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2.2.3 NDBC iZirEiE

% H BRI EE .0 (NDBC) 2R fHESE
FE] K VG T o 0 K S 2 T %) T TR VR o O 00 R
CESNIEPN Fip R ERE U e 2 T DU Py &l
TS DA ) S R A ) VTR XL 7 =2

ARSCHEILT 38 AR V9 I X5 SAR B4R IT
BC A PR B . BASHIE Sentinel-1 9 & Fil GF-3
TR RESS R HER Y, I G 2 T bR A X
ERA-5 B4 A B2 EAT 00k . [B14 45 10 1 A SO
FHIFEFR A B AF B
2.2.4 ECMWF #{#Z

MU H ) R R TR L (ECMWE) 42 fE
1979 - FFUR B AN [F) 73 B AR ) A Bk A | TR A5 )



894 National Remote Sensing Bulletin i & 54k 2023, 27(4)

M 5 8Os . R 3%k B ECMWE ERA-S #0045, 2
ECMWF X} 4= Bk S M 19 55 AL AC M r e dis . T
2019 4E BUAC T H AT & ERA-Interim 73 #7 5 ¥
(Sreelakshmi A1 Bhaskaran, 2020). 5 ERA-Interim
B AH LG, ERA-S5 040 B A T 5 (4 B[] 43 B
A 4y B R0 55 1N, 25 B4 BE% R 0.1257 %
0.125°,

[ e S TN VA WA AE
Fig. 4 Buoy location used in this paper

A FEAFH T ECMWF ERA-5 5 SAR %t ##
23 DEEE A4 10 m JRU) . 10 m KU . A8 000 w5 F1oF

(a) AR

(a) Significant wave height

% JR I BCE . 5 SAR BdE DT S Y B e 5 ol
Lh, Z5MEIE 0K 12.5 kme HA, 10m XU, 10m
WGHEAF BT A w3, A R0 & 57 ik
SOV FH 50 0F 2 7 15 3] BT S R R P

N T K F ECMWE ERA-5 888 19 e a1, 7
SCE I E AR PG 1 R e I T4 NDBC IR bt , 42
HCHAT R0 e FF- 24030 SR B A5 X ECMWF ERA-5
Bl AT TRE, IR RIRZE | B RS
(Scatter Index ), FoUE ERA-S Bt % .

3k FH 40 21 5 ERA-5 %5040 DT B B9 77 b B8
R4l 77 o B340 00 0 FsF 8] DT e ER A -5 54 (%) 1isf ]
AFIA] 23 3% A 30 min; 25 A DE AR AR 4R =X (1) 3F
B H M E/MEE d, 2 ERA-5 B0 5 T AR AL
Pt VCTC ) B T A, AR IO IO 1) ERA-5 75 %03 & A
SR A

d= (K = s’ + Py = Yemas (D)

K, 2y, Ty, FARTEARII LG E s PN Y s 77
WIF R ERA-S BRI S48 . S5 R AaR S fis .

(b) P33 5 1

(b) Mean wave period

K5 ERA-SBdli5 i pn e VL He 4ok 2 R 1]
Fig. 5 Comparison results of ERA-5 and buoy data

AR AT W, SR L, ERA-5 B0
A B30 ) RMSE 1S3 51124 0.45 m #10.25, P
U A T RMSE #1123 314 0.94 s £10.17, 45 54 0]
W ERA-5 B4 5 77 AR B0s 2 B i) — 8ok,
PEAR SO FH ERA-S BUEAE b 2 2% RAIE IR S50
1) 2 THAR B

3 SAR VIR ZE 8 7 A4

SAR X1 11 1) B A4S — R ARk R, SAR

Xof T VR 18 AR Ao e A R R S e A T ],
il VE 3 A SRR R | K gl o 8 ) R 5
OV H AR T LR R, T R R R
FARLLPEE S .t T SAR BG5S 2 4] Y
LB R, HEEVEAT SAR BIG0E 2 IR 1%
iz BAR R Y, Hasselmann Fi1 Hasselmann (1991)
T I N SAR R B TR IG AR MBS0 &
TR T — B BT 0055 15 04 B 1 5 ¥ ——MPL 7 ¥
(Hasselmann %%, 1996).,



T G, WEE 15 4 =5 SAR SO TR G B 0RS B T4, 895

MPI J5 35 /5 E e i — W S5 %, Wan 5%
(2020) H2HAHLL T PM i, E 35 7E 900 55 315 52 38
R ZHGE PS4 . A SCHH ERA-S 19 XUGH
W {5 B AR BRI 1S B, AR SR L M A e A8 4 gk
XTI A SAR PRI, R H 5000045 21 (19 SAR 4]
Bk IEAT B, TR R B, BEAT R AL B
T2 AR M R E /D F T  E 1 . Hasselmann Fl
Hasselmann (1991) #g 3 & 283 3 2] 4 IIEACHP
A, ARSCERIRE N 4.

