk R i . g5 W, T CSBSHEIALFI CMODS.N
75 L NRCS % SAR Jz ji KU HA7 B4 — 8o . i
I, M/NEEE (2019) FERAE 107 S A S AR BI(E
FEml E L, FH CSBS X RS-2 XML fk SAR 5418
NRCS #F47 T HBI48L, 45 5 /R CSBS B4 {5 B (1)
NRCS 5 RS-2 T B AL EAF i e 3 A —2, H
FEFJ5 E.NRCS 9 SAR S 78 XU 5 17 A L0 JXU s 152
2Z/NF1.71 m/s,

T HR5T CSBS BT v g £t Jmy Hiu A5 A A )
PRI, 22 B4l T SAR Kb i, AR SCE
T 142 5t RS-2 45 4 DU B Ak SAR 5245 FURH I 9 v
TEAREHE B SR CSBS 58 R 7R 4 g T X
VV 1 HH 1 {6 () SAR 5248 NRCS #1740l , Rl f=
B NRCS 55 SAR ML NRCS #E 47 EL#, DT
SERA R A G . BR . TR R A S AR A%
P AT I T KGR 3, LU TS 4 B CSBS A
RUYE S 38 SAR S5 1 ) A7 e J b 14038 A -

2 BIEN
2.1 RADARSAT-2 SAR &5 %12

RADARSAT-2 (RS-2) LA 2 fINE KM K A
CSA (Canadian Space Agency) T°20074F 12 H 14 H
R — 45 2 C I B (5.406 GHz) SAR R
EiILTE, ERADARSAT-1 DEMG4E, &4
ATERIEAT . RS-2 2 HATHH A L5 b ek i A 4%
SAR DAEZ—, 7 LIS HE ARG 40 i Ak . A
YR ZAE B e N 1 20 280 LR A, O
Pk GeoTiff B4 #& =X m 1 421k (Fang 55, 2018) .
AR SCHE FH B 142 5 RS-2 SAR $24% 14 9 4% 40 U b Ak
(Fine Quad—polarization) FL4% A SLC (Single-look
Complex) 7= ¢, W LLEBHEME VH, HV, VV Al
HH 4 #1075 i SAR 248, WAkl i 1%
FRFRZS T 0 BER A 8 m (i) xSm (HEE ),
R 9E 25 kmx25 km, By I8 A AIIE F 25°—35°

76 F FH RS-2 SAR %48 28 47 6 10 X\ 37 2 3 2
B, BB RS SAR SR AT AL B, FE A
RS AR . JUAIAGIE | SR MR AR SRS AR

SRR IR FEAE R AL A 50 DU (dB) Ry B 9 J
U 2oy, Mﬁﬁime%ﬁfﬁﬁw
BUNRCS B T G R . H T S0k F ARG 4 DU i Ak
SLC P i el SRS A IE S5 B, PR ] D B4
SR RS=2 F P v 8 a2 A A ORI 56 S 800 r
AIRTCHEAN bR WAL, AR SCHFFE XS N H
JIT % SAR SEAR PN T I el dak , 1 3% T AH X - 2%
EAR RN, A DL BT R R I 20 L
fATWEAR P4, IR AR SC SAR S8 JLAT % 1E AR
RS-2 %4t N product.xml ST 317 1l B Z A5 42 1F S
MRT%EH&@L%$ SR AR ) 7 A B
. MIMSE T SAR AL i, R T BRACE
Fﬁﬁﬁ@ﬁﬂ%&ﬁm@m AR 33 LA
(GAMMA) & P35 %F SAR B JE 17 A ab ¥ (L
K%, 2002).
22 EEFEREE

