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WA & E IR A — MR 48 2R B sl B AR A8
TG EBA A . SEERENEE, FEOF
TR I g A= 3 0n, 51 & WA S R G55
MBS (ZouZs, 2020). WIIAVE M kb Ak 25 &
%%E%@ﬁ%ﬁ WA B R Ak A K AR
B OKESYIET . A2t S A SR el
?W%gﬁﬁﬁi SR, T U T AR K
YA it ot %T%@k%(@m§2m3 H
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B, BNAE E AL B E T 2 A sk R i
f%iﬁ%%@@,E@M$§%ﬁL%m%%
WHZ— (il 4, 2010; 5Kishbk 45, 2002),
A E B IR =T R AR S A A
BERHENEERR, L edebs 20 .
—ELURAE. B, 4K e (Chlorophyll-a, Chla)
WRE | R IR ER R R IR I — R LA 46 H5 5
TR R B AR S IR AN (S bR, i
J#SDD (Secchi Disk Depth) . /KR | FFIFAEY)
FXEBEEE (Wang %5, 2018; AR5 4, 2024).
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WA S IR e A FE R T R R R B, AF
W R KA 14 2 T NI A 2 2R 8 RN AR (gt 5 ) g
PEE R (KR, 20215 #Edp AR, 2023). L,
DAFE 7 25 oF B 00 A= 48 B R 0T SR IR ST
W05 (Hu%s, 2022; LiuZs, 2023). HET,
B S O b o 1 8 8 = Y BT R (1R N A 3 7
B IR BT EOL PG IR & AT H T30 5 57K
AT S g, B IR RS TR B TSI R /R #R
FRARI, BT T OO R & SR
#r (Carlson, 1977; Jally%, 2020; Liu%, 2022a),
P 4 —3K7 Y3 H 8 M7 b A & 8
AL VPAR -t A H

1R 48 (1) K 5t S8R 4R T 1L A AR A 5 24 1) D9 il
A3 P R A . TRIAE, A2 SRR AR A A IR B R
Wi, 7K 5 2 B0 5 S % B Te) Fn s e) ROE A B
AREAFERIKIE B FR T 2 4SBT R [R A
(Cao %5, 2023; Shi%, 2019), BEFHEAR K.
S AR BUHN A /K BT R AL TR | R Bl A W B
(Bt 55, 2022), HEl, TAREEBSARCMIN
FHF W0 [ 5% T 28 4 Bk 1 K BB 5 R S TRk
(DuanZf, 2017; Matthews, 2014; Song%, 2020;
Brityg 45, 2022). LA Landsat 8 OLI 405 5 Bt
fili b, T3 B IR AR WA /K BRSO L s oy
A W I 25 T SE BT R R B P 8 B (Hou
450 2022; Cao’%, 2022; Hu%s, 2024b). 4K7Mi,
H T Landsat 8 T (16 d), H&k=XfiEE
0 2 IO B, X LA 2 o A 3R K IR B RG I A
MR (Cao%E, 2020), Sentienl-3 OLCIJEEHH
BEE QUMEED), \EUiAME (1—2d4), #)
N FHF oK ks B B . K SCS B A S OK TR
PRl (Zeng %5, 2023; Liu%§, 2022b; Werther
2 2021), I, PEl Landsat 8 5 Sentinel-3 1F
f I 8 IR RS RA — R A S AN E.

DA R P 2 S S P AL 0 & B TRl K 2 2
T, BPSe D IRk h 15— el 24~
WA E SR F8 48 (W0 Chla, SDD %), F315 TSI LA
B2 WA B FRIR A (Zhou %5, 20225 4RAE %,
2020) . %7 VA AT REAR AL T B 7 A TR B AN
FETE, R T AL B A A AR 1S MR T RS A
PR ARA FFHE A (Hus%, 2022; Shiss, 2019;
JATER 45, 2022) . FEF/KEFEEFUL (Forel-Ule
Index) FF A& (1 TSUPEAS 7k B IR SCR T Bk AL
A (>25 km?) & 5 37 1k A9 3 W (Wang A

2018); FIHIGCFEY R BB R B (aOACs) H7
R TSI Sz 8 5309 S B0 T 4 R T & 8 SR i, E
ST A O A AR I 9 A IR R 0 R
(Shi%%, 2019; Wen%F, 2019); T4 ms
Fr ABI (Algal Biomass Index) A9 TSI 43S HAH BT I
SEILT W E 1 km® LB WA A 40 4R 19 TR E
BEAEAE (Hu%%, 2021, 2024a). FiRBFSEHESE T
IR DRI A 30 901 7 7 DR A B e s W, X 4
5 B ERIA RS R BURG T 2R . 4R
[T RS R RS R VI e L S = R A o =
2 E] SR (SongZE, 2017; K5 %,
2023), BT HTRIE TR AL I DA SO T A A
225, SRR EARFRFR K IES TR
SRR R YRR M S E TR TR R .

G — WA & 8 IR A BTNy i e 1 i 3
WV K5 G . St K A BRI Y B AT AR, X T
FAL . BlA b IF s S B E TR
FEE, H, AR ERE: (1) 454 Landsat 8
5 Sentinel-3 T2 1% BAE , PEAL 3L T K @45 %k
WA 2R 0 o 2 A e B TST R T B
(2) FH 4 EE 2 28 R 47 25 2 b R 25 B 18
IESAE R, NS REIERT G 08 55
KRNHERE ;s (3) ZEATEAR 3 Fh 5 12k b X A [) 4% gk
RS WIAREE R TSI B TERE, W T A=
(AR & A SR T S s . AR AR SR AR A A
A ZS A B DT A 1Y) 22 S AR W BR AR BB P B X
ANTRI L H L AS TR 2S00 K A 1 88 e AR A TEA
2, MG E B SR BN R RS

