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Abstract

Sentinel-2A satellite was used to establish chlorophyll-a remote sensing estimation models for the
Xingyun Lake in this study. The correlation between the spectral reflectivity of each band and the
concentration of chlorophyll-a was analyzed by the concurrent observation. According to DVI, RV]I,
NDVI, TBM and MCI algorithms, a combination of different sensitive bands and algorithms is used
to set up 21 models. Then the modeling dataset is divided into all datasets, high and low concen-
tration datasets. Three data sets are substituted into 21 models to establish 63 regression equa-
tions. The modeling and validation effects of these regression equations are analyzed. The remote
sensing estimation of chlorophyll-a concentration in Xingyun Lake is carried out by using different
models in different chlorophyll-a concentration ranges of Xingyun Lake. The result shows that: 1)
The spectral reflectivity of the 4 Red-Edge bands and Near-Infrared band of the Sentinel-2 satellite
is strongly positive related to the concentration of chlorophyll-a. When the concentration of chlo-
rophyll-a was higher than that of 0.1 mg/L, the best model is that the rRMSE and NMAE of RVI1H,
were 4.01% and 3.95%, respectively. When the concentration of chlorophyll-a is lower than 0.1
mg/L, the best model is that the rRMSE and NMAE of NDVI1L are 25.95% and 19.32%, respectively.
TBM1L model is more suitable to calculate the average value of the whole lake, and its MNB is
-0.57%. 2) The regression equation of modeling has high determination coefficient, which can
only show that the linearity of the modeling data set is better, but whether the model is applicable
or not is mainly based on the error of the verification data.
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AR T HE2ATERE A EZHAM S RaBREMERE. SLEMRASRAUST T HHER
SEEGH SRR FRIF M, MKIEDVI, RVI, NDVI, TBM, MCLXS5FE R SRR INH S
B T21MER, BRBESESIEESNENEEE, BIRENRKRERESE, B3MBIEER/AN21ME
BB 63 EIANE, HoPrXLmE B RRNBRENBRIERR, REB4NEZBARMZRaRETEE
RO X S R AR R AR BRI HE T H SR R alk BRI BRME E. SRS REN: 1) WE2 TE4MIRBALE
AN B R R S GRalRkE 2RFIEAR, HERaRERT0.1 mg/Lbf, HEFEAZRVIIH, H
rRMSERINMAES}5184.01%H13.95%. MR aREKF0.1 mg/LEf, BEBAEZNDVIIL, HrRMSE
FNMAEZ}712825.95%, 19.32%, KA TBM1LE ARG S UG &7 E 2 -F351E, EMNBN-0.57%.
2) R ERFERE R, R HRERERENRERLT, ERENETER, FERKBIERAR
EHRRE. HE, AMABRINE M SRaBREEER, WTE¥ KKK R REN A
A—ERSHENE.

Xiid

=WEHEAL, A—{bEpe s, WEESERE, SEEEEE, BRHEFREE, B, HERa,
HR2PE

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

282 a (Chl.a) i BE 2 i /KK w8 FRARE L I B B K 240, o T 3R S A AT T FEAR R,
T (R KA I I A e SIS s Ve e S8 K AR (R R A AR Jg 8 8l B 0l R s A0 M SR IBOK B e, H
rE TR BGE, AEAEAREATRAR 2 W INAL 5, A RESRIU T SR A K 22 (8] 70 A 1 DL o 38 Al B2
= a WA LLSEELm I A . B IR R S N X R DA, T RS AR, R M B R I
BRI R ERUR R L o

BEXT ARG KRR 2% 3R a SIS S NE B EA 2RO Lol Rk MY R RE 1]
P AR T B T KR B A G SRR, RARIZT i R A R e, B T A
PRI BARMERER IS, BRI V2 AR 2 N o IR AL T2k a SRR 5 TEAR IR
WP BOCIE SN AR A RTINS RO YR DR RAE . PR FAE T A
A PEV S DGR R IEFOE M B T s, @B R ORI, I SR I SRR S G
SR 5 T SR B AR [T T R o KRR G S A 5 0 94 R A Al PSR FH Y [ 51 5 92 ek T 0
FREEH R 2 R, R e R L R T, IR s TR AR R B, TR
RPCBL XPBL. =B BEE.
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BT MR a (ELOCMSIEBA 2 N FZERRIIE, XOREROTITLIME, KL, 206z srst
X2 MNBEBCH TR SO A (R S S A S R N YRR IR SO . B H AR T AL AT LA )
TSR B P B L T A B LA TR B(RVY) [2], DL IR B 5 LA A 45 A AR B 3 — 14k
R E(NDVI) [2] [3]-

