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M. A, ASCET SWOT I L2_HR_PIXC ™ §h, BEHCKMET . S0, #5034 KA DL KL 7748 5 K Hh
XK R S A S G, RGEHT T SWOT /KA F7AE A BEHLIR 25 5 RGTIRZFAE . FT X BEALIR 25 18 AL
FIEOR ZERCT R LI R 7, P2 20 KRk A RUNBR T S s o s B, S AT KR AR fR R
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PIBEKBEIR (BRI . W AUKIZESE) FrdE
RZEBRG R E SR S T e & )5
BABREEN (XaZ, 2024), KAMERKACRZSR
SEHEFE bR, 5K BRI K fif B 2 A AR A E 1Y
MREKEER (XiongZE, 2021). (BGE KA Wil F2 B
At b T KA 3t LR SRR T AT R v s I 4 B R
BIFESE KB . SRT, S R BN AR T
25 () 7 B A PRAE R PR, HLAZ b BOR BRI, A
B HMELAA TR (BREIPE, 2018). TEANTE L
Ve DAL 5 A A ) X, T ) T B )
=R, HRRAEIC A E (Biancamaria 55,
2016; AESUAE 4%, 2023).
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ARAREE T AL e T K ALl , HASRBOGER . &
R A RSN A I S €7 TR
Ul R TR DB 5 A R T (W %5, 20235
Yao%§, 2024a), JX45 Jason 251, Sentinel-3 555 45¢
BN s DA Z 0 TR M SE (Jiang
85, 2017; AHETE A, 2023; wBIOC AR, 2024),
{32 R T K i 7 A 0 AT PR 1) 2 1) 3 B R
FEAE rh /N KR I Bl 285 7K SC R M D e A L 28
RAMFAE—E R’ (Yao 5§, 2024b).
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(Surface Water and Ocean Topography ) I FH45 . iX
SR BRI LK G IR R A R A O AT 5 B X i 0 7
AL, bR DA e ARLE KA I SR AT
BHEE (Getirana:, 2024; Fu%, 2024), SWOT
A Ka B IA T WAL (KaRIn), SRR
BIAST S, Ol RIS WL R S P AL 24 120 km g
FEL PS8 A A, SEBGHIBTFT . 7 R 38 1 e 4
HERM 5 (Andreadis 5%, 2025; Laipelt %%, 2025;
Wu, 2025), HoK3C#HER AN 0.0625 km?
A 7R LA K 5 BEAR 22 100 m AT o

MR, T SWOT T 76 P Bili 7K AR 7K A W
T3 T AF 5T 2R b TR PE AL (Maubant 55
2025; Patidar%, 2025). Yu% (2024) LA Hydroweb
I GREALM #2450 /K v 504l o 2 2% B, Xf 428k
8B WA AT TR B E , 45 RERWI SWOT
WA= 40222 (MAE) 439)<0.510.3 m,
IR % (RMSE) Z341<1.52 m, Yao% (2025)
FIFH ICESat-2 il 1738 LRHIE, & ILSWOT
& 77 it B S B 53K 0.18 m. Zhao %% (2025) 21
— PP A A EE S [ IS N Ge Tk Y B R (E S
KRS, T L2_HR_PIXC ™5, HoK 455
55 Szl 2 [a] i) R 1 0.85, MAE<0.4 m, RMSE<
0.5 m, T HAh 5.

HATXF SWOT 7 P fili i X (15 22 4387 B i 53 18
AL, BRBEPLIR2E5L, SWOT WLIA 17775 5 15
PUBE B A C I R G R 22, WA 3% 25 FNR L 1% 22
o BE BT A AR IE AR (45,
2023), H3Z R T P4 Bl 2K A4 43 A1 AS 25 F i Bl AL M
P, SWOT B eI kT A3 X, FF7Em R 4E
A7 (B 22 ki b AR AT N B P9 R IE . (JPL, 2024a) .
T AR 15 2 B R (R ] A%, LA (AR AR AL 8
Fafdt . M/KMGE B IR, B IR R B R
Kohn 1 Nielsen (2025) 7422 37 AW 0000 v &
M, SWOTEdli i 77 R Ge Mm%, HAE A A
SERF, RESERIEEERAM LR, i
34N ST Y Sentinel—3 K U135 £ 580 1H 52 B 5% AT R 40
w2, MAHTUABNE, ${ERMSE H0.11 mkF
2007 m, HXREHEHOTSETZE 077, €W
SWOT 7 PN i 7K A LIPS B 75 TS B T T