2 SR X R AR EL

21 EiRSEHFIMAE

TE 2016 4F —2022 4F [ XF it [# 8 A4~ 170 I g
Landsat 8 1 Sentinel-3 & #hi [7] B #hR 56 (K1),
ALFE R R X DAV (1663 km?) . Kb
(2444 km?*) FUREEW (2607 km?) 483 fity i 5y
VRS ECE FRINA LA P DX 3R KO B AR
(R R (4232 km?) . AT ATHGIE (21 km?) . 312
Al (858 km®) . JJM (182 km®) FIFHE HL A b
(462 km®) o FEHE W JC = s IR KA R
BEAMAL, AT 213 4R, R ZE R EE L
M KB . RIZKAERE R MR AT
(2—4°C) MAfFBMEXRE, WE Chla e E 5 5
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B 1P WU BE SPM (Suspended Particulate Matter) o
Chla I 7E 2R HIRR 123 6 BE T I E o T 90% 1Y
WERHR IR, 2 AR VRS B uv-
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2600 43 6 BE T 42 Chla ¥ E (Cao 25, 2020) .
SPM ¥ i R FH o R B PR B ik b ATl e (B
%, 2006) .
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Fig. 1

AHFERE Chla e R IE 100 pg- L AORE S ETT
SRR VAHERR St , e L3145 213 4 2 s ) 28
Bl . Horb 133 8048 1 T Landsat 8 32 AR Y
L T4y 80 A A TR BE I IE . EREBL KR
EEIE . PEFRSE RIS Lk
33.08%, 39.85% M127.07%, YoiE%cd d A A %
R IIRE S0 A7 H A B 28.75% (HE TR,
45.00% (FEFE) M2625% (FEFR) . HEEZ
KBIMEBESZ N, Sentinel—3 ) 18 JB S S R A8 5 45
AR B AE TR S BR , e HVCRCH] 170 41 2 1
G A5G R B, o 106 4 803 FH T 50 g 7t
64 2H F 85 B ik

AAIEGE LA Chla kg FHEUE T SEIAE &S0 TSI LS
HF WA B9 E RS R (Carlson, 1977;
ZouZE, 2020):

2.04 - 0.68 InChla
(1)
In2

1E 0—100 B 75 B N, 0—30 R /R #4E 5+,
30—50 MrRE SR, 50—60 NRIFEEFE, 60—70
bR R SR, 70—100 M EEFE E SR (Carlson,
1977).

TSI =10 x|6 -

Location of lakes and spatial distribution of water samples

SRS IR T R AR DA T W9 9 30 P9 B T, A
SEBIIA N R, R R T ARRI AR . B R
KGR SHRE . Hrp, 25.4% WFE SIS
FOKME, 32.4% WRES Bk IR, HAx42.3%10
FE S ANV 10 8 B SR KT AR AR (15
¥J Chla # FE M 0.04—53.95 wg-L", F-1 SPM ¥k Jif
0.94—58.57 mg-L™", L& T ZHREMIKIAS AR
(1) KB Chla ¥ 5 SPM K E e, &
MR () v R RS IR AR I o T A JE i B
TPURTD & AR, AR B IR TV
5B AL R B R R D S AL, S SPM
WAL T 5 me- L' H W5 38 A1) Chla R
JEIAR, A TFAUE IR0 KW, S5 iz 9
(AT LY I8 B 3 R S S e B I v T AR AL I
o R 5 TR ) A 30 21 A B B S AR AR AR
TV K AR S G R AT LT AN B R T I .
BB 0 18 SR SR IR T 0.02 sr7', IR T4
SRR R B . b, 28 BRI
BRI, SO BRI /N T HO B, &
LA — AR S TERFAE (Morel, 1974), £1>
TR B B 0 S S5 RGN R 1R
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Table 1 Information of sampling lakes and transit time of various sensor images

W KAFEH I B Chla/pg-L™" SPM/mg-1.”" Landsat 8 Sentinel-3

= 2016-12-16 20 2016-12-16 2016-12-16
WL 8.48+7.89 55.62+24.08

2018-08-25 19 2018-08-25 2018-08-25

2017-05-11 19 2017-05-11 2017-05-11

: 2017-05-27 18 2017-05-27 2017-05-27
K 53.95+35.32 58.57+23.77

2017-12-05 10 2017-12-05 2017-12-05

2017-12-21 22 2017-12-21 2017-12-21

I Ji2 18] 2018-07-20 11 9.58+4.27 12.00+5.63 2018-07-20 2018-07-20

o 2019-09-22 25 2019-09-24 2019-09-22
HIFH 0.760.62 2.48+1.80

2022-07-07 34 2022-07-06 2022-07-07

[RE 33 2022-06-29 9 2.61+1.77 4.04+4.13 2022-06-27 2022-06-29

LER o] 2022-06-27 12 0.93+0.76 4.85+2.87 2022-06-26 2022-06-27

ekl 2022-06-27 10 0.99+0.35 6.53+1.75 2022-06-26 2022-06-27

FEHRA 2022-06-25 4 0.04+0.03 0.94+0.55 2022-06-30 2022-06-25

2.2 ERHIERENEG4E

Landsat 8 OLI Collection 2 Level 1 2% = i 5 #i&
M\ ZE [ b i S R ) USGS (United States Geological
Survey) ‘B M (http://earthexplorer. usgs. gov/[ 2024
09-271) TFHEAAT, WiFIONPB, AR
FH30m, HEDI5m OB, BRI
o4 185 kmx185 km, Level-1 24§14 2 13 JLATT AL I
FIAE ST IE . Sentinel-3A OLCI Level-1B 247 i 4%
Pz K B BRI AT K J - (hitps://scihub. copernicus. eu/
[2024-09-27]), AR IR HE4 0 300 m, LA
21 BEo AT TL A K0 Ak B b 1 {F ACOLITE
(Atmospheric Correction for OLI lite) BRIAF) “HEG
=LA DSF (Dark Spectrum Fitting) KARIEH
VEXS AR EAT AL B 2R R R D BB B
Tr B, AR EAUE BT TR R e B R Al TS LIS
FIbR, 2 Jo 0 21 A1l B Al 30 A FFDWE B Jz 5 4% ik
FARIE, IR G B R 58 345 920 3% 16 3 oK f4
HABFE 8 (Vanhellemont, 2019), KA
TE S5 3R R 5 32 Bk L DASRICBS K RO 2R R (M)
(Wang%5:, 2018; Zhang%y, 2022), W=7 5 X3k |
LA 5 R AT HE I, S i AR e DG IS (9
W B A . 0 B S 38<0.02 BT A7 7T UL ik
By R 3>0.5) WHAER . FIFHIH—A 22 oKk ik
&% (NDWI) AT /REAREL (McFeeters, 1996)
Xof T PR I BT AL AR, SRR ]
MERSun: N0 (610 S UM TR €7 T S e 3 1 8 W N S T

