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Fig.1 Overview of the study area and data

coverage of Radar altimeter

BB R 2023 4§
1.2 #HIBIE
1.2.1 &K FHEHE

AT ST T A4 B 38 e BE T & dlE O Sentinel -
3A/SRAL 12 i T 5t ( N 2tk ;. https: //sci-
hub. copernicus. eu/dhus/#/home) , Sentinel —3A jllj
& L& Bk 23 [6] J5) ( European Space Agency, ESA)
T2016 422 J] 16 H &N TH25, #4 SRAL & it
BB RN 814.5 km, R Ku P Bl C B, 25 1)
Sy PEAN 300 m, TSI 27 d, R EAR N 2
(0.25)km, ASSCIEBUZEE T 2016—2021 4F 038,
089,095,146,152,203,260,266,309,323,360,366
X 12 S5t BT T e X A A, R AT i
IR VLTI 5 R B8 1 s BT U 7K A7 1
PG 1 s, 2 12 A K S0k A, 43 0%k
N 12 Zeit HE .

1.2.2 B3

ARFFERI T AL AT I3 XK Sl s KA 552
IR , P36 0E v B TR IO KL RS BE . 4R
TGN VARSI R € X IR PN N R S ) A R I/ N R I
VLR By R VDT P B R B K Sk R
2016—2021 4 LRSI 7K 67 540, 2k 15 A T 5
IRk 5 K T MR K R A i &R 48 (hup: //113.
57.190.228 . 8001/#! /web/Report/RiverReport) ,

AN, AT AR T v E R R AT
WA R AR s (T ik https: //download. cs-
dn. net) F T $2 UK VL AP T e XU B i S

2 BRI

BRI BB AR A 2 s . ORI $
FE AL S AT AR T i i A A s R U T R
Tt St s @A Sentinel — 3 A %y B4 $2 it
B IE v AR A VL TR b A 7K A7 LI 5 (R #U K A
i) 3 GFF X RELA KA 23 24T H AR, SR
W S AR KAz 5 BT Bt s @R OCOG ik 2k
TEH 543 B (linear discriminant analysis, LDA ) Fl A
R UL Y22 2 RIS A 10 7 4 B BT AT
I, RBRZ ISR R ; GR T 0COG, NP-
POR ,NPPTRO5 , NPPTR0O8 }; MWaPP ix 5 Fji ¥ &
PRER SN BOE 73 85 L IE 1Y) Sentinel — 3A B AL
P AT E B AR AUE IR B A BT B
A T B A b 7K o T ZE A BRAAR B I AR RO L
KA 5 @R v A PG R G 20 A1 BREION L3 B R M
FEHEAT 2L B, SR A B H TS KA, T /KA 4
ORS00I, X bL 2B 5 il I J BRI S50 R 2 IBUK
PLAREEE DLk th A R TR IR B 1, ORI AL E



%3 19

LML, 55

Sentinel —3 A T3 A I &5 54 U L b R DA K (22 4k - 223 -

P e 1 B 0 B T 3 /K AL, ) ST O 7K Aoz A
(AinaEIDE 71 7S A AN Sl TR TV VA o S

PR LA RFAE o

| Sentinel-3 A 5 V- £ 4 ‘

v
SRRk B
Kt

AR

¥

e | | e

2 WP

E | OCOG | ‘ NPPOR | | MWaPP | ‘NPPTROS || NPPTRO8 l

'
'
'
'
______________ J

| KRR i |

v

e T Y 1

At |

v
AL R K

AP wasnme Sl
] ¥
JHAHEE || |
WARHAT. || SRR
_________________ M

B2 #MRAERE
Fig.2 Flow chart of the study

2.1 EREHE

2 TR 8 T D K 7 I, JHC A 3 [ N fih K 7k
LT R S e Sl N = VY P E N BRI R WA &
OB R BRAE SR, T3 AT R Y 5 %
BV YL T AR ORI w8 T 1 I ] 3
B, [T 22 DIMUIEE A BOE MK R B8 o 3, 2
PRI R A D B A e o R, 5 2 i 3
TN 126 591 3 M 7 5 Bl , 412 JBJ A 4 19 L0 i
175 SE AT BR B 2 TE , DU A 2 350 ] i 4F
PR A

