Ha1% BT AN - ¢ Vol.41 No.7
2019 4F 7 A Haiyang Xuebao July 2019
/N, BRBA 2R, AT, 25 AR IR (O 5 A AL AR R 16 L R 8 A 1T 7 AU R LI 4 AT (0], TR,
2019, 41(7): 123135, doi:10.3969/.issn.0253-4193.2019.07.011

Ye Xiaomin, Lin Mingsen, Song Qingtao, et al. Comparisons of composite radar backscattering model and sea surface radar backscatter from

synthetic aperture radar, scatterometer and altimeter[J]. Haiyang Xuebao, 2019, 41(7): 123-135, doi:10.3969/j.issn.0253—4193.2019.07.011

ABEERRSHEE S A RAAES B NSE
vt R i T RSB b B 53 47

NGO, AR, REEY, B, RV, A

(1. FE T EMEAE R TG, JLET 1000815 2. [ 53 i J5) 25 (8] ¥ 1 125 0 AT 72 3 i S5 4 2, L 5T 1000815 3. )7 M TS
G, TR T 5114303 4. dEATS1TLLARAS, JEAT 100094; 5. 7 B i 1AL 22 5 ORI R S0 % XT3 122 5 800
BT RESE IR %, IR 5 1 266237)

WE: B MEAGAERAMNLTULR AT E LN EE R BB EA T MO F R 8
. AAEHANBRHAEA M NALFHARLRTEATEA A AER, AFAFELTRLTF
AR 2014 45 3 T X R 2B S AT A N, 2 B iR T B A F B | # A A 5 RADARSAT-2
T E C B SAR HY-2A T £ Ku 3% B % W #k 4T 1 09 8 ™ & % # 4T # 2, 1 £ 2 5] 7 (—0.22+1.88) dB
(SAR). (0.33£2.71) dB (¥ 4T i VV # 1 ) Fn (—1.35+2.88) dB (#k 41 i HH # 1b); B 3 B & AR 2 48 0
(NDBC) ¥ 47 2011 4£ 10 A 1 H % 2014 45 9 F 30 B 4t 3 4 thy o T KUk . R 52000 8046 b #0448 A 4
Ny AR T EAFAR A HEAR S Jason-2 HY-2A T 2 Ku W B & EHE® B @8 &8 2%,
2z 23 4 (1.01£1.15) dB # (1.12+£1.29) dB., F F NGt A fmEE NG T T E % K& 5 o 84T & 20000
BMEEAFEA R MMM EAENELK, EAFRANRE, EEAHRGETNELBEE, H 7R
BENT17Im/s, FREW, BAFHF Mk sHEA THEA T E E 8 SAR, # 4T it A g E Al &
B TEE ELE S A%, HE CMOD5 NSCAT-2, & & it W 41k o T Rk KUE By b 2k 4 72 4 &
BHW T HEGEREA B, A6 F A MBI #ATA THRERBENERERE EEFLEH
BT B L,

KR T E AT A & RILE F ik B B T

FESEE: TN957.52 XERFRERAGD: A TEHE . 0253-4193(2019)07-0123-13

1 Bl N C % BEB I #US 9 CMOD-IFR2!, CMODS!!,
Ku % Bt NSCAT-20 45 iy BRAS = R 504 A0 H T

A A% (Bragg) TG A2 A 11 A0 D S 1 S 2 ML 0 BT 3, e T TR XU A AL AR A
Z—, VAL ECET AL v g 7 0 1 X3 5 Ak 18 R ) ( Synthetic Aperture Radar, SAR) Sz "0, [ b Bk 9y 38
B R BRI B E = OC R . R HATE I X 5516 B REAE, DU RO B8 S B Al i 4 S A A 2
T SRR BT R AR R R A S0 e i i ST (g R B AR 5 IR T 37 B T I R T, B
Bk ) B X 2R %X ( Geophysical Model Function, GMF), RO B A R B W A 4 B SC, o mT e T XL

5 B HA: 2017-04-24; f&1T H HA: 2018-04-26,,

HEWMHE: MX AR IS (41876211, 41506206, 41876204, 41476152, 41276019); I 7R 45 48 ZRHH %135 H (2013B020200013); [ 5 T 45 #F
K11 (2016YFC1401000); [ 5 [ AR B4 3 4 75 51 - L R4 A R BT IR A5 9% B Mg VL 22 B0F 7 vh 0 301 H (U1406404).