SRR RS, A o R PR XA K B e, )
WEK BRI E . L, AP KiE R
AR BT T] 287 1 215 d LA sl S 390 0 A9 A2 3 ) 20 %
i (K1)

3 EIRREE
3.1 FUIE%

ARG FEEL, XFRM FUL (Forel-Ule Index)
KEFRE, J& I TAL 4K B iH A Y Forel-Ule [
R —FOK T I8 80 (Wang 55, 2019) . Sk
TRE RS KR FULER U AR . AR 26 2
1515 5] Forel-Ule [t 8,35 v 21 Rl K (425 €5 14 €21 85 42
b, THREEAEE P I Y o A RE(A, HE57 FUI
SR AR K, AR R R WG B,
TR SR R ME 0T (U8 AL AR FIR I Y (5 o
FARE s SRR 20 G 2020 O M o HHATRE,
DA I3 22 J25 P14 0k B sy 130T e B iy ok 14 (8 )32
A2 fea, FIHROES RO A o M FULK @
FRBA R RITEAF R FUL, KK FULER B AR 32
3R LL T AR

(1) A EGAFR Ts — FR 2 I S R B
SHNME X, Y, Zo s ] UL I B RGB e 4k
BOLX, v, Z{4:

AR5 %

X = “zsz‘Rm()\i) (2)
Y= ig,,Rh(/\i) (3)
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7= itz‘Rrs(/\i) (4)

A, RO )RS B8 R, NZ AT I
JCBE G, ¢, 1, o R IR E LM R AL
(2) WR¥EX, vV, Z{ETHEEBGIT 6O LR
(x, y):
x=X(X+Y+2) (5)
y=Y(X+Y+Z) (6)
(3) TH3 B AR TTTE (0 B 423 ] v X 1 119
AR a:

a = arctan2(x —%,y—%) (7)

A, arctan2 7R PG BRI pREL
(4) XM aif T AKIE, FIHAKIEMS
Z IR 261 BO T A 21 o (B 5 EDOEIE M
SREIN aEZ 2
A=y = S () (8)
Xt = Qi + [ (X)) (9)
(5) JETRIEST 0O o F FULHE RO A
3R, EARR DAL GX N o AP E R,
B BEAEN I (9 FUT RIK AR FUTKR (45 8, 1 Y
(ERIPE FUL RTUE SR . PEREEERID
SR BT Ry E Ot B . =R R
G2 R B O A R IR 4 i & X Sentinel -3
(van der Woerd fl Wernand, 2015) 5 Landsat 8
(Zhang %5, 2022) fLIEAR TV 4 0 2R BOHE TR 5
IR

32 a Bk

M T AP E2E R M LT LA R ] BE A 7
TR T T Z KR, A D235 22 R 2 o
BT 77 3 i v WIS 2R 80D B A B DA TST Y DA
PERE (Le %, 2009; Li%F, 2016), & T Landsat 8
T SR 1 TSL & B S E 0 AP PR (Lee
45, 20165 Shi%F, 2019): (1) FET2f4rHrpk Al
QAA_V6 55k Al 551 27 1% MR W) ot Y 5 W e &R 8K
(a,(N))s (2) HELTSIS a,(N) LE K FRBAL
QAA_V6 R BRI iR n S

(1) ¥ R_(N) F4 hr (X)) (Lee 55, 2002,
2009) :

r.(A)=R_(A)/(052 + 1.7R_(A))  (10)
(2) 8w (A) (Leed¥, 2009):

0 -4 X (N
L(h) = (g)2g><g>< (N)

K, £,0.089, g,=0.125, 5 QAA-BAE AR,
(3) Bk a,(A,) TEAAE & FE T AL, T
RLJE U 25800, (L) (Lee %, 2009):

8 t

(11)

A n
b0 =0, 00 52 (12)

(4) HE 440 nm &b a, (N):
atw(440) = (1 - u(440))(b,, (440) +
by, (440))/u(440) — aw(440)
£ %t Sentinel-3 OLCT 1%, i/ QAA_VS (Lee
&, 2009) RRASTHAE ML R EL atw(443) o FEILIEAE
I, M MCIHE £ FEE S H UK A, (709 nm
% 754 nm) B FEFR . W MCI>0.0016, W) i $£
754 nm N A, WIE MCI<0.0016, 3%+ 709 nm N
Ay (Gower:, 2005; Liu%s, 2020). fii FHSzimi%g
i b 22 ) o S SR B TSTRZ ] 56 3R 1 sy
Fik 3L (TSI = 12.85 x In(atw(440)) + 45.12, R=
0.75, N=869) X| i1 H FFFEH #1752 (Wen
45 2019),

(13)

3.3 ABIEXE

I T KA B 5 7 A I A BT 2 e 28 A ) o A 1
i, R R 15 S AR KR R TH 15
IEFOCZ KRG B ZR G R (Xue 5, 2017).
R, Hu%§ (2021) Fg T ESAEY R85 (ABD,
I AT LS 0k B 5530 41 A1 BEAR T XU R I 4R
WM, B FRRESIBEA R (Hu 45,
2024b) . ABLIFHE AT

A — A Ao — A
ABI =(R - B) x =¢— =8 _(NIR - B) x —¢— "8
)‘n_)‘B )\Nm_)\s
(14)

Arfr, B G. RAINIR 73 il e ik B Jge 1 W Gk
B, S Bt B Sin 4N By . #E Landsat 8
o Xt R 482 nm., 561 nm. 655 nm Fl1 865 nm I B .
16 OLCI H 43 5165 % 490 nm. 560 nm. 665 nm #l
865 nm I BL. A SEAHN AR .