T P VUK AR B A 1V 2 52 m S 2 a RO IR, 491 dnvas i1 WL 14 (CDOMY), & ki A7) 55
TERLTE T LA BT B 9 25 5 5 B0 B A I AU B 4 R a IR EE AR E PE#LZE . Dall’Olmo 45[4]
PRI =P B EVE(TBA), KH T — NSRRI A1, — AN ISR OO0 A2 Al — AN Al /K i
23 WA, AL A2 SR AR S TN EIE YR SCRECE A SE, AR YRR DL 2 R Se ) i (14 5,
SANBBCRE M EUR RECEBAESE, TBA HEREWE I LBRAE RV IS 5, 7E5R A BVl
KR ENZ N . RIF I [5) R FHNS = 3 TLREBEE A T, SEEFI AR E 2 AN AR
FERL, HUS T IR ES B IR 5 AR SRR a IREEEE, WHAC VN SR BENE IS T S R EE R R AR
SEME, AT TR IRZE rRMSE N 33.4%. i K2R R AR E(MC) Bk — Rt ek Bk, FURHRE A1
55 03 WIRB IR RIELAR NEELL, RIGH 12 ArE R R 5L IE BRI E RS 4EK a
WEHAT A AT, 3 BZEVER LR K LB RN T, ZEER 0% 8 TRy A
FEERHIE, BA—EMiREt6]. 2A1f, MCI 545 NAP F1 CDOM 2 [a)4 TS5 A %%, BRIt MCI
FOEM 43 a 2P A ZBE R ZE . WHERE a WRFE IRkt 2 o ma PR i AR A7) € 2R R SC e () B3 A o
[7], BOBEA 2R3 a WRENG N, WREIZEHIE K, HHEHMKET Mg, HIHER “a%” MR8, Fr
DA o AN R4 B2 0 BBl g S 3R a 3B B B, SR AN R 1 33 BOR 12 SRR 22 BE U« Matsushita 556 48 T [X
5 ANEAZKAR AT R IRAL FWT T, R X FEAS R MCI SRR, SR A [R] A [ VAR 2R R A B2 3%
alkfE, WEFEEERMIH— T4 %1% 2 (NMAE) U 13.3% [9].

b T EAL RIS AR IS, A A1 B S R 9 el R AR U, [RIIN I w] DL S e £
EVRHT, ABEWES TSR a (B S. RRIN 238 5 (ESA) KM £ 2 (Sentinel-2) F13: [ ) = 43
NG LE0]# 4 1B B L ES, Hix 2 fh REHAABEN %, Hdg 2 TEK
MSI A& IR 420303 B DAAE AR S0 A AR B — /MR S0k [ R A — P B AL & SR AT o B
RIEHRZE. Hit b, MSI RS 4 ML B R4 3 a dEE UM, T LSS B AS R i 40 %
BAER FIREE R R SR R BUBIE B 22, S AR B T, PRI R ZE A/ N

BRSO R R SRR a TSR] TGRSR, IRZERVN, (HRIX LR 78R 1) A
Hotfm S AN IR RO S350k B R — JCRFE B, TE AR AR RIS RV, SR A AN IR] E A AR 2 b ] 22
HH oy ol AT RN IR UF A2 A e A5 VR ) 5 1

B YEAE[LLBE SR K B I S R a WK FERBIRA B, G ASTRNIRIE SR F [R)— R ) A2 b ) A5 WL 25040
F LS-SVM BRI M RHR Z N 7.21%, RPERNARBAF MR 2 16.43%. i [ 12]2K F S2ilt
TR ALIE TBM AR b = AN B 7 B, 5 B0 UE B 4ok T A R RAE, s ZE—1H,
S5 IR B (1) IR HR ZE AR 20%~25% 2 7], PR SRR A MODIS §21%, J:T450 IE5C s #(EOF)
RISk 2 a WREE, S R IR B aE SR EAT @S AN BRI, 49 2 J0 I35 7 iR 25 4523x 80% [13]. Hif
IR R TF LA [S] T 7R A 1) TBM B B AR5 21 7 rRMSE i 3006145 5, (H2& H R A 1 B[R] A b ek
FESAR KA EE SR B0 UE , L0 IE 45 5L AT DAIE B A 2L A TR 5 (1 T k.