TEFE A m/ME(1983—), 53, TV LI A, 4, BIWF5T 61, 35 2030 P8 )R FH P58 . E-mail: yxm@mail.nsoas.org.cn

FBEEE REEHE(1971—), B, U FAFHRTA, HA, 95861, 2\ F 5 S A2 Y EMFSY . E-mail: gsong@mail.nsoas.org.cn


mailto:yxm@mail.nsoas.org.cn
mailto:qsong@mail.nsoas.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn

124

M2 4148

Gy S, H R R AR BRI S KRR
WEE T BAT T2 B3 I, ki P, I b RO e
i b R 2T A A AR HOR AR AR OLE TR AR A
S, LD AR AT B T/ N ASH RIS . AR
SR AT 2145 A0 PSR A LAl e B 8 B 52 45
SE R G5 3 R O bl 6 R A N SR AN R
FHE 3t 2Ry A X R B o3 1] B 1 o S92 00 ¥ 1T XL
XU AR R 1) B ZR R 4[R2 3 SAR .
AT O 2 AR ) R K R (3R LAY 19 i
T 5 1) U 2R BOULI S A7 %) LG 43 BT, AR e BT R A
FICSR A A T AR AR e e 8 3 P

2 BAHIKR BSR4

524 T IB 5 T WO TR SR A LR ST A A
JUART e 24 RS A AL A o A A LA IS Ry Tt 7 XU
FERRLIN S /N (55 NS5 13 Hh DA 24 9 R
W) B N R i (R RUBE ) L, YA TG Jey b 11 IS 34
JINIE X A SRR I A AR B, K D s A
e T VR 5T /NI, B S b AT AR B Y SR A B
SR A R R R B9 1 O T R

Topg = 167K c05'6g,., ()| W (2Ksin6, ), (D
U, & B IR R 6 O TR IR A s o iR T
TR P EE s o Sl ) GRS 1 T X5 2ksing 42 A=
A A SR 04 T 10 KGR AR p A g s A AE (RD
Ve H AL . X FRRAL, ¢, B RR AN

g -1

gm(0) = 7> 2
[cos6 + e, — sinzﬁ]

(&, - 1)[8,(1 + sin20) - sin29]
[s,cos9+ \/s,—sinza ’
K, e, R il K AHXE 2 A0 o8 A, A T BE RN R B 1Y bR
B BRI R Ak A 1 T SR b UE — b

B AT R8N

gw(0) = 3>

Ooyy =167k*cos*6;

@coso sing\[
\'AY 0[ HH 01’ I
g()( o )+g()(ai)l>< )
W(KEX’KB)'),

@coso sing\[
HH 01’ vV 0:‘
o )

O o = 167k* cos*6; -
i

W (Kp,, K),
2o, ARk AR B G 43 1 5300 R K, = 2kar, K, =
2kysind; 6, = cos™ [cos (0 +y) cos 8| h T 3k I J=y A B £
@ =sinf;; @ =sin(0+y); y = cos(@+y); H Py Ms 735
xRy 77 ] ¥ TR 38 TET P 650 A (oo P TET Ay P 0 D0 A S 0
FRAEFTH, yHE T -2V ) o 75 08 B A KR 1Y

TEOL, WE—Ab 5k 5 M S R BT R .
Topy (60) = f f Topy ()P, (ZX, Zy') dZxdZy, (6)

P,(Zx',Zy') = (1 + Zxtan@) P(Zx',Zy'), D)

o, Zw . Zy'. Zx. ZySr iy vy xFy O ) b I

I B (K B3R, Zx=tany, Zy =tans 5 x V47 T K

I,y 3 BT WU 5 P(Z, Zy') 2 10 T 38 J3E 0k 5 M 3R 2
JE R ZxF Zy 5 Zx T Zy B 53 C FR N

Zx =Zxcos¢p+Zysing, (8a)

Zy' =Zycos¢—Zxsing. (8b)

0 T VA T 5 ) OO0 1% T 3 R MR 5 4 T R B

P(Zx,Zy) ik 2P

1 Zx? Zy?
P(Zx,Zy) = 2t
(2x,2y) 210, 0, exp( 20,2 20(.2)
] Cy, (Zy* 1 Zx Cy (Zx® 3Zx N
2 \o? o, 6 \o)} o, (9)
Cy (Zy* Zy” Cy (Zy?
— == — —1]x
o1 (m4 60[2 +3|+ 2\ o2 1
Zx? Co (ZX*  Zx?
(a'u2 - 1)+§(0'u4 -6 o +3

