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I £ A 4 mILEF A (Synthetic Aperture Radar, SAR)RUE & B /K IR fE & 2 2 B P AR LB XM, A
SRR A B4R H & F A (Gradient Boosting Decision Tree, GBDT) A 4% & 69 #L35 5 3] H ik, 1%/ Sentinel-1.
AR BIE . 3G Fe i3 2B R BRI B Ao R 1 AR R B R RIR. BRSO RIE N
TAE Nk Fo ik KK 4L, BT 0~10 m. 10~20 m. 20~30 m. 30~40 m. 40~50 m 495 /KE A= 0~10 m.
0~20 m. 0~30 m. 0~40 m. 0~50 m & EARACGE A A0 % & 4. 39 7 ARiR £ Ao 3 s 3 iR £ SHATHE AR,
RGO BRI A A AL 4E R A RIR A RAERE 2 3.78 m/s, 7 H GBDT AR ik 2| &
AEM BT 6 AR SGR ) T AR A, AR RS 4. 2 BOKIET, 40 m AN #948 X R 3HRS T
0.8, A 10~20m t940 X 24K Z, # 0.9;40~50 m M R&AK, # 0.73. 40~50 m 49 -F 3 431k £ =39
FAIREEARK, 25 H 1.89 mA= 224 m, 20~30 m 89 -F 34 tiE E A FARR Z AR, A A
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A AE.
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Fig. 1 Water depth diagram of Hangzhou Bay (Approval number:
GS(2022)1873; ETOPO1 Water depth image data, cap-
tured on 2018/06/22 09:55:05UTC, SAR image coverage
area is represented by a rectangle)
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1.2 #3E

1.2.1 Sentinel-1 &/& T2 ¥z

A SCAH PRSI 15 (Sentinel-1) TLE 514 803 ok
H Hb BRELHE W9 3k (https://search.asf.alaska.edu), 1EHX
2018 4F 1 A & 2018 4F 11 A 3t 23 S5e4uds, Hefby
X VV. VH, ZE[5 338 10 mx10 m, B[] 7 3
RR12d. KEMFFFEERBE, hTER0RERE, [
Ak B4 101 9% 15 550 T 38 M Ak, I 6 A ATF 55 3
K VV sk .
122 2FOKGEHE
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P ST AR ER 0 L DX RN A BRI S A |, BT T
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TR B AR 8 SRR ) A e TR R A T I 9 A 0,
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1.2.3  RIgGMm g EdE

T 2% W3 e >R FH 8 J8% 3R 48 0 3 (https:/remss.
com)#EfEY 2018 45 1 A 17 HE 2018 4E 12 A 19 H
) CCMP KUK 7= i . CCMP S t sl 14 I as i Tt

R1 FREREAXFERZIM

Tab.1 Influence of different denoising windows on accuracy
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RS RO BT B A, 207 A s ) T R
K3 i v DA AR IR 78 X 3k N B XU ot i,
BFIE] 2 BE3E o 6 /NEE, 25 A 20 F3oh 0.25°%0.25°,

T8 E H HY COM M3 (https://www.hycom.
org)Hfiy 2018 4E 1 A 17 HF 2018 4E 11 H 13 HAE
B 7E netCDF A%, 0 T 40 AR R
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DB AN RIS, 5 — B AR 43 HER R HT X
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TR PR AR A, AS SCHE FH B R T T R 2 B Bt
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Language) 5 B AN 7] 7 11 A% A (B 08 3 6 RS 22 M O 7
Fh 3x3 1Y LBRERRIFR RN 3), RAkER 1 HEEBR
SRR AR OC R, e e R =

K& J5ihh TEE 3 IEE 5 g 7 TEE 9 JEB 11
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TER R AR B P FIE, R LM A2 Xy 0.83 -
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F K VR R SO S IR SCAR 39 56 3R 50 2 51 o8
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Fig. 2 Influence of different denoising windows on accuracy
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Fig. 3 Precision comparison chart (Sentinel-1 image data, range: 122.39°E—122.937°E 30.904°N-31.291°N, Time: 2018/06/22

09:55:05UTC)

1 Sentinel-1 FEE50 32, JEH: 122.39°E~122.937°E, 30.904°N~31.291°N, H}[a]: 2018/06/22 09:55:05UTC
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Fig. 4 Water depth inversion flowchart
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Y B, B (35,75 )00 = 1,2, N ST — P03
AR5 F DI 25 R A0 DA TS BB A [T, (), R Y
W45 XN R, = 1,2, o Frp AR ) 0
TRAEN T
T IR AE A, WA (AR
Y jm = argmin 2 Lo fua G+ @)

v X eR/m

it A K R T 38, W1/ 3 (5) P

S = fa (1) + _ily,-mux eR,). ()
SRS KT 5128, VAR (6T

FO == fo)+ Y S IR, (6)

m=l j=1
2.4 TEHIEAT

Sy I A A S A SR RS B, AR SCR A
A 22U (Correlation Coefficient, CORR, {4 Ceorr)
S 14445 % 5% 22 (Mean Absolute Deviation, MAD, i
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VEHN Eos) A A B0 /K R S NG B, 3Rk X430 R
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C 2121—_, (7)