T TR AR A AR L R M AR R A
L 28 W Ay 16 B 358 LI B 0 1) Fe R R 2 —
D] 1M A S 35 VA 96 17 A L XL 3% 6 R R 5 SAR
8 R %) B B SIS o AR SAR AR G i
B, ABFSEHT I RS-2 SAR #44 130 S T
RVGHGFEI, 12500 T E ARG, XT3
ARVEE R SAR AR, A SCiE ISR e T 28 F R K 7
FrEHE H 0 NDBC (National Data Buoy Center) #l
N R 55 AL ECCC (Environment and
Climate Change Canada) %45, X F 12 5L FH[E
FRUFIHFI SAR AR, B HIE ZKIF 7 JR SOA (State
Oceanic Administration) =K ATEEFr. H T
SAR JZ 7 JXUHE A I FE 18T 10 m 3 Ab XUEE, R AR SC
SR FH XU 2 22 200 A () v 52 000 JXUASC Xm0 XLt 2 £
SHUEETE 10 m S AL SFRARGE  (Shao 55, 2017).

J T AR SAR $21% F1 NDBC 7% A5 A I 25 — &
PE, ARSCME, A -5 SARE RN
eﬁﬁ#ﬁﬁ,ﬁﬁkﬁﬁu@ﬁ%ﬁmﬁwﬁ
JFRAZ IS 8] 18] B AN B 3 30 min. [ 1R —5E RS-2
K 40 DU AL SAR 214 55 NDBC % b if 23 UC it /% 7
Bl % SAR RGN TR E R, Tl
%%Ei%(%24%WJ7MMﬁW,&%NW
2013-01-16 T 23:13: 05 tH F-UpJEEF UTC (Universal
Time Coordinated) » TE SAR S22 N #6155 — 1> NDBC
TETETE bR (#41013, 33°26'25"N, 77°10'35"W) ,
TEBR LI B 1] 4 2013-01-16 T 22:50, SAR SR}
(1] 5 V7 A7 UL B[R] AHE 23 miin
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3 SAR X7 J i pR A

3.1 HAEREMEHASHEE

A FREAT PR A (CSBS) {45 Bragg
G AR L RN LA S 2 AR B s 20 T4
6044, Valenzuela (1978) F1Plant (2002) *fH:
AT T RN Lik . — B, CSBSHEIALE T3k
ASHA/NT70° BT, BLit I3 — 0 8 5 1 i
%ﬁagmﬂf%ﬂﬂmiﬂ(/ﬂi% Braggﬁﬁgrj‘ﬂgqu&YE
BT 00 R . 7E CSBS BRI Y J5 i A S

FABUNEE, FTLUR AL BRI TR NRCS,
Z WK ] Bragg SUSF A RT3 NRCS, (AL, 2T
CSBS AU IR AU NRC Solee AT AR N

Olsps = Oy + 00 (1)
K, o ARG 5 F T Bragg U AR
FHINRCS, ol F/NASH AT ILRDE2E 5
Y NRCS.

FIFH 28 M Bragg BURT B AL 1135 NRCS, 2 H %6
TFEAEAS /Ny A P 1 ey 3 A B i, PR
FHAR U 1 T AR 238 M 5 28 8 pR AR, o) Ry S HICS A
PEATRLGY o Brage FT i R (19 1 B ey 50 1 48K i 1) A
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A E£/RA (Hwang 55,
/NEAE, 2019)

a'(6,) = 16k cos'0,

2010; Zhang%s, 2017; I

¢.(6)[W(2ksin6,.0) (2)

Krp, o) FoR R AR ART ; 0, R8Tk A
kR RGP WAL 2ksin6, H 'ﬁﬁi%ﬁﬁﬁéﬂﬂiﬁﬂi
Bragg 4% (1) 1 2 A1 7 I %5 gmj‘?Brdgg?ﬁ
HR AR p AT q Ko FLRL IR AR DT 5K Hﬂzﬁ\@%n‘
KA, HERRTE WA, BT —F 28 Xtk
(EMefh) B RBCHO0, Blgy, = gw =0, Hitdt
Weft (VVAITHHB ML) Bragg B8 R B0 2R H

gll“(er) = el a2 (3)
(cos 6.+ (sr - sin’ Hr) )

( ) (er - 1)(8,_(1 + sin’ 0,_) - sin20)

gwlb.)=

(4)

