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ETHSRF I AN FRDERSERE R S E
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R, BREE, ZFZ0R2 XIMEF Y, WHER

iy

2

LR KRFE LRSS HESEE SR =, Wit i 430072; 2 KR K FIZE R SRR, HEF BN 450004;

H ] PR S A RS B BE TR B A IR A ], DU BER 6100000

TR WA N BT IREE (SSC) HEPIFR AL 1 s R T B, ENS T e VR P 5 Y RIFTIAL SSC AR I 1R ik 5 B HIE

DASE ]300 W L L 7K STt A SR B8 K STt ity , Mg 17 3T 58 SUIGAIE 33 VA RS ARV BR-BEHLAR MK (RFECV-RF) FIHL#>]

RO, Sl Fe 2 5 TR 2 il SO 345 BB IR B b IR BESvb o W Ji 45 AR W, RFECV-RF B PN FE 48 b5 R

KT 08, Bk LRSI (0-44.5) kg/m? X (][] SSC, {HXFEH SSC MM HMMR; Mk %EH SSC Sy6ik(s &

EIMHERARLIERR, B WG E SRR ROIRIRIKEE SSC BEE,  Z6-JE A4 il X 7] 3 3 AR AR S i e

WP SSC BiE HE, ARG E, BSA. B7/B5. B8-Bl1 I BOGIASAELE SSC (0-44.5) kg/m® X[ RHE: R &L, 1M

B3/B8. B4/B8. B5/B6 [ifiE SSC Jt et fl; Hfm N LA AL 2% 24 SRR I 48 1) 0 AN 8 1 A2 S JURR R AN A 5 1 1)

FERIE, H2IIEM SSC VSRR v, BTN 95% B A5 % B39 K HARME SSC RIAHIX % thig K. %8 &, RFECV-

RF B A] F T B S 8 I 52 9 i [ SSC Il T By SSC 28 1Al 43 A, iy & Y iIIRE SSC H B M 7T VAR R 225

EHEF:  EVRRWIREE: BERE; RFECV; RF: W, il R, et

hESES: TVI23

SIRME: BRIB, FREE, Z=3F, XMEF, W=D 2025, BETHIHRFIFENEERVERERERRHRLE ST IERFR.

ks AER: 2025-10-19; FHEIA:
HEEWMB: EFHESURITRIIE (4i5: 2023YFC3209101)
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BIEEEE T B 197784, 5, 2K, LA, FEAFREZKCCHEN . B Z/KFHTT. E-mail:chua@whu.edu.cn
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1 5 =5

TR R VR VD IR TR e v i Is 5 BE , PIRT S V5 AR 7K PRV AR 7K AR 25 A R A i i B L R K (Sun 4%,
20200 o HET, AKSCIEE R R e v Wl T BOE S 280, RS FERUSHFEINFE 77, 72 s RV I 100
I A CR R RS, 2023) o BBRIEBORE D KOG IERHE S BT R IO R SR BRI, X A ER
REERIJ by 2= A MR it 1w R T B (fRsE, 2021; 21 [H4E, 2023)

H AT & SO T E E 2 N =38 BRIk S ITELL RN 2 U7 . Bk ik i T Otk
S, ARYEAE A G T B A DG RE R R E B R B0 5RIDGERE R IR E0 @ rk
&, FHEH SSC. Yang %% (2017) KA Sokoletsky-Aas #ERRBI S G2, LAL/Zk3 B LU AE NHFER 2 SSC
(<1kg/m®) JEAERY, FEE5 & A DGR S SSC ISR FR RIS IE S s RS B2 . T MERESS (2024) A Hydrolight
FRiH AR A, ST AK, HERE av AEAETEA LY (CDOMD M SSC WA 7> 5HEA G FHRHER R R, B
T A FRASEAD S A 2 5 72 4t Dy T e 1) S 2, A it tH g S 2 a. CDOM . 411 SSC (<0.145 kg/m®) J%
BB, Jiang %5 (2021) I BTN B STRICR B, 25 RIS AU REL by, FRE AL
HE R B by 40 SSC (0.00009-1.4 kg/m?) , fif¥k SSC HEH 1 kg/m? Y AR ) . X b 7 v2:4 2 LA
B, 7 S SR A ' A R A R BT SO6E S &, il R k.