BT ERAT BIF ST oo SWOT 74 P il Hb X 358 22 23 #r
SRR, SO0 L2_HR_PIXC 7 i (158 22 4R 1F
TR T RG058. o, #BPIEEMIE, AL
S L v B AL R 25 S B R s RS, R
Ban iR RE R EoE A A R b AT 227 I R

PEHFAE, LUK 2B UL B AR B K e KA A5 B 0
AR, BRBR R RERI A &
Ja s FETWRACK K EE K RS, 45 a4
Wil K DAE R, PRI — MR R R B IETTE,
DA R SWOT 72 P i ZK A B K 2 RS 2 - I
R RE N AR PR S0

2 WRZE XA OS5 R ok A

2.1 AREER

ASCRIBFFE X GATFRINA . 7K ST 3 2Kk
(1), He, WHAGREE KW . SIME 34
NG 5] I =3 ER- 07 0 £ B3 o 71 K AW 2
S eig X, T8 SWOT 72K R B ik iE 2 T
FRRRGIRZEM A, AR “BERE T T8
W35 ¥ SWOT B Jy 1n] 2 i VR IE S, iR HD
RN F R T RN AR, HAR -k
Ry UM RS Sl (3 S I
[E) (%) BsF ) 22 5 o S 3l o3 53 AT 76 3L 7748 R I X
B, Horbad T By K B K S8 AR 20—50 km?,  A]
YE Rk Z R BRI G 3% i A K 38 1w FR
JRE AR A0 BRI R Xt SR A A e 1 L P ) 5
RAGIRZEHTIEIE

T4 (38°43'N—43°26'N, 118°53'E—125°46'E)
AT E R AL IR, KRl AR 23k 2290 km,
S8 PN A I BT R G 100 kem? Y R) A 3 432 4%,
109, N RS EZOK R T 2m LA
T ST KK AE O SR ER S KR . AR SCRE R
KAKGs . THWL Gl T e S R ARIK R
PRI, RIS S AMLES,, LKL (a), %710
THRGERE, B 11H—RE4 7 850, o
Br BIBR 1z Be i gt , DAl oK F 52 . R
M (30°55'N—31°32'N, 119°52'E—120°36'E) {ii T
KIL= AN g, & EH KRR Z—, W
12329 km’, /7 2k 421 393 kmo i DX PG 5 A PY
BTN B i, A3 LS JRORK Rl . AR S
BRI A | Vol #1L 34K, AL+
i 5P B R RIS, A WEI T (b) o B
(30°25'N—31°43'N, 117°16'E—117°51'E) {i 48
BRI SHERDK RN, 2ARTOER, &K
K55 km, HAAIRFL 787 km®, WK1 (¢) T
N HEN (36°32'N—37°15'N, 99°36'E—100°16'F)
NP HEA, W ARV R 106 km, KILRIFL 2
4667 km®, &1 (d) Firs.
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*1 AENHERER

