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AR, b e B I T A
MEAELBRUE NI A HE (Hu%, 2016; Wang
Ml Hu, 2016; Wang%%, 2019; Qi%%, 2020). M
2011 4FS,, T EZARBRFZL IR, K
e B VAR 2 2805 B B R M R R SRR
(Wang 55, 2019), [ B i F AR 5 55 30 167 6 4o
2014 4F LI, b 2 s FILASE R o 5 A 2 B Wb 25 448
HEH (QisE, 2022). HhEE 2 —fhilsed K
BT, BB ESRENI R A A
(Qi %5, 2022); HARIEVEMYIh R A8 I [ K
RE 22U AR L T A A M D R B T
(L G 3ol o B 5 M 2 U i ™ A S

rfm HHA . 2024-10-22; FENZAR: 2025-03-20

BB ZPF kg . ARk, SRPURHE N
KVGHE S R B SRR R, %Y b A4 R Ui 28 05
Ol 58 5 B R IR B R T R R,
S0 PN A A R M R B T B AL 2 T A 291 0
FI6 (Webster fl Linton, 2013); T EITHERSE
PO MENE LB HGE, H 2016 4F—2017 4 [H]
RS A Y i W3 TAAERN, HREA
12 95 b 1 M 110 5 2 38 2 X 3 VA 9 A o R K 8
PO, VIR S SR A R 2 e, 2 46 1 R
i 9000 ha, LKL ST ART (Xing %,
2017), HEH 2008 4Bz 411 A 6T S i L FE
HbuBAE T AR () A (Hu F He, 2008) .
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WHIT . G E B+ R 5 S
SRR R AL B A A I i T B, DA
DI T SO TV R R U S AN G, R R
BE AR AT 21 A1 U B EAT B B AR ADOE A A
i A A A OC AR i B0k 1 R B 2R 5 ROk
() T8 SR RR AR 5 25 5, QBRI ik B IR) L 2k el ik
HY 152 0 i S FE BU FATL (Floating Algae Index) (Hu,
2009) 5 EFEAS R Be AT Ak i 2 AR T i S 4R 4L
AFAI (Alternative Floating Algae Index) (Wang I
Hu,2016) .22 R #3554 DVI(Difference Vegetation
Index) (Richardson #1 Wiegand, 1977) . 458 A #%
8 4L EVI (Enhanced Vegetation Index) (Huete %5,
1999) . R AU 597 6 2 i LK 4L R JE VB-FAH
(Virtual Baseline Floating macroAlgae Height) (Xing
FHu, 2016) . T2 5B TR 8 R AE A 4 i
P 45 B SAL (Scaled Algae Index) (Keesing 55 ,
2011) . FIH AT 0L I Be €8 3R W e 22 S 1) S 21 %
Bt 2215 GRD (Green Red Difference) (Qi A1 Hu,
2021) &, ARG IR BRI 1Ry AL, LIRS
M7, A R HEAS [F] D' 27 18 SRR A v R A
BRI B A RN S R I

T ARG AL s i RE 22 5 (=5[] 73 Bk
RS ARRE . R, BB IEME S EAR
TR Z R o R, W BT R Rk
CEREART 5 AysET. xRN (1) ZE
D2 A S A BN T N I R NN, (2) i
T T O S T o T AR AR B AR A Y 22
SR b A W N CIMEN=S RS e A L A
MAREREY: (Hu%E, 2017, 2023). [kl £
K BT A R B AR R A ROt B A 22
BP TR DSE B, R EUR TR G 1B
JC, W BT ROTRIR . A REA AR T
SRR AE R A E M (Hudg, 2023). DA
25 18 S T KBS EETR BR R OTIR B FE A
FELMER G SIELMER PRI, KRG+
BRI N6 R TGO R 5 5 H b e T
BUS HER 2 A5G, dRLMEIR & W2 GOt IS
SIS B HEIEEIE | B T AR Y B A I A
AAELR IR BLRFAE (Lu 45, 2019). PG, KRAER
TFEHOL B BT R R (PR AEL
PERRIER) A BASTR], R T S B e R
AR S (LU PRE s ) Z A
KFR, WA AFAL X MODIS S48 #4715 T i 1R

(Wang Fll Hu, 2016), A= KA E 35 5 10 R
W s 5 ) R RS S A T AR AR )
BPA (Biomass per Area) Z[EIMZETHER (FH &
FELAE PR 2 o BOR A , AR T AF AL, 1
RVGVEL R A Y AN AR (Wang 55, 2018),
A 7 R AU T i A ) B SRS T

Hh AR T T 8 v 5 3 B RV A I R 9 ) R
AIF], HOGTEREAFE 225 G5k 45, 2023), K
VOV R il A AR DL 4 1 T
DR EAMNE . KA. S76H
TG R VG VIR 0 48 (LA S. fluitans F1 S. natans
b 3 ) (Smetacek Fll Zingone, 2013 ; Wang & 2019),
e TP I T BEIRE R U SR U DL g (S
horneri) "HFE (KomatsuZg, 2014)., MHETEEK
PETE S R, TR D RSSO,
HBE R FEARRICE 20 s, B ESH
KRG X o Grok 4, 2023).