GRTTER SO SO R BB R A G5 SSC Z B GE it AR . RvkNaE (2019) FT-HdE Ak
AR, BN 4 AN FRBOERL R H R R, SR EERTII O SSC (<1 kg/m®) [RHREAA [ J8 R FE AR 58 14« Marinho 25
Q2D FE JRALEDEHE I I 5 Sentinel-2 22 61 I I, et fi /) —3fe [m] A 9DL5 SIS Y A% 2 T ARAIR SSC(<0.015
kg/m?®) | A CIERYIRUE LT SSC IR IE, SCEEIRIEW BT Yu &F (2023) 454 Landsat 3
P TR, RGN Fr kb (B B 35 1984-2021 53] [14EFR SSC (<1 kg/m®) 284k, 1 —LLhff FiIE 5L,
TGS S SSC ZIMAFE I RIAEL M R CEBEAESE, 1984) , HPBEE SSC WK, S sk BUFAE“4L
Bl g (BRiESE, 1994) o X T mik FEEE I SSC S, T AN FEIX [a)%F SSC BURK ) B BRr il ANAH 7]
HE LUK FH 8] 5 (8 06 R RS AE AR oK SOIRIAT R SSC, 5 R FH 22 S =k i v S oA 2 o

WS 2 17 2 i (5 25 SSC Z MM ARLME R &R, AR TR B, A#H RABILARN O &
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&5 2019; Kwon 25, 2023) FIHmENL (Kwon £, 2022a) L9855 ykisig it E B 5 SSC Z |k

MR R, ARERTTEAOCFEINEG N B RIE R, (HIXEEHE TR K i) SSC #/h T 0.7 kg/m? . Bazzett fll Wang 45

(2024) R 5 FHLE S ST FERM RS A B T 51 F I KFE R SSC (<40 kg/m?®) SRR, (HIZBRER

SRS VIR 38 P M IR A R IRAIE o % T-1E E ARIREE R, SSC A6 i 37 () B 2414, Balasubramanian £5(2020)

a

IRAEA R K O3 257 AR 30 . Wiy | VR G B M2 & 2 M7 50, K SSC sha il (0-2.6kg/m*) )
SRR N T N Bl A KR, (ELH: SSC TP 40 iR 720X 1.8 kg/m?,  SEFE FEA R Tt
H T B0 R L KRR, BL R E Bazzett FIl Wang 25 (2024) (3 A BF 9T, KB4 BF 5L £ T+ SSC<2.6
kg/m® FIEVPRAR, RTFEIRE (52.6 kg/m®) Y SSC IEA FFANI . fEEHR R, HEESE (2019)
KA A REER) SSCy Yu %5 (2023) #2444 SSCy YRR ML SSC B P i FEHh AR AR AL . 7E /KRR
PETTTH, AEHEVERIENA ) SSC Il H B, TIAE A FHRNR HHAERNR B JER T SSC I 78 73 A RAT 5 AR A M.
72 E A, ARYE 2024 SRV AR, KIL TR &K 2 41 SSC 4 0.392 kg/m® (KD ~1.44 kg/m®
CRIZEH) , T T & 7K S0 22 45K SSC A 0.589 kg/m® (JHJ522) ~27.5kg/m?® (J#) ; fEE NG H,
P A% (Marinho %5, 2021) JyiF. I idh 7 3y MR i) 7K, AR R AK B Vb RIE SR —, SEUevb s &>l
SSC WAK. SR1T, XT3 IXFh 58I SSC B &b /K ik, 18 i R8I SO B 4 3 2 iR SSC I ARk,
AR AL 3 s D7 R R A 78, ook T e v B BRI K BE IR R BT F o b 2 (I ERAIE ], 2024) .
K, AR AT RFECV-RF BUMLE 7 21 J7 kA g SOy, DL 2 b liat GO0 T 7 xs &,
FE ] WG U 21 AN BB B Y it HE OGSO R AE, SR S RHEA I SSC 1B RSB REY,  IF OB TE R

