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i SRR
IFTERE AR Bt , Jofs B TR
RRE SR ML AR I LS, R

IS RS EE (Hyperion, HICO) 4b, £J6i% TR 5 1Y PC I Bt H R, nliEHe

B 0o VR A 2R 48 £, U1 Landsat & 41 |
Sentinel-3 OLCI i FHARS % | ==
M. BTFPCLIEESHE, B9%

MODIS. MERIS. Sentinel-2 MSI,
615 I B B B A P PC BRI 0, 7 PO I i h ) 32 0
TR o RIEERIS T, A
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R ARG, R GBIA . K
W) ABRG G N AT KRB,
N BE K A 25 PRI S ALY ORI AN S A DL
THW . WUEY . BRIEFIEIRSEY B EAE R, 3
FIYEfr KR RS R G R (Duan 55,
2012; Song%%, 2019; WenZ, 2019). 7N [tk
b, S A R 6 R T DA ORI
B R b, A E — VIR E RNt HE
(Hmimina %, 2019). AWF5EEY], GRAMLSLH
LU AN [ 2 5 [ e Il O e 1 A8 A Y 32 2 A
(Zhao %5, 2018). ¥ H PC (Phycocyanin), &
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HEWB : FXRHRREISE (55 :41730104)
E—1EEEN

WEE MR AR, (A TS D, 7T L8R
WA YR, BAWRCRE SRR, o1
24232 KDa, AV, B, J8TH
WEH, DIETK. CEEEREER  (Zhao 5,
2mwommiﬁﬁ%é$%ﬁ,TQMMWﬁ

AR AT R S O R TR A0, 3 T 4 3 SR ) e
PRAE T HIRMKAE . AR, WREAKIRE E IR
SN, W EROKERGN R, SFBOKELES RS
FEE M, AEIERAERER, CEENE A
KM Y24 (Matthews %, 2010; Shi %,
2015a; Song %, 2021) . | FH i EEL A W PC ¥
JE, gEmOR MK A RS AE Y R, R
Rl . JORUEE | PRHRS i b W A R K A Y SR
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(DuanZ¥, 2017; Miao%, 2020).

PC A — U A8 B R, WIS T 561
%] Gordon 2%# 3, Gordon%§ (1980) B IXIHIA T PC
HIYETERRE,, A PC & BN 0 FF o . 20 40
90 A ARl 25 1 AL SR A% CAMS . CASI (Dekker 45,
1991; Millie %, 1992; Dekker, 1993) #§5 FH T
Wi PC MR 5 2000 47 LA 5 B 45 K DR BIRT- 5
s B A 4R TT 0, MERIS L) X BR 25 5 ) Sentinal—3
OLCI 2% Pt 45 1 620 nm BEBE, f=z 3 KA HEHR
B TE, FIERAWILAL, RIOERTH T PC R
bULUE - NI 22 N3 | IR s S S A S e 2R
(Ogashawara, 2020; Yan%§, 2018); FEffS )+
JUAE N PC 3 A 0 A0 T8 &, TEie S il )i
M, BPIE R, R BCEG N S 2] T
AR R, R R Ry I MK BT
ERG P AT A TR . A, 53 R&
HLSG2E R AR B, PC Y 38 JE A 58 AR X 30
PR 2R H 620 nm BRI G5 54055 . H %) 32 3
KRN 28K o, BIFYISFIRE . 5358, PC
S BR A B I R A — PR DT e, H R
FU RO EA T bk . SR . TR
il BRI (Hunter %, 2010; Sarada
4%, 1999), MEHBAWEEE: (Bennett il Bogorad,
1973) . ZOCHOCREEHPREZE (Lyu s, 2013).
P EBE B2 2 ¥ (Zimba, 2012) . 2 GAREN &
2 (MishraZF, 2009; SongZ%, 2013). A LZEHL
FIN 7 J7 ¥ 18] PC A (B AFAE 25 57, JUHORTEAR
W BE K A, AR AR kG B ST AT R — A PR AR
(Liu%, 2018),