T kB R R E T S R e O
FOE IR, L MO B E A
SR I 2R T R v R i T AR A ) 1Y) G A AR
S8, ARWFSEAE 2021 AE b E ARHERE kb, JF
Je 1 rh [ T D R OGS i BRI, AR
— T 5 R AR AOGIE RO R, BT
o [ D 2 3l i AR R AR ) e O A B SRR A 1 2
e, IFTE 2 WOt B T TARSN S
SO He o, U RAFEE IR, ) LUy T
LR R IR AR I S %

2 BdlES ik
21 FEBDEEAELRSHIEER

S TR 1) R R R 4 2% 2021 4F P [ AR T AL
ik, T20214E3 H30 H ANE &AL, 4 H25H
IR ], WUAT i b 7E i [ S v 00 3] O 110
FHRER (PEAREDREERMRER, ARE
RS WE 1 (a) FiR). 4 12 HIEREIELL,
LN (123.27°E, 32.30°N), RET Kt
DREFAEM, JFEREM (mHL18 ) BT
TR EOGIG LY, AR BN R A Y i X g )
JB BT R R . RS SR TR
LT S T ] AR TR Ak 00 R S [ < 1 RO
TR rh S ARAT T T, HRAS T b DR S R G
A T) DR B U i E A SR T S ROR (Hu 55
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2017; Wang %, 2018). 2 A% 045 5 40 3
WF: (1) GHIGETDREETE . brid. BT,
PR (BE); (2) SR NKM (HZ0.46 m,
BRI 0.52m), DU KIEHLLRERAS I, Wb
JETE R AE L R R BB (3) A ASD %

||

T ASCHEAT O 1 LI o 7 3 A 52 38 K TR DG T
JEIE A 257, BARVERT 350—2500 nm, St
OrPEAR 3.5 nm, JEHERAEMEIG 1 nm. R 357
A9 BPA  (Biomass Per Area), A& UL
rh ) R e i E R LUK AR T AR (0.167 m?) o

(a) 20214E 4 H 6 H 0415} 5543 (GMT) 3B Aqua/MODIS FRGB 214 (R : 859,G: 645,B: 555, F[a]) rh L 2 ik
L2 AL PR CRAE T J5 BRI A AT L) 52 A5 LA I 18] 78 52 56 B 15 3R (R B 25 F AL A 7 1 TS PRl A
DA B8 D SRR B AR T 1 R B A T
(a) Aqua MODIS FRGB image (R: 859, G: 645, B: 555, same hereinafter) acquired on GMT 04:55, April 6, 2021,
during period of the voyage, with Sargassum,,., appearing as red patches (Within the dashed area below the sampling point ),

and the inset field photo of Sargassum, taken during the experiment

(b) TR B R T E ARG SRR (o) SLREB TP EAG SRR (d) SRR b B AR o2 i
MR 1 MR 2 MR 3

(b) Field photos 1 of Sargassum,,

taken during the experiment

(¢) Field photos 2 of Sargassum,

taken during the experiment

(d) Field photos 3 of Sargassum,,.

taken during the experiment

BT A E AR R E DGR AE SR

Fig.1 Field spectrum collection experiment of the Sargassum

S i S LI 35 5 TG 2 W R, SR
BARRBCEBRUNT o (1) SRAEE 5l /K AU
AR ERRS i, (2) 1) LI B T T i — 2 i
R, RSN D R BPA, (3) £
XF N TR BPA 19 Ih B2 5 A i, S D o A AR
(100% 5t 38) Sk, SRJ5 00 5 B EOtik, *f
£ (A LU B A B AR B S R B S S e (TE ),
Xof A LR it 118 ST 580 3% MR (ELA Sy AR Ul £ 45
R, (@) =E (2). 3) £, HEUWNEMEAN LY
FE ¥ BPA A% 6.00 kg/m*. &l 2 S LI PR AR 1y BR
F, JBR T BA R BPA Bl ny B R s AE K T
JrAE BB, BPA i1 0.3 kg/m® JFERIE AN, 24 BPA %5
fiknt (B2 (a). B2 (b)), B2 (¢) FimR), B
MK H T, BEE BPA BN ZE 1.2 kg/m’,

ECS

R EEB ORI s UL, R BPA 3N,
L 2 P UL A PN e MERR, AR e
A E BTG (RS B, B2 A B R BPA
M E e, T8 HAODWEE bt X DU SO R A= )
B2 (K2 (g). E2 (h), K2 () Fimw).