SRR« B AN R MUY 8 T3] B2 18] SSC 73 & B PSR PRI A F) o I

2 WX H s

2.1 MRXE
AT FE I SR i L A e K Scal - CUUT e AR s st ) A1 Bk scal CUUR ek R sl AR il
KA R R S i SSC MY, I R AR SK S siAT Br SSC M) oA (JLE 1. 2 1) o B 1 A B 1 A1 Bt 2

S X373 S O TS B R, % KRR B A 7, SSC I A A AN IS, s M A R PR



66 k. KFERRIE SSCARAIE I BIZI B, FIHRTHXS i SSC I A H HIBE )

67 104°E 106°E 108°E 110°E 112°E

68 1 s for 2 &
69 Fig.1 Location map of hydrological stations
70 ® 1 KCHER
71 Table 1 Information of hydrological stations
g ML 1E] KA ke =74 Vevb s
A L 1951 429 %4 309146 Rl R S AR —%
R 1942 429 %24 433514 Il RS AR —%

72 AW Ll A2 S B, AT 1951 S 9 L, AL TR R T E AN A S Y H IR X I AS T B, SRK

73 AN 309146 km?, FE A 2665 km, S EFKIEAGG . — ARG VRO Y, R T T EE g )k A S I

74 ZIERRIAW AL, b EORIET LSRR M PUR A ERBOK Y (ANRAD R, 2024) o R

75 #2024 FEFRVD AR, Zuki 7 L EOK SSC R 22.4 kg/m®, AP SSC 3.8 kg/m’.

76 RABVEAL TS T, AT 1942 4E 9 H, AT ORI L EHX, AT R IR YR v ) 3 BRI

77 X, KM 433514km?, FEEA ] 1544 km, ZFA TSI B R EEAKC . B R EAKEHRAE. —

78 REMEVRVDUL . iz FAE A, LIHE SRR, SSC AR RLELK, TR K #VE H SSC i,

79 BB KEKT% 28 H SSC BL CRIBIAZE, 2019) .



80 22 WRHE

81 ki) 22 6 E R A Sentinel-2 5 TR LM Al AWM B . B 1 AT B 2 X 22 8] 22 06 1 AR 2K

82  HE[AFER Sentinel-2 5 TUEMMEE, I3 T ok — 0 Z= ROk R TE 40 (MNDWD SREZRBGE A& i 4K (41X

83 i (f&IA%K, 2005) . Sentinel-2 5 H 2A F1 2B i L2 4 A, FrEEM 2 6% B Gt s 13 MGk (& 2),

84  AIHRML L2A ZARH SO IR . SHERAT T IERRIERISRIE, AT B FVERIT T IX I 7K A T S

85 %, F#IEIEN GEE (https://earthengine.google.com/)

86 % 2 Sentinel-2 SPESHILEFE
87 Table 2. Sentinel-2 satellite multispectral information
Sentinel-2A Sentinel-2B
BB 3 [8] 53 % /m FEE X 15,
O (i 5 )/nm A G 5 )/nm
Bl 4439 (21) 4423 (21) 60 R W (VAN A )
B2 496.6 (66) 492.1 (66) 10 i
B3 560.0 (36) 559.0 (36) 10 S
B4 664.5 (31) 665.0 (31) 10 2
B5 703.9 (15) 703.8 (16) 20 a1
B6 740.2 (15) 739.1 (15) 20 ARU)
B7 782.5 (20) 779.7 (20) 20 4113
B8 835.1 (106) 833.0 (106) 10 ITZLAMNNIR)
BSA 864.8 (21) 864.0 (22) 20 AT 41 #M( Narrow NIR)
B9 945.0 (20) 9432 (21) 60 KES
B10 1373.5 (31) 1376.9 (30) 60 FHIE A AMSWIR-B )
Bl1 1613.7 (91) 1610.4 (94) 20 T AL AN SWIRL)
BI2 2202.4 (175) 2185.7 (185) 20 T AL HMSWIR2)