FIFHBC SRR R K ARG TR 5y e =5 (T,
FEMKAR (T2) FNEROKAE (T3) 150 3 Fhe
(Hu#§, 2022), BARIEIrER: (1) ¥iEGk
BURGTR T B . sa e BT 0.11 st
MR TCE LRI HOKIR T35 (2) ¥ ABI<O 14T
H R T35 (3) 3158 ¥ b K K 48 B0 TWI (Turbid
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Water Index) (Liang %%, 2017), ¥ TWI>0.048 fi}
ot SCRPEMUIKAR T2, HA B £ KK T,
TWIHA I BT
TWI = R - SWIR (15)
WAk, 25 0 U 3 2K 45 5L FATL (Floating Algae
Index) KT 0.02, #& L HREFHFEIGIT (Hu
S, 2010), HEEHNEEFFKIETL, FALTHE
I

FAI = NIR - R - (SWIR - R) x A A ()
/\swm - /\R

A B, R. NIR Al SWIR 43 5 %F i Landsat 8 £y
655 nm. 865 nm Fl 1609 nm % B . 7E OLCI % &%
B 665 nm . 865 nm H1 1020 nm JEEE, A &
AFNE 830 4 o

BT A EMNA SR H T ABLS TSIZEAR
[l K ST R (R PR R A 2R 0 SR TR 2
B BREFGOTHIREE-601.94, #IFER 72.47;
T2 FI T3 /KRG TT R RE #5351 2 -325.78 Fl-118.28,
IR 25900 55.39 F116.04 (Hu%, 2024a).

3.4 FBEIEMIERR

AT e R A (R, Yoy iR 2=
RMSE (Root-mean Square Error) . V- 4H %} 17
MRE (Mean Relative Error) . ~F- 3 44 %] i% 22 MAE
(Mean Absolute Error) 52401 %08 ZBNSE (Nash—
Sutcliffe Efficiency) (Nash FI Sutcliffe, 1970) X
TSIR RS ATV o TRE R (R e 14
RIS AR OCME . RMSE T #7452 8 1) 93000 i
J1, WS E AN BRI 0, MRE 5 MAE S
PRI A O g SR - AR . NSE TR
BT (5 B, NSE B T 1| 3 B R1 AT {5 B2 B
NSE #2301 0 £ B Z5 R SR {5, (H i R A4
R 22 ] BEHL K 5 NSE Sy £ {H U] 3% 75 B B A ] £
(Braswell 4, 2024),

B EPR TR T IEIR
2 _ (E(X‘ __X)(Yi_ Yl)z (17)
2(X| - X)ZE(Y. - Y)2
(18)
(19)
(20)

z(X, - Yi)2
NSE=1-:0 (21)
Z(XL _Y)z

K, X R DFE R R SN ES R, Y RS
SAL BRSNS

K R V8 0 B ) 78 37 RS DAl 10 v o 2 gk
FrVEAN L TR HE I 9 A [R]85 45 2w 1
BRI R UCEL, w] LS T 45 2R 55 52 B i Ol
Z AR 22 o A58 R TR o 6 B v 1 A 7 0
B PA (Producer Accurracy) . PR E UA (User
Accurracy) . BEKSEE OA (Producer Accurracy) Fl
Kappa R EFHE FORSIPAE NG E . PA DAERHE 4
P 1 f B2 R BRI T R, S T TR R
Pl B AERR R s UA AT A BEVRAR 4325 45 3R 1Y
FIEEPE S OA S T3R8 R A ) By F- 2tk
fit; Kappa AN T it o 2005 B b iy — 2ok, %L
HAAER 1, 28—k . SRtnitEaT .

PA = TP/(TP + FN) (22)
UA = TP/(TP + FP) (23)
OA = TP/TN (24)

Kappa = (P, - P,)/(1 = P,) (25)

o, TP IERN 7RIS e, FN 9 SEPR
B S EAREER 73 I R AW R B e, FP oy
BRI IR IR i . P o LI B i — Sk
CER ARG EE ), PO AR 0 2% A B0 A AL —
B

4 ZR5TR

4.1 EFREEHRE

FE T B b [0 B AR S B R, 1B 1E T ABI
L 5N R B o, FIE ARG B 1P A R AL
(%2), FUIRERIE A ARERN 5 EFRER,
To % B IEA Y 240, 7F Sentinel-3 OLCI % & 4%
I, BF OLCI W ABILZE 32K £ 800 515 ih K ik
Booh 50 TSI BEAC (K2 (a)), KR
(R 40041 (N=53) 5050 (N=34),
W R B 5 SE I TSLAYAH OC R BGA ) 051 (p<0.01,
N=106, K2 (b)), f£ Landsat 8 OLI B8 1L T 2
o, BEE MUK RGO, 2R ESB T
ABI 5 520 TSIAH G e s (R°=0.53, p<0.01, N=
36, 2 (¢))o FET OLIMWIL R a, (OLI) 55
W TSTHIAE R 0.29 (p<0.01, N=133, K2 (d)),
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A BE 2 B TTE SR AR REAR B . R
EF, TSUNT 20 R S EEdE =, SE0H

*x2

E F Landsat 8 5 Sentinel-3 U TSI:ZE R K HE X ZHEELER

Table 2 Correction coefficient of TSI inversion algorithm based on Landsat 8 and Sentinel-3