2.2 IDEHERESTHmAE

R TT R B 2 e D T S I WL 45 SR AT, %)
TR T Y B R A SRR AT N T A A, ASF
FEILBEFE T 873 TR~ 1 B R B AT X Ly
BT, A48 Sentinel-2A/B T3 AL #5211 26 1% U154
MSI (Multi-Spectral Instrument) , ¥ —5 C/D 1L
2 (HY-1C/D) $E8R R R A CZT (Coastal
Zone Imager) F Aqua\Terra T2 #5 2% (1) H 43 HE %
A% 6 1% A MODIS  (Moderate Resolution Imaging
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Spectroradiometer) ., FH T KA I F BER S5 1G5
AL LTAN R I LN B S AR R EUR RS
FAE) KGO BB (Hu, 2009),
L XS AR5 i AT S0 2 AT B A AE AR il T )

l<— 0.46 m —>|

i

(a) 0.30 kg/m’

(f) 2.41 kg/m’ (g) 3.61 kg/m’

T

(h) 4.81 kg/m®

WIERER (R, TaHN), HEAKXINT .

R, =m(L = L)/(F,cos(6,)) (1)
Kb, LOAEIREFARI B S AR SE B, Lok B A U
FoORRBHASHRIREE, 0,0 KBHRTA .

el

i e/ AR

(e) 1.81 kg/m’

(d) 1.20 kg/m?

o

r o

(i) 6.02 kg/m’

B2 iR A S g i P Irr st i L AR vh B AR AR B (BPA  kg/m?) Y ZR T R IR
Fig.2 Digital photos taken during experiment of Sargassum, in black bucket with different BPA (kg/m?)

MST R, i % FH I ALK S A 1 Ks hos
(https://dataspace. copernicus. eu/[ 2024-07-07] ) F
B LIC Y=, 2 ACOLITE #4117 5t FI AL IE
#3205 CZI R HllR I b R TR Bl 55 R4t
(https://osdds.nsoas.org.cn/home/[ 2024-07-07]) T
B LIBY™ i, Jo B FIRIERRSR] (XIHE 55,
2022; JEHE %5, 2023); MODIS R A+ H LAADS
(https://ladsweb. modaps. eosdis. nasa. gov/[ 2024-07—
071) FEKELIB Y™ i, 2 SeaDAS i 1 L 47 Kt
MM IEAG R, JFXS &AL R B HEAT b PR AL IE
(Bt WGS-84 KAk BR R, JF45 & BAKE L2t
fTUTMESE ) . BT Bl R 8 OB ILS 18
23 DEHE/ESEBGITRE

M) P T R BOHEA T 5 AR DT AT AR 4 B
A R, 2Rk 45 X (AN FAT/AFAT,
VB-FAH %) BOLSetfedy, ik B o DAL 2 i vk
DRI, REBEE BT B OGF  R RR T it
T 5 22 5 HlE R, B E Rt T
Yotk (Hu, 2009). 4 AFATEE S, AAOCH B
NG R (RN &R a0 ) EE s,
TE—EREE Ll T =52 (Wang il Hu,
2016), KT AFALE N (Y K V8V B 2 o i A 05

BRI T 355 R VY VE T R B K
BP9 (Wang %5, 2018) ., i T4 [ = 1A
L% 2% (A HY-1C/D B & CZ1) AUH — i
SN BE, TGRS AFATIR R, VB-FAH tnlfE R
BRIEH, IR B r e s E Y HEE ) . 7E
ARG B H A M 5 28 UG UE L AR R, R gk
G AN RIFREOTIEWNAEZE S, DO AS TRV 19 A4 7]
TEELE R TT R M, B 43 B A8 2 3L F MODIS .
MSI By [ 5 2 e AFAT A &L, F1 gL T MODIS
MSI 5 CZI a1 VB-FAH A&, HAR AR IR,

/\3 - )\z
A=A, Az) (2)

A=A,
]
R, RAR FHFHR; A MK, A AL A, A,
XFF MSIA33JE 560 nm, 665 nm, 740 nm, 865 nm,
%} F MODIS 43 %] /& 555 nm., 645 nm. 748 nm,
859 nm, XFFCZI (HA) 202560 nm, 650 nm,
825 nm,