BN T 28 KETILNX, J&T SRR ZRK, RamE KRB —, Smiig) 34
km?, [14] 20 {t£d 90 “EARWIIA, 2 =W i HBEIOKE, ERFME T - EEIKE, 7T 90 4
AR, BEIOKERMAE IR R, BRIGNEREEFMFEE, KRR Vv 2K[15],
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124 NI, X R R AR ER a Al B I SEA TR & R F MODIS PR g ST 2 5 Al SR [16] [17],
H T MODIS A X i A EUR 1) B ) 3 HE 32 0 1 km, T8N B2 2 A 29 T 34 M0t Rk
F MODIS fili 5 20 B 2R 3 IR FE IR 45 SR 2 JE HOR R

Sentinel-2 (W5 2) TEZERHE “ AR 22N (HRIME PR, dmBLEARA £/
B &), i —MEMERBI MSI, A 13 Mk B, 10 m [ Hde, RURE ;LR 5d, H
AT At SRR AT DL FRSREUCEHE 1 2 i T2, Sentinel-2 2 23 [8] 43 R ARG o kR s 1) R H
M 5% 2 0B AT R B, nT LASRAR 34 3BT, A [AlfET Bz E MODIS #5[10].

AR TR Sentinel-2 TE AT ZHFE WM, A B 2B SR a WAL ERAL, SR MCI.
TBM. NDVI. RVI. DVI, 5 FH, 2 A R BURI AP BN AR FR R, 1§32 M
EAE, TERER/DMIEIENTEZMM SR a IREMIEBGE .. A AREIE ZBI 25 a fl
ST SIS R 2 T e B 25 2 P 1) /K AR B R B B S 5

2. ARFT*
2.1 RELHIE

ARIRBEFS B WHREAT T 2 UCRFE, RAFERT ] 7351 2018 4 10 H 18 HF1 2018 45 11 A 18 H, X
FE AR 1 Fis, KRB S7-D B GPS @47, EARZELE 1KLL, 10 AA 13 AN KFE AT,
11 A 9 NRFEA, s RALE WK 1 FiR.

TARETs 20 I

1

Figure 1. Sampling point layout and the Sentinel-2A satellite image at pseudo-color
1. RESHIERIER 2A DESGBRECERE

2.2. IKEEMRE a BMES X

K O RER e IR KR4 2 a BEAT I 52 [18] [19], BB REERI/KFER 0.45 um fRI7K R iE
JEHHE JG TRNIKFE—20° C AR 24 ho SR JE B SRS JERE BT RE RN B 0, F 80°C /K 3 min 17 90% £ 1
BINBLE, BOGIRIE 4 /NN, 4SR5 3000 #5500 10 min J5 FEH 90% 2 BE/E NS kAT L (0, Se)E1E

DOI: 10.12677/aep.2020.101003 23 PRI AT


https://doi.org/10.12677/aep.2020.101003

IKITET 2%

665nm 1 750 nm KM EF E665. E750, SAJEAEFES LA in 1% 1 mol/L ThERIEATER{L, Inig
PEZ], Amin J& EHTAE 665 nm. 750 nm KT Y63 A665. A750, FEI% A ()BT H A a MIRIETTHH

AR a AR

Chla= 27-9\/1@ [( Egss — Evso ) _('Abes — Ao )]/Vﬁu”n 1)
o Chla R IIKEMYIL), V ot ZEEFEIUUE AR, V e BRI AR (mI).
23. DEYE

FH T2 #1250 £ Sentinel-2A P $dfE i@ USGS  (http://glovis.usgs.qov/)3RER, J5ah TGN
L1C %)), RHIEJ7 RITRALHE T 5 SNAP Hl Sen2cor BEAT KR IETRALEE N L2A il AW TEH CRAE
[ H AR (] 350 9 2018 4F 10 H 18 HF I 10~12 55, 2018 4F 11 A 18 HH- I 7~9 £i( 1). Sentinel-2A
PR R W a4 2018 4E 10 A 19 H 11 £ 37 4y, 2018 4 11 H 18 H 11 #4540 4. [Hit,
2018 4F 10 H 18 H KA, 19 H PR MEHE 8 THEFB 8IS, MHZE—K. 2018 4 11 H 18 HXHS
TR A ZLE 4 NN LA, BT RS R
24. BFEBBMYSTEHEE a HEERRNES

AW E ST MSI % B S SR SRt 4 R a IREERIAIOCOC R, R SPSS HE H/RIMHE K &
B, RIEEBEEA DB, MAXREEIIEE, ETIWEBEIERRVI) [2]. ZHEEHEIERDVI).
H— L Z SRR E(NDVI) [2]. =3 B(TBM) [5]. FeRMERR i E(MCI) [N B R, B AR )
oA AT i P S - RPN S v W

