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Research on water depth inversion method of Xiaoqing River based on

Sentinel-2 and surface depth model
ZENG Xue-tao', ZHANG Yan-jun*', SONG Yuan-xin', WANG Yifan', LIU Xin-yu'

(1. State Key Laboratory of Water Resources Engineering and Management, Wuhan
University, Wuhan 430072, Hubei Province, China;)

Abstract: Utilizing satellite remote sensing technology for the retrieval of water depth is a crucial
method for acquiring comprehensive water depth information over large areas. However, traditional
optical satellite images often suffer from low inversion accuracy due to various factors, including
the presence of sediments, suspended particles, and chlorophyll in the water. These constituents alter
the color and turbidity of the water, making it challenging to accurately estimate water depth through
remote sensing techniques. To mitigate the influence of these water color materials on the accuracy
of water depth inversion, a novel approach was proposed, centered around a mathematical model
and the use of Sentinel-2 remote sensing imagery. This approach involves analyzing the
mathematical relationships between water depth and the surface area of different types of water
channels. This method deduces the river surface depth model by generalizing and classifying the
river section. It combines the Sentinel-2 remote sensing images to determine the relevant parameters
in the mathematical model, and derives an expression that can directly calculate the water depth
from the water surface area, which can minimize the influence of water color on water depth
retrieval from remote sensing images. To validate the effectiveness of this approach, it was applied
to the Xiaoqing River, and the results were compared with ground-truth data. The average absolute
error in water depth inversion at two hydrographic stations, Huangtaigiao and Shicun, was found to
be 0.03 meters and 0.23 meters, respectively. These results demonstrate a significant improvement
in the accuracy of water depth estimation. The method proves to be more reliable in areas with
varying water color and turbidity, as it is not significantly influenced by these factors. In summary,
the experimental results highlight the potential of this method for accurately and rapidly obtaining
water depth information through satellite remote sensing technology. Its ability to reduce the impact
of water color on water depth retrieval makes it a valuable tool for widespread application in
environmental monitoring, resource management, and other fields that rely on accurate water depth
data. This innovation opens new avenues for remote sensing-based water depth assessment with
high precision and reliability.

Key words: remote sensing; water surface area; water depth; Xiaoqing River
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Tab.1 Sentinel-2 band introduction table

BB AR HK (um) 53 HEE(m)
Band1-Coastal aerosol R 0.443 60
Bnad2-Blue [ 0.49 10
Band3-Green i 0.56 10
Band4-Red Al 0.665 10
Band5-Vegetation Red Edge AN/ 0.705 20
Band6-Vegetation Red Edge JURAW/) 0.74 20
Band7-Vegetation Red Edge JURAR) 0.783 20
Band8-NIR AN 0.842 10
Band8A-Vegetation Red Edge RARN 0.865 20
Band9-Water vapour FERAR AN 0.945 60
Band10-SWIR-Circus (TRAR AN 1.375 60
Band11-SWIIR JEAR ) 1.61 20
Band12-SWIR JEAR ) 2.19 20
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Fig.6 Frequency map of inundation range at water body boundary in cropped area
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Tab.2 Summary table of fitting formula of Huangtaigiao station by normalized difference
water index method

HH A R?
gk Z=7x10"%4 + 22.472 0.876
X H Z = 1.6045In(A) + 4.3716 0.872
—ikZ ik Z=2x10"14%2 -2 x107%4 + 23.453 0.878
=k Z i Z=10"1543-9x 1071942 4+ 0.00024 + 8.8279 0.880
PR£ZT Z=-5x10"14*+4x107134% — 107742 + 0.024 — 1059.3 0.912
R Z = 10.626A%-0666 0.8733
5 R 7 = 22.526e3%10774 0.877
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Tab.3 Summary table of fitting formula of Shicun station by normalized difference water
index method

Y N R?
4k Z=2x10"%4—1.5292 0.956
EizE1 7 = 0.3437e9%107°4 0.947
X H Z = 3.4946In(A) — 40.262 0.912
/€25y Z=4x10"1"4% 42 x 107°4 + 0.0426 0.967
X/ E2F" Z=—4%x10"104%3 +3x 1071942 — 5 x 107°4 + 2.9878 0.971
R Z =2 x 1072417145 0.950

T 6 i AT H KA - KT T AR ST AR R e ok AR n X (13) 0

Z=7x107%A + 22.472 (13)
K 2K, my AJNKIHTEA, m?,
A A 2 JEAT B KA - K T AR G TR A 2 Ok R = (14) .

