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2. IKFIFBEE K R 2 B3 25K SO, FBMH 450004
3. F [ H AR A AR N B T A B A FR A DL U1 BGER 610000

o E: BERREHANEIFICHE (SSC) WEMELHE T = alF-Be, R = vk B2 583 FRIAT AL SSC Yl HPE iR T
YHE . DABE T A0 W LUK SO R S B K Sl R sty AR T 3T 5 SUIIE B I RRAE T bR — B LZR AR (RFECV-RF)
FIALER A AR, AT P S 255 TR 20 S SR A5 B SRS S st i W R D . PR 45 R 3R ], RFECV-RF#
BT B 5 FR R T 0.8, B FRERBAEEEMIES (0—44.5) kg/m® X 0] AY SSC, {HXE5{H SSCAUAH B ImAK ; ik
JE 583 SSC 5 i 5 B B W ARt e R, o] WO 3= T AR E ST S I B SSC iR B, £10— 41
A DX JE] 325 1 R AE R B U e VR 3 SSC AR R BE 5 7ESCHIDGIERRAE T, BSA. B7/BS. B8-BI1 il Bt i AR 7
SSC (0—44.5) kg/m’ X [Al{f:- 55 524, i B3/B8. B4/BS. BS/B6 fifi#s SSCFHiy midikatt A ; Kb A LU RALER24~)
TR 5 g 8 AN P S TR TR A A P 0 S ORI, L4 ST B SSC I BRI AR FE i, BT TN A4 95% A Vi
AR AARAA SSC A w22 I K. £ I, RFECV-RF AR ] 52 da 5 8 e TR B2 9 315 [l SSC Ak 3503mT B SSC %%
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153, A & YT SSC A Sl il Ty ik fR R 275
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SCIR/ R =[x A L ST B T[N A TR P2 45 AP O RCIB |
AR L KRR L KA A R R R A B
R (SunE, 2020). HAET, 7K %R 1%
TEVRTD W T Bt AL G (4 Ik, RS BB m (A FE
BFRE DT, A6 R b VD (A% B0 T e 0 PRI XE - (& 5
GF, 2023), 18 E S AE 1 3 T K ARG TS RRAE
HEFR M, XU = 2R RE KR
YD ZS oy AR WIS T AT By (B4R 45, 20215
ZEFIH 4, 2023),

H A 128 8RS 7 vk B o =2 B
Ik . SRR VL AL 2 07 vk . BRS ik
BT RS, AR S O R A Ok

rfm B HA: 2025-11-03; FENZA: 2026-05-28
HEWB . FEZRESAIRITH (4% :2023YFC3209101)

FARME (RICRE. HUNRBD 5RO Rk
(AR WA @ BER, FfER SSC, Yang
4% (2017) R Sokoletsky—Aas F IS AR L] iz B %
DAL/ P B LU AB M RRIEA 2 SSC (<1 kg/m®) T
B, R4S G A DGR FRTE S SSC YOG &R SR I IE
BERORS RS . EHEMESE (2024) FIH Hydrolight 48
SHERRL, d@Sr ik, MHekFa, AEEHEA
LY (CDOM) F1SSC PUZH 43 5 [ Y A5k iy 56
F, HEAE BB S G AR S R A PR A Y
R, My AR a . CDOM T3 1Y SSC
(<0.145 kg/m’) JHALAL . Jiang 55 (2021) i
O HT IR B O SRR, 2R RS )
B R D,,, P A AR v R EOKE b, B R
SSC (0.00009—1.4 kg/m’) , it SSC i 1 kg/m’

F—IEF R BRUE, HF55 05 oA RE LTI ARV BCFAREAL . E-mail: 2012301580256@whu.edu.cn
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) E T AR AT ) R XD 5 i B I, R
SEARICE A 2= R ER R SRR R S %
Mt AR 2