RVI=R,(4,)/Rs(4)H (2
DVI=R,(4)-Rs(4) @)
- (Rrs (12)_ Ry (Al))
NDVI = R.(4) R.(4)) 4
TBM :[Rrs(ﬂl)_l—Rrs(/IZ)_lJRrs (%) ()
MCI =R, (4,)-R. (4){52 :zg(Rrs (4)—Rs (%))} (6)

R, R RIS RGTE, A, RITAIMNE B (M SR =R BY), A /2 40 B (M 3% i R R A
BY), Ay /& 750 nm BRI UE B . AN FUBARYE MSI AR 1 BLI B, T S B R S AR
AR R AT, R B SR E R R, W 543k S 2 B3 EAH I B E N Big
TERIEE A, HH R ERIREE R B TSI B E N A, BESLRNARAL . BEAY G Sr AR AL 56 35 % H
Ak 5 A BT (RMA) [20 KSR B A e 250 R

KT ARG UE R A 1, BT 10 H 18 HRFERI 7, 8, 9, 10 SArA7E 10 H 19 HI LEF
BHRIA =M T IER, FrUGHAIER: 1, 2 SALAH T4 a IR S, #HAE v R EE a8 .
AR TIAEMRA AL S NS 3, 4, 5, 6, 11, 12, 133X 7 . 11 H 18 HREEM 4 SA0 5S8RSR
W, SRR RO, KA. &%, A 8 2018 £E 11 f 18 H HIRAE S B T4, 7 4N
10 H 18 HRFERIEE H T30 0E

PRFRE[19]5 N — M & B TR KR I 4% 3 a W FEAE 0.1 mg/L BUF, BRI AR S #5045 DL 0.1 mg/L
R, A Rk B FIC IR BERE A, 40 IE S ANl High I Low =/NEGREERE, Hr All ¥R 4% H
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A8 N RFE A AR, High BUR4E K SRR 4 N RFE S B0E R, Low BUE SR AMRIRER 4 41K
BESBORER, WIFEUEH S Al High f Low =AN%dE4E, Hr High $UESEH 4 SRS, Low
BHREAR 3 R AL 1),

Table 1. Monitoring data of chlorophyll-a in Xingyun Lake (mg/L)
2 1. EXHMERE a BN (mg/L)

=19 RKRME e/ ME I ME P A K g
0.25575 0.02325 0.10296 7 All”
2018/10/18 0.25575 0.11625 0.17825 4 High®”
0.06975 0.02325 0.0465 3 Low®
0.20088 0.01116 0.09796 8 All”
2018/11/18 0.20088 0.10044 0.14787 4 High®
0.03348 0.01116 0.02511 4 Low®

@ Al dataset; @ Data with a concentration greater than 0.1 mg/L of chlorophyll-a is a high concentration dataset; (3) Data with a concentration lower
than 0.1 mg/L of chlorophyll-a is a low concentration dataset.

O &g @ ek ailZRT 0.1 mg/L M A RR RIS © MaE a BN T 0.1 mg/L IVBEE SR RIR BESd 4k

25 IREMMEE

KWK LR ZE RN Te bR, BT HRIRZE(RMSE), X% 7R Z (RMSE), H—L3 7R
Z(NRMS), “FEIH— AR (MNB), H—4 48557 25 (NMAE) [9]. Hid RMSE J2 fR At HE Ay
8 AW 2 H°F 7 5 00 B n ERAEIRSF AR, BEAR I st e B AR RS (3% %, RMSE 5 A TN

\/Z(Xestii - Xmeas,i )2
RMSE =42 @

N-1

A, Xy TR, X s TREZ I, N AR HIEIEE .
AN 18 7 MR 22 (rRMSE) I S A RN
rRMSE = RMSE/Mean ., (8)

Horp Mean, .. ASEII-23%3K a (IR EEF-HAMH -
NRMS ZR &5 R B E 1, EARE & bsdEZE, HEAXA:
NRMS = stdev &, )% 9)
g RMEE S HFEZ Z SRMER E 2, H5E AT
& = (( Xesti,i - Xmeas,i )/Xmeas,i )XlOO (10)

MNB FRfbE Pz, ©RE & MTME: NMAE RRMGERTFI4izE, eRE g M4
SHAERFEE, AT

MNB (%) = mean (&;) (11)

NMAE (%) = mean(|z,]) (12)
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3. MRERSITR
31 MHER a REMNEERSERBBME S

MI S EAERE (5 1), 10 A g 42 % a ik Esim, 217 11 Ay, MEER a ikEART
BRAR, WIS 1 MR XA AT DA 10 A 19 HE 23R b IX i s K e A tb et b,
R, S G R IR E AT B BN — 8. 2018 4F 11 A 19 H 4K a I i E X A T
B ZAeiwiX, JFHBGEEN 10 A 18 Hivk, 0l 11 A& B R EA 10 A h ™.