KR 58 ) 5248, 911 CZ1 F1 MODIS 5214,
LA b R [ g KSR /R, R —
18 B (B X AR 2 SR AT B R AR B, £33
FiE TGt . il BoniRgR2E, W

AFAI = R,—R,—(R,~R,) X (

VB - FAH = R,~R,~(R,~R,) X(
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I CZI A MODIS 8 kA7 [ {8 43 1 Hi 6 % H ik
rsAliz®, IR (4) — (5). ZBEERED
AR NG 180T, 1E8AE TR Bl — i 4B 3 [
WS T AR TCHR O e, PR TS 5ok B
JCfE %o SALFIER T/ XSk 28R T
— o R T (Wang f1 Hu, 2016), #] LLFE
A HEICERAR TT A G B0 R i KT S IR S A
B S5 0 —E O fEMHT, W RERY
M (XUEGEE 4%, 2022).
g,y =med(f,_, . kleW) O]
SAL,, =f.,) = 8., (5)
X, 1, BEELE (v, y) ENEBGICE,
g, EH WA AP E, SAL, , 40U
BTl
MST {4 6T A% 1E 375 A SATIH A4 &5 01 FH o
B 05k RE SO AR R, RS /N
oGO s S mE, Wl T & A KB
BoufE Y, SR GRTEE . IR
w5 R AT, Bk N TSR MSL, CZL 5
MODIS $5 %545 24 7] F AU 8551, D ik 46 &
GRS A RIEIEMG T, BAHBEEITEN
F&BEGAT &A /NBE R BEAR T TR SR, X
PR S B Rt — 20 G OFAb RS, 45 3 00 fc 2442
Bt BN i 1 5 g A5 TAE

3 BREOLRFIE T 1 R

3.1 HEFREDEELIEm RS

IRV VR S B UL AR A5 ) ] ) R O
ShE (L) WK 3 PR, T EARE S AT
WGSBS SO R AR, Xl
B FERARE A O, FE BPA AR & 1
BUF, SRR ER DG RIS IEAR SR AT AR
AL LY DX P9 A FE 89 3 A 68 Wi 5 e S R AE
(~580 nm. ~628 nm. ~665nm), XZH S EHM
RGN SRR T A s o, ~628 nm AR
TG S AR T AR R c IR, X2 AR
BRI , ATVEN X 3 By g e 5 A e 2K
B ZR R 2 —; FERT OGS, AR H R e
A EE M & B T E MRS R Gf
WA, 2023), EROHETE B, HAREL
FARELLT, HNFHGE SRS, JRalfERIX
RAE . AT E—IE 2L AN BRI A (~700 nm) ,

5 [l AR IR A R B, b R D R
FCE AR AE S T iR 4R w5 ZEUTZ0A SORHOEHE KX BA
(~761 nm 1) FF7E— WA S ARG , X J2:
T K FHIE T 0 4% 9% SICF (Sunlight-Induced
Chlorophy I Fluorescence) 7E %W UiEE (0,-
A) PN BB FE RN i Y O T G I (Lu 4
2016; BS54, 2018). ARG RHICHE R
TEVTZLAM B B4R TR B FE#E BPA A3 Jin it 1
SR, S0 TLR 1R G 1 i 1A] 5C R AEEC (W1 AFAL,
VB-FAH %) JFJ o [ 11 7 5 2 U0 5 2 A A
SRR E SRS, LT T A ) R 3 BPA 5 18 R

TR R R, T AW AR,
0.3
02F
55
0.1F
BPA=1.20 kg/m? Jz:::::::::::zisigg‘*—
0 T .
400 600 800 1000
FHK/mm
BPA/(kg/m?)
—0  —060 ——120 ——241 481
——030 ——090 - 1.81 3.61 6.02

K3 2R e o R s (e ) AN [ B o7 T AR AR i
(BPA, kg/m?®) I X 17 14 52 5 55 1%
Fig.3 Reflectance spectra corresponding to different biomass

per area (BPA, kg/m®) conditions of Sargassum,, (S. horneri)

3.2 Sentinel-2 MSI 1B 5 EiE L4 E D

b 2 MSIGERFE 5 S S 90 Y i i
ST REARRAE (B3) WA, e =2 i 4
PR TR (FaMSIEAR) h EARRE
LMk AR MR A RN, X R TR T R RN R
AT Iy 1) b ) T BRI Ly ) L Y R R B
WREAE (HuF, 2017); PRAf TR EGREZm K
R VE OGS RRAE S AR A, X T R R T
A A REMAERARTE L (FE %,
2023) . X P EEE SR, 5 E S s
MEEDREESWERFNEEMN ., R, BAR
A A AR S, A A TR SE I3 5 TR ek
FRIE (5FHk 4, 2023), T MSIEE GG MG
(K4 (a)), DREEEILARBES LR, b
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2EARSHE Y A AE AR IR AR . KA
TR E, FrilE MSIEWEAAAE AR 25 1] 43
PR (10 m. 20 m F160 m) FIJ Bl oo s5 17
SSRGS IR 2, TR A 2 i
JCIEAT ARG, i 23 Ak H A 0 152 340 A e )
(Hu, 2021). 7E MSI EI& b RfALIEH 25 4> 3 g
gt (F4 (a)), MSIEMG R0 Wot—ir£r4h
i (WnE4 (b)) JESMITEL, XIS E
A B A MSUZ OIS RRIE, 2R A Lk
TS S BSOS AR o AE S AT AR MSTE G
BEROCTERT, WA R F AR R ks B
(Hu, 2022), R#FATHEIERIE. B, X MSIE