ST T TS R R e B R SRS
SSC Z [ G NE AR, WIS (2019) 2T
B Ak AR T X 4 S8 BB R A P ] I e
PRETERVIIT I SSC (<1 kg/m®)  HYRE 1A Jz kS B At
EME . Marinho %5 (2021) #B-4 JRUA 5 G e I 5
Sentinel-2 Z2 Y% WM, 3 3 fe /N — 3 [m] A 0145 5K
X P #% 2 WAK SSC (<0.015 kg/m®) . 5 (AL
FR IO B B SSC B BRI T, SCAEE TR T Bl
BHr. Yuds (2023) 454 Landsat R BEMR,
K FH 28 55 X B 2 A [ U S A iz 38 1984—2021 B[
FAERRSSC (<1 kg/m®) 84k, T—LfF5TIESE, O
T RS SSC Z [RIFFAE ] AR LR M E R (O3 i AE
45, 1984), HBER SSCHIK, SUPTFRbim i BL7AE
“LIRT G (BRIE 4F, 1994) ., T v seie
FEI SSC R ST, F TS R B2 IXC R X6 SSCRUE v i
BURFIEASART] LUK FH 8 G R AE A =0k
S SSC, i R 2 AR =4 5 SR

Bl > I A2 OGS B 5 SSC Z M iRk
PERZR, MARER TR, 8k LR
M7 REEE 48, 2019; Kwon4§, 2023) Fl3CHE[
HHL (Kwon %, 2022b) SFHLR > Bk GIE
fFE 5 SSCZRIMARLER R, ARERTEIOLY
BT T B BEORE R, (HX BRI S SSC /N T
0.7 kg/m*, Bazzett 1 Wang (2024) % 5 FhHL#%
2 2 SRR EE N BE AR 1 5] B T KR R SsC
(<40 kg/m®) ALY, AHIZ BT AE AR & 7 Vb i)
TLATE MR A FR IR IE . SET7E HARIA S, SSC
SPGign Ly  &Z 22816], Balasubramanian 2% (2020)
HRAEAS [ K 8 53 2853 51 R T B A | W SR A |
REHEMKEZM I, K SSCahEER (0—
2.6 kg/m®) (1 S EAS AR N T P i AR T K, (H
HSSC M- 446 %) 122235 1.8 kg/m®, RIBERGEA
FrEETt .

BT RO . KRR, DL RS R
Bazzett fll Wang (2024) 1% NAEGE, KHRTHEFE
R T SSC<2.6 kg/m’ Y & VP IKAK, 6T Wk JEE
(>2.6 kg/m’) 1Y SSC [ A FFIR AN . TEEHE
BEE, RS (2019) RAMEH RERSSC,
Yuf§ (2023) SrHr2AESSC, ORI SSC
B B i R AR L. FE KRR T, AR
RN T % SSCad & B, 1TAE P B VAT i Hh e il

WA JIVEFT SSC I 25 3 A BA AR S M. 7EE
W, AR E 2024 AE YR VD A EHE, KIT TR
£ 7K SC Uk £ 4 44 SSC R 0.392 kg/m® (K aE )
~1.44 kg/m® ([)ZIN), I7HTR T4 7K Sk 2247
FJSSC 7 0.589 kg/m’ (JET92) ~27.5kg/m’ (K ;
FEESMA R, NAE B (Marinho 55, 2021) A
V. T i 235 1 S AR (14 SRR, R pE R AR B YOk
TR —, SRV B RO SSCHRAK . SR, X
TN S ] SSC Y R VKR, T i R
T LT b S VPR SSC A AR Ak, AT fE A XHE
G5 W T VA B AN T, R R R VDA B
IR BT o (JTEif MY, 2024),

I, ARWF5ER HEEF RFECV-RF M AL#% 2%
2 U5 A R S AR DL v (R
ARG G, AE AT WLOG— i 21 A1 B [ oy
BEH CHDGIERRE, RS RHIEA E SSC i
BRI MBI R . SEUSE | RN
i 2 P ALY 7 FH ] B2 2 (1] SSC 4347 1) & Bk
PRV (1) 35 I o