B3 FiESEERKE

Waveform of Radar altimeter

Fig.3

B, TR R R K I E R, I

0COG LS B (IRiE A (S W POE H O &
G oo ) VERFAE RN g BE T Kot 1547 TG e B
Z B (BRI 50 AL P BT oK T I | 22 0
B R RN -

A= : (1)
W - ’ (2)
N-n
iP}
cog = % > <3)
> P
i=1+n

L PO BIE T3 N o 15 n BB
R 4y i 220 0 235 o st 2] 0 5% P4 2 10 T 1 4 o

IR TG SR 1/ LDA 5 DL 43 25 4%
FHES G W5 T 0 2 W WE EAT AR 18 , 2B
MR, BRI RRAN T

1) PEHAYSAHAE , UFH 0COG B vk By LA S50
(PR A SEE W BB E LN E G, ) WE(EE
Peakness JH— 1t [0 3 D) 4 ME P,  BIE 0% JiE
Kurt JIEARBE Skew ZEfkhidedd LTPP A5 Jik vl
{8 ETPP

) IHER G WREARE X, BTN
JERIRE S, FZREIBUERFE S, K-

— > —>
Sw = 2 (x _M())(x _M())T +

S x-p)(x-p)" (4)
S, = (o ) (e —p)" . ()

KA T = [0 2 e n ™ )T A s e
il e, S350 Ty T, 2 BREAR G B B, 4% S,
IS, FEAS(6) T3 LDA ) AR Bk J -

!
!

Yo —p) W .
Y+ Y ) -p) W

xely xely

" (o -

®

\g!
=
|
-
|
F]

(6)

AT % H bR 65 TR e G AL R W = arg
max(J) L BDRT AR AR o w = S (o - mra)

WA X, = w X BTG RHTREALE X,



- 224

2023 4§

3)WIE A 2, AR PR AN 25 D1 307 43 28 IR B, X F
R a = {z2,,2,,,2,} ,z(i =12, m)
R IFHE,# P(T, | @) = max{P(T, | a),P(T, |
a)l JWaeT, , HFP(T, | a) MIP(T, | a) it
PNRTNR
P(QIPB;)(T’> (G=0,1), (7)

P(al T)P(T)) = P(z | T)P(z, | T))-P(z,1 T,) =

P(T/ 1 a) =

P(T,.)f[lP(zﬂ T) . (8)

2.2 EMERE
ST I 0K B 3T K L, AR 4 2
(TR AT T R , TR T WOR R G b R L
50 s B 228, PRAS I B MO A, M s
I /K T B B8 AT ACE o AR SCREHR 2 23k 5 Al
TR AT DT TR A PR, BN

1)0COG &kt HIEA A 2 4k 345 Rk
[ IR ) T, 38 5 e TR M TR Y
L TRV TR R SR 8 2 D0 T 10 T 2% v A, LA b 75 38 9 85 i
1E, DTS2 B T i T B

2)MWaPP 553k . {BBHYPURT A WL A5 i 3T
e R R R KR R B (AR TR, R
3] 1 om 5 3 18] B ARG BT  BBURIAE 4 S i
TR B S 1) 53 o o M 75 12553 e, 0o A — A
S P TR TR B WA LB 5 T AN T T IR O
TR O R BRI, B UG 1 80% iR iR 1) 47 & B &
BRI

3)NPPR 551k, % E0E TIE MK HEIE 5 %
SFPUGEAEL , 701 P T 8% 30 T2 1 A 1 80 1 R 228 o5 ({4 I
P, NPPOR R I T8 50 4 07 o 4 R R
PR 5, 5 0COG Bk 5 NPPTROS #k K
NPPTRO8 %%, L OCOG & i g i Sk, 4 &
oW T TV B0k 1 T8 L D oh R 45 A B 2 1 50% )%
80% 1) [(ELI 25 F BRI a4 Ay [ (0 32 R PRI 47 1O
(1T