W B AU 53 b 2 B AE A FH S8R v 1) A e SR RN, £ B (Red) St B 5 90 42 3% a
WIEEILE AR, T 4 DL BL(VRE) T L AM BYNIR) S R 5543 2 a W E £PLE % 1E
FHC o T A JE RIMERIR P A 4 5 40 e BUAT 2 A O, (R B M. TEZLU R LA B, Bk TR
W HR AR B8a LU BT R M REUR (B BB ARLISL, HARW B SN ES 8%
EMSE, W 2. ARFFTH%SE B4 16N 41, B5, B6, B7, B8, B8a ERAEN LA Lk 5 MR 347,

Table 2. Pearson correlation analysis result

? 2. BREMBXMSIEER

Homge B4(Red) B5 (VRE) B6 (VRE) B7 (VRE) B8 (NIR) B8a (VRE)
ALL —-0.741" 0.979” 0.973" 0.967" 0.974™ 0.963"
HIGH -0.305 0.997 0.995™ 0.996™ 0.997" 0.985"
LOW -0.915 0.981" 0.994” 0.978" 0.995™ 0.933

“At level 0.05 (double tail), ““At level 0.01 (double tail), the correlation was significant.
7E 0.05 ZHI(WR), TFE 0.01 FAUR), FHEMEEE.

3.2. B FLEIE

AWFFUR 2018 4F 11 A 18 H 2 Ml A5 I D AScHa gk A7 22458, SRJ5 FH 2018 4 10 A 18 FIRAE, 28
TR IR L v [0 B AT B . ASHI AL RS B A A R, il MCILH, A MCIL A E
B x MEIEAR, BT 1 AWS, H vmEmkEHdESE, @6 mRH 2018 4211 H 18 HIW A, H, L
s, WUFEER BTSSR FES 10 H 18 HIW A, H, L3R4, @BURIRIELS R a7 3 fix.

LA IR B, A B AR R ZE IR (L6 3), 1 22 fe /D AL 2 DVILA, H rRMSE 4 32.77%,
NMAE 4 28.44%, MNB N 2.94%. = FE 2E S i i iR 22 fe /D AR Y 2 RVILH (W% 4), H rRMSE #I
NMAE 4354 4.01%#1 3.95%. RIFLFHIFAA MCI2H, DVIIH LA AT K NDVI S Bt &, H
NMAE ¥J/h T 10%, rRMSE ¥/ T 11%. IR B2 a8 R I i i i) 552 NDVILL Al DVI2L (W4 5),
A rRMSE & 25.95%, NMAE 4 19.32%, MNB “N—13.3%, J& # i) rRMSE "4 25.71%, NMAE 4 24.86%,
MNB 4-17.32%. {EIKFEEHESE MNB K AIHAELE TBMLL, A-0.57%. MNB HE A5 RIRHE b5 52
DIME 2 T8 1E Fufm B3 e 2, PhBaiE F T S A P31

R FEILRIN, = ANEHR SR AR AR AR BRI 2, B TIRIR SR DVI2L L4103 B B6
(h OV 740 nm)LAAL, HAHESR LN B B5 (705 nm), SiT4T 4R B B8 (1) 842 nm MIEERGE, S4006
BB O 665 nm PEEEUL . Bk, AREdRA S, HZEEASIREENEERE, wER/D, W
FAG AT I E T RS BRI R 22 . SR EEEER RN A RVI 88U A B R ERIES, T2 ME R
A RE R AWE M, RESR RN . M, mIRERRE SR, AFETLUERNERRZ, B
5 NDVI, DVI, MCI #FRIMAE . MR EEEAR A EEL, 77 LLEA NDVI 8% DVIfEAEZE, Er
B ER ZE AR, R EMAEIE AR, EH TBM BN AR R RIEA .
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Table 3. Estimation and Verification results of chlorophyll-a model (All dataset)
3. MR EF o EREEERE IS R(EIBHIEE)