(8 cos 0, + (8, - sinzﬂ,)m)

A, e, F2R U T B AH XA HH L (Meissner 1
Wentz, 2004) . X T ECSLIEIINTS , HEEIR A5
— MR REIR BB R, HAE KRB PIR b 56 4 /)
BB AR, XS/ NI B A0 AE AT SAR Fir & S5t Y H
TG NI F RO AL O R A A el s . BRI, X TR
THCHLBE (AR TR I 5, HEAEAR R Sy 3t NRCS 1 fi
AIR7R N

2
gHH(B )( 0“;(:58 ) +
2

: W(Ki?x?KBy) (5)

a'HH( ) 16mk* cos*0,

el 0.)( si(:g )

2
gn(el)(a(zsg) +

2

- W (K, Ky, (6)

0("—\:(01) = 16mk* cos'0,

gHH(OI)( Si;a )

K, a, =sin0; K, = 2ka fK, = 2kysind 53}
g Bragg 36 9% 3 B WA 43 5 @ = sin(0,+ ¢),
y = cos (6, + ), vty FoR R T 5 R 5 A
U S T e A, 6 O T BT A I T Y 7 T 5
TG AT A, BRI A S A 6, = cos™
(cos (6 +p)coss). A3crh, JITit5 o, ol
O TR DB W (Ko Ko, ) I (S (Koo ) + S(K
= )20 A, H K, = 2ksin 0, KT

KWL, @, F Bragg W KW, S(K, @) HIEHR
i3, @ RARXT T XU % SR i 5 . FERT AR
WX, Elfouhaily ¥ YR 75 [n] 1% 7T LA 4 i H T
CSBS ALY | Ly i) i — 2 e 45002 Vg 3% 1T XUk
Jy 1) O6F 3 Ul 9 ) (9 e %L (Thompson 55
2012; La%¥, 2018; M /b 4%, 2019), KA
SCiE H] Elfouhaily VR 35 A1 H] CSBS B HUK i VV #l
HH # 4k 1 NRCS.

5 e T I A R M G, RSN T NRCS
Al ARIE A SRR h

cJ-ffq(t9,)=f+ (tanlp)f d(tan8)a’,(6,) x
p(tan, tan §) (7)
X, p(tan g, tan &) Sk W5 T B0 1 7 1) WA A 7%
T A R HE K % JF PR AL PDF (Probability Density
A H Gram—Charlier 43 7 PR # 3K (Cox
1954; Zhang%%, 2017):

Function) ,

1 Munk ,

1 §2+ 2
p(tan, tan 8) = - exp( - Zn )

021(52 - 1) _ 003(773 - 377) + 040(54 - 6§2 + 3) +
2 6 24
(8)

622(52 - 1)(7’2 - 1) + co4(774 - 6772 + 3)
4 24

KA, =045 ¢, =015 ¢y =025 ¢,y =—-0.11u,y/
145 cg = —0.42u,,/14; = tan(@/s,) F¢ = tan (s, )
FE R XURH XU () 15— AbR 5335 52 = 0.005 +
0.78 X 107 u,,s Fls> = 0.003 + 0.84 X 107w, 7Rl
DRI XU VAR T REL RS B2 3 T % s o Rl w5 50
R E T 10 m A 12.5 m 5 Ab XU, ¥ T8 AN [+
i Kb XU AT p XL 2 2 SR AT A 4 (Shao 5%,
2017) o XFF/N A FAE O, T R L
J O A B TR, LR T NRCS F L)
BERLT S A3 . JUT G 15 AU X NRCS 9 4

WAl A E R (Hwang 55, 20105 M/ 5,
2019) .
. R(0)| —tan’ 6,
0'(;0(‘91) = | 2 2| sec Hlexp( erlﬁ ) (9)

A, RWIRRR SRR, A SRR R K
HFZB R(0) | 3 VV AL HH B AL RS, Fe7R
.
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(RO, =[R(O)],