7 [ 0 R B Y A T S X e P 4
Jii7R, T LU S R B 55 v (0COG, MWaPP,
NPPOR, NPPTRO5 #1 NPPTROS ) J fi£ X Sentinel —
3A/SRAL 20 Hz PR S dE AT BRI AL BT . Y08
HOK AT AT A7 TE R B, OCOG il MWaPP 557k
PERE 232 B K MY RE M, [ 2 S HoK T 5 2
AR K 7 ish, NPPOR, NPPTROS #iI NPPTROS 45
e AT Ly AL

4 SHERFREEIRBHEERMCEX

Fig.4 Comparison of retracked gates obtained

by five retracking algorithms

2.3 DENSHHRERBUGTR KA

%t Sentinel —-3A/SRAL 20 Hz 11y L2 5t
FH 2.2 15 B BRI A OE S i WL B R T 3K
TR KA -

H =H,, -R-Hg,, —ACor (9)

A H O ORI K AL Hyy, 9 Sentinel —3A TLAE
(B 5 R oA R R MOE J5 I B 25 5 H i, N K
MK HE TR B 8 5 ACor Oy B iR ZETUEIE(E ., ACor
LA Sentinel - 3A WS4 h BT B LB R R 22
BOE T 28X E R ZEBOE IR ZEBUE R R R
P IR 22 BIE S B3 o
2.4 KEuUFSEEERBR

Sentinel - 3A (G2 T WGS84 2% R4, i
AV i 7K St 1 A8 S RS B R T AN R A
FEVETD , WVBIHOK Sl SE I KA B TRk (4 %) K&
PR T, VY IR] 53 7K S sl S 300 7K A7 % T 8 1A K o 1T 45
AT 2 PR RO B A A, TE AT K AR BE 5k
NPT R R R G R . A e B TR S L
Bl AR 4 3 ] — KPS B S i B
FETEE I 2 P A 2 W) A R 25 . ARG TR
JETH PRI L T 2% 1 K A7 5 0F Ry S 7K A7
IR C R B r 53R 25 RMSE | %) LA [A] T
TR 5 AR ORI K S AE A RS B

3 HER5

REUK LIS B S #
Sentinel —3A/SRAL 12 ¥4 5 FhE IR A
AL RS ARAF VL PR i 3 X 2016—2021 4EAY T
TR, KA BRI S R 5 S 7K A5 B8 4R ) A S 7
EENE S prs (L OCOG Bk k) .

3.1



553 4 LMEIE 2

Sentinel —3 A T3 A I &5 54 U L b R DA K (22 4k - 225 -

(a) 038 Hiifi

(b) 089 HiiE

() 095 Hifi

(d) 146 Hiii

(e) 152 HiE

(f) 203 il

(g) 260 HLiE

(h) 266 i

(1) 309 Uil

(j) 323 B
E 5 OCOG EiRERHY Sentinel -3A/SRAL & B 117K i 5 STl 7k (i By 48 Xt
Fig.5 Correlation between Sentinel —3A/SRAL altimeter water level retracked by OCOG and in - situ water level
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Tab.1 Comparison of Sentinel —3A/SRAL altimeter water levels obtained by different
re — tracking algorithms and in — situ water level
RS ahn 038 089 095 146 152 203 260 266 309 323 360 366
RMSE /m 1.545 1.524 1.708 1.695 1.256 1.338 0.872 1.601 1.246  0.553 1.074 1.681
MWaPP r 0.897 0.915 0.631 0.818 0.937 0.627 0.965 0.686 0.930 0.953 0.901 0.864
d 54 51 42 29 70 45 51 52 60 57 58 53
RMSE /m 1.442 1.439 1.630 1.638 1.205 1.389  0.859 1.427 1.261 0.719 1.105 1.475
NPPOR r 0.924  0.902 0.707 0.882 0.944 0.662 0.965 0.769 0.929 0.937 0.886 0.916
d 60 43 35 34 70 45 47 57 58 58 60 51
RMSE /m 1.462 1.459 1.730 1.616 1.223 1.605 0.867 1.407 1.284 0.610 1.028 1.630
NPPTROS r 0.921 0.892 0.642 0.892 0.944 0.561 0.963 0.771 0.930 0.950 0.892 0.873
d 60 46 38 35 73 49 49 57 59 58 59 58
RMSE /m 1.333 1.667 1.714 1.844 1.202 1.572  0.864 1.476 1.255 0.676 1.048 1.579
NPPTROS r 0.934 0.916 0.686 0.868 0.944 0.578 0.964 0.734 0.932 0.930 0.890 0.880
d 58 50 37 38 65 45 48 55 59 57 60 54
RMSE /m 1.145  1.409 1.469 1.469 1.201 1.197 0.841 1.158 1.126 0.881 0.680 1.565
0COG r 0.952 0.866 0.667 0.891 0.941 0.840 0.968 0.824 0.940 0.893 0.941 0.891
d 61 45 43 47 63 45 45 57 58 58 60 47
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Tab.2 Locations of virtual water level stations of each track and the highest and lowest water levels from 2016 to 2021