BRIEAT 5 x S8 DB IR BE, XHROT R R AT
BJoF-3 5 I DL & BEAR T B BB A R — 2 4
T, P10 & HAR T E 1 PN B B 22 v XN
(Keesing %%, 2011; Wang 1 Hu, 2016), LIFH#
8 B P XS AR OTINE 12 AR T SO B 1Y
LRI FKIAG T, RIS RO R T &
PRT s s . RIEFM&EEIOEE (K4 (o),
JE AR A4 L MO H— Sk sk, JF R
ABAFEUERE R, AR ES T Rk 3 R Y
S, A ) TR AR O R R DGR RRE
IR 2 3T v ) v 7 i T FRURN A= ) o 1 Ol 2 1 Uk
5

0.15

32°N 20.10 F

0.05

0.10

Z0.05F

=— DL

RO

(a) MSI FRGB %1% (R: 865,G: 665,B:

560, TIr]) , Ho th 2 e 5 AL (ke

45IO 6(I)0 750 900 450 660 730 960
PK/mm #K/mm

(b) 7EE 4(a) P EHZITCHEAS 14 (o) XFTE 4RI R SR AL I

HWHRKAZIE R 6  AFE I BIRIRI A BYEIEI0 AR DG5S 1 4 AR U B

IPLH O AT 5 () bRt 25 1 FEAL
BEPER S AR OT ] TR 8065 7
(a) The MSI FRGB image (R: 865, G:
665, B: 560, same hereinafter) with
Sargassum,,, appearing as red patches,
marking 25 randomly selected pixels with

white ‘X’ symbols for further analysis

(b) R_spectra of sampled pixels
containing Sargassum, and 1 typical
water pixel from Figd(a), the former of
which exhibiting significant shape

distortion

TR AR LI RLALIT S MST AR il 51k
X MSHETO LIS R AR IS L B B84 H
(¢) The AR spectrum, after applying the
correction algorithm to the R_ spectrum
from the same Sargassum,,, containing
pixels as figure 4(b) and 1 simulated
spectra of in—situ S. horneri which comes
from the experiment in this paper, showing
the amelioration effect of the algorithm on

the spectra shape distortion of MSI pixels

K4 7R 23 MSI R AR 5 6%

Fig4 MSI R composite image and spectrum containing Sargassum,

3.3 DEBEXFERMGEHED

R TR S a8 SRR A Al i B v AR Vi T B
7 5 AR AE A, AT DR R 1] 3 A S B
%, VARG DREREEEEE (EENM) 54
W B A AT AR 5 MR B4 kg T o
VAR £ ) R S 1 K VG 94 I R ol ) Dl e R Y
o (Hu#%, 2017; WangdF, 2018). 1 5CH AR il
Ll 2 v T S 06 R B A [R) AR A R 0 RS R A

Pl 2215 ok IR CCEYER0) U, Ead MSIL
CZI FI MODIS % 1% 8 2% 0% BEww b pR A, A0 A
N7 A% AR AN TR 0 B 1 R G %, IR AR T A S
(X (2) — (3)) 198 AAFAI., AVB-FAH %2:3¥
B IRAR R, W TA T AL, MAETA
AL IR N [A] B B Al SR A 5 AR )
TERAE, MRAE T EIT . 95 E RV 4
(42 R i SRR B 9 5 W T 2 e T, KA
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TV B I 7 5 B SRS BB R — R M B
PREOE ;A ) B SR A A R i S
LML G 1 BE R BOE L, aT B kS it
KRR B AT I m R, FERIEL
PEGETT G 72 W4 8 8 A T BT I SR AE (Hu &%,
2017), ﬁﬁﬁﬁ TSR TR R A B 7 3 S ) 3 S
FROBERIONE , 3 iz Jo IR 0007 7 1 25 8] 4 5
P CnMSIZ%) hRIEE BEM (LufE, 2019;
FEH 4, 2023).
SHOHMBEMEHNTEREREFEDSREER
AF AL~ BPA 5 18 J&AE Wy i Al S BL A (Wang

4, 2018), PR B R ECR G E s 2
(AAFAL, AVB-FAH) 5 5 B # BPA £t 5 4k

LRSI R, AN S JRIE AT o [ ARV o FE
B,:J AFAIMODIS_BPA %%ﬁ@i%i'fﬁ%*ﬁﬂ o

6 -
{ 27.16x+0.01, 0=x<<0.044 o
3=
~4} ~1.26+€'29+0.36, x>0.044
£ .
g
<
Ay
m °
2 =
[ ]
—————— (0.044, 1.20)
1 1
0 0.05 0.10 0.15
AAFAL
o (AAFAIL, ., BPA) — WAL

BIS  HET AFAL B A AR 2 R i ) B i SARL
FEA IR y (AR R AR SE 0 b SE PRl i (A T 545
(SRR k14 60 o 15 AR _E IR TR AR LU ARD) , o B S0
SRR 295 5 R MODIS ML) AAFAT{E