PCE 38 %SO i 98 1 8 SCFE T, ATR T PC
HEwAY S, SR ZMERMIEAECCR,
JE g W K A T A ) i R R Y A, Xk
A 35 e AR DL ] N R T B i S
XA, T PCOLEMER (KA. M. %
) SR K AT, FR A AR
TR i A A S S . PR 2 A LR 2R
R SCR R (Ogashawara, 2020; Ogashawara %5,
2013; Yan4§, 2018), AHufi]AY 00 B2 S 5 5
XS LB SCHRGE T3 B, BR/D PCOG M o 0 42
THIME , B/ PCRTE P52 R e 4 . R,
AP E - M Z4)E . R
G5 M 25 3818 SORAME RS .45 [ P A1 PC 3 B 7% 1 A&
J& A AR R R . B T IR, ARZRIR T

FX PCOGAAMERT . SO ETF A A IE . 520 A
KUK Z P DA BN A, HIRAZ
HAK BT 1
2 SCERT S b SR
L2030 a B, PCIBIEAIFE AN & A
W R EWFIE X 300434, A ke, B4
H AT AERR S L X R R SR Y, A B A e R
WL OEREE . BREEHIX . AR, X LEEKIARTE
WA . KRR T8 BRI s s
FALAKARIERL i [E 5 N M AR DCIF IR X 23 A
FERE T & B IR e R — 2, fln, K
WL S, R THEAE . N PC R R Kk SCEL
W EA, H 1990 4F & 4 — R RR S8 i
(1), sEhnkasar sk 34 6B, Bl 2005 4F 2 i
JEFRA B, EREALIFG, 20054—20154F
J& TSI B, DARIE T &, A E s IR N
KFE, 20154EZ 58 TARE KRB, X 31
BE A REL T 30 a3k PC 12 J B 5% 1 & JE A
ERETIR
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Fig. 1 The number of papers published by PC inversion
since 1990
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Fig. 2 Distribution of the number of papers published in PC

inversion studies since 1992 in major countries
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B DL PC MR A 32 PC BN IR B, B ape (620),

P

XA S B0 A i 3 JER R T PC VR B RO 2 G T
B o AR R LA AR KR ) 3 28 0 5 R
& (E3), aLLE R 3400 e ko, St
28 +5 78 Chla By g % (443 nm. 675 nm), {0
8 n T PC YWY I (620 nm) o A L F Chla
(I s, PC WG IS 5 4055, KR AME R AT Chla
W 04 5 B 19 20%  (Schalles #11 Yacobi, 2000) . i
PLELAE AR R B AR B S Chla 8009 6% 5 5
o BRI PC YR JE (Shi %, 2015a; Yan 5%,
2018),

AN T[] 28 29 Py Bl K AR 1 a4 (620) 1H 25 575K
ape (620) 7 H EI A VA AE Y o 0.05—1.56 m™!
(Duan¥§, 2012), fEfa=dbFFEIA R 0.002-1.2 m™!
(Simis 5§, 2005), 783 [EEIEE LMK % H 0.008-
1.25m™ (Li%F, 2015), XEBIHIKIE e, (620)
AP AR e . AR, @, (620) &Rl K

B FAL TR AN K (Matthews 55, 2020) .
TION, ap (620) W BT EAL, — R E S

W, HBAZEWAM  (Schalles A1 Yacobi, 2000) .
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Fig. 3 Reflection and absorption spectra of several inland water bodies

(blue: PC absorption peak, green: chlorophyll @ absorption peak, red: scattering peak, yellow PC fluorescence peak )