88 A Ll A SRR S 8 e vh — NG R, BE PR, YR 2020-2024 SEAKSCHEREG ) H &R S
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P EHARAE BT TR S 1 SSC FEAKRES - AW TUIE M2l ) SSC Hid 70 7l 5 T2 206 i Bt it AT UL oA itk

B, MRZIGERES SSC ZIHMEBEE R, AR 2SULEL, WF7T X i 38 S i F~SSC FiEENE 3. ¥

H 55 SSC i ML ) T2 i S S AR B s HEAT DL ECI , | T TRl 22 2 72 SSCIRARL XT38 B K e B4 e

P o BRI, ARWF TR RS AR e SSCARAEL X 18 ) 57 5 K o ISL AR — b v RO e B S G 332,

HAZo AR W B i THCE D HARMIE(E 5 IR f 2R R, RIEES YRR, Rlid & 0 B m 40 .

ZrdiEYE, AME L, RESIBEREN BN 267 % 256 %, JEHHEINT 10% (£ 3) . SSC EiE 2L

KR (B2) , AWl i 2 38 2 8 h KT 2.5kg/m? SE L, T 52 B2 U 76 /& T+ 2.5kg/m? [¥) SSC X [H]

A B 2 B R A H (B iX 44.5kg/m?

R® 3 HHILERETEF SSC HiRE

Table 3 Dataset of multispectral reflectance and SSC

Ui P P/l JR UGB H R M/ W ERINEAETE S SSC/(kg'm™)
FME L 2020/1/1-2024/12/31 289 267 0.21-8.28
SR 2020/1/1-2024/12/31 282 256 0.07-44.5
200 200
175¢ 175}¢ 173
150t 149 150}
125} 125
@ 109 @
® 100 @ 100
i #
75¢ 75
53
50 50
251 25¢ 19
6 3 5 8
0 " " '+| ——— 0 0 O " " " —— " 0
0-1 1-2.5 2.5-5 5-10 10-50 >50 0-1 1-2.5 2.5-5 5-10 10-50 >50
SSC IX1a]/ (kg:m™3) SSC X [a]/ (kg-m™3)
(a) AWl (b) RLEuk
(a) Shizuishan Station (b) Wubu Station

K 2 VLR BRI SSC #di 40 A
Fig.2 Distribution of matched and cleaned SSC data

AN SSC X A () v i o7 i 28 L P 30 B4, Wi fh . SR, RO K S22k 7 28R SSC 7E[0, 1]+

&

[2.5)~ [2.5, 5)- [5, 10). [10, 50)kg/m?® [X ] PN 5987 B 6 1S S S 2R 35048, 170 BH 52350 73 328 7 12 X 1] IS 26 1 b 1
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Z2. W3 WL, BEFE SSC XIAIME K, fHeil S 0 BB 23 “8” LR . TAEM FEBLALAFE SSC

DT, SRERwh BRGSO P BAR T W Ll i, X AT RE- S5 Il R VD Rk DA 24 ) B IR B AN TR0 A 5

0.4 0.4

0.3 0.3f

=0.2r = 0. 21
X
0.1f . . 0.1}

e —

S

0.0 0.0

500 750 1000 1250 1500 1750 2000 2250 -V 500 750 1000 1250 1500 1750 2000 2250
HA/nm WA/ nm
(a) AWELu, (b) LG
(a) Shizuishan Station (b) Wubu Station
SSCIX []

—— 0-1 kg/m® —e— 1-2.5 kg/m® —e— 2.5-5 kg/m® —e— 5-10 kg/m® —e— 10-50 kg/m®

B 3 ANE SSC X A] B G i e o7 i 2%

Fig.3 Spectral response curves for different SSC intervals

3 KRG S SSC I iE

3.1 #-F RFECV-RF BO#1 885 SJ1&EH

28 SIG AR ITHFAE TS B (Recursive Feature Elimination with Cross-Validation, RFECV) i A2 Y 561k 8 4 ik
A, PEAREST N AR BE T 3 A PR AIC B SR AE, S B Bhi B R AE B R IR TR I e . B L
#&# (Random Forest, RF) i e FEM G i AR 18] (1022 AR, REWS BEAGVRASRFE 20, @ H T 403
Hi. SARBAL SRR AR AR . AHIT TR IE B T A8 R IE I VR AE T PR I BEAL AR ARAE Y. (RFECV-RF) , DL RF
YEJN RFECV F R T SRR 1 B 2100 2, B3 B 4E 80 T G R E, FRARYE RF SEHKAROG
X} SSC Y S s o