Fig.5 The biomass estimation model for Sargassum,, based on
AFAI-MODIS, and scatters with the y representing calculation

from actual measured values from field experiments (Ratio of
measured wet weight to top base area of black bucket) , and the
x representing AAFAT values simulated as MODIS observations

after removing the background from the measured reflectance

K5 Fies i AR A S Ay, PR R g 5 AE
2 VE PR B 40 K 7E BPA=1.2 kg/m®, AR FE &
JREMRZ 0, SO P AR D R B RS I 4l
Buon, BPE SRR AR 28 Bl — R R
BOTPTAEE B, o R a % R R, A #)
100% 1117388 3 128 Jaf Mo I A 8 v o VA 1 i 2 ) o A
o, JUHE G v I A ) 2 BE R A IR ) n

MODIS (Hu%%, 2017), $&HE5R b4 K240 B
JUER R B AR A G0, BERS SR A8 A A B &
ERGoufhE SR m AR, W™ E
(i 2% (Wang fil Hu, 2016). A4 H8AZICE
5ok F KRR B Ry R TR (X (6) ), H
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J& T BPA=0 JIrXf i (1) 25 (H 18 B8 50 T 0 (5K
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Table 1 The key parameters of biomass estimation model for Sargassum_.;based on multi-source remote sensing

y=ktb,, (0<y<1.20) 241

y=a+exp(kx+b,), (y>1.20) 34

2 (HIE R B
k, b, RMSE (kg/m*) L HIFE a k, b, RMSE (kg/m®) JO7FHFE

AAFAL, 2547 0.010 0.09 0<x<0.047  -1.03 1228 025 0.75 x>0.047
AAFAT 27.16  0.010 0.09 0<x<0.044  -126 1206 036 0.74 x>0.044
AAFAT, . 26.85  0.010 0.09 0<x<0.044  -1.14 1226 037 0.74 x>0.044
AAFAT, 27.81  0.010 0.09 0<x<0.043  -132 1171 047 0.72 x>0.043
AAFAL, 26.02  0.010 0.09 0<x<0.046  -125 1147 034 0.74 x>0.046
AVB-FAH,, 19.74  0.008 0.09 0<x<0.060  -3.11 465 116 0.70 x>0.060
AVB-FAH,,, 2024 0.008 0.09 0<x<0.058  -3.00 495 1.14 0.70 x>0.058
AVB-FAH, 21.65  0.009 0.10 0<x<0.054  -437 417 150 0.70 x>0.054
AVB-FAH,,, 2221 0.009 0.10 0<x<0.053  -472 406 154 0.67 x>0.053
AVB-FAH, , 2193 0.008 0.11 0<x<0.054  -4.66 408 155 0.67 x>0.054
AVB-FAH,,, 21.86  0.009 0.11 0<x<0.054  -4.67  4.08 155 0.67 x>0.054
AVB-FAH 21,70 0.009 0.11 0<x<0.055  -4.55 412 152 0.68 x>0.055
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LR AR I B A ) R B B, R ST AR
R AE B

PAFET AAF AL, [ IERA B (BI55E D
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Aummmm—wmaﬁw>\%ﬁﬁiﬁﬁa
(0—100% X [a1 ) Bz b2 fb, & EUAR 2 m
KM EEKIEAHEIT; (2) 4 BPA>1.2 kg/m’J57 ,
AAFAL o Bl 2200 B 98 2%, 3 Z ] AR M
Z, 1Mo ikF) 100% WG R FEAE, BEGEAR)Z
MR A AEEES 0. FIL, AAFAL,,,~0.044 i,
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4 IRy R R A S 5 e
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T IT IR, AN [R) 270 () T v R TR V3 7 3

=l

Je (LR ) it T 1 BAT K F-J7 1) L f9 T
BURA S E )y m )R AR SR AE (Hu 5§,
2017, Wang %5, 2018), XF T2 y2r @ a W i i

F ., HERSH 5 Z X R G L R A 5

Ean¢ﬁoKH <[] 73 AR A R RGEAR X
XML S AR LR SRR R R BB AT, i

FEAE T RN PR i TR B 3 SRR R
(Lu%¥, 2019; FEA 4%, 2023). #ebjifidl, Mz
6] 43 B R B g oc b & R S s L IR &
HAEL MR G WA A o BER AR SO,
X PFR A AR RES LUK 4y, (HIX 25 A [ 23 ] 43
B TR B 0T EL IS R T 58 2 1 BkAR

42 HEFRBLEELFERMGEERIIILSH

SRyt — 20 IF R T HER] 2P MSIL CZI, MODIS
B i v AR T R e AR S e, AR
WFoT S P E R D R W BRI S5 YRR
AL AR B T 2022 4F [ AT T g
EARKBMA = . BB TR AR MSIL CZI,
MODIS #E [ 4 524% ,  Hoi MST & 1 %5 8] 43 9 %
AR AN T 25 R BB S S0 E R VR, AT AR
-3 ] SR PEAE CZ1 AT MODIS SARfE B 45 0 (Qi %,
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RSB G EeES, I HR G P&