. _ JREE R Landsat 8 f& 1F &%k Sentinel-31&1F & %%
ik AR
B Figiia) BE Fiagiia) B i
1 HEES -601.94 72.47 -3213.81 86.87 -2029.51 75.33
ABI PRURTIVICIN -325.78 55.39 -1511.52 56.81 -2151.03 61.60
KREREF/NN -118.28 16.04 -7595.50 15.51 4782.66 24.24
a, 51k — 12.66 45.19 22.59 45.66 13.28 41.76
100 100 —
o
80 A - 08 0 T o )
A ! 0% . ©
(©)
. 60 . 60| “ R=0.51
7 R=0.24 % © .
5 N=19 g 0% N=106
B w0k y ) y 1 = 40
SR ©
(@)
20 F R=0.50 20 8
N=34
0 1 1 J I J
-0.02 -0.01 0.01 0.02 0 10 20
ABI(OLCI) a,,(OLCI)
(a) 22T OLCI WY ABI 5 TSI & K& (b) JF OLCI I R 55 TSHLE X &R
(a) Correlation of ABI and TSI based on OLCI (b) Correlation of ABI and TSI based on OLCI
100 100
A R=0.31 e O ©
N=44 00
80 |- 80| ‘ 0.
© ®
) R*=0.29
N=133
— 60~ _ 601
£ R=0.53 %& @ Z
= N=36 & ® =
40 ® 8 401
0o g
20 R=023 201 ‘
N=53
0 ! ! ! 0 @) A |
-0.02 -0.01 0.01 0.02 0 5 10
ABI(OLI) a,,(OLI)
(¢) T OLI ABI 5 TSI G X & ()T OLLW I R E 5 TSHULG G F&
(¢) Correlation of ABI and TSI based on OLI (d) Correlation of ABI and TSI based on OLI
X %I O VMG IL A EXRBIT O &%

& 2

FF Sentinel-3 OLCI 5 Landsat 8 OLI {48 & 1F 4

Fig. 2 The correction of algorithms based on Sentinel-3 OLCI and Landsat 8 OLI

I FH 6 E 5 5 4 X B AN [) B kA 0 A I i
J5 B TST R EORE B, DAVEAS B350 3k it FPE 5 AR
EME (K3). 3T Landsat 8 (9 ABI & 1k 5 W I
IECIERT G RPCA W 22 5, ABIGRIL ARG B B ik

TR R 8 a, 545 . ABI S 5 1% RMSE 5 MAE
Sy T 0.75 5 0.37, NSE M 0.66 T+ % 0.70.
a, B 45 B9 RMSE 5 MAE 23 %) F & T 1.18 5 0.15,
NSE M 0.36 L TFE 0.44, BERINIE BRI A .
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T Sentinel-3 Y ABI 5 15 4% 1F 5 Y #H 5G4 M 0.48
¥ % 0.75, MAE 5 MRE 53 598/ T 5.12 #1 0.20,
NSE E Jt % 0.65, & 1FJ5 f ABI 3 3545 12 I
Pewmr . X2 TR ABISE VL £ XT Landsat 8 FF & %
I, AR ISR A AT R R — . BT
Sentinel-3 ¥ a,, 57 % 1E J5 19 RMSE 3 /> T 5.58,
HpmERinILFRAZh, SIEEERT
Landsat 8,
42 WMBAEFREZERX S

JLF Sentinel-3 () ABLF. 1% o, FHIREIE AT G
B TR ARG S Ay IENG FE R L Es SR 2 frR . R
ABIBX FHUE SRR RS IR 8 72.73% (N=
64), X IR ALK AR 408 B R ik 100%,
Do BRE AT L OFE F A  A 0 R A A T 1
BIFERBUG, OA$RTFT 3.12%, Kappa REUEETFT
6%, "R P E E SRR A BIRS BE E R
. RUIRBUEIE S BRI 3 T 5K (]

RAERFRIGETT, D EFRREFRARZE /T
AT R a, 5 OA N 42.19%, % THERS
BB E KR 3 K B e . IBIEREUS
OARTH T 3.12%, Kappa REHET T 2%, EEE
B IR B FI ARG B A P s

(=]
wm O
T 1

<%} 1 5
i 1) BAn
ABI-TSI a,,-TSI a,,-TSI
0 = T
- s[H tl7el
2ot LY /
Aist (4
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B3 ABISILS o FHE R BB IERTE KL 2257

Fig. 3 Differences of ABI and q,, algorithm before and after

coefficient correction

=3 ETSentinel-3MABIE £ Sa, HEEENEHNERER SR LERE

Table 3 Accuracy of 5-level trophic state classification of ABI and a,, algorithm before and after correction based on Sentinel-3

EFREYHE TFE IR % A% RESERI% "WEEER% EESERI% OA/% Kappa

PA 72.73 30.00 10.00 12.50 100.00

ABIE 46.88 0.31
UA 61.54 75.00 50.00 0.00 38.46
PA 63.64 40.00 10.00 75.00 73.33

BIERY ABL S 1 50.00 0.37
UA 58.33 7273 100.00 6.67 45.83
PA 9.09 60.00 50.00 12.50 66.67

a, S8k 42.19 0.25
UA 100.00 46.15 31.25 33.33 83.33
) PA 0.00 65.00 50.00 0.00 86.67

BIER a, 55 4531 0.27
UA 0.00 4483 25.00 0.00 68.42

BEFRREFRLAIFNIANEFER, LN FUL
5 ABIAYEL . o FUERBRENTEHEE (£4),
FEE TR FR IR FHRE T, ABISEIL OA
M 70.31% $2 T+ % 73.44%, Kappa ZEUIEINT 5%,
EIE G BB LA T & S SRR RIS B . a, -
TSI R BEOE R G R B A W 22 5%, OA
PR 4 62.50%, Kappa REJL-F- %A 1k, £
TP AT R A S R R SR T R E . FULSY.
PLIE A A 5 B SRR R Y RE 18, PA Rk
98.86%, OAfKT ABIF LS o, k. Fisllh, o, 5
BAEFE FR KRR UA K3 100%, X & H T 1E
L ARFUE SRS sk, AUF 1 5308 95 i 45
T BG4 KBRS BB FREG, 6 BRI
SRR EREN.