Table 1 Detailed information for different monitoring stations

I IX 45k W4 Ay KK T A km® AL L /m ZRREI(C) Hi/(°) A (] 1) B /s B km
KAk 5 KPR 51.2 124.083 41.883
i) IR 37.1 124.167 42.550
N &) K 34.8 124.150 41.317
e IR 31.9 123.518 41.236
Sy IK P 20.8 123.983 42.267
LTH : 9—29 50—160
ILFH TR 298.3 123.200 41.267
L TR 265.1 123.916 41.867
A& bE 135.3 123.767 41317
BRI TR 130.5 123.833 42.333
g {Ep 121.9 122716 41.183
Kt W 2329.1 120.192 31.194
KiE IR 11.1 119.372 31.397
_ i pINE 9.1 119.433 31.317
X 5, 60.100 330,550
il IR 46 119.573 31.241
P bE NN 166.3 120.635 30.997
FHEH TR 91.4 119.575 32.012
GRB HLib) bisiRg| 786.9 117.520 31.548 120,149 660,820
HiFY HFH i RIE| 4266.6 100.188 36.868 490 2695
Rl T
43.5°N A R X
B, | - 318N .
42.0°N | :
31.3°N J
40.5°N | .
- _'
§ 30.9°N b & e
390N - A
1 1 | v ¥ LAl o A : 1 i
1200°E  121.6°E  1232°E  124.8°E 1194°E  1199°E  120.5°E  121.0°E
(a) ILTH (b) KX
(a) Liaoning Province (b) Taihu Lake region
31.8°NF ' T T ] . . .
37.2°N F g
31.6°N - _ e
36.8°N | W -
31.4°N 1 d
! . ) 36.4°N ) . |
117.4°E 117.6°E 117.8°E 99.6°E 100.2°E 100.8°E
(c) 2 (d) 7318
(¢) Chaohu Lake (d) Qinghai Lake
*EYE A K HydroLAKES SWOTEF Ui

Fig.1

&1

IR AL 33 AT B SWOT B2 B WL 4k

Geographical distribution of water level stations and SWOT scientific orbit observation trajectories
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2.2 SWOT D E#iE

SWOT T35 i P B 7K AV 7 i B 456 — 2™ Fl
e, Hh—27 5 L1_HR_SLC AL P, %
T A g™ BT R R (JPL,
2024a) . WIERASBREWAR, 9575055 H
ZREM, FEAREE =78 (L2_HR_PIXC) |
T B (L2_HR_RiverSP) . WIAASIK
e (L2_HR_LakeSP) LR AHAS 7= (L2_HR_
Raster) 45, Hrh, 12 HR_PIXC H 4 & = 123 6]
7 HEAREGE A W R, R A AT A 7 A R
(JPL, 2024b).

AR, BT L2_HR_PIXC = i
HEAT AL B, AT AR AT B R A (E) S B R RN BEORS
BIRDIAGTTEE R (Zhao 55, 2025). BHIL, ARSCR
H L2_HR_PIXC Version C j= &, B} [6] y5 Bl 7 &%
20234F7 H—20254F5 H .

2.3 7Kk $aBR RS2 K 4L

HRYE K ARSI ATR], 5 B E A 1 4R BT =
AT o TR SR R, K T R A
AN, KR AR HLh AR E M, B AR ORI
HydroLAKES 7= i) (Messager 5%, 2016) #RHUE A
FERY A5 B ORUEIZ I L I 7K A7 28 A/
[T, 8K P 3 () 3 R A B op W DR A7 1 5
B A ISR, SRR K A I B4 IX R RT3 it
S VAE WSS SR TSI P ELE S AT

FHEZ T, T 3E 58 B /N L KA AR AE S B
Az ZAr AR b sgm i 2%, N e AR SR H i F
FE R 7 A ——fill G Sentinel-1 5218 5 HUE 3
JEER, G 2REn R, $RBGTED R,

TR BUO H, 3T GEE V&, T
WF 5% IX 2023 4F 7 F} —2025 4E 5 H 14 Sentinel-1 4§
P o AT, MOKFIEBAE B O 4R LT 2023 427 H
2 20254F 5 H M [E) &K A7 3 B H A 8200 115230
KA ECHE T B UE SWOT WL 4 7K A% B . H:
W, XA KB R 430 3 S a5 E 2023 4F 9 H —
2024 4F 6 J] AEAE SE A B Ok o 5 v 4l Y
FERARE LR 2,