P ATy ) 3% B 3% AT A RO 5 07 ) R R
Eo TN

E(ke) =S - f(ko)lk (2)
b, ENIBIRBEG SHRWEGE, f(k, o) N5
] g, AANE
a, c
-ﬂ%(;-;-ﬂn (3)

s=if(g o
f(k»éo)zﬁ(l + A(k)cos(2¢)) (4)

Krf, o AT XA IRERE 5 o, Mo, 53
o) Ay R T )~ S T 2 AR R 1 A 3 PR 2
¢, P27 55 W (E I B0 N A AH TR, e, ORI
AHBEBE 5 F RN F, 40 ) 2 1 D R0 D R 4 FH e
(Elfouhaily 4, 1997),
MPL 38 J5 2 A R A

F(k) - F(k)
B+ F(k)

2

J=[(Pe) = PR)) Plhydk +pa | d

(5)
X, PR R P (k) 23 51 2675 B It SAR 33 1L
SARE, F(k) RRWIIE, F(k) Fm 0 w0
JINERE X TR, WA R, wo= 0152,
A SCHR 5 Hasselmann 48 (1996) & L% EH S pu
H0.5, BN T HREE F(k) = 0fLH sk ok
HEX, B=F,., HopP FE,, 5 53m m
SAR 15 FIRI A5 3 1 fe KAH . MPT S 33 9 F2 141 6
F R

Kl6  MPIL i g f s &
Fig. 6  Flowchart of MPI inversion method

B SAR EUR S FII i s ——FE 3%, R R
WS AR AE ST A5 B0 L SAR %, R &
f) SAR 3% 55 W () SAR PG % K 1130 A pR KL,
S AR oR B0k ) W7 2% AR R ks, 2440
(B PR SCER /NS 2 T 15 81 YA IR 3% RO A 15 e 12230T
W RS A5 1 1 B Ay o P T TR 3

R MPT J5 5 52 76 75 31 A4 S5 f0 W R 3% 0T A
SR A v RN X 0k TR A A IR S5 BT IR
F(w, 0)XF 77 maE47 B0 n] LIRS IR ATE S(w).
VIR S 00T LA A (0 — B . o R e By
iENap RN

A B = B A R

H=4/m,=4||S(w)do (6)

R N g B Nh s /N (1 B S S Ry
FEA BT R

my _ S(w)
Tm(,=217//;—27r ,fsz(w)dw (7)
4 SR S1HE

4.1 HRERE

R 3%} Sentinel-1 Fl1 GF-3 T & SAR ¥ k47
TREFIE AR RIS, BRI TR 24

TESAR G B, B Bm 238 0 3 1
BRI R 2 I SR i Y AR XS H A, AR
[] A Ak i o g B 7 A B A AR 22 3 i i R
() 1l 30 it R MR L, 2006) o I DA SO
Sentinel-1 Fll GF-3 T/ SAR [EE 4T Z MAb B ——o
FHUE I 25 4 EUG ) 2238 853 4350k LA 5507, R
SRPEANAS, Jy AR/, RBRBESMER  SEELT M
T SAR UG I 5 BE AR o AR5 4R R 1Y PR
SAR G 1 5 B2 Bl 43 B 25%25 B F IR, K
AT 0 5 R L) 128X 128 15 25 hy B i A 74
AR, A5 0 TS R SAR EIRGE .

ARSI E VR RIS, JF A ERA-5 1Y
[F] 20 37 B i+ i 00 i, R MPL O k0515
%) F5% 305 T TR S R 3% SAR RS (MPI 7 1 T 45 114 i
IRIT ) o

7. P83 ) A M Sentinel-1 T/ 2020-01-
07 T 14:29:57 (UTC) ¥ 1 GF-3 T3 A 2020-01-
16 T 14:10:48 (UTC) %i#E b 45 e B — A~ ER
DL E SR 05 15 0 S 8 T A A T TR S 25 R




