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Abstract

The extreme optical complexity and wide dynamic range of Suspended Particulate Matter (SPM) in
inland and coastal waters pose significant challenges for traditional “one-size-fits-all” retrieval al-
gorithms. To address this, this study establishes an Optical Water Type (OWT) framework compris-
ing 22 distinct classes based on a comprehensive global in-situ dataset (N = 3339). We systemati-
cally evaluated the performance of 11 mainstream algorithms (including empirical, semi-analytical,
and machine learning models) under three calibration modes: original, global (CAL), and class-spe-
cific (CLUS). The results quantitatively revise the conventional wisdom that “class-specific calibra-
tion is inherently superior”, revealing that the CLUS strategy suffers from high variance (overfitting)
in data-scarce extreme waters. Drawing on the “Bias-Variance Tradeoff’ theory, we propose a hy-
brid optimization strategy and identify a clear paradigm shift in the optimal retrieval mechanism—
transitioning from semi-analytical/empirical methods to machine learning algorithms as turbidity
increases. Consequently, a dynamic switching retrieval system integrating classification and smooth
blending was constructed. Independent validation demonstrates that this system effectively syn-
thesizes the local advantages of different models. Compared to the best single global algorithm, the
dynamic system reduces the Root Mean Square Error (RMSE) by approximately 25% and achieves
a near-zero bias. It successfully mitigates estimation bias in low-concentration waters and signal
saturation in high-concentration waters, providing a robust solution for high-precision, seamless
SPM monitoring across global scales.
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Figure 1. distribution map of measured data sites
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Figure 2. Histogram of suspended matter concentration frequency distribution
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Figure 3. Average R_ spectra of each optical water type
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Figure 4. R_ spectra used in the validation dataset colored by classified optical water types

E 4. HARAFKFLBERHNEIERIERTERN R, KIE

DOI: 10.12677/gser.2026.152026 271 HOER AL 5


https://doi.org/10.12677/gser.2026.152026

AR

3.2. HiEMREITM

SFEE 11 MRS VEAE = FiBE0(ORG. CAL. CLUS) FHITERE, Hin 1 HIELSH 538 HEk i E
KRR 5). &RMMAT, CAL BERIA T 2HEEMIE M. H, BT MR B EE
(f A By KB R AF(r > 0.80) HLICHA & B AN, 03F 1 HAESEsh ST W e se k. ez, Sk
D [NA W AREEE P IS F A2 PR, L™ B R G KA (Bias < —0.6 gm™), KU R —SHREITEL
PRFMEETRY 251 [ S R BRI

WAL, AR HOLE oBIET “adu bR G0 WEHANAL ER 7B RS &4 T
CLUS $EIS AN E RN : LEREARTE KA OWT 4)f, CLUS HRUNKR T Rz, 5%k F XA
BIE 0999, ME T “Ormiae” MRS ABEFEAR IR IRKARGN OWT 23)H, 5k H 78 CLUS #
N ERA BTG R RA(r =-0.432), wEREARER. ZEERIESE, §HK# CLUS 25l
W w7 22 R, A ZRTERE AN B S AR [ pR R R RSP0, BRUGRA ST TR IR G RGO B

33. REEEMEER
FTF “MAE #Jffi—RMSE WRE” FIN R ns STERe RN EOLE 7), A FRHE T 22 28 OWT [t

Bias (mg m-3)

0.0+

-0.2

0.4

0.6

MAE (mg m-3)

0.6

0.4

0.0-

RMSE (mg m-3)

0.8

0.6

0.4

0.2

o
S
)

]

2 8 2
=] =}
w
a w

o w [ 2 o
5 5 S = 5

=
o w . S

0
]
<

A Cal

0
S
)

B Cal
C Cal

0
]
o

D Cal
F Cal
G Cal
H Cal
1 Cal
J Cal

0
S
~

K Cal

3
= = = = = = = =
< @ © w @ = - x

ik

Figure 5. compares the error metrics calculated when the algorithm-inverted SPM concentration is compared with the field-measured
SPM concentration
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Figure 6. shows the performance scores of a single SPM model compared using the full validation dataset. Dark blue represents the original
form (ORG), medium blue represents the full dataset calibrated form (CAL), and light blue represents the OWT calibrated form (CLUS)
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Figure 7. shows the performance scores of each OWT test algorithm determined based on objective ratings. The higher the score, the better
the performance relative to all test algorithms in the OWT. The top-ranked scores (i.e., jointly ranked first or second) are shown in blue
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Figure 8. Flowchart of the SPM dynamic switching algorithm based on water optical classification
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