ZE LR, TE4h R NG . KUm) . F Ik
NSRRI T, 2R A S AN,
AU a2 B 5 NRCS, 2 R b A 3 41
AR A BT, 7] B Bragg B8 AR SR ff NRCS.
[FIAEHE, K VV R HH #% fk SAR 52 & NRCS. ik
NS 5 A7 o A TR B A CSBS ARLHY AT
DA ARG i 2 1 XUHUE B o X T /NI v 4 Ry b
ANFAEIRIR, S=HMG T RRIAEE, Hwang
45 (2010). LaZs (2018) FImt/MMEZE (2019) A
HF/NTF10° B KR A ST, Donelan #11 Pierson
(1987) W A/NT 187 MARAM S, TRF5% (1996)
INA/NT 207 AR AT

3.2 HuBkHIE R R XU R AR R

CMOD Z 41| s 3K 4 34 pR RO AR 2 — i 2 22 A
R PR IET VV AL BB S 2, e
B IE 52 [ 35 T C ik BE SAR I 11 XU T .
CMOD £ 2 s B R T 211 10 m = b K5 VV
WAL NRCS . T35 A SR A DL SR X U] Y 56 &R
CMOD BRECH R Z WA, Hrh i N T 2 A
CMOD4, CMOD-IFR2, CMOD5 Fl CMOD5.N. J5
A (2018) PEHUSAR T DL 32 4 PG I 5 1 RS-2
K20 DU Ak SAR 5245, I CMODS.N A5 2 bR BT
JE R R T S0, I HF SAR T XU 5 NDBC 1%
P WG IEAT X . 25 B, FEF CMODS.N e
) SAR J 78 XU H 5 NDBC M XU 35 7 # iR 22 4
1.68 m/s, il /2 Vg 1HT XUl R T 2SR . IR, ARGk
FH CMODS.N pR A N RS-2 VV 1k SAR $24% K i
SRR, CMODS.N R IAR T (Hersbach,
2010):
ol = bo(l + blcos(qb) + bzcos(2¢))]46 (11)
Kb, 0% I VVIALAY NRCS; o Ay it 2 A X XL
)5 by by Al b, ST 10 m = Ab KGHE w,, FIA G416
MIRRE . I, ECEERIBAG . 6w Rn L
K VV AR NRCS I, R (11) AT RIOK g 16
1] 10 m =7 Ak U
XFF HH M Ak SAR 5218, okt CMODS.N
B B R XU, R A9 A0 HH AR fB NRCS
oy 18 B R AR UL AR VV AR B NRCS oy,
SR FEAC A CMODS.N pRBICR fift KU . JE T 877 5%

RS-2 K5 4 VU 1k SAR 5214, Zhang 5§ (2011) $2
T AU A A R BOE Ui Ak L 4 R
(FRTFR 22011 B274) R IR i HH B Ak SAR &
WA S PR AR KGR LA R — 80Pk, % RMSE
7 1.86 m/s. LAk, 72011 #5550 Bir i F (4 SAR 514
AR 5 A SCGEISAR SE R B R A a il Ak, R
AR 7201 1SRV A HH # Ak SAR J2 78 XU (1)
WA AR . 2201 1 Ak USRI R AT
PR(6,)=A - exp(B-0,)+C (12)

Krh, 0, HEIEASM; AL BRCHFE, HIR
{53514 0.2828, 0.0451 F110.2891
4 EARASHAAERE L

CSBS #27 fH Bragg #5565 A5 74 F1 JL fn] 't 2 A5 7l
AR, HAEPERMBASAEN T, Braggfil
S & SAR XA AT BAGR A AL, LI )= Ml 7R A
NRCS H Bragg #8415 7E/Nm b AGFAEOLT ,
B2 I S SAR S UM 1Y FZETTER, IR NRCS
A LA G RIT 5, BRI, W] 35 s /N A e 45
ASAMEME, HirmEEie. Tk, ANvE
SERIFH 142 5t RS-2 05 4 DU Ak SAR s R 52 A5 55805
AR VR AR 2 A SR AL HE VV A HH B AL
NRCS. Jry A S A1, 1652 1 XU R 1 XU 76 Y
AR SEUE R . MifE, SEFaitt ik dsr i
e Ry M A S A 4R B, R R A A A
{ELXT L6 3 AT CSBS #2875 L1 NRCS (g 5 RS-2 5%
TGP FRAE I NRCS ol FIE R, MM - dRAR
Ao S AERAERERE 2R, HA
IR AR 7 M DU T LA 3R