#4 E T Sentinel-3M TSIEEXIRNERE
Table 4 Accuracy of 3—level trophic state classification

based on Sentinel-3

HREPHAE  WEIRI% THERI% EFEIR% OA% Kappa

PA 7273 30.00 93.94
ABIHk 70.31  0.49
UA  61.54 75.00 72.09
ABIE g PA 63.64 40.00 96.97
#%@: 73.44 054
BIER  ya 5833 72.73 78.05
PA 9.09 60.00 81.82
a, ik 62.50  0.34
UA  100.00 46.15 72.97
o Fidk  PA 9.09 65.00 78.79
. 62.50 0.35
BIEF  ua  100.00 46.43 74.29
PA 3.45 0.00 98.86
FULE 5238 0.02
UA 25.00 0.00 53.05
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T Landsat 8, JR ABIZA LN T2 & EIRK
R B, PAILE]66.67%. 1&IEJG Y ABI
SR EE A SRR AR I B BE ) A BT, PA
1 42.86% HHNZE 85.71%, OA$ET+T 7.50%, Kappa
ZEARTE T 10% ., F:T Landsat 8 1Y o, 515 OA KL IE
G A2, HR43.75% (N=80). o, BEEEIE

HIOX T 308 I8 5 8 R AR 4y RS B ey, PA
4351k 57.89% 5 76.67%. 16 1E RZEUn, Kappa &
BARTE T 5%, R EFRHNAMA GG RS T
35.72%. M ERBUAGIELETAZA, WA EIERIEE )
PIARIREERN (F2), FEEL YR E
TSUEMEX IR, Pufb T 8 & E I KR N

*5 ETFLandsat 8MIABIE E5a BEBENENEFRERSEILBEE

Table 5 Accuracy of 5-level trophic state classification of ABI and a,, algorithm before and after correction based on Landsat 8

BEIREYCHE WERI%  TEFRI% REEEFR% TESERI% WEEERI%  0A% Kappa
PA 100.00 30.00 66.67 12.50 42.86
ABIF 51.25 0.37
UA 52.78 81.81 40.00 11.11 42.86
PA 100.00 26.67 77.78 12.50 85.71
B 1F (9 ABI 335 58.75 0.47
UA 52.78 88.89 41.67 33.33 60.00
PA 57.89 76.67 0.00 0.00 7.14
a, Sk 43.75 0.19
UA 78.57 45.10 40.00 0.00 100.00
PA 68.42 50.00 11.11 0.00 42.86
1BIEM) a, 5175 43.75 0.24
UA 68.42 44.12 40.00 0.00 100.00

XFH 3 R AR E SRS 3 K RS
ABI 7% 19 OA 5 Kappa R B Fr AZE, 4391 &
71.25% F10.57, 1&1EJ5 B ABI BN & 8 IR KR )
PUNRE T3 o o, 3000 R BORE IE HI S 19 B 4O
—B, OAPRFFH]56.25% . BIEGHY a, BIEXT TH7
IR 5 IR KR RS B4 BRI T 10.53%
519.36%. FUISEMKIHLE & & FRb KK 2
KIEH AN, PAEIL96.77%, OA N 48.75%. %}t
BAFIE A MG R 1B TR E R bERE, ABI
A TE Landsat 8 {5848 1Y 4> XK BE /bt o, 05
55 FUL7E Sentinel-3 I 1970 2505 B el . X T
AN TR B A A T e AR ) T3 A% SR ) 7 TST I Ji A
R, fERAGIRES E MR Re R A AL . ARG
JERES T ABLSRLL 73 2K BE S L T R IR R a,
BERZ ., WA, Landsat 8 5 Sentinel-3 B4 56 5
BB B RS (K7), WAL ERET
B R e R I KR 25
43 TBREMSERMETN

T ABLR S FULBR LRI EEXT Landsat 8 1l
RIGIAG L (SR) FE TSIRERL, AT E Al
T T DSF RSHIE R, 5 SR ™ S RS EE 22 5% . 1
T DI N 34 50 A BB ALAE s A3 4500 4>, 42K
Xt 557 1Y Landsat 8 A WG B . ST 24 Be M
WL AMNR IR, R m RSB KSR R, (M),

5 DSFRIEJG W B K SO A TR . B 4 R,
AU BEAY B K R BT R 5 DSF R IE S5 A9 25 3 34 B
HEr—rk, RET0.68, HA, 443 nm 5483 nm
WG B ) — AR, RMSE 43524 0.014 sr!
50.009 sr'c 1609 nm 55 % 21 4 1) 25 K ) B R 5
DSF £ 1E J&5 i 45 3 — Bt Jedf (R°'=0.96, RMSE=
0.002 sr', MAE=0.003), HYKJE& 865 nm [T £ 4h
Bt (R=0.93, RMSE=0.008 sr', MAE=0.006) .
FHETF Landsat 8 MU 3R R f it A R, (N) il
YARHE L s LRI BT, B b T s Al KRS
5 (PahlevanZ¢, 2017).
*®6 ETFLandsat SHITSIRBEEEIZHLRBE

Table 6 Accuracy of 3—level trophic state classification
based on Landsat 8

TIRERAE  WET% TEFRI% EEIRI% OAI% Kappa
PA  100.00 30.00 93.55

ABIE % 7125 0.57
UA 5278 81.82 87.88
ABIEEE  PA 100.00 26.67 96.77

7125 0.57
BIER  uAa 5278 88.89 85.71
PA  57.89 76.67 35.48

a, Bk 56.25 0.32
UA 7857 45.10 73.33
o g PA 6842 50.00 54.84

56.25 0.33
BIER  UA 6842 44.12 62.96
PA  10.53 23.33 96.77

FUI R % 4875 0.18
UA  33.33 58.33 48.39
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Fig. 4 Comparison of remote sensing reflectance between Landsat 8 surface reflectance product and DSF correction

K5 (a) % H1%T Landsat 8 #3825 3% SR
PRI FULS ABL,  DARGEAN ) 18 8% B 5568 387 il %o
BIRE PG E R . HET SR B FULETE OA
B 325, Kappa REETF 27%. HF FUIS LR
W EFXF Landsat 8 SREEIF &, X E KK S
B E IR AR B BE B, A R B 4y
100% 5 96.77%. FULE. 28 FH Landsat 8 T 45 1] I,

FeP B R AGE £f, Wi Landsat 8 SR 55 DSF A% 1F J&
(%) R _TE AT WO B i) — vkt (B14), FIHIR,
THAR (0 IR AT RE A (R R 22 . kA, R
R, G, BE:H = HIEX, Y, 2t 7
443 nm 55 655 nm [ REEL K, 1THEFECOE MY
AR ZEROR .