T AL /N I%ﬁw%ﬁﬁﬁﬁﬁim%Eﬁ
HARTE MSI-CZ1. MSI-MODIS £ 9 /M & Ui [/ 45 5%
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By HRAF R WAR2), xF HAG B 45 R AT A%
Giit, LIMSUEEH RS RAE N 25 (E A T e

A A% BT N Al 45 R EAT X L7 o

®2 HEFEBEIERERSHEMNER, MEBATNTHAZRKEMNERITERPTEESH(BEESER EVES)
HARAOMBTHE, NEEE AT RN MNEETHE

Table 2 The information for quasi—synchronous image pairs of Sargassum,.;, with the grid cell counts representing the

number of cells in the grid statistics from the image pair whose quantitative parameters (Coverage area, biomass, and etc.)

are both non—zero, indicating the presence of algae within these grid cells

A% A AR HAR IR W% LT 5K
2022-02-26 MSI. MODIS 44
2022-02-28 MSI ., CZI, MSI . MODIS 40,14
2022-03-03 MSI.CZI 391
2022-03-13 MSI.MODIS 243
2022-03-15 MSI.CZI 27
2022-04-05 MSI.CZI 60
2022-04-17 MSI.CZI, MSI . MODIS 72,95
2022-04-20 MSI.CZI 568
2022-05-02 MSI.CZI 324
2022-05-05 MSI. MODIS 1015
2022-05-17 MSI.CZI 83

Y [7] 25 52 A8 W LE 0 B 1 e 5 2R o R
T 5 B T UM IS AR 5, X R AR IR
FEEENG , T R R SCA 28 10 XU (E 50 8 5 i %
Rl R s AT IR SR B, P45 G SO T
fEE AL R A g — DA R S AR S AR Y =
R T SC L T 79 b i B30 A SR TR DL A SRR AR 1)
BT SO, AFAGEBIRYR T MSI 5 MODIS
XFE, VB-FAH fili B AL LY FH T MSI 5 CZIXT L .
YHEE M D EEGoTm A, EaEma, Ay aE
25 R B AT A Ge 1 JF DL A% 5o, 4R 15
2976 X} UL BT (MSI-CZI 1565 %}, MSI-MODIS
1411 %) FEFEATIUE, T2 A8 A 3525 28 B4
FEEME, K6, 7R T HPh AR g 5184
EMRBIE LA B S50 T 458, TE B,
B 2 7 I 6] 2% /8 T 20 min BOHER G T, &
REBTaELE T —EBRENEE, HEmZms
TSR, 764 kmx4 km G MRS, K&
PO 1R 25 AT LA AR SOTTE P L, A
E3 ATk UNIE WA Er

Bl6 (a) —El6 (d) #XT LR S/a 2
HEREHE RS (AAFAL, AVB-FAH) #4771 /R,
TS 2 SR BOH 2 I TR 2 B AR T H
FE AR T, RGO B TR AT BRI

B8 h A R S T 2 BN R St H R 22 5
DAAS B Sk R 1) A5 T 18 IR BRI E T PR (Hu
&, 02023), WA FAE S B R A . A MST A
CZUEETT 5, MODIS Eds (1) 7 BE R0, X5 R
FNBEHARINGE )8 2% o (0 FH A ) D90 A X 22 15 2
JEEEAG B245 R T MBR O fE A% FRoT, B
J& L MSI Al 325 3 o 2 % (8, JF X CZ1 i
MODIS 1 545 F % e, xF iR 28 2% b Ak
T I e B0 110 58 B T A R 0L R IR 45
PATEM eI R 51 - 14Rmy ek, 455807,
A (7) 532 sl SR 5A5 211K 6 h F 4R
R e A A B, TR R SR X A —
R IR B, R 2 23 8] 43 R B iKY MODIS,
A 7 25 RS A e = ) S B B R 4R
PHEXR, WEHEAREESTIEM 1245 (hE
ZR T T JE A RIS OC BPA ), DRI TE B OG22 8
B R P A R AR EIR A S IR IR A AL
N, T R EIHEL IR A S EGot, HBPA K
T4 RN 8 3 G BPA, 33X SE 3% 0 B AR TE R T B
B R (R SR R sTEk A, AR
ANREXT X TR BAR T AT A HARIR . WS A4
HEAEACRAIEE (Luds, 2019).
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(a) MSI data, the corresponding FRGB images, water background subtracted index difference images and estimation of coverage and