ML A A A FEd =il R? RMSE  rRMSE (%) NRMS (%) MNB (%) NMAE (%)
MCIIA B4 B5 B6 12.618 -0.2925  0.847 0.0862 83.69 89.50 -11.72 70.65
MCI2A B4 B5 B7 8.059 -0.164 0.915 0.0506 49.18 53.01 -3.12 36.93
MCIIL B4 B5 B6 1428  -0.008483  0.983 0.0242 52.05 33.80 —43.04 43.04
MCI2L B4 B5 B7 1.064 0.002668  0.958 0.0261 56.04 29.11 -50.05 50.05
TBMIA B4 B5 B6 0.1563  -0.01611  0.963 0.0614 59.62 61.29 18.29 45.33
TBM2A B4 B7 B6 0.1269 0.06769  0.946 0.0624 60.58 61.93 19.56 45.75
TBM3A B4 B8 B6 0.132 0.0802 0.961 0.0711 69.06 71.94 18.25 52.98
TBM4A B4 B8a B6 0.1321 0.164 0.933 0.0712 69.13 64.52 34.80 53.62
RVIIA B4 B5 0.1341 -0.2015  0.944 0.0435 42.26 44.42 9.71 33.48
RVI2A B4 B6 0.1218  -0.05622  0.964 0.0589 57.20 58.36 18.76 43.36
RVIBA B4 B7 0.1242 -0.0568  0.958 0.0640 62.16 63.13 21.18 46.07
RVI4A B4 B8 0.1513  -0.06809  0.966 0.0740 71.85 73.82 22.17 53.45
RVISA B4 BSa 0.2322  —0.06655  0.958 0.0708 68.80 66.20 31.26 50.65
NDVIIA B4 B5 0.6619 -0.1441  0.901 0.0484 46.98 50.68 2.35 35.33
NDVI2A B4 B6 0.2998 0.08199  0.932 0.0450 43.74 4553 11.70 31.86
NDVI3A B4 B7 0.3084 0.0836 0.942 0.0507 49.28 51.29 13.18 33.34
NDVI4A B4 B8 0.3342 0.09956  0.963 0.0583 56.62 59.84 11.67 38.15
NDVISA B4 BSa 0.3378 0.1694 0.941 0.0531 51.62 49.87 23.09 36.03
DVIIA B4 B5 5.055 -0.07714  0.954 0.0337 32.77 35.25 2.94 28.44
DVI2A B4 B6 4.278 0.06789  0.964 0.0500 48.60 51.01 11.46 38.70
DVI3A B4 B7 435 0.06965  0.956 0.0504 48.97 51.47 11.28 39.56
DVI4A B4 B8 5.27 0.08582  0.966 0.0583 56.60 60.25 9.60 47.24
DVISA B4 B8a 7.953 0.1681 0.946 0.0703 68.30 69.88 21.88 53.23

Table 4. Estimation and Verification results of chlorophyll-a model (High dataset)

® 4 MEROERGERIUZIMIIILER(ERERER)

KRR A A s wE R R? RMSE  rRMSE (%) NRMS (%) MNB (%) NMAE (%)
MCIIH B4 B5 B6 9.643 -0.1733  0.675 0.0563 31.60 36.85 9.67 31.55
MCI2H B4 B5 B7 8.086 -0.1623  0.919 0.0182 10.18 7.46 8.16 8.16
TBMIH B4 B5 B6 0.1133 0.03592  0.977 0.0416 23.33 27.89 5.06 19.78
TBM2H B4 B7 B6  0.08882 0.09726  0.991 0.0373 20.92 25.25 3.52 18.25
TBM3H B4 B8 B6  0.09377 0.1078 0.991 0.0431 24.19 29.51 2.15 22.00
TBM4H B4 Bsa B6  0.09973 0.1683 0.984 0.0478 26.79 30.82 9.19 20.63
RVIIH B4 B5 0.09619  -0.09147  0.806 0.0071 4.01 4.41 1.77 3.95
RVI2H B4 B6 0.08953  0.004734  0.983 0.0385 21.59 26.22 2.80 19.25
RVIBH B4 B7 0.09011 0.00768  0.997 0.0365 20.47 24.69 3.53 17.82
RVI4H B4 B8 0.111  -0.003111  0.994 0.0421 23.59 28.81 1.81 2157
RVISH B4 B8a 0.1755  -0.006778  0.991 0.0470 26.34 30.67 8.19 20.87
NDVIIH B4 BS5 0.6836 -0.149 0.866 0.0150 8.44 7.42 -5.88 7.17
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Continued
NDVI2H B4 B6 0.2828 0.09277 0.92 0.0151 8.47 4.18 -7.75 7.75
NDVI3H B4 B7 0.2814 0.09631 0.952 0.0129 7.21 3.35 —6.67 6.67
NDVI4H B4 B8 0.2908 0.1129 0.941 0.0195 10.92 7.84 —8.85 8.85
NDVI5H B4 B8a 0.3078 0.1719 0.984 0.0157 8.81 10.00 -3.31 8.72
DVILH B4 B5 4.405 -0.04396  0.973 0.0178 10.00 9.50 6.31 7.58
DVI2H B4 B6 3.208 0.09494 0.991 0.0375 21.06 25.53 3.05 18.63
DVI3H B4 B7 3.249 0.09849 0.999 0.0362 20.34 24.39 4.10 17.40
DVI4H B4 B8 3.964 0.1099 0.994 0.0416 23.35 28.49 2.05 21.23
DVI5H B4 B8a 6.128 0.1687 0.994 0.0453 25.42 30.39 5.53 21.50