2 WO IS Al

2.1 WFRKXIE

ARHIFFE e BCEI 3 A kSl (BUR
fRIFRATHE Ll ) AN SR ERIK SC, (DAT fRIFR S A8k )
AR Ay ks A ) 328 SR S 7 SSCABEARY | o AR AL ke
i B SSC sl A (WL 1, £ 1) EI1HRY
TAJ B 1T B 2 S it X ) 57 T e b iR vl
2 DX IBAFAETT S T8 A 437, SSC 28 A il A3
AY, ST EA JR B o i R T SSC AR ALE
FHEZI B, aT TR SSC R 23 T i) g

40°N F

34°N | ~ = : ]
104°E 106°E 108°E 110°E 112°E
* P — TR o B B2
Sy VAR

Fig. 1 Location map of hydrological stations
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*1

KIIHER

Table 1 Information of hydrological stations

il LI s} ] ALK A /km® HER Y&V WA B
A 1L 195149 A &4 309146 [ G BEA K STk —%
St 19424E9 J =4 433514 ] R AR K S0l —2%

A W Ll 5 T B L TR, IR AT 1951 4F
9H, AbFHEW TR T E AN AR XA
B, 4K R 309146 km®, fH B 1 2665 km,
JEEFEAY . —JOEEIRD R, TR
G i R R YT LR T )7 N = R i ) A
Ve Vb E ARG T 1 Ve S 3 2 W Tk K A R 7 4 e 7K
FEHEYD (SN R, 2024), MG 2024 45 8
TRV, %k Dy S K SSC R 22.4 kg/m®, T
AESEH4 SSC 3.8 kg/m’,

RABUG AL T TR, WREET 19424F9 1,
WA RE#ELm X, AT E e v i 5
KPR IX, HEKEFL 433514 km?, FEESTA[ T 1544 km,
O S . B REE K. R E A
NGRS, . — GV VDl . %k R A,
b BT YY, SSCAENARBEIK, TR

oK FR ik AR V% H SSCH#e Ry, wIFIHTE K ik V% 2212 H.
SSCHEAR (RN 45, 2019),

22 THRREIE

03k 1 22 5615 B0 >R H Sentinel-2 5 TLETE X
) A5 %) SO0 5 o YT B 1 R B 2 X Y 7S ] &2
DT 52 AR B 7] B R T Sentinel-2 5 T AL WL %%
i, IR T oA — A 25 R oK IR R B (MNDWI)
o 2 B AR A 4l fR X (R ik, 2005) .
Sentinel-25 H 2A M 2B UL TR, PriEkmZ
JEE AR AIEA 134506157 (F2), At L2A
AR A BE S . R A T RS AE
FIRAAIE, Al B4 AR5 DB R PR 2 i
FH3, T #RE A GEE (https ://earthengine.google.
com/[ 2025-11-03]) .

%2 Sentinel25IDEZHIEER

Table 2 Sentinel-2 satellite multispectral information

Sentinel-2A Sentinel-2B

R e Y At Y b e

Bl 4439 (21) 442.3 (21) 60 I (T AR IR)
B2 496.6 (66) 492.1 (66) 10 ot

B3 560.0 (36) 559.0 (36) 10 5ol

B4 664.5 (31) 665.0 (31) 10 1%

B5 703.9 (15) 703.8 (16) 20 AR

B6 740.2 (15) 739.1 (15) 20 Zrifi2

B7 782.5 (20) 779.7 (20) 20 L1383

B8 835.1 (106) 833.0 (106) 10 PTLLAM(NIR)
BSA 864.8 (21) 864.0 (22) 20 ZE 21 A1 (Narrow NIR)
B9 945.0 (20) 943.2 (21) 60 KA

BI10 1373.5 (31) 1376.9 (30) 60 LM SWIR-EB )
B11 1613.7 (91) 1610.4 (94) 20 FHELIAMN(SWIRT)
B12 2202.4 (175) 2185.7 (185) 20 RLPE LA (SWIR2)