A H, Cuw=04,Cp=01,Cu=02,Cy=-011U,/14,
Cos = —0.42U,/14, 0,2 = 0.005 +0.78 X 103U 55, .2 = 0.003+
0.84x 107U 5, Uy MU o553 51 R T 10 m =5 F1 12,5 m
fe A R XU o TR TAT 10 m g A2b v T XU R /) RV
JIT VP 9 TR DR ) R T AN () g 2 A XU P ) H
KR PTG,

ln(—Z )
U. _ "10.0016 (10)
Uy 8.740 3

AP, U T T 5 JEE <Ak B KU RN

XE /ISR A TR S R 1) IO B TSR (i
JEAG PR A o5 =2 TTER, Kirchoff 21 JLAT G2
SR NS

IR(O)
200072

(11

Toco () =

. ( —tan’0 )
sec*dexp ~
20—14‘

A, o, 2R o2 43 S Ay DR fia) AR IR0 o) T TR REL AR B 1)
VIor s sE . RVAETR H O R AL, T E AG A IER B
KT ZEON T HH A1 VV AR A R, Rk 00
B |1—2\/s_,+s,|
[1+2 e +&]|
10 52 G 8 3K 5 1) FOR AR A B ok AR v, Y )
IR A /N T 10°0F, /N A A 0 JLART 627 )5 0]
BRI (1D AR A (4 F1 () RA L (6)
THE S B R A X T/ A AR R 1 A A (R
FEHA AN B FED >, 5 R Hwang 25017 36 22
PR, BD3EE /T 1008 A ST MR, Boe A (1) £
ENEOE AT e s iy e

IR (O) (12)



T MBS BT

T T FRC AR 5 AL AR T 3K TR T R g R TR R A 1 TR WL A B S AT 125

Vi T J s U — AR IS T T 5 20 (4) AR () o
) T3 TR B2 BT W (Ko, Ky ) T 101 TR (S (K g 0) + S (K, 05—
/28T, Hirf K, = 2ksing, g AR RIAS B EL, o, AT
KRB TT 0], S (K, ) — eV TH IR J7 10115, o A
X T R B0 R D ) o AR SCHY A B IR ] IR
3% H Elfouhaily W R 357", Elfouhaily ¥R % H &
F 3T U0 SCHk [317, He 4 B0k B 1) e KUK
5 Ty AR = XU 9 1 B2 ) B pRi R, Elfouhaily 1 VR 3%
14y L YRR AE 2 AR 3 1 BT A B RS B P 28 T KR Z
() (14 V3 SOAH ELBE B AE e R, & AT A 80t o T i
BB et 31

3 RO 5T

3.1 SihskEER BB

3G IR M HUN AR AL E55 5 08 T /N A f B
T JS2 S A L AT S 2 455 0 R0 AG i % S Ay RORL
BERY, PR 1l A O A B 1) R R S T S o
T E B S0 D B, i 18T X3 AR Ik 1) O 2R Y
KA Hh ek ) PR R B R s, 0 C BBy
CMOD4P* | CMOD-IFR2!"!, CMOD5™ 45 Ku 3% Bt (1)
NSCAT-2P 26 HAj, 76 Ku P B A C P B R T
BB 1) Hb BR P AR 5K bR 4K, 40 NSCAT-4. CMOD78Y
e N TET 0, A HY-2A TR S8 sl
554k 47 2% H (19 NSCAT-2 7k Ku I BE X} H 6 3 Bk
Py PSS 2 oA BN 1 A R VAR B S0 T T C U
B SAR X7 B i 1 s 2Ry AR 5 pR L ——CMOD S,
FER C U B i) MRy A U ok B, B 1 R A
K5 16 BB 5 CMODS . NSCAT-2 Hi Bk #5525
BRSO A VA TE S 1) O R A LB O R

m ‘4
= d
S-16f = GE R o
gl Rgeda Neoogf o HABIVY)
=g &n —a— CMODSSVV)
20} w0 S A(HH)
-~ CMODS5(HH)
22 '

%0 50 100 150 200 250 300 350 400
IR RUALA®)

HH P11 T T 1] R 2R B AR R X ) £ R A AR
R R mT 0. (1) #E C 3% BE (5.4 GHz), & ik A5
BB N 350, M KE S 10 m/s (I E1E T, 8 HBE
If1) 5 5 A 50 R CMODS b Bk 1 B =X o B35 1 s
) B BB, X T VIV AL T B 1 O R 5k
SHEAE TR (386 XU ) st 9 6 TR 3 55 4 i 1 S 2R 22 S
K, N 1.2 dBOMFE A AT, A5 T 1.5 m/s K 22
S| A HU R B AR, X HE 8k 595 1 8
B, ARG PR RT3 A0 5 O R =
K, b 1.1dB. Bl 1 H ;i) CMODS £ bR £
HH e AL 805 2 8502 8 13 CMODS #2:X si % Vv il ik
WU 2 0 LA Thompson %5 P4 [ £k L pR B3R 15
(2) 7€ Ku i BE (13.4 GHz), &k A ST M ik ek 359,
VT R 10 m/s IS5 HF T, B4 55 [ HU A 7Y
FINSCAT-2 Mgk ) #EAE A R BT 59 VV, HH 1k
Je ) B R B0 e K 22 S (A B R AR A Ry, B rp
VV ARG B R B B R 25 (6 R 1.3 dB, HH #fk
() I ) AR R AR R 221 1.5 dBOMS T 1.8 m/s AL
2SS E N EU RECEA) . 7E C B BUR Ku
BE, 10 m/s K /NI T XU, 35°A9 Ff 45 K /N A 2%
PET, B4 555 ) HU A7 I 7 12 SR R ) 2 bR
O 0 5 BB RS RO, R 25 5 Ku
B HH WA, B 1.5 dB, BG4 X
AL 1.8 m/se P E—E &M TFREAGTREEN
TR 5 CMODS Fil NSCAT-2 Hb Bk By 345 2 ok %5
FOBSr BT T UL, 52 G T 3K I ) B ASE A AT AR —
S SR A TS TR T (R0 T 38 0 1) S R B
32 5EIERMEHELESH