3 W
31 EERE

MR R 22 R PR AN R], RDH HJal 23 S Bl B iR
ZEMBR AR RG22 . BEHLTR 22 B A m 00 1

e DLE i g A 7 O LU Bk, HAaR 222 R,
LR BOKEE B E010 mo BEXTIZEUR2E i 5| & 19 5+
AR, ASCHR M PR K07k, LA RGR
IFI R I S B R
x2 AXERAFFAHE
Table 2 All data used in this paper

GICITE S P IR IR R
. ) 2023-07— .
SWOT L2_HR_PIXC 21 NASA
2025-05
Vect X McGill
HydroLAKES " — 2000 4F o
boundaries University
2023-07—
Sentinel-1 VV/VH 12 GEE
2025-05
C ic 2010 4%F—
opernicus Slope . ﬁ;: A GEE
DEM 20154F
. N N 2023-07— ZKFIF(F
Skl ok KR f

2025-05 Hut

MIILZ T, RER2EEH HA —E M,
WREFZMAAXT RN (— AR PR, Al
AT I B IE o T FR AR 5 G815 22 5 e B
N —TRAAE T K G o AR SO T IA A T ALK
AR, 2 R il A S KA R, T B
PR RS SRR R GRS Z A B R R, TR
ol ol T A DX ) A B R AT B AR RS IRZE Y
EIE, B BRI 2 BT 7R o

32 KAitE

SWOT W I /) 7K 18 =5 2 WSE  (Water Surface
Elevation) 23T EGM2008  F1 375 %1 i 44 75
SRR WV RN, KT R T R b K T A
i (JPL, 2024a), W FaUHR:

WSEgywor = H — geoid — solid_earth_tide —

load_tide — pole_tide

K, WSE gy o F7RAHXT TR b /K T 7K I =
HFTRABXS T 25 M Bk H (K 18 = B, geoid R
S MRERIR T B Kb 7K METH & 2, solid_earth_tide
Fon AR BREN Y S B, load_tide 2875 HbC> 171 1oy 1
i, pole_tide &7 ML ComR I g o SN ZK A7y vy A
HEN 1985 Wilg AR R G0, PRIAE HEA T /KA 25408 53
Bt s X AR R G ATSE — o R b X 52
KA R R T R VL R S R AR, 5
1985 B 1 o A S LUK 1717 m, 1 1985 i FE 3k
Y5 DR b 7K YR T =2 (B Y 2204 0.320 m (4R N
SF, 2011). Pk, SEIOK AL m R AT DAGE R LR 2
2GR SWOT ML 14 K b 5 -
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GiESLS
(T2 HR_PIXC) WA Rl
l K1

T J 45 2 s
W s

l l

[ S BB }—+[ BIERA RS2

l l

[%Eﬁﬁ(ﬁmﬁ>] %EW%(&EE)]

(a) BIRGFE
(a) Overall Workflow

o i [ 2 ¢
l AHD

RANSAC (&EHEZ) —> i Hum ¢

]

AHD

ﬁﬁﬁﬁfﬁ%&% RANSAC
fJDBSCAN (L& F 1D

2 I

(b) W51
(b) Two—-Step Noise Reduction Method

B2 L2 HR_PIXC ™ i Ab B R (A
Fig.2 12_HR_PIXC product processing workflow

WSE, . = H, .. — 1.717 + 0.32 )
KX, WSE, .. o B v 45— 5 (0 52k A7,
H, o N SRS R BE U () SN KAV o Je 6 I 1 7K SC
il 7K AT ) R R R o 5 K T 22 (B AT P BB A AR 22 52
Rt (3) il (4) dF—25 8 0F & fe L i
2% :

Ah = %2 (WSESW()'I‘A - WSE;U;W) 3)

WSE., swor = WSEqyor + Ak 4)
A, An R R SEMER 25, WSE,, ., 8 SE MK
ﬁ,WEMWﬁ%%%%FM$wwm@muo
F B HNZ 7 5 P Re i R B A, AR SCTE LIRS
XoF H A B AT I 405 SR LA R A P Y R
FH T SN KA B 1] 55 SWOT W B [E] AN 5¢
SH A, R SCGHE S A (E 7 6 A B R AT
W25 . F IR B RBKE RN AR NS, F(ER
I Bsf (] 22 BR A A AR 2 d o i ) 38 3 K A AR Ak
AR, WHE)2ZBRELE T VA, ABRAR K A7 i 2 Xk
i E VA R (RS2 )