Table 5. Estimation and Verification results of chlorophyll-a model (Low dataset)
F2 5. MFEEF  BERGEEENENEIESER(RRERESE)

WARZRR Al 3 R e R? RMSE  rRMSE (%) NRMS (%) MNB (%) NMAE (%)
MCIIL B4 B5 B6 1.428 -0.008483  0.983 0.0242 52.05 33.80 —43.04 43.04
MCI2L B4 B5 B7 1.064 0.002668  0.958 0.0261 56.04 29.11 -50.05 50.05
TBMIL B4 B5 B6  0.09088 0.00304  0.989 0.0211 45.34 52.35 -0.57 39.44
TBM2L B4 B7 B6  0.06677 0.04338  0.947 0.0239 51.30 59.17 2.34 42.96
TBM3L B4 B8 B6 0.1057 0.0632 0.971 0.0439 94.41 104.78 26.08 64.90
TBMAL B4 BSa B6  0.04402 0.06858  0.232 0.0174 37.44 43.11 -2.87 33.52
RVIIL B4 B5 0.0358 -0.03484  0.96 0.0158 33.94 29.05 -22.78 31.19
RVI2L B4 B6 0.06501  —0.02218  0.994 0.0193 41.44 47.81 1.80 34.48
RVI3L B4 B7 0.06557  —0.02251  0.977 0.0256 55.08 63.36 4.78 4473
RVI4L B4 B8 0.09272  -0.03642  0.997 0.0383 82.45 92.32 20.14 59.06
RVI5L B4 B8a 0.09941  -0.01754  0.909 0.0211 45.34 52.05 4.88 35.16
NDVIIL B4 BS 0.1024 0.008346  0.927 0.0121 25.95 25.71 -13.33 19.32
NDVI2L B4 B6 0.09206 0.0404 0.992 0.0142 30.49 32.07 -12.58 28.14
NDVISL B4 B7 0.0948 0.0409 0.989 0.0168 36.09 39.30 -12.00 3391
NDVIAL B4 B8 0.1243 0.05079  0.999 0.0220 47.30 54.48 -3.36 4221
NDVISL B4 BSa 0.1008 0.06598  0.923 0.0156 33.47 37.96 -6.25 28.21
DVIIL B4 BS 1.349 -0.002367  0.975 0.0185 39.80 18.39 -36.48 36.48
DVI2L B4 B6 1.963 0.04154  0.999 0.0120 25.71 21.95 -17.32 24.86
DVISL B4 B7 2.078 0.04231  0.988 0.0147 31.61 29.96 -18.06 31.43
DVIAL B4 B8 2.832 0.05378  0.998 0.0205 44.15 48.84 -12.66 4272
DVISL B4 BS8a 2.942 0.07549  0.961 0.0211 45.43 50.60 -12.00 43.80

3.3. REIN A

AR AT 3R AN 96 0E (8 RCR DU SRR, FESEBRI T oy, ASHE FE 3 Y 2 TR BE 23 [X 14 2 i i
LR a MEMGHO R, BBk DVILA BT MG, Rl A AL IR 2% K a IR 0.1 ma/L 1N
18, RelIIX 23 g e U FEE DX IR YA BE DX 33, SR 2 ol ot vy YA PR AT I FB2 X 3 FH o 7 P e 3 FH A 204
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Figure 2. Remote estimation of chlorophyll-a in the Sentinel-2A satellite at the Xingyun Lake
2. Sentinel-2A BEMEBEERHMERER a HHE

Table 6. The results of remote estimation chlorophyll-a concentration at Xingyun Lake (mg/L)
6. ERHMER a IREERMGELER(mg/L)

H 39 KE SFEME SFIE + 2 x AR
2018/10/19 75112 0.1453 0.3411
2018/11/18 0.4342 0.1146 0.2467

PR ST B FH 25 SR B, 2 2R a iR BE 20 A X305 PR AR B R SRK A R R R X — 5.
Hrp 11 A 18 HI#EIOKEEZ et X, 1 10 H 19 HEER LWL #a Kk E mibim, H
Fer A KB AH =, s BRI RIREE 4¢3 a, JEHIZE 0~0.05 mg/L 2 8], WK 2.