A7 W Ll RS BR i 1 h e Vb — RS B, Bk
PR, AR 2020 4E—2024 4 4 7K 3Lk & G
1) H BB 0T Vb S B A R T 5 i £ rh iy SSC
FEAKRES . ABFTOR WIS 1 SSC &G 70591 5 LA
Z G e AT VG A 1 B A, PR 2Ok Ry

fIE5 SSC Z B CHR K FR o M2 DLRL, AFSEIX B
i S B R ~SSC B AE WL 32 3. H 2 SSC 5 kit
LI F) LB 1 R I R B AT VS FE A, H T
[i) s 2 23 76 SSCARAEL DX [ 3 il K Bt e s . [A1
U, ABIFGE R RS AR TE R SSC A X 8] 1 57
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HRE o INSL BRI — b i 25 14 JC W S A DU
S, RO AR S SO a5 ol TR0 A HL

MEAE S IEH S22 57K, NI % 5 6 &
A P AR

s R

R3 ZHIERHFEMSSCHIESE
Table 3 Dataset of multispectral reflectance and SSC

A, Kt ] e ERPHENINESEITES SSC/(kg m™)
A 2020-01-01—2024-12-31 289 267 0.21—8.28
R 2020-01-01—2024-12-31 282 256 0.07—44.5

kg, AWE L SRR A B AE  h
267 45, 256 %%, IHEVEHLHI/NT 10% (F23). SSC
BRI ES M (K2), AavsihuhndsdE s £

200

1751
149

109

ol e 3 0 0

0—1 1—25 25—5 5—10 10—50 >50
SSCIX [i]/(kg-m™)

(a) £l

(a) Shizuishan station

AR T 2.5 keg/m® WS, T S 4% 0 WA & T
2.5 kg/m’ (1 SSC IX.[i] Hh HA T 28R A H Ay
i544.5 kg/m’.

200

1754 173

53

ol |_|ﬁ—|—| 2

0—I1 1 25 25—5 5—10 10—50 >50
SSCIX [a]/(kg-m™)

(b) A&
(b) Wubu station

B2 DLBLITUESR 9 SSC i S Aii
Fig. 2 Distribution of matched and cleaned SSC data

ANTA] SSC X [R] 14 S 33 g o7 il £ 00 1 3., &1
AN AN NS S LN %éﬁ%é%%%AW%r
SSCHE [0, 1), [1, 25). [25, 5). [5, 10).
[10, 50) kg/m® X [a] Py 4% BE () 635 &%Kﬂﬁ

T B2 38 4 s % X ) S 5 i b 22 . K3 7T
0.4
0.3
RO02F 4
X
¢ 500 750 1000 1250 1500 1750 2000 2250
K /nm
(a) A Mgl

(a) Shizuishan station

I, BEF SSCIXMIMEA, ik S5 3860 B ) I 1 52t
BOCLIRE” MG MITEAH A B L) KA R SSC X [H]
W %%H%%%&%$¥ﬁ%ﬁTE%Mﬁ

A L5 03 A8 8 YD R DA 224 il g T 3R B R
ﬁﬁio

0.4

0.3
#
R02

1=
0.1

1000 1250 1500 1750 2000 2250
P /mm
(b) A&
(b) Wubu station

500 750

SSCIX [ —e— 0—1 kg/m* —e—1—25kg/m’ ——25—5kg/m’ ——5—10kg/m’ ——10—50 kg/m’
3 ANIE] SSC XL G 1w 17 il £

Fig. 3 Spectral response curves for different SSC intervals
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3 KM S5 SSC I i