Dy = F——— (8)

Sx-x) |
Erms = l=1— (9)
m

3 ERTEREIFN
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(R o 3 AT BRI ARG B 5 I 1 6 R, T ARG
T B A R
KR S T )R G R B85 X Y 6 R AN 5 iR
i Z A F AR T B A 2R M DG R, ST AR R T2 i R
(AR Ak — FF IR S e B s v/, Bl 2 B — A K
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JERRAREE TR, Y RGE/NT 3.78 ns, B, KEEEREE
DR G TG n, 4 X TE 3.78~6 m/s I, K EERE
A BT/, S XGEAE 6~7.5 m/s BF, K5 RE
JUTPAAS, MKE AT 7.5 m/s B, K BE 28 TR,
FAERGEZ) N 3.78 m/s.
0.49 -
048}
047}
= 046t
ém&

044

043

0'42 1 1 1 1 1 1 1 1 ]
1 2 3 4 5 6 7 8 9 10
JRGE/(m-s™)
Bl 5 HMHRERES K

Fig. 5 Correlation and wind speeds
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B o FEARE BT A5 A0 /K R 5 S PRk BR AT X L, ]
AR B P34 xR 25 | B iR 22 4E ks
WERHE, IS Re gt ER, 3%k 2 PR,

R2 ERBKRREERBEELR
Tab.2 Comparison of iterative accuracy in shallow water
depth inversion

w1 SR 2 BER3 &4 RS
HHIC R B 094 093 096 098  0.98
TR 141 136 1.18  1.06  1.05
PIrmRiRZE 317 3.40 255 159 158
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Fig. 6

Iterative scatter diagram of shallow water depth inversion
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Fig. 7 Comparison of iterative accuracy in shallow water
depth inversion
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Tab. 3 Comparison of piecewise accuracy in shallow
water depth inversion

51 BOK IR /m 0~10 10~20 20~30 30~40 40~50
AHIC R EL 083 090 0.87 0.84 0.73
PN BEZE/m 095 130 0.75 125 1.89
PIrmiRZE/m 153 172 096  1.66 2.24

A BB T AR 2E A4 X 1R 25 7E 0~10 m
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Fig. 8 Comparison of piecewise accuracy in shallow water depth inversion
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Fig. 9 Comparison of piecewise accuracy in shallow water depth inversion
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Tab. 4 Comparison of overall accuracy in shallow water
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Fig. 10  Accuracy scatter diagram of general bathymetric inversion maps
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Tab.5 Comparison between optimal wind speeds and previous results
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Abstract: Retrieving shallow water depths using synthetic aperture radar poses significant challenges in the field of
ocean remote sensing. In this study, we employed a machine-learning algorithm centered around the gradient
boosting decision tree to estimate water depths in shallow sea areas between Hangzhou Bay and the southern margin
of the Yangtze Estuary. This was achieved using Sentinel-1 images, global water depth data, and wind and
ocean-current data. Initially, we determined the optimal wind speed and number of iterations required for accurate
retrieval. The accuracy of these estimates was then assessed across different water depth ranges, namely, 0-10 m,
10-20 m, 20-30 m, 30—40 m, and 40-50 m, for segmented and overall depths of up to 50 m. This evaluation utilized
correlation coefficients, root mean square error (RMSE), and mean absolute error (MAE) as the metrics. Finally, the
characteristics of the spatial distribution of the retrieved water depths were analyzed. Our findings revealed that the
most effective wind speed for retrieval was approximately 3.78 m/s. Notably, the GBDT model required signifi-
cantly fewer iterations to achieve optimal accuracy than the other models, with the best results obtained after just 4
iterations. In terms of segmented water depth, the correlation coefficients of 0—10 m, 10-20 m, 20-30 m, and
30-40 m exceeded 0.8, with the 10-20-m range showing the highest correlation at 0.9. The 40-50-m range exhib-
ited the largest MAE at 1.89 m and the highest RMSE at 2.24 m, while the 20-30 m range had the lowest MAE and
RMSE at 0.75 and 0.96 m, respectively. When analyzing the overall water depths, we observed a gradual increase in
the correlation coefficients as the depth range expanded. However, the accuracy, as indicated by the MAE and
RMSE, decreased with broader depth intervals. The largest errors were recorded at 0-50 m intervals, with MAE and
RMSE values of 1.06 and 1.59 m, respectively, suggesting that an interval of 0—40 m is most reliable for depth re-
trieval. The water depth in this area gradually increased from shallow to deeper levels, moving away from the
coastline of Hangzhou Bay. These results accurately represent the actual water depth distribution within the study

area, closely aligning with the underwater terrain characteristics of the region.
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