3.3 KEHLRE

C A Mo R B, B3R U v 0 8 7 ik ]
A6 5 2R R EL A R I B R AR . T
W, AR ST A B PR il 5 A e oA Al P Jo 67 7 K
PR B2 B PR B3 A8 SO0 £ (Zhao 55, 2025) .
SR, XFFGEEES R, AR IS 77 250 m
TR N LIS, B AR RN, AT R
e, MR R T B R B SIS, AT R
HRHEER (Andreadis 55, 2025), BHIL, AKX

TE il B AT R L, S BR BT R AL AR IC
tvp_bad A XL 5. A Lz:ﬂ&@\—ﬂiiy_&ﬂn\ WAL,
B E%%ﬁﬂﬁﬁﬁ@ﬁxﬂé%%fﬁﬁo

F MR BRI 2, RIHKIR
NSRBI A 25 =28, SRIH A& N BT
oWy K 3 3 R KA (B FR i 7E B BV
RS SR BRI R R AT B R
A S 1 S A4LIE bin_width %) 437K 7 X [ 955
THEOES, DA R o 0 X [R]A Hocs DX, o) 79 0
P IEARAF AT RLIKA] . 24 DX [R]AFUER 5 O IX a] 43t
BOVAEAR T BIE drop_ratio, 355 FfuCs X [B] Y 7K 3 22
RIS IR ZE(EH max_range i, FIE A HEH. AL
BoX EHONPRSF: bin_widthi% 4 0.2 m, drop_ratio %
A0.1, max_range fE/KERE A 0.5 m, W[IEVEIE R
1.0 m, DISA]TREOR B2 A ROUIN (B - A ik P 208

$?53f¥ﬁuﬁﬁmﬁﬁﬁtﬁﬁfﬁ,
1% Gt 5 2 25 W B3k LA AT 280001 Jey i 5 WL
I, ASSCHE AL BOK PR RTIA R, X DBSCAN
B (Ester 4, w%)#ﬁ?ﬂﬁ,%ﬁ—ﬁﬁ?
fhERAS 24210 DBSCAN B3k . ik, B—4
LI 5 R Z AP AR ST

- =

K, oy FoRFHAEPR, wse RoRKNLE TR, B
W, AU S AE AR LG L KN o
JE Pk b A IR B P, A AR A5 KA e
S ZEE/N T B8 BE e, DA Z0 A5
Mo PSR F U Y S5/ 58 B min_pts
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M, U ORI R S MRS A R SORE o b 1
100 m, PAGRUETE BE B m 20 BEA 48 RV A
L R I 15 BN 0.1 m,  DARRSE Sy
0 LA YK A2 2B AR BE 8/ s min_pts B0 10, LA
AR TR RS 2 3K 90% AT RE TR 3 Hh A 380

XF TR A AFAE — 5 728 A0 1 ) T8 il A B
ML 2R B — 5Pk 5 35 RANSAC (RANdom SAmple
Consensus) (Fischler £ Bolles, 1981), Xfm#BK
PLEHAT SR, DU A TS i Jy R TR

RANSAC J5 i A He fie /s 3300 S (HL B AT
WRAELE, Tz EEMFmE . Hid
FEA s DREAS S B LR A /DS AR DA T A A
TESH, IR IA A2 B R e, B
B /N T R {H residual _threshold A S AN 5 . R
A B max_trials IR, 0N R ECE, JREEEN
U Z W RRINE Ry B 2 R . 25 I 3 Tl 3l S
F3250 m, IKAAEALEL /N, BORF residual _threshold
B 0.1 mo FeRIEAUE max_trials I /2 :
ln(l - p)
ln(l - w") ©)
Kb, p I, n A E/MEARRL CPIE3) ,
w WA ARSCE TR T W o, BN AR R
0.1. ML ZORMIIRILF 0.99, e fiRIEIRKEL
i AMET 4603 . LR AN SRR, K
max_trials % 4 5000, LL#ARTEAS R S T Y RESR
e ilgh