3.1 EFRFECV-RF I EEF &5

28 I AIE 33 U FEAE I BR RFECV (Recursive
Feature Elimination with Cross—Validation) il 138 X
B Rk S i S, AN REDT T SRR 1 R A T 32
VA JF o AT i PR R AR, SR Bl R R R LR AR K
HORAR T PERE . FEHLARAKRF (Random Forest)
i 3 PSR AR A B AR (R (9 SC BAR T, RefS
VA RRAE 28, Gl T AR e 4 . R AEif
MRS AR AE . AR TSR 1 R T A8 SR IR I I
FHIETHBR A BEDLAR AR (RFECV-RF), LARFAE
N RFECV AT AR AR A 2R B, A 3)
VPR 4E B T 1 B OGS RAAE, AR RF 5230

bt g ()
KR T4

&
(]
)

il

TR XF SSC ) S Je AR AL
RFECV-RFizH iR EE LA 4, it RFECV
TR RRAE , E R AR AR IE 4 5 04[] s R S o A A A
R, B A i RF EARAGEE S, RIEREE
PPy, B MIBRIS B AR B BRI, 25
PR 50 kT, U k=1 37558 I i A5
IR R r, BEBRIRE EVERE, TEk
P 28 S8 UF I 126 45 H b D 43 B L W REAE S S ARG R
TETF4E. 4, W RFBIRIM RO IE S
SSC Z I RER I 2 o MW R B 4R o0 IR Hh A X) 3
HENNGRERMIAEZ )G, AIIZREE AT i ] 1 b
BUMAEAR B n A5, 20 5l A 21 n BRUESE R )|
Zx, B PRSI R OER I Z5 0, RS n R
TR 1 T 25 SR AR A 21 RF B SSCTRTIIE o
s, AR BRI L AR PEfE .

——

25 VAL

—>

—{ g4k BENLFARENIR,

(]

Random Forest

o]
T ]
T ]

B XU VEE A
o R

—_——— e —— — — 4

G2

Titilin

|
|
|
|
|
|
|
| B :
|
|
|
|
|

B R HSSCHLY |

K4 RFECV-RF&RLE R G~ &K
Fig. 4 Schematic diagram of the RFECV-RF model simulation process

3.2 HIEFEHIE
AR 4t

R SSCr B2t 2, WO
TR B A R B ORI B R IE 2R AT 4 A TR U
TR (O7EEE 4, 2019; TMEMN 45, 2024), fE—
P K SSC>1 ke/m’ Y SLIE ST (Dogliotti 55, 2015;
Yao %, 2020; Jiji, 2021; Hou %, 2023; Bazzett

A Wang 55, 202; Qiu%§, 2024; Fang 5%, 2025)
o, (R 20 3 U T 20 A . A AL
Hb L ILLLANAT DOGHO(E B B BURCRR I A 4 R
b = 5 AR UV S N DS & T8 FA R = WIS i £
e B 2 . E— i K SSC<1 kg/m’ 1) )2 1 BfF 5%
(Wackerman 4%, 2017; Pham %%, 2018; Ghorbani
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&, 2020; Aires %, 2022; Mohsen 5, 2022; R, FERIGRYEiE R R TRl I, asbh, 2o
Kwon 45, 2022a; JungZ%, 2024; FBE %, 2025) i1, LA LA B, TR RT A SR
o, BDBUBERHEZ RSO, 206, Ak RGBT A ARHE (F4). H,
LA, HBHURARE IR O . DB RE R AT WObAT L Anihgnih . T WORARLTAN . IELTAN
BrEH. T W, XEFORFEVRETERM SSC R 203 J I LA I 21 A0 55 FU (B AR AE A6 IR R B
WEoE, LM B B e, MBS AT, AR BUE AR el e AL B NP |
RROEE FHRHCIS P58 T4 . T “L0R8” SR, TEE /KB s A 4

T AT 0 SSC = 2 K HVu Fl 58 (0.07—  ZAEH. Winl Wob— B2 4h . 2 dh—J 4
44.5 kg/m*) , MK B MUK USRS a7, P22 (ERFIE I8 3 0 B 25 A I BRI UK R 5 5