896 National Remote Sensing Bulletin i & 3% 2023, 27(4)

(a) WL SAR 1% (b) WIH
(a) Observe SAR spectrum (b) First guess wave spectrum
(c) FRI& NG (d) i SAR I
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Fig. 7 Wave spectrum inversion results of 2020-01-07 T 14:29:57(UTC) Sentinel-1 SAR data when the E spectrum was used as

the first guess spectrum
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Fig. 8 Wave spectrum inversion results of 2020-01-16 T 14:29:57(UTC) GF-3 SAR data when the E spectrum was used as the

first guess spectrum
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Fig. 9  The SWH inversion results of GF-3 and Sentinel-1 SAR were compared with ERA-5 data under low sea states
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Fig. 10 The T, inversion results of GF=3 and Sentinel-1 SAR were compared with ERA-5 data under low sea states
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Table 1 Comparison of inversion results of GF-3 and

Sentinel-1 SAR under low sea states
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Fig. 11 The SWH inversion results of GF-3 and Sentinel-1 SAR were compared with ERA-5 data under moderate sea states
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Fig. 12 The T, inversion results of GF-3 and Sentinel-1 SAR were compared with ERA-5 data under moderate sea states
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Fig. 13 The SWH inversion results of GF-3 and Sentinel-1 SAR were compared with ERA-5 data under high sea states
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Fig. 16  Error bar image of wave inversion parameters of GF-3 satellite under different sea states
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Accuracy evaluation of wave spectrum inversion based on Sentinel-1 and
GF-3 SAR data
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Abstract: Ocean wave is one of the important marine dynamic phenomenon that affect human activities. At present, the main observation
means include buoy observation, marine numerical prediction model, and microwave remote sensing observation. However, we cannot
conduct large-scale observation by buoy, and the marine numerical prediction model’s result is not measured data. Spectrometers and
altimeters in microwave remote sensing instruments can also measure spectral parameters. However, SAR, which has a higher resolution,
can provide 2D sea surface information. The Sentinel-1 satellite of ESA and GF-3 satellite independently developed by China are now in
orbit, and numerous teams are working to retrieve wave parameters from SAR data of these two satellites. In this work, we compared the
wave parameter inversion accuracy of Sentinel-1 SAR Interferometric Wide Swath model and GF-3 SAR strip model based on wave
spectrum, which provides a reference for the wide application of GF-3 SAR data.

The sea states according to the ERA-5 data of ECMWEF are divided into three categories: low, moderate, and high sea states. The sea
areas of Hormuz and Malacca Straits of the maritime Silk Road in the Indian Ocean and the coastal waters of the Pacific and Atlantic Ocean
are selected as the study areas. Meanwhile, the SAR data of Sentinel-1 and GF-3 satellites under different sea states are selected as the data
source. The MPI method is used to retrieve the wave spectrum and wave parameters using the E spectrum as the initial guess. Subsequently,
the SAR data inversion results of the two satellites under different sea states are compared with the ERA-5 and buoy wave data. The
inversion accuracy of the wave parameters can be verified by calculating the values of the Root Mean Square Error (RMSE) and Scatter
Index (SI), and the inversion accuracy of the wave parameters of the two satellites under different sea conditions can be compared.

The RMSEs of significant wave height (H,) retrieved by GF-3 SAR under low, moderate, and high sea conditions are 0.30, 0.34, and
0.48 m, and those of mean wave period (T,,) are 1.02, 0.99, and 0.95 s, respectively, compared with the ERA-5 data. In addition, the RMSE
of H, retrieved by Sentinel-1 SAR under low, moderate, and high sea conditions are 0.30, 0.29, and 0.33 m, respectively, and the RMSEs of
T, are 0.94, 0.51, and 0.64 s, respectively. The RMSEs of H, and T, under different sea conditions retrieved by GF-3 SAR are 0.38 m and
0.99 s, and those of H, and T, retrieved by Sentinel-1 SAR are 0.31 m and 0.70 s, respectively, compared with the ERA-5 data. The RMSEs
of the retrieved H, and T,, of GF-3 satellite are 0.42 m and 0.94 s, and those of the retrieved H and T,, of Sentinel-1 are 0.40 m and 0.91 s,
respectively, compared with the buoy data.

The SAR wave parameter inversion of Sentinel-1 and GF-3 SAR based on the wave spectrum shows that the inversion results of the
two satellites meet the index requirements in this field, and the accuracy of the inversion results of wave spectrum is the same. The strip
mode SAR data of GF-3 satellite, China’s first self-developed SAR satellite, has broad prospects in marine research fields.

Key words: SAR, GF-3, Sentinel-1, wave spectrum inversion, accuracy comparison
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