T] 3 S 1) 7 35 91 B LA KA 3l Sy [BR]0s ) 2
SR S K e e T s, Ko e
AR—F, BSOS RN B3 i i RS R iR
i o KPS IO BAERIE EAFTESRE,  H U
(BT 5 /K il B AR, (H N SWOT 481
e R 3R, R SR KA 22 IR 2 <0.02 m.
PRI, AR SCAN T2 PRIl 4 J32 %o 158 22 ) S Ml

34 HRRGFGIRE

SWOT Y R Gt iR 26 F 28 AL A B 5 1R 1y W
MR, FEAHE KaRIN B | RFARZE . ML
B2 LI R 2 AT R 2 (MadE, 2023),
FEI R WL R )R 25 (E 5 LS LR S 2 W) AE e
K A% & (Dibarboure 25, 2012; Dibarboure £l
Ubelmann, 2014):

WSE,,.(x,1) = WSE,,(x.t) + 2°d,(1) + xd, (1) +
xd (1) + di(t) + e(x,1)

max_trials =

(7

A, WSE, (v, )N SWOTHIMIAKL:, WSE, (v,
D) RHELSKAL, x WEEEEEE, d,(0). d,(1). d.(1).
do(0) 7 BB IR 22 | IR 2 . M iR 22
FiFaiR2s, e(x, ¢) A KaRIN A . R SWOT
JKASE 77 i © 30 e T 9 DX A 22 SO R IE AT T
BIE, HAEAER R RGN R 2E: EiiEHIX &
BRI LM 25, T E 328 165 b DX D) 52 0 R OG
Fo ARICITM G S TR, AR RS IR
FEABIE S5 KA AT

WSE,,(x,1) = WSEqor(x,2) + xd, (1) + (1) (8)
X, WSE,, (v, o) MBIERRIKNAE, WSEyo(x,
DA SAZIE G BRI, d,(0) WFR R R G IR ZE T
) —IRITEREL, b(¢) WA FR G 25 v 1y A0
24 SWOT (14 [F] — UOULIN 7 55 22 WA IX S, AT 3
TR RACET B, RS I A K A A
SR B TR RIS, T B A H ZA
—RIFRE (1) FXEe—IRIN R EZ [A] 22 48N,
HEDAE 2L EIIAREA, e 1HCEY
A AAT TR A ) — R IR B d,(¢):

4= 1S ©)

B T4, T 5 ks BE KA 73R
2, BRI SRARFRAR R G R 2B TR i H B b (¢ )
b(1) = WSE,,, (1) = WSEgu(1) - x,,,d.(1) (10)
K, WSE,, () AR SRR, x,,, H
FEHN G e B BBE BT . B T SE IX 5 ICESat-2
AL G = A 55 (R B 28 DL R R 3 AIR, AE R RS X
PRI AR sl A Ao, LS K 7 2047
TRZEBIE . 25 R8BS KA Y 5 R 56 v 5 7K I T
ZIAEEIR2E , FRAR RG22 550 1 SWOT UL
B 2e 5 m PR ME IR 22 256 o OTIEAMUBES B
B2 R e R A MR 25, 34 A R o DR APORG R 8 U5
At B8 A O 2 T R B N R 1