T4 WIEANITHHE

Table 4 Initial spectral features

HAE 2T SR IR i
o B2,B3,B4 SR K A8y AR 7 2 i DX i) 9 37 V2 R T R €60
. Zrif B5,B6,B7 XA VT VR VD VIR B B o R AR S A KR (U A HLBR A
s SRAR) B8,B8A IRV VDR EE T ) i U B
kLT s B11,B12 KA WSO B L S B A V7 YR v e BE A e 1
. A UOC—E N LTAh  B2-BI2 BB W R D LT AR BRI , T BRI HOK A0 T4
LIAN—JEIELIS  B8-BI1I BB VT LLAN RS P LT A REREAE TS BR VUK A2 T4
A WS/ B3/B5 SR B LT IR AA W B AR X 3R EE | mT UK A (o 25 1, HO R AT A R X AR 2R Ak
EARUVEARY] B7/B5,B5/B6 EARURS RS g @A SR (i) R [ S AL I T s Ak

SCWRLTIE S S AT LT AN, B AT B, XM AR AR 3%

W E A5 sliAR s e v oy . . .
BBHE  FAEATAS:  BABS,B3/BS e I TN T R TR

A AR BSA/B6 AR AR UL PUR) LA A R E D AR UE IRAR NiO) i e s
WL AN LTS BII/BI2 ST 2T A X R PSR H R , A B A VA 7 7 R VR U v 5 S S R 1 A A
33 BRASHIZE x5 RS

. Table S Model parameters
RFECV-RF § 7 5 5 % ¥ A9 8 7 0L % 5. .

_ " . Y Kt SR BEE
RFECY BUBZEHh . R REBURAE bR, 1R 2 e A
BB Bl 54, IR AE R 28 e RFECY TR 3
WEPTECH 34T, #ER/NEART LG, [FEARE S PEAMERE R
SSCREATE BTN ST 0 A 3 PEAM bRy s M 5 SR TR VR I 15
R, T80 HAE AN SSC X, [V 4 AR s ) A5 1 - M R AR 2
e N Y R 150
RF BRI 25 s PSR S5 IR B B A 1) 43 3 )2
BERIZE R | P S B I R TR B BRI 1 4 32 2 A o

B, BER15, Pk, AR R 2K
OCHERHE 02 T 1 52 ILAE T, REOBHRIENE 34 famips

Bt AR B2 g iC s 5 A9 sds / MEAS 2L

RRSSRNHT SR RMEAR, ity2, o 341 REERERG

AR 0 A= RORG A0 B, Al B Al A SSC AR Ak 119 D' 13 i IR I E M RBCR . Y07 #il 1% 22 RMSE
N5 DRI A B BEFLAR AR A 1 8, (Root Mean Square Error) . ~F- 1 % X} 1% 22 MAE
150, PAEBIREE B A E TR ROR . FEART (Mean Absolute Error) K PFAA A AT S, Hirr
R R LN IR A DIRREA L], s R B2 T00 {8 5 S8 22 18] 1 3 iAW) G R, 1%
0.9, MO E 2SR, W Tr2E, TEREACEINS (BRI 1 U SR WA AL R A T R B . RMSE
b SSCHEA I I S5 % PN AE 55 S I A 22 T ) a5 2 10T vy 1 158 25 45
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UG, AT 0, W IIBRDRT R . MAE
F S P 5 S AL ) B AP 3 1R 22, B
PT0, JUERHIRE R AR DRI B

z(yi - 5/;)2
R=1- (1)
Z(%‘ - y)
1 N2
RMSE = |+ (y. - 7)) (2)
RMEz%Z%—ﬁ (3)

A,y i SSCHYSEINE, 7,2k SSCHYHUIAE, ¥ -
SCN SSC B YIME, N AFEAREL.

342 EBSEBBEITM

J£ T RFECV-RF BRI S 40 (3R5), 4%
B E AR BRFRAE B . 2 IR UET R . PR
R . M S /NREAR B PR BB L A
RFEERFERNSHA XN (1, 7], [2, 7],
(5, 35]. [2, 8]. [50, 300]. [0.3, 1.0], &
HAWS B BRR I Hh — 4S8, AR
MHA4E R?. RMSE, MAE (728 10R, R “fusdt
2B SHKIHAG A S B BURNE . SR, S8
Xof R i A R

APIP,
5= 0w, (4)

Arp, 0 WBIRISCHEES R, P oBIRIERETE bR (RY
RMSE/MAE), A8, AP F/RILEG AT, P,.
60, NG E -

341 RERFHEMTEM

KSR RIBEAUMESL , 8t R 3)
BAUE A . SECRNZERE, AR S g SSC it
BIARHREME . & TR RURHG & MR iR 22 Bk
wr.