Pul s SRR A 2l i L e KA/ m o dS Y VAR FARIKAL/m AR H 39
038 E114°058",N30°253’ 28.360 2020 -06 -28 13.530 2019 - 11 -25
089 E113°333",N29°664' 33.350 2020 - 06 -05 18.811 2017 -11 -30
095 E114°947' ,N30°416' 26.175 2020 -06 - 05 19.210 2019 -08 - 13
146 E114°547" ,N30°666" 28.190 2016 -07 -09 13. 600 2019 -12 -03
152 E116°063",N29°789’ 21.659 2016 -07 -09 8.420 2019 -12 -03
203 E115°323",N30°078" 24.328 2020 -06 - 13 18.401 2016 -03 -27
260 E116°188",N29°827' 22.495 2020 -07 - 14 8.358 2019 -12 -11
266 E117°654" ,N30°779' 16. 190 2020 -07 - 14 4.620 2019 -12 - 11
309 E112°216",N30°178' 42.111 2020 -07 -17 30. 198 2019 -11 -25
323 E118°393",N31°556' 12.140 2020 -07 -18 3.460 2019 -12 -15
360 E111°652",N30°353’ 48.289 2020 -08 -17 37.929 2018 -12 -05
366 E113°294" \N29°626’ 33.408 2020 -07 -21 18.970 2019 - 11 -21
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Fig.6 Time series of water level changes in the middle and lower reaches of the Yangtze River from 2016 to 2021
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Monitoring water level changes in the middle and lower reaches of
the Yangtze River using Sentinel —3A satellite altimetry data

LOU Yanhan'??, LIAO Jingjuan'*, CHEN Jiaming'"*
(1. Key Laboratory of Digital Earth Science, Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing
100094, China; 2. International Research Center of Big Data for Sustainable Development Goals, Beijing 100094, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. Institute of Geodesy and Geoinformation,
University of Bonn, Bonn 53115, Germany)

Abstract; River levels serve as a critical parameter for understanding the changes in water cycles and water
resources. An advanced Radar altimeter is a favorable tool for extracting the changes in river levels. This study
aims to verify the ability of the Sentinel — 3A/SRAL Radar altimeter to monitor river levels and improve the
extraction accuracy of this Radar altimeter. With the main streams in the middle and lower reaches of the Yangtze
River as the study area, this study conducted waveform retracking for the Sentinel —3A/SRAL 12 data using the
center — of — gravity offset method, the primary peak threshold retracking algorithm (thresholds: 50% and 80% ),
the primary waveform centroid retracking algorithm, and the multiple — echo peak consistency retracking algorithm.
Then, this study extracted the river levels during 2016—2021 in the study area and obtained the optimal retracking
algorithm by comparing the accuracy of different algorithms. Based on the optimal retracking algorithm, this study
extracted the water level changes in transit areas of 12 satellite orbits to analyze the water level change patterns.
The results show that the center — of — gravity offset method is the optimal retracking algorithm for extracting river
levels with the highest accuracy. Compared with the measured water levels, the water levels simulated using the
center — of — gravity offset method exhibited the highest correlation coefficient (up to 0.968) and the smallest root
mean square error (up to 0.680 m). During 2016—2021, the water levels in the study area generally showed an
upward trend, with significant intra — annual seasonal changes.

Keywords: Sentinel —3A; waveform classification; waveform retracking; Yangtze River; water level change
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