RFECV-RF iz it~ S K LA 4. 8 RFECV JiiERHE, 78 B RRAEZE 1K) [R I Al AN BB AR B2 o
¥ Sl RF SRS A G, IR SRy, BTSRRI AN HEMRAE, 2 JE MBS N k4T, K
A k-1 BRI R I SRR AT 101 43, RS BRACEH ZMERAE, 7E & #7238 Xk JE i £ 5 i i o3 e i

HIRFIE N B ARFAE T4 . $4, ilid RF BRI e G IERHIE S SSC Z M MISCHER R . KW AR Bn 70 2 4h
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133

FERI G 2SRRI 2 e, MINZREE A TR IR FEN LIS 2 n A>T, 720 A E] 0 BRSSPl 25,
I AR AR AL R B S5, B Ja A n RO BTN 45 R AL A5 21 RE LA SSC TME . feJm, FHHA
DR B B et i L AR e

________________________________________ .
( SSC O (%)WE?O : RFECV
|

FAFA

VR

A\ 4

LILGEEITE S R E

RF

kT RHE T4

(7
N
N e
- - __

BEHL KA Ik
(wes]

Tree-1

Tree-2 Tt 2 R TI

Random Forest

Tree—n Tl n

K| 4 RFECV-RF A E SRR = K

Fig. 4 Schematic diagram of the RFECV-RF model simulation process

32 AEAFENE

S i# SSC 75 2 AR B (A

)=
W

5, WAL BURDE BORAE R B U BURFIE AT A T UL (7 8
FE, 2019; FHMEMSE, 2024) o fE—%H K SSC>1 kg/m® [ iEM 5T (Dogliotti %, 2015; Yao %, 2020;
Jiji, 2021; Hou %%, 2023; Bazzett fll Wang 2%, 2024; Qiu %%, 2024; Fang %%, 2025) o, &% 1) 3 50
IREFIEILLLAL . BLIRALAN I ZLAN T G, B BURFHERFE TG, g6, LLi/mr WOt AR IR AN S

A LG B A . fE— S8 K SSC<1 kg/m? [ i 7T (Wackerman %%, 2017; Pham 2%, 2018; Ghorbani 2%,

2020; Aires %%, 2022; Mohsen %%, 2022; Kwon %%, 2022b; Jung %5, 2024; FBEZE, 2025) o, ZOBUREr



134 fEZRHZO6. 406, 4k

ELLAh, HBNEUBRIEEAE G, BB AP B . W ], XA

135 IRPEVEHI A SSC M e, UTZLAMP B B Bk f e, T BUAL B RFAE H LRI A T30

136 BT AW SSC B2 K HIEH % (0.07-44.5kg/m?) , MIEKBIHUKFBURISIE S “ar” , Bk, #v)

137 SEOGHERRAE SR T RIMOG. LAh. Z03h. GEALAh. FEURALAN BB, JRAERT SR H B BURAL A B B N T

138 —UBHAHRIE (K 4) o Hrh, AIWOWA . Ai/aih. W WOGARLIAN. ST LANA . SRR LT AN A 4T AN

139 HUEAHEAEARIE AR AT, HE A BE AR B Re BRI R I SRR “aR” IR, ETF/KB KR

140 RN R EEAE M AT WOL-FEILL A AL Ah- R AL AN R AR R I P B 70 W R IR UK R T S E 5

141 & 4 IIEGEEHE
142 Table 4 Initial spectral features
FRIER Y K HRFALL HIE
BB LB+ B2, B3, B4 SREK AR, AR YR VU JBE DX AT AL V26 e 2 P82 T FH I3 € 1
4Ll BS, B6, B7 X BTV I LR B RGO KR R AR T
LA/ B8, B8A EVFIRIDIR BT i ) U R B
T LA Bl11,B12 IRARTRI TR B, R B YE v i L AR o 1
WBEM AR I A B2-B12 L5 HOCAI I AL A RIS, T BRTERUK A8 2T
BRAR SR EAR ) B8-Bl1 BEIE LA LR LLANA RIRFAE, W BRIE UKAoL