0

BPA results listed from left to right in each row, with the coverage area of 11.41 km® and biomass of 15.18 kt for Sargassum,,,
estimated from MSI data
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(b) CZI data, the corresponding FRGB image R: 825, G: 650, B: 560, with the coverage area of 19.27 km” and biomass of 24.35 kt
for Sargassum, estimated from CZI data
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(¢) MSI data, with the coverage area of 47.08 km’ and biomass of 61.70 kt for Sargassum, estimated from MSI data
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(d) MODIS data, with the coverage area of 42.10 km* and hiomass of 56.41 kt for Sargassum, estimated from MODIS data
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Fig.6  The quasi—synchronous images of Sargassum,. and its corresponding calculation and estimation
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(a) Comparison and validation between MSI and CZI, using the estimation results from MSI as reference value to validate
that of CZI within the matched grid cells listed in Table 2, from left to right are the pixel area, the coverage area, and the
biomass verification results, among which, the 2 solid points (The overestimated and underestimated points are marked
with dark and light solid dots respectively) in the biomass validation of, which significantly exceed the 2—fold residual

standard deviation from the fitted line, selected for the detailed analysis
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(b) Comparison and validation between MSI and MODIS, using the estimation results from MSI as reference value to

validate that of MODIS within the matched grid cells listed in Table 2
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(¢) Abnormal points in biomass estimations comparison (d) Abnormal points in biomass estimation results comparison

between CZI and MSI, with the FRGB images and algae pixel ~ between MODIS and MSI, with the FRGB images and algae pixel
extractions of the quasi—synchronous MSI and CZI respectively  extraction of the quasi—synchronous MSI and MODIS respectively
corresponding to the points selected in (a) biomass validation, corresponding to the points selected in (b) biomass validation
annotating the approximate wind speed and direction within
1 hour from the imaging time, calculated from ERAS

hourly data, same hereinafter
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Fig.7  Comparison and validation of estimation results for Sargassum, from multi-source remote sensing
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Abstract: Sargassum, a type of floating macroalgae widely distributed in global oceans, is responsible for mass algae beaching events
along the coastal areas of Caribbean Sea and other central western seas of the tropical Atlantic Ocean, causing many severe problems to the
production and life of local residents. In recent years, Sargassum has also triggered frequent occurrences of “golden tides” in the marginal
sea of China, particularly the East China Sea (ECS), due to its massive proliferation entangled with intricate climate and anthropogenic
events. The emergence of golden tide events has had a significant impact on coastal ecosystems and economic activities. Optical satellite
remote sensing has become a powerful tool for monitoring algae because of its advantages, such as wide monitoring coverage, rich spectral
information, relatively uniform data formats, and easy accessibility. By combining accurate algae-identifying algorithms and algae-
estimating quantitative models such as Biomass Per Area (BPA, kg/m”) estimation model, it will enable optical satellite remote sensing to
precisely identify and quantitatively estimate Sargassum. Notably, Sargassum in the ECS (Sargassumgcg), which is primarily composed of S.
horneri, exhibits different reflectance spectral characteristics due to species differences compared with Sargassum that inhabits other regions
in the Atlantic Ocean, where S. natans and S. fluitans are the dominant species. Many studies that aimed to observe the Sargassumg.g via
remote sensing of optical satellites were mainly qualitative or not based on quantitative estimation models suitable for S. horneri, whose key
parameters have not been scientifically and objectively determined due to the lack of measured spectral data from spectrum collecting
experiment. Thus, to realize the accurate quantification of Sargassum.q via optical remote sensing, this study conducted controlled biomass
experiments on S. horneri in the marginal sea of China, acquiring its hyperspectral reflectance dataset, then integrating spectral response
functions of multiple optical sensors to simulate the corresponding Rayleigh-corrected reflectance (R,.), such as the Multispectral Imager
(MSI) onboard Sentinel-2A/B, the Coastal Zone Imager onboard HaiYang-1C/D (CZI on HY-1C/D), the Moderate Resolution Imaging
Spectroradiometer onboard Aqua/Terra (MODIS on Aqua/Terra), the Operational Land Imager onboard Landsat-8, the Ocean and Land
Color Instrument onboard Sentinel-3A/B, the Visible Infrared Imaging Radiometer onboard National Polar-Orbiting Partnership, and the
Geostationary Ocean Color Imager-1I on board GEO-KOMPSAT-2B, to develop remote sensing estimation models applicable to multisource
sensors. In the comparison and validation step of the quantitative models of multisource remote sensing data, CZI and MODIS multispectral
images with quantitative estimation results was selected as samples to be compared with the quasi-synchronous MSI quantitative estimation
results as reference value. The comparison and validation result showed that the biomass from BPA estimation models that integrate the
spatial resolution of pixel, as the most robust quantitative parameter among algae-containing pixels area or algae coverage area, effectively
reduces the remote sensing scale effect discrepancies among data from multiple optical sensors, offering higher consistency and less
uncertainty in multisource data estimation results. This study, which is based on multisource optical satellite remote sensing data, analyzes
Sargassum in the marginal sea of China, providing crucial references for comprehensively and precisely understanding the dynamics of
golden tide outbreaks and enhancing the precise quantification and monitoring of floating algae in these areas

Key words: golden tides, Sargassum, MSI, HY-1/CZI, MODIS, multi-source optical satellite remote sensing
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