(1) B Jcssr RS-2 R A S MR M4, 4EFEoC
KR EKR, hFACHBE RS-2 SAR BN
142 5%, Hitki=142;

(2) @ 3NTCEMNECH i — 4, 3%
7N JUAA G 2 AR ) B NRCS o . Bragg it 5 A 74
{5 LA NRCS o FIRS-2 SAR S 14 (1 NRCS 0%

(3) SR AT A HR AR R OS2 8 FR AR B
WIZTEIR T3R5 5 o Tl o8 BRI T AR 1R 22,
A1 28 T 00 e A . FESMIE S AR
ST A R M A S AR, O R AR A
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Abstract: Composite Surface Bragg Scattering (CSBS) model is a classical ocean microwave scattering model, which can describe the
Normalized Radar Cross Section (NRCS) of microwave backscattering from a rough ocean surface. The CSBS model includes a Bragg
model and a geometric optics model and can be used to retrieve ocean surface wind speed from spaceborne synthetic aperture radar (SAR).
Compared with Geophysical Model Function (GMF) developed by methods of empirical statistics, the CSBS model works well at all
microwave frequencies. Reports showed that geometric optics model is most suitable for small local incidence angles, whereas Bragg model
tends to be best for moderate incidence angles. In other words, for local radar incidence angles that are smaller than a given angle setting, the
two-scale backscattering mechanism of the sea surface is replaced by a geometric optic solution for specular reflection. However, determining
the threshold for small and moderate local incidence angles is still an open question. The local incidence angle search algorithm is proposed
and developed to find the optimal radar incidence angle at co-polarized (VV-and HH-polarized) channel. The modeling data for the local
incidence angle search algorithm include wind speed data retrieved from 142 Canada RADARSAT-2 fine-beam quad-polarized SAR images

in the east coast of America, the west coast of America, and the East China Sea. Ocean surface wind speed measured from the National Data
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Buoy Center (NDBC), the Environment and Climate Change Canada (ECCC) and the China State Oceanic (SOA) are considered reference
wind speed. The conclusion shows that the optimal setting of 14 and 16 degrees is the optimal radar incidence angle for ocean surface wind
speeds retrieve from CSBS model at VV-and HH-polarized RADARSAT-2 SAR images. Based on the optimal incidence angle setting, ocean
buoy-measured wind speed data are considered references, and ocean surface wind speed is retrieved from VV-and HH-polarized
RADARSAT-2 SAR data using CSBS model at 0—15 m/s wind condition. Results show that the ocean surface wind speeds retrieved from
RADARSAT-2 fine-beam quad-polarized SAR data using CSBS model at VV- and HH-polarized channel are in good agreement with in situ
ocean buoy wind speed. The root mean square error (RMSE) of SAR-retrieved wind speed and buoy-measured wind speed are 2.15 m/s (VV-
polarized channel) and 2.32 m/s (HH-polarized channel), and the correlation coefficients are 0.79 (VV-polarized channel) and 0.75 (HH-
polarized channel), which are statistically significant at 99.9 significance level. The conclusion of this article indicated that the optimized
incidence angle setting of the CSBS model found in our study has good applicability and reliability under low-to-moderate ocean surface
wind speed (no higher than 15 m/s). From case comparisons of the CBS model with RADARSAT-2 SAR images, the optimized small
incidence angle setting of 14 and 16 degrees of the CBS model is suitable for the microwave frequency of the C-band with co-polarization.
More studies on the optimized small incidence angle setting of the CBS model and its application in other microwave frequencies, cross
polarizations, or high sea states will be considered in future investigations.
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