100 0.02 R2=000916 ‘
L — p<0.
= 80 2 0.01F N=213 B
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Fig. 5 Performance of algorithms based on Landsat 8 SR and R _

BT SR 45 R Y ABLS XS T 408 37 WA AY IR
BIRSRERI N 100%, HUCRE BT, gL

T 85%. TSR [ ABI B s A0k BE R 72.50% ,
Kappa & £~ 0.60, i T R, (ABI) &% (OA=
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71.25%, Kappa Z%70.58). XL T SR 5 R K
ABISIRTE SGUE FRE T HDIRG R, FUEFRK
AR FIAE Y R 100% (N=19), F&TF SR ) ABI1E
B IR KR 5 R R SR KA RS B 4y
FHRTE T 22.229% (N=9) F135.71% (N=14), &k
K5 By 51.25% 42 T+ 2 57.50% (N=80), Kappa %
BN T 1%, iT ABIEF A [R] K A28 Ay 2
WA, A REBER AR AT, (]
— LR AR RS A BE 7 i SO0 ABT RS B2 52 M 458
/N FETF R ABI 5 I T SR AY ABLHL S 45 53 A
TEL: TP, HamiE—8E (R=0.96, p<0.01,
RMSE=0.002, K5 (b)), 32T ABI H SR EL
B, EHIESEHAAL T ABUREMR X E .

PLA G, X5 T 3 R AR A AL RS T
J KB P TSI 32 8% S v ) B M A — 20t (B 6) .
1E 2016 4F—2021 4F 6], F&T Landsat 8 1l Sentinel—3
B FULBUETE Y 6—19, FrfE2: (STDV) 434l
H3.94F12.35, XN HRE SRR (T<FUIK0) 55
BIREY (FUI210) . HH Landsat 8 1952 2= W 45
WA EEFRTEHR, LMD ERFHR,
Sentinel—3 Wi W41 % 1) $12 T+ T BUE IR S YA AT in
R . o, 50055 ABISEYA AR B S 38 b ml LA Jon
TR R T AR, SRR A — B
o, JET a, B0 TSI K I 45 5 bR v 22 43 1)
b 3.06 (Landsat 8) 5 4.01 (Sentinel-3), 3} T
ABI 5 VL bR #fE 22 73 51 4 3.22 (Landsat 8) 5 3.48
(Sentinel-3) . #£ T Landsat 8 i) o, 5755 ABI 5 1
JIE A5 R A EB N B IR, Sentinel-3 [ Wil 45
RELFEBI P ERER, WAPEILN— SR
Ifo LA 3FEE, XFRITE RN E SR SRR 0
YRR — 8k, 36T ABUE L B K 3
SR E A R BR . Ak,
ABI 875 19 TSI IF 2h 5 B 7 48.58—62.26, 1 Al WL
DU TSIARUE2ZEAHEL T o, SR AR, MRBLH LAY
FaE .

7 50 T A 2K PR 8 B e 2E AL
15 S 2 1) O B e B O, DL B Landsat 8 5
Sentinel—-3 % B A% 75 W1 &5 5 = A0 B v i 4K
k. M Landsat 2571 T2 2 @& 40 P8R TR AL AR,
W B i B AT WOt B 5 £ A i B A R,
25 (A 0 HER B WHRTE (<30 m), 5 et bl #8 i .
Sentinel-3 OLCI iY% B st & 8 #2230 F TR 2K 8
FREEAER K (700 nm BT ), S LR Y 2253 1

WK OGRS (o4 4§, 2023; Duan?¥, 2017).
BT WA & 7 AL 18 BTN 7 AN = 3 T KR
B, R W Bl A e b AR,
S P R X AR F g AR 1 R B BN 2 R A R A T 9
., P, %4 Landsat 8 OLI 5 Sentienl-3 OLCIfE
Ry T B i b TR AT R S 22 U BV VR K (A Rk
ar, P HAa b SRR, ANMUAEN Z U T
FAG AR & B SNSRI, W
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Fig. 6 Consistency analysis of long—term TSI inversion in

Lake Taihu
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44 BEFNWEBIEMAERIEE

RTHNH T 3FPE FRARBVEAL F L AE Sentinel -3
1 Landsat 8 X ERASHITEREZE S o FUL VA AT L
JCUE BT A A, WA AR I Bk ORI
1ZJ7 B0 T MODIS., Sentinel-2 MSI., Sentinel-3
OLCI Fl Landsat 8 OLL #4735 FRARASEAL , $2 4t T
FAMLIEA T WGI B TR R B (LiusE, 2022b;
Wang %5, 2019; ZhangZ5, 2022). ffi I (%
ar IR WIIN E E IR AL VAR I O 3R R R AL
X & BRI BA B m A BIRG B . FUL 7 i
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F Forel-Ule RLE 51k H XK (Wernand Flvan der
Woerd, 2010), {VREMIEZ S . PEFEME S
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Fig. 7 Band setting of commonly used optical satellite sensors