M4 & S, PC A IR ay (620) 1T LA S i
an (620) S PCHREEM X R, — MY a,(620) 5 PC
W B ALK AR (Duan %, 2012; Shi 5§,
2015a) o AN[A)Hh XA 6] 28 HUKAK a0 (620) 22 5]
B, WP E AT HIA a (620) BY Y5 Bl A 0.001—
(Duan 4%, 2012), faf =463 #a K
0.0088—0.1868 m**mg” (Simis %5, 2005) . a;.(620)
ZEFEEZW, WREAHRIEE . eRIHE . L
m@?%ﬁ%$%(&m£,m%%FW¢Pc
R I ) A 2 MR g (620) AR S ) T 2
PR . I A= W't 27 155 70005 1 2 3 PC Y G
PEHE— DA IER are (620) 18, I ap (620) B 728
SN2 (Duan %5, 2012; Lyu%s:, 2013;
Ruiz—Verda %, 2008; Simis%F, 2005). Simis &
BB ape (620) {EE E 4 0.0095 m* mg™ (Simis 4%,
2005), {HJ5 e lifi] 4 5] 0.007 m’mg”
45, 2007), REAHY PCHREBUT B8 PC AR
P T 28%, fHIE, Le%E (2011) #I Mishra 45
(2013) %5 AN K 0.007 m*mg {58k s, ZERFSE T
W FH T 8RB @y (620), 11 0.0043 m*>mg” (Jupp
5 1994) F10.0048 m’* mg”' (Mishra %8, 2013),
EELEA T, BAWE ap (620) (I{E, T
EAE ] B i E By 7 Y15 0.0046 m* mg™ (Li 4%,
2015) . FETF ap (620) 52T, Mishra 55 (2013)
PR —HBHRE, 4T 3M a,(620) (HE T
10.0048 m*+mg™" . “FIME . BHIE) X PCUREL
WO M52, 3 FRIf 60T 15 29 PC AL - 35 4
MIRZELE 10%—22% 8 57 o G5 RIAEKW, a,(620)
Bt R, (620)/ R (665) By FUL(E LR M4 fin . B &

1.2 m* mg”

(Simis

2, ap (620)[HASE—AFEEE, 250,
A B, QRIRIESEZFEEZm,

el 0]

32 BEE

H B R GBI

SRS, RADEE & EA 34
B R g0 (B3), 28 1A RS T 500—
600 nm, & FH P 2 PG IRAC 5 | A 1 i K e i 114
W, 2 2 AN T 640—660 nm, S AT 9 11 1Y
620 nm. 670 nm i BrAb By PC I, Chla Wi, 4t
[FVE B ) (Hunter 55, 2008), 45 3 PNIgA T
700—710 nm, J2&FH Chla 38 WA 51 A . SR
MM, LI AR, e AR . A5
T, PCOGTERRAE A7 B 2 BEF PC U TE Chla
B LA rp e AR i AR B RS (Hunter 45, 2010), I fE
/NTF 620 nm AT EK T 620 nmo {EZEFEKMAE A,
PCIRBEARME, 1 4E 620 nm Ab 3 A B 5 (4 W2 i
ﬁ,%ﬁﬁmﬁﬁ,mﬁﬁﬁﬁﬁﬁ(uﬁ

2012; Simis %%, 2007), MAEFEFR, & EFRKIK
¢@mmﬁﬁ%ﬁ%wﬁﬁ,ﬂmﬂgtm,

620 nm [ WIS BR IR . MAETR#E B . RIJK
A4 W 7 o, OGS S IR AR AE O3S
753 nm P E T 709 nm) B, PCIZ A KD S
WA B, IS IV 92 7 4 B8y 2 A 0 97 s
HAEYE (Shi%s, 2019).

55 H A AN O AR L, R e PC IR S
WEAE5 R A S Y, 3 25 3 B T PC VR A R T —
FEXERE , Z2 B0 5 AR SN ey o i el m e i
Wizs B IRE14 (AISA. CASI. CHRIS), LL3E15
MR EAARREEE S . W T 26 TR,
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A 620 nm B E Y, BT PC iR R i
WoE. B2, Z54 PCICTERAIEAILMhIE . 215
Br, GHEHERR AR/ A E . MR, MR,
KPP R4 PC R
4 WHEEHSTRR HEwEYE
(ESFA

MR a A THA BET, B2 LU Chlah
REFE R BB &R, PCHAE TR S, L
feRIEEA YR . BRR KRS SHEEA T,
Bif 35 WA R B T 22 o AT =2 M) YOG R AN
A DL T 238 40 30 PC SRS BE (W IR R, 36 AT DA
FREAR A YR, EHERWES, HEPC
o JR IS 1 S R S s oy AL