PR /AL

RN

AT A

AR VEARY]

R EAR AV SR EAR N

B3/B5 SRLERR B 5 LI AR I B ARG SRS, AT R AR B A AL, LB T A 2

XAk Z 484k

B7/B5, B5/B6 LIARPRIBEL, RIAD XA R R R, = “a” WER

B4/B8,B3/B8,  RMALt. ZOtSUTLAMATE, ShATEEIR, XKk,

FERR R BRI IR LR OU T, e & TR

B8A/B6 SR/ ESEAR NI HPUR/IE) R= IS Er AR KL D URAW ) e ES TSy

B11/B12 FLUR LA I N B0 LU, AR TR (AL AR ot e Vb R B IR A 2 A 1

143 33 1ERSEEE
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RFECV-RF #R SR E WK 5. RFECV BRLGEHrh, SRHA] RE Ry B, AR AL B 2

PPAG R T B AN ERAE s BROMIERFS ARy 5 4>, DEARAETH SR S8 RAIEST 80N 3 9, @/

A WA, RN GRIES SSC FEALERRT NI ST 0 TP PR oE I R4 R?, Ik tHAEBEAS SSC X A 44

BB IRFAE . RE AR rh, DRSO 5 KR LRI (70 SR KL, BB 15, Bkt filar, P 2 2%

IR A 22 2T RE ) B2 ALRE ST, REWSTSE I BOS HAR I HAN B IZMe /s i il DREARECR R 0 A

FRT R R N, WEOY 2, PRI RIAERREIEE, SN SSC AL MG M N R SR KR Bl N BE

PUARM PR OB, BB 150, PRI AR B AR FERITHE AR s FEAR TSR R RS BRI U ZRBE A

e, B 0.9, HEINMIEIZESR:, WA T5%E, W m AR SSC HEA KA.

® 5 HESY

Table 5 Model parameters

s KSR WHE
RFECV BT A RF
VU R RFAE B 5
A SIS T 3
PR hRE R
RF TR B IR 15
Y SR /ISR A 2
PORR R 150
FEARTERFER 0.9

3.4 1RBIPRME

3.4.1 AU FETEAL

WEFC R et 28 R2. 87 1% % RMSE (Root Mean Square Error). “F¥J4i%}H% 2 MAE(Mean Absolute

Error) KPP AT S . b, R? S TN 55 S B 2 18] AR BE AR W) S RE L, BRI 1 02 A R B A it
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180

MR . RMSE [ S FINAE- 5 SSME 2 RV R Z2E0 R E R 22 B IR, AR 0, DR B A AR A ek

o MAE SN TNAE 55 S e O BE AT 10 0R 22, B I 0, I R BB AR SRR 22/

2 _ 4 I O9)?

RE=1 L Gi=)? e

RM%z/Hm—ﬁV &)
1 ~

MAE = L3 y; - 9l 3

A,y 9 SSCHISEINE, §; 79 SSC HITRII{E, y Hyskill SSC MIMH, NAFEAL.

342 BB RIS,

3T RFECV-RF HA R SH (R 5), 75 B BRI RO S SRR ST PSR 5 KR L

T B NREARS RN EE . FEAR T HERERNSHR X BN, 7] [2, 7] [5, 35]- [2, 8]. [50,

3001\ [0.3, 1.0], FEHASHARKKIEH A —DSH, HEBERNKSE R . RMSE. MAE AR HLFR, R

F“BUBHERBC S KA SR BURYE . S BOK, S HO B BEABUR

_ AP/Pgy

= 20/0, D

Hr, ONBARICHESH, P BAIYERETRAR (RYRMSE/MAE) , A8, APRRIMENGHIBNE, Pyv 0, 8HIUH

fE.