Z=2x10"54 — 1.5292 (14)

12



24.30
# oo
24.20 &~
[ ]
:*,-;"f’:i
T 24.10 yfi’f’ .
\\/ 0.5 - /”: *
& P e Lashill
% 24.00 R
/’ //"'
/’I ,\'E‘:“‘-
23.90 L 7
23.80
180000 190000 200000 210000 220000 230000 240000 250000
[HIAR/ (m?)
......... %1[@ Taﬁ ;ﬁ-;& N _:W\%Iﬁﬁ
— - SRETA - POk 2 151 PR

B 7 AR —HERKEBEEMSERIILE
Fig.7 Comparison chart of fitting results of normalized difference water index method at
Huangtaigiao Station

KA/ (m)

6
5
o _%
4 -~ ?-"
3 . L:V,W .......
i
..-:-'."%"...
2 ..-::-".. o
LB e
o
° i °

1 B el

0

100000 150000 200000 250000 300000

TR () B}

......... zj%;ri ........Tgﬁ .........XTJ‘%& - - _:Yj_’\zlﬁﬁ - o E?j—r\zl‘ﬁﬁ %@i&

B 8 ArmII—HERKFIBBEMESLE R E
Fig.8 Comparison chart of fitting results of normalized difference water index method at
Shicun Station

13




zsﬁﬁ*ﬁ&ﬁ&%ﬁﬁﬁ

TSR R AT B 6 vl 5 A A B BT DX O TE B2 73 79 0 2500 2040m.
R K B I AR, I 28 B A5 1 /K TH] TH AR 5 9] K 1 LA Rz el A5
@) HITIENRTE wo SRAFIE UG AT R 58 73 A 75.164 56.81m. i
W IR HE T (7K AL 7K I I AR B A 5 1R SR G v B A B — B, () i
SRk “ﬂ/\———tﬁﬁﬁlﬁ BRI AR A, AR LI R m, WA MR

N3 RE m N 26.946, FARTEEIAY RE m N 12.678. A5 H A R B AN
(7), FHTE MR ATk N KR - /K AR R IE 5 3 i =(15) 5 X(16).

A—-187900
T 134730 (15)
[ = A1158924 (16)

5172624
FH T = SE KR BRE, ASSCR A 2020 4 9 H %8 2022 4F 3 H/NE 3 S5
uli SAR SR KA S, IF DR B2 AR3R B TR TRIAR d5e /N ISk ZI6E R 7K A AR A
JE R TS R KR . 456 0(15). (16)5 2.2 HE KT 45/KIH H
L R SRk 5 AR Sl KR .
SOESE R A 9 BB 10 s, Pl FIARZE WL 4. M IIES R m]
A B A M R K R0 R 22 P 3MEA 0.03m, AR HiA 0.23m, PR IR
REHT .

14



0.5

0.4

o
w

SIE KR (m)
o
N

0.1

0 0.1 0.2 03 0.4 05
ALK TIRI(m)

9 BEWIERIRARSHALK RS EE
Fig.9 Comparison chart of simulated water depth and generalized water depth at
Huangtaigiao station

4
35
c..
3
~— b 0
£25
< o -
X £
2 2 >
15 ol
o .
1 [ ] ."‘e.‘.,-
o :V..._.-'O ....... 1:14%
0.5 ..s;
.‘..
0 e
00 05 10 15 20 25 30 35 40
MEAL KR I(m)

10 AFE R RSB RRI LLE
Fig.10 Comparison chart of simulated water depth and generalized water depth at Shicun
Station

15



* 4 ML PHBITIRE

Tab.4 Mean absolute errors of two stations

il AR ELALL K IR 266 5 15 22 2404 (m)
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