— iy, WK, PC 5 Chla R AW
FAEOL: 2H—, HAFEEREEOARME S, ]
Z A FEAE 2 TE A O, B FS AE 1Y Hart bees
poort /K J | #i [E Baekje /K22, PC Y Chla ¥ H A TR
IFRYIEARCOC AR s X TR B F 2 KK, F
JEBY Thee water skloof 7K, Wi E ALK TS, 26
—, HAMEHEMPC: Chla lL{ETEHEA, WH X
ZA WAL, M PC: Chla<0.5 0, Pi& XRKE,
2 PC: Chla=0.5 0, Pi# & A& W5 (Hunter 5,
2008; Li%:, 2012; Simis%E, 2005, 2007). KM
PC %}y 7—50 pg- L JGHE N, PC 5 Chla i
X (FB—3 48, 2016). Ahn%F (2007) FIFH M
HHEERZR, LIPCIUE Chla, 21 T 3T PCIK
FE RS P TUE RS, 1S PCYREE N 0.1 pg-L7',
30 pg L' A1 700 pg- LB 53 BIHE /R % 420K 45
KL K

FHEE T Chla, PC 5 @AYyt [l i 5C £ S hnga
E, RRIEPIE A EOCR L 0.7—0.8 (K1), H
WA MR RV, AR & A PCHk 2
AT o Bl 4n PC 7E Planktothrix agardhi ¥ 't 1€
Lemmemanniella sp B & L4452, (Mishra 5,
2013) . Ji4h, PCALH] DIAE R #r %2 3% 42 Chla F1HE
AR, DT S0 K 1Y) Chla Jiz 78 535 8 1
THHEAEYREMAER (PyodF, 2020). {HF
—4&JE, PC: Chla H{EMA FERIM L, BIA]
DLFE 7~ S P S A LB, s ) L S K AR T
D K PR N ki AR O i AR R TR S5 R A
PR

PCHEHRXRMAEAZ . Shid (2015b)

i AR, P R 5 Chla, Chla 5
MODIS 48 B PN R # B R &, i 453 2003 3
2013 4F A BERE R W AR PR A2 AL ML . AW 5E
RIMFEHFZRWE S PCHREREIEMC (Hunter 4%,
2008; Sridhar #l Vincent, 2007). HF#HEAZE
JEEEMEVEY BT, BRI EORBE R S R R G R
(R, BHREICHR, Frlh, REXRRN R
TR RE R PR AL T R SRR

Rl BEEASHERAEREVEESFZNXER

Table 1 The relationship between phycocyanin,

chlorophyll a, cyanobacteria, and microcystin
KHRA 275 Sk
Cpc = 8.7 % Cyy, "™ R? = 0.87

Matthews %, 2020

Log(Ca,) = 0375 X log (Cy) + 0,914,
R*=0.83

Pyo%,2017

Cpe =47 % Ciya 04199 'R2 = 0.32 Matthews %%, 2020
Log(Cey) = 1705  Log(Cy) + 1.606.

R*=0.73

Kudela%:,2015

Cey = 109,982 x C, — 150.2,

) Torbick F1 Corbiere ,2015
R*=0.6

Coy = 3.558 X Cpe + 110,11,

) Li%E,2010
R*=0.79

Cpe = 0.001 X Cpy + 2.4263,

5 Mishra%$,2013
R*=0.99

Cpe = 0.004 X Coy + 17287,

) Mishra%$,2013
R*=0.99

Cye = 0.0796 X C,,.,R* = 0.83 Shi%,2015b
Cyc®Cpe» R? = 0.90 Hunter %5, 2008
T Cp fRFRBEME B IR, BT g L5 C oy fRUR ISR a W,
HN g L7 Coy REFTEBEAEY B, P4 cells/mL; Cy RFHBER
fif wg L7

5 BEEH R RE R EAE

51 RBE*®

LR B H G A vk, EEaL S
WU PC VR B2 5 S0 5% B2 S 23R B o i 2 A JER s R
Iy B2 5 e Z Rl B OC & , r AR D25 TR R
SHERR, PRAERE, & PCEHE K E 5l
HEZWEE (£2), HILEREA 2 )RR,
Hoad T3k 0 pF 58 X Y B e 4 (Yan 55
2018) . fELWBA LY, WB LA ERR IR —L T
HE, WRAWEmW, Bl R, (710)/R_(620)
(Seppild 55, 2007), R,_(709)/R,_.(620) (Chi % ,
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2016; Kwon %, 2020), R _(747)/R.(665) (Soria—
Perpinya 55, 2020), R, (700)/R_.(600) (Mishra%,
2009) , R, (764)/R,.(628)(Schalles 1 Yacobi, 2000) .
AILAE Y, XA I RS B2 A o Mishra 55
(2009) A A FH 600 nm X 620 nm, AT LAA ELIH
FR Chla (9 52 W, J 38085 45 B 4 & o Millie 55
(1992) J&F CAMS 5214 1) Orange/red 5 PC e Ji&
SR EIHOCER , (H TSI PC VR BE (A HERR LY
M), SRS EEAN ) o Vincent 25 (2004) 7E 3% [
Lake Erie, %:7T Landsat TM 3038, FIHZ M IEBLLL
K HAR S, PCUREENHAS i, #f7ZudtEmliH,
USRS (0 SRS BE . Medina—Cobo 25 (2014) 7£
PO LA MA T, 36T MERIS 2045 19 B9 1 B6