3.4.1  FERUANH E VA

KIS RIS BUAELE, I8 RGPS B N L S HN R, BRI ) SSC T B AN & 1

KT RRAEERIR AR EZRI T

(D) S ANBHEIATE M : B SR REERAE . BUCHL R SINIBENLR 2, d1 T 222 uil i &l

55 SSC HEER ] By ZE R, XTI SSCH (<1kg/m®) WIILECIRZEHE K, FEMNEHE B o i IR EREA . &

EREA T B RFEIEE) 5%, 3%.
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Machine learning-based remote sensing inversion models for

suspended sediment concentration and sensitivity analysis

Chen Na!, Chen Hua', Li Lantao?, Liu Renli', Zhong Haozhong?
1.State Key Laboratory of Water Resources Engineering and Management, Wuhan University, Wuhan 430072, China;
2. Hydrological Bureau of Yellow River Conservancy Commission, Zhengzhou 450004, China,
3. Powerchina Chengdu Engineering Corporation Limited, Chengdu 610000, China)

Abstract: Remote sensing inversion offers an efficient approach for monitoring suspended sediment
concentration (SSC). However, its applicability for rivers with high and wide-range SSC requires further
validation. This study aims to develop a machine learning model based on Recursive Feature Elimination with
Cross-Validation and Random Forest (RFECV-RF) to retrieve SSC from multispectral imagery, using the
Shizuishan and Wubu Station on the main stream of the Yellow River as study sites.

Sentinel-2 multispectral reflectance data were matched with in-situ daily SSC measurements from 2020
to 2024. After outlier removal using the Isolation Forest algorithm, datasets of 267 and 256 samples were
obtained for the Shizuishan and Wubu Station, respectively. Spectral features, including single bands and band
combinations (ratios and differences) from visible to shortwave infrared, were constructed. The RFECV
method was applied to select optimal features, and a Random Forest model was subsequently built to establish
the relationship between spectral features and SSC. Model performance was evaluated using R2, RMSE, and
MAE. Spectral sensitivity was analyzed using regression fitting and slope decay ratios. Parameter sensitivity
was assessed via the perturbation method by varying key parameters and evaluating corresponding changes in
performance metrics using sensitivity coefficients. Uncertainty arising from data input, model parameters, and
model structure was quantified using a Monte Carlo simulation framework with 500 iterations, and variance
decomposition was applied to quantify the contribution of each uncertainty source.

The RFECV-RF model achieved R? values greater than 0.8 for both stations, with RMSE below 1.6 kg/m?,

demonstrating reliable SSC estimation within the range of 0—44.5 kg/m?, though with underestimation of
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extreme high SSC values. A strong nonlinear relationship was observed between spectral features and SSC.

The B8A band, along with B7/B5 and B8-B11, remained sensitive across the entire SSC range, while features

such as B3/B8, B4/B8, and B5/B6 tended to saturate as SSC increased. Parameter sensitivity analysis indicated

that model performance was robust, with the most sensitive parameters being the subsampling rate and the

number of features removed per iteration. Uncertainty analysis revealed that data input and model structure

were the dominant sources of uncertainty, contributing over 98% of total variance, with larger uncertainties

observed for low SSC values when modeling wide-range SSC. When applied to river reaches, the inversion

model effectively captured temporal variations and spatial transport dynamics of SSC, with higher SSC values

in the middle reaches compared to the upper reaches, consistent with actual observations.

The RFECV-RF model provides a reliable and effective approach for retrieving high and wide-range SSC

in sediment-laden rivers using multispectral remote sensing. The identified key spectral features and quantified

uncertainties offer valuable insights for improving inversion accuracy and support the development of

automated SSC monitoring methods in complex river systems.

Key words: SSC; remote sensing inversion; RFECV; RF; Yellow River; spectral sensitivity; uncertainty

Supported by the National Key Research and Development Program of China (N0.2023YFC3209101)