R it — 2L VAN 26 B IS BB AR R AE S T AL R

sl —o— SABI(VV)
—8— NSCAT-2(VV
0} o STARUR(HH)

8-~ NSCAT-2(HH)

0 50 100 150 200 250 300 350 400
HIXERUA/®)

K1 HEFRBERPSEA S CMODS. NSCAT-2 Bk 4 AR =X oh 1) ¥ TH J5 1) U 22 250 k0 0 il 42
Fig. 1 The comparisons of sea surface normalized radar cross sections (NRCSs) of composite radar backscattering model with GMFs of
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Fig. 5 Comparisons of NRCSs between composite radar backscattering model, NSCAT-2 GMF and microwave scatterometer on board

HY-2A satellite
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a. Composite radar backscattering model, VV polarization; b. composite radar backscattering model, HH polarization; c. NSCAT-2, VV polarization; d.

NSCAT-2, HH polarization. Ku-band, the incidence angles and azimuths for NSCAT-2 are the same as that of HY-2A scatterometer, the wind speeds and

directions are the same as buoy measurements in the whole year of 2014
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Fig. 8 Comparisons of NRCSs between the model and Jason-2, HY-2A altimeter
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a is Jason-2 validated against NDBC buoy measurements in the time period from October 1, 2011 to September 30, 2014; b is HY-2A scatterometer against

meteorological buoy measurements located in the northern of South China Sea in the whole year of 2014
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Comparisons of composite radar backscattering model and sea surface
radar backscatter from synthetic aperture radar,
scatterometer and altimeter

Ye Xiaomin'?, Lin Mingsen L5 Song Qingtao L2 Liao Fei?, Liang Chao 12 Zhou Xuan*

(1. National Satellite Ocean Application Service, Beijing 100081, China; 2. Key Laboratory of Space Ocean Remote Sensing and Applica-
tion, State Oceanic Administration, Beijing 100081, China; 3. Guangzhou Meteorology Observatory, Guangzhou 511430, China; 4. Mail-
box 5111, Beijing 100094, China; 5. Laboratory for Regional Oceanography and Numerical Modeling, Pilot National Laboratory for Mar-
ine Science and Technolog (Qingdao), Qingdao 266237, China)

Abstract: Comparison with Geophysical Model Function (GMF) developed by methods of empirical statistics,
ocean microwave scattering model works well at all microwave frequency. Composite radar backscattering model is
comprised of Bragg scattering model and geometrical optics model. We calculated the normalized radar cross sec-
tions (NRCSs) from the composite scattering model by using the sea surface wind speeds and directions measured
by buoys moored in the northern of South China Sea in the whole year of 2014, and then compared them with SAR
on board RADARSAT-2 at C-band, microwave scatterometer on board HY-2A satellite (HSCAT) at Ku-band, re-
spectively. The biases of comparison are (—0.22+1.88) dB ( for SAR), (0.3342.71) dB (for HSCAT in VV polariza-
tion) and (—1.35+2.88) dB (for HSCAT in HH polarization), respectively. We also calculated the NRCSs from the
model by using the sea surface wind speeds and directions measured by NDBC buoys in the time period from Octo-
ber 1, 2011 to September 30, 2014, and then compared them with radar altimeter on board Jason-2 and HY-2A both
at Ku-band with the bias of (1.01£1.15) dB and (1.12+1.29) dB, respectively. Although the biases of NRCSs
between space-borne sensors and composite scattering model in medium and normal incidence are different each
other, the accuracies of their sea surface wind speed products are the same(i.e. the root mean square errors are all
less than 1.71 m/s). The results show that we can simulate the sea surface radar NRCSs of satellite-borne SAR, mi-
crowave scatterometer, and altimeter by using the composite radar backscattering model, and the simulations are
consistent with that of CMODS, NSCAT-2 and the GMF of operational wind retrieval for altimeter. It also indic-
ates that the composite radar backscattering model could be used in calibration and validation of microwave sensors

and simulation of radar backscatter from sea surface.

Key words: radar backscattering model; synthetic aperture radar; scatterometer; altimeter