BB ZESMZ L, Y i#E PCHE . Varunan
Fl Shanmugam (2017) 7E B & & AL WA,
FI R S0 35 5 s & T i BL e R (620) /R, (652)
Bk, T e, (620) BYE, AR5 R A ap
(620) =0.0072, HLY)/Z i PCHJEAE, RIGHH
200 2 HICO 5218, [FIAE RS T 852 i X kG
[ . Torbick 4 (2018) FEZLHE 2dbHWIA, FT
Landsat 7 ETM+, Landsat OLIZE, FI/H NIR/green+
NIR/blue B4, J i T PCHEEE, JEHIH] GIS Z3 [
SYBTOT NG PC U B S LR B 40 I Rl ok, s
T LR ZE A KU B IPA A &R o Soria—Perpinyad
45 (2020) FH:T Sentinel-2 MSISEAL%E, FIH] BS
B4 LLAESA T, W R i PC R B

*F2 PCERBEXRILE

Table 2 PC remote sensing algorithm summary

RS WF5EIX B PC/(pg-L™") EAVENGR Uoani]Es S 3k
PC=-24.6 + 13686|0.5(R(07) 4 + 2
S CASI ( ( 600 R°=0.99, RMSE=
Vecht Lakes iX]JESAR 234 ne L. N=17 Dekker, 1993
2L =R R(O_)ms) - R(O_)624) T he T
BEE Lakesin R=0.46, RMSE= , e
i Y N Ruiz—Verdna 5,
Spain, S 50—200 119.66 pg-L™", 2008
Netherlands N=64
R = 2.2861( + 0.1303) R™ —
H Lak green. RMSE%=5.39%, Castagna %,
4 o “ Landsat§ OLI 0.01—329.41 0.9467( = 0.0611) R R astagna %
B EL  Loosdrecht 0.1989( = 0.0712) R™ N=132 2020
PC oc RY#¢
Mississippi Ch3 R’=0.35, SE=0.6,
(SSISSIpPY CAMS  22.5—1343.8 Log(PC+ 1)=33 - 0.02 x ——  20&e Millie, 1992
impoundments Ch4 " red N=24
2
. Ry
Log(PC) = —117.8 - 99.61 x +
. Ry R*=0.62, st
Lake Carter S 10—530 , Schalles 55,2000
Resy SE=30.92, N=80
2185 x |-°
R
B3 B4 B4
Landsat 5 TM PC=477-921—+29.7— - 118— - . .
) B1 B1 B3 ) Vincent 5%,
Lake Erie Landsat 7 0.9—5 BS BT BT R*=0.77, N=30 2004
681—+41.9— - 147 —
KT B B B4
CASI-2 36.62—138.76 Ry R*=0.95, .
TR Barton Broad Log(PC) = 1.29 + 4.12 X Log (620) RMSE=11.9 pg-1" Hunter 5% ,2008
Laborat . R 2
aboratory Sl PC=b+al 2% R’=0.97, N=79 Mishra %, 2009
cultured Ry
o R, (710)
Oneida Lake S 0.5—5 PC=-1.6+6.8 R*=0.71, N=22 Effler%%,2012
R, (620)
Funil Reservoir, Sl R?=0.7, RMSE%= Ogashawara 55,
Catfish Ponds l 18.49%, N=5 2013
Medina—Cobo,
Spanish MERIS  17.1—456.51 PC = 46.478¢156((89 - 86)/(89+ 56) e
55,2014
R..(709)
Lake Taihu S 158—580  PC=585.7 - 667.6 R’=0.75, N=54 Chi%§,2016