R7 3FIEM FFIETE Sentinel-3 F1 Landsat 8 {22/
RMEEESR
Table 7 Performance differences of three evaluation

methods on Sentinel-3 and Landsat 8 sensors

HTR 2 FULHE o 578 ABISL
ok v v v
5oL v v v
BB A F R a6 v v v
SITEA (N v v
SR LT A v
FEME TSI 25 4% 3% 59 54%
FE i TSTEUE X v v
Sentinel-3  EEFRFGIKE  85% 79% 97%
Landsat 8 & EFEHFIGIMEE  94% 55% 97%

W R0 a, 1 T BAL IR B 0] WOk 5
CLAMEBL, ZAEAIRES TR (QAA) FRIUM
THAAR Y aOACs, QAA M Jg— Rl 92 i i 0 5t
TWBECERE (I0P) A (Lee 58, 2009,
2016), T[] MR K (0 T2 infdi b T2 L TR
[FIRARHHE TS (Dong 5, 2m3-um% 2016).
BT WA B 0, 19 TS AT LUE R IR A A E
%%m,f$§jﬁgﬁﬂmw¢%ﬂﬁﬁ,j
W B s R SR R SRR

ABIE L NHE AN I B B R, W Ef%
S BT WL | I 2L A B A D L A B
A ABIE B A s O ik 204, {0 ABIAR IS
XFRABRAG TC AT 4432, T 2 U 21 4/ el B )
BEMUKIR . ABLF YA AEAG B BEAH ST 55 A Hi il
D7 i ARG B, JC T MR A% B B AN [R) 2R
IR E ., T ABUE LM TSI & s g L HA
T ARG EE , FEARUE FRK RS B Rk ik
o ELA BRI BE T o

a, A5 ABLUE S IE R BUR RS RLER YA
BB, S T AR X T 2 B AR A )
Hirp | a, Bk ZEUE IEFTE Sentinel-3 1 Landsat 8
B TST S AAAS BE 23 51 ok 42.19% F143.75%, UESE T

QAA BIEAEA AL JkAs S 1 TSI IR 2 M. ABL
BT A AL RS R R OR3P 46.88%

(OLCI) F151.25% (OLL), T a, 595, HEXTE S
FEAAR R H R T, ABISEE ARG B fe s, 7R
[Fi) 2 S 1) 2B 77 FORG BE X8R 97 %, HLROE FUL SR
2, KE¥RT85%., tiF HET{UE X Landsat &
Y LRAL S IF & T ABI-TSI Ui, 7EMHE
H AL RS T X HU A R BT %

zi b, FRATHRAL 3 Fh TSI IR AN 7 B AE A R
HHE SN 7 i i BB S S AN E R
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Ak PRV vp s S FUTSE T DUBRGE | R IS 2
BIAETRRE, 756 2 BRI ABI R AL
a, B0 TEMEH FULSE AT, B 28 B = 5 4
e, FPHE IR BB 1) b e TR SR UEA TR IE DA AR
WS TR LR ERRE o a, B3R M8 T HE 53 B4
RURSRE, XRAARL IS B 2R S . TEAEIE REL
B OLT , ABLBIETE ARG AR 1) 5 9028 Rk
K EEY & T a0k o A ORI HL A Bt JL A
X F ORI e e 4 o, B0, X EEIRLK
PR Fede £ ABLSA: . IR S A 48 (E AR R 2
B TSR A
5 45 ®

R 454 Landsat 8 5 Sentinel-3 L EEIE 5 &
i [F)A EEANECH , TEAS T K AR AR L FUT, Wk
RIS o, S Y) RRE ABLIT RN & &
FeAb A8 B (g PEBE R B . JET Landsat 8 (1) ABI
HEY o B HA B RGE T, A RBIER
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Abstract: Lakes are an important part of terrestrial ecosystems. The eutrophication of lakes has become a major ecological and
environmental problem in China and even globally, which is one of the key causes of lake ecosystem degradation. Effective monitoring of
lake eutrophication provides an important approach to accurately grasping the ecological dynamics of lakes and strictly controlling
environmental pollution in lakes. It is of great significance to determine the trophic level and quantify the trophic state of lakes for remote
sensing monitoring of lake eutrophication.

In this study, we focused on the Trophic State Index (TSI), and evaluated the performance and reliability of three remote sensing
methods for trophic state estimation developed for national lakes based on simultaneous field data: Forel-Ule index (FUI), total non-water
absorption (a,,) and Algal Biomass Index (ABI) on Landsat-8 and Sentinel-3 satellites. The fitting coefficients of the empirical models were
corrected based on field data, and the accuracy before and after the algorithm corrections were compared to assess stability. The effects of
the surface reflectance products and the remote sensing reflectance corrected by the atmospheric correction algorithms on the TSI inversion
were further compared to examine the sensitivity of these algorithms.

Our results show that the FUI algorithm has good identification accuracy for eutrophic water bodies with lower requirements for sensor

band settings (visible bands). However, it only provides qualitative judgement. The a,, algorithm has good identification accuracy for

tw
mesotrophic lakes with higher requirements for sensor band settings and atmospheric corrections. The ABI algorithm provides a reliable
performance of eutrophication, with good stability of satellite remote sensing data at different levels. The ABI algorithm can figure out
different degrees of eutrophic waters, but relies on shortwave infrared for optical classification of water bodies. The ABI algorithm shows
the best accuracy with an overall accuracy of 71% and 73% for Landsat-8 and Sentinel-3, respectively, which is better than a,, (56% and
63%) and FUI (49% and 52%) algorithm.

To sum up, the FUI algorithm is preferred for the qualitative investigation of lake eutrophication to quickly and roughly grasp the
trophic level, and the ABI or a,, algorithm is further applied for precise quantification. It is recommended to choose one remote sensing
evaluation method according to different application scenarios, which can improve the consistency and comparability of lake trophic state
assessment. This study can provide an important basis for the future specification of remote sensing monitoring of lake eutrophication.

Key words: lake eutrophication, trophic state, Forel-Ule index, total non-water absorption, algal biomass, atmospheric corrections, water
classification
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