(1) s NEAE WA e Ve 25 808 s R
£ WA RS AMBEILIRZE, AT IEZ
JETEULIN A 5 SSC AR AEmT ] Y22 5, XF TI%
SSCAH (<1 kg/m®) WIVCHELIRZET A, 784 A B
o AR AR A | SR T OGS R P B
5%. 3%

(2) BRI EVE . 5 I AL 2
BOE B ME— SR &5 R m AR, 4l B
TR RUREE . M S /RSB . DR AR
FEAR T A RAER AL I E] R[5, 35, [2, 8].

[50, 300]. [0.3, 1.0], fESXIX[E] MRS
OY ARSI RAE , BRRGERE RIS AR BOHT Y S 4L
HE .

(3) BEIRIZEM AT E P PR R ik
FERNEA w22 T 280 A e e, M8 RF. Gradient
Boosting Machine (GBM) FIZF¢m Al (SVR) ##
RUFE | ARG BRI SRl S 500 R 43 B0 B A A
PP A, R E A EEALRN -, JHERIAE
SSC IX i) e 22 M RE A 020 | Wi SSC X [l ER 22 1E
B30 R i AR [ e 22

BB 500 WS RIS BLL, A3 YR B AL
SR . BRI S BRI R ZE Ry, 15 5 500 41
SSC I A5 M o >R FH BT 45 51 95% A7 X [7] Clos
(95% Confidence Interval) 1 #H Xt 5 # i 22 RSD
(Relative Standard Deviation) EFR1E & A EN: .

Cl,s = + 1.960 (5)

R@:%xmma (6)

A, o ATNARAIPRIERS , w N T AE
R TT 223 AT AR IRRY TR EE €, AR
AN E PR DR B SRR CH R
- V‘"(Ui)
- Var(UL)
b, U &I EME (Bl . BB S5,
BERIEER) s U, RS ARTE s Var (U) &R
B E PRI ST J7 22 5 Var(U,) BB T8 45 2R 19 6
VE-E

4 BRI

4.1 KERFMESH

FH RFECV J7 i 18 H 1) S G i A 1E WL S .
AT AT 7 DGR RE, b EEEMAR
Oy B i HARAE ly B8-B11, H FAEAS 40 e i F Bk
BRAEH B8A, HAhFE Z A4 & RRAIEAK YK B3/BS
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Fig. 9 Spatial-temporal distribution of SSC in the inversion area of the river reach 1
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Table 7 Fitting relationship between spectral features and SSC

FHIE A Lk AR,

B8A SSC = 0.0016e* 5 + 1,06 SSC = 3036.49B84°%

B7/B5 SSC = 0.00000008e'777#755) + 0.97 SSC = 0.000011e"¥75755) 1 0,67

B4/B8 SSC = 3.10(B4/B8)™>* SSC = 10.90( B4/B8)

B3/B5 SSC = 7.18(B3/B5)° - 17.15B3/B5 + 10.47 SSC = 0.48(B3/B5)77%

B3/B8 SSC = 1.59(B3/B8) ™" SSC = 2.94(B3/B8)™*%
B11/B12 SSC =-0.23(B11/B12)" + 1.19B11/B12 + 0.24 SSC = 0.39(B11/B12)777

B5/B6 SSC = 3.98(B5/B6) > SSC = 27.47(B5/B6)™ 1%
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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 stations 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 R°, 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 extreme high SSC values. A strong nonlinear relationship was
observed between spectral features and SSC. The B8A band, along with B7/BS 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 than in 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 for complex river systems.

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