R_(620)
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RS 5 X G PC/(pg-17") IR /AR Y UEAG EE BTN
R=0.87-094
Daech . . R (709) ’
O SEEARL 03980301 PC=at ot b RMSE=14.45 pg- L™, Kwon,%,2020
Reservoir R, (620)
N=96
Landsat 7
Northern New o % 10—100, NIR  NIR R=0.86, RMSE= e
England ETM+ >100 “ Green” Blue 1102 pge1!, N=30s | Orbick 2018
yreen ue . . , N=
TEC T Landsat 8 OLI He
ntinel-2 B ’=0.84, RMSE%= dria—Perpinya
Sentine 10—1287.96 PC = 1175 ‘b R°=0.84, RMSE% Sorlkar erpinya
MSI B4 40%, N=21 45,2020
Lakes in o R, (709) R*=0.21, RMSE= Ruiz—Verda %5,
Sl 50—200  PC=|-"—""-0.97|x 1096.5
Netherlands e R, (620) 135.47 pg L™, N=64 2008
PC=-2.85+ B1(0.013) + B3( - 0.43) + R*=0.83, RMSE= Torbick F
Lake Champlain Landsat 8 OLI 0—21 ( ) ( ) B Ol: ick A
B4(0.76) 1.33 pg L7, N=42 Corbiere, 2015
T CHERIS a1 PC=62+B2(334.8)+ B6( - 16443)+  R*=0.88,
e T S B8(203.16)+ B11(~709.4)+ B14(~1324.3) RMSE=1.02 pg 1.”
[= 15 R=0.77
Lake Champlain ~ Rapid Eye 0—21 PC = -56.13 + B3(0.12) + B1/B3(9.94) ’ B
RMSE=1.52 pg L.
Laboratory cCD 0—600 mNDi = Ryt = Ry R*=0.96, | Hmimina %,
cultured Ryt + Rz = 2 X Ry RMSE=23.16 ug L 2019
B B4
PC=(4- B(i) + c(—
Bl Bl
. Landsat 5 TM P
Guaraplrar.lga Lendsat 7 0.5—40 D(ﬁ g ﬁ) _r R=0.96, N=6 Ogashawara 5,
Reservoir B3 B3 2013
ETM+
B7
G -
el )
Log(PC) = ko + k,R,_(B1) + k,R_(B2) +
kyR_(B3) + k,R_(B4) +
=4 Landsat 5 TM 3 m( ) 4 ”( )
oL B4
Z etk Landsat 7 kR, (E) + /%R,s( R250.97
QL] Lake Dianchi ETM+ 77.6—754.9 o Sun%,2015
B4 RMSE<10%, N=14
Landsat 8 OLI kR (=) + kR,
5
B3
kgRN(E) + kR
Chao Hu MODIS  657—4807.72 PC =B, +B,T, + BTy + BsTs + BT, R=05, Tao %2017
a7 RMSE=57%, N=15
PC = (89.1711 x B5 — 262.292 X B6 + ,
Paibu Lake, g MERIS  3.26—804.11 221.193 x BT - 1.7065 X BS K072 Jin%,2017
ChaoHu Lake " : : : : RMSE=7.56, N=50 e
26.1116 x B9 + 0.363418) x 100%
PC e ay,, (A)
Culture ponds, P a,(A)= ia (A )exp(—O.S( R’=0.94, .
S 77—3032.47 % e P L Wang % ,2016
. Taihu Lake W B RMSE=26% , N=40 e
13 0T PR AL o Hla,, ()2 A m R B O B
B R
R*=0.93
Lakes in USA  HICO MODIS ~ 0—200 ; Wang%#,2017
akes UPAD=34%, N=56 ang
(620) R, (7109) (a,(709)+b,)
a = Xla, + )=
w I ]jllkeht 21.7—79.8 ) Ra5200) T r004,
HIrpT Loosdrecht, Szl S | RMSE=6.5 pg-L™",  Simis%,2005
Wi Lake 0.8—64.8 b, = a,(620)|x 87! ~ (e x a,,(665)) .,
Br bk Ijsselmeer
[PC] = ap.(620)/a). (620)
Netherlands MERIS Simis %%, 2007
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RIS WX ot IR PC/(ug L") RV RTS B 27 30k
Spain, N R’=0.92, RMSE= Ruiz—Verda %,
Sl 50—200 i