FE TR BE 7y XA 52 2 W1 4 2R a PR 45 S e KB 23 )15 31 0.4342 mg/L (11 /) 18 H) A1 7.5112 mg/L (10
H 19 H), {545 H s/ ME/NT 0, tHEHLE AN 0, “F3J{E 4 0.1146 mg/L (11 H 18 H), 0.1453 mg/L
(10 A 19 H). 2018 4F 10 A 19 HALE LR KT 0.47 mg/L (G ICIE 8 4, ATLLA & R, Ha
B ERER @ IR MR X R W] LA IR 2 i 22 k3808, o PR EIR 2 2 ftrdE =3/ T 0,
AL 0, ~FIME DN B bR A ZE A 45 R 6 s, 10 H 19 HIMZE 38 0.3411 mg/L, 11 H 18 HAl
Mg RN 0.2467 mg/L, 10 A E L R E ST 11 Ay, X S5EREORAGE LM EESZ AL,

4, gEip
AHFFRH T Sentinel-2A TR Z i M43 2 a WS TFRIB R 52, @it LRSI, B L

SRR aEAL. Wk, DS SRR a WKIE 0.1 mo/L EIME, KSR A h = ARG, il
R AR AN e AR s LK, R BiE 5 Ik 2A PERBBUR REMAMK I, 53] 5 4
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B3 IEMRM ARG 2L A B, IRIERUER S B 454 DVIL RVI, NDVI, TBM, MCI X 5 FiEEA 5T
B 21 PR EE B A RS, BN AR x, 2N 3 MEBEIELE, Tk 63 ANMEAARE,
L IX e e A 75 P A A AN IGAIE R o DI HE 08 AN R IR P DX IR A e Y, R 3 TR B 4 X 1) 7 it
BRI a ATIEEBME A, 1207 ET DURVEHVE S A RIS 2R a IR BEVU R A IX, B P AS [ (R A 2
BHTIEHE, DAHCRIRmM SRR a BN . ARG SN F&d:

1) "His 2 TR 4 MO BRI MR BRI 22 5 it 4 R a IRFE R ZLIEAH G, MEE a ik
T 0.1 mg/L i, RA RVIIH A, 225K, H rRMSE 1 NMAE 73 %4 4.01%#1 3.95%. M4 a ik
FEA%T 0.1 mg/L i, K NDVILL R 34T 455, rRMSE A 25.95%, NMAE A 19.32%, MNB 5—13.3%,
K TBMIL B85 5ET, MNB J9-0.57%, 5 BABLHUME 5 STE 2 8] 1 5 f B AR 8%, HeBU&E Tt
A 381 -

2) FETIRE XA E =45 a #HATA55, 2018 4F 10 J 19 HANEAIH 4% a Wk KT F4E 11
H 18 HIM SR, XA ShrtE R (2 B B 45 R A

3) MRIRFEM 4R E a fl HA AN R ZE B R BE R Y (R 22 K, 2 B SR R 2 AN 35 1 7 A [ B ] g 2
b [7 25 A [R5 0 S A RN AGAE , AN IR0 TR R, T RARAE, KA IEHHFAR S
i B3R BT KSR, A R AR TE P9 AN [T BS A R 5245 Hh 1 s S 2 (B A A 22 30 /Y, A TRt
IR SR IG 2l k— iR %, [EEF A, WIEHSSCR e g, il B FE
RE a fhEOR B AR 5 S BIX R ZE R . 7E4 J5 IO 9T 2 v 7 AR SR 2 1 R P W s, (R
I, BT B W L EOR F R B B T, HERR &M R e, dE— PR E AR R a
PRI SRS T

4) FRASI BT B B 7 FR R e R AR, R R UGB AR AR I 2 M B, (R R TRIE
T AR A I UE B R 2

E&WE

IR 2= B R 2 A G AN 2RI H (G5 2018A33), 2 7 44 iy 77 AR} s (5 4 ) Bl T 7 9%
AL H (Y5 2017FH001-100, 2018FH001-067, 2018FD094, 2017FD161)F1Z 4 #UE B2 MK 1
H(&w'S GIZ171813) L& % .
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