FERLG s RO T, VR A S U 1)
DL E P (20 m) SREBOIN A, it 3 %5 ifE 22
R B REE, IFLIAIBR IS 01 AR i
ARRAKAOLA . 25 BT AT BB A7 7E S Ax 1Y B AL 1%
25 ST B S, 25 R ] B/ N SRR KA
PSR BTG, SRS 2 RIS ST,
FEUUA M A BEEfR S LS Y 15 22 AR AL 3
ik, ASGHET RANSAC H LI T BIG . #I&
F) SWOT WL 5 Fl 3k 120 km, HLFRAx R G0 2258
o 0.1—0.3 m, ARWFFEHH residual_threshold % 5
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0.03 m, max_trialsi% 4 100, UIBR{RE 830, {B1E
TR 32 ey AR A4 R 25 A T RE TR
AT IE S BI AR 2 Flk b gL, &
FARN S LR 0.7, G DB IE 5 LB IR 2%
3.5 iFMiEtR

AR SCA ] 4 FPPEA HE R X SWOT W K A7 ()4
r“ AT E IR, 0% RMSE., MAE. MAPE L)

o Horhr, RMSE @b 85 22V BE 1O
*E, RE % 28 Y B W K 5 2 B AT B A PR A 45 SR 1Y
SO 5 MAE L5 22 200 %0 (B 1) 357 {87 ek 7 1R M 2 7K
-, HA SR EA U R s MAPE R AFAY 2
LI 7K AN AR X S KA B AR R 22 K5 R
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Fig.13  Distribution of absolute residual values before and after calibration at all monitoring stations
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Error compensation and correction method for SWOT
inland water level observations
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Abstract: The Surface Water and Ocean Topography (SWOT) mission represents a major advancement in satellite altimetry for inland

water monitoring given its wide-swath interferometric capability. Although SWOT significantly improves spatial coverage and resolution

compared with conventional nadir altimeters, inland observations remain affected by strong random noise and residual systematic errors,

especially in regions far from ocean cross-calibration areas. These errors limit the accuracy and reliability of water level estimation over

lakes, reservoirs, and rivers. This study aims to systematically analyze the characteristics of random and residual systematic errors in SWOT

L2 HR PIXC products and to develop an effective error compensation and correction framework for inland water level observations.
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Taihu Lake, Chaohu Lake, Qinghai Lake, and multiple reservoirs and rivers in Liaoning Province and the Taihu region were selected as
study sites. A two-step denoising strategy was first developed to mitigate large abnormal outliers caused by random errors. Coarse denoising
constrained observations within reasonable elevation intervals using water masks and adaptive histogram filtering, while fine denoising
employed an improved density-based clustering algorithm and RANSAC-based robust fitting to remove local outliers. After noise
suppression, the spatial relationship between water surface elevation and cross-track distance was analyzed for large lakes to reveal the
structure of residual systematic errors. On the basis of the assumption that lake surfaces are approximately horizontal, a residual systematic
error correction model was constructed. The first-order slope term was derived from multi-lake cross-track fitting, and the constant term was
determined using high-precision water level measurements from a control station.

After denoising, SWOT water level observations achieved decimeter-level accuracy, with RMSE values ranging from 0.1 m to 0.5 m
across different stations. The residual systematic error exhibited distinct spatial patterns. It was approximately linearly correlated with cross-
track distance in near-sea regions, whereas in far-sea areas, a quadratic trend was observed. The proposed correction approach effectively
reduced these errors. In Liaoning Province, the overall RMSE decreased by 0.07 m (from 0.30 m to 0.23 m). In the Taihu Lake region,
characterized by a greater distance from the ocean, the RMSE decreased by more than 0.30 m and was reduced to 0.16 m after correction.
Even in extreme cases lacking cross-calibration information, the proposed method effectively constrained meter-level errors to the decimeter
scale, highlighting its strong robustness and reliability.

This study establishes a systematic processing framework for SWOT inland water level refinement, including robust denoising and
residual systematic error compensation. The proposed method requires a minimum of one control station's measurement data and can
significantly improve inland water level accuracy without replacing the official cross-calibration procedure. Results demonstrate that
residual systematic errors over inland regions exhibit predictable cross-track dependence and can be effectively modeled and corrected. This
study provides theoretical insight and practical guidance for high-precision application of SWOT data in inland hydrological monitoring.
Key words: inland water bodies, satellite altimetry, water level monitoring, SWOT, random error, two-step denoising method, system error,
error correction
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