Netherlands < IF.L 47.48 pg L', N=56 2008
Geist Reservoir, e 5 1—185.1 L R’=0.85, RMSE= Randolph 4%,
Morse Reservoir ‘ ’ ’ 19.54 pg L™, N=64 2008

R’=0.99, RMSE=
Albufera MERIS [d b 5 Guanter§,2010
28.84 wg- L', N=38
Valmayor 2
R*=0.75, RMSE= .
reservoir, OCMMERIS 3.2—200 [a] I~ 36.920e-1". N=62 Dash%,2011
Lake Ontario Tere »T
Geist Reservoir,
Morse Reservoir . [A] I~ R*=0.86, RMSE%= .
S 1.4—146.1 Li%,2012
Eagle, Creek = i |- 31.4%, N=37 %
Reservoir
Ge Hu, Dongjiu s } R’=0.88,
S 0.09—7.71 Duan%#,2012
Hu, Tai Hu < AL RMSE=0.56 pg-L" pan ey
ick Bird .
Lake Champlain Q;;;ng 4.1—105 R’=0.68, N=68 Wheeler % ,2012
R’=0.55, RMSE=
Lake Taih S ] ’ Lyu%¥,2013
ake Taihu S Ak 58.80 g+ 1, N=52 yu %5
Lake Chivero, p
Lake " rvere MERIS 32—114.6 Chawira % ,2013
aKe anyame
RMSE=14.57 p.g- L,
Baekje reservoir AISA [7] | N=45 e Pyo%§,2018
R’=0.75, RMSE=
Lake Balaton MERIS [d] | O Riddick %5,2019
11.8 pg-L™, N=36
Muttukadu R*=0.89, RMSE= Varunan # Shan-
SCMHICO  32.7—273.7 ) I ’
coastal S 2 0.3 pg-L™", N=42 mugam, 2017
Lake Erie S 0.1—5.5 ) I R’=0.88, N=28 Ortiz %, 2013
ap(620) = “ph(620) -
R_(620) . R*=0.85, Varunan £l
o
Chennai coastal 155.62—222.64 X Chla X\ 5™ 652)| * RMSE=0.1ug-L.  Shanmugam,
‘ N=25 2017
((R.713- R 652)")
R’=0.76
Lake Taih S 5—68 ’ Yang % ,2005
ake Tar < SD=12.58, N=20 ang %
HF Geist Reser-
— ir, Morse
Qi) A R=0.81
o gt S i S 73— X = .ol . ppe
A ERcsleréolr ,k S 0.73—370.95 [a] I~ RMSE%=33.60% Lig¢,2015
agle Cree
Reservoir
®,a,,(620) = a,,(665) 5 .
Taihu Lake OLCI ap(620) = p— R*=0.69, N=148 Miao 25,2020
1 2
Loskop Dam,

P S 2: . e
Hartbheespoort Sy 0.5—4.8 (lpc(620) = a, (620) - 0.24 x ay (665) R=0.95, Matthews 45,
Dam, Theewa- RMSE=0.41 pg- L™ 2020
terskloof Dam
Loch Leven, R*=0.98,

o 581937 pe=of -1 |g (As)+ 0 : . p

Esthwaite  CASI-2AISA [ /' X ( A ) ® ( A ) NGE RMSE=3.98 pg-L™,  HunterZ,2010

Water : : =\ AN N=56
= L
CHE ke Taihu Sl Zhang % ,2015
Eagle Creek s R’=0.73, RMSE= .
Sz 0.7—234.3 i Song %, 2013
Reservoir S R 731 peel N2y SO
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(=R7S 5 IX B IR PC/(pg L") (CRIV 7S UOIEKG S 30k
aquaculture- . 68.13— AL R*=0.99, RMSE= . e
S Mishra 2§, 2013
ponds S 3032.47 2 30.70%, N=38 ishra %
PC = R*=0.86,
Lake Taihu S 0.13—90.96 | 1 RMSE=6.8 pg-L.™", Le%§,2011
R,(625) R, (650)[\R, (730) R, (695)] N=62
DU 3 B
R’=0.69,
. . . 1 Ui -7 - .
Lake Dianchi S 0—350 PC = - - R, (A,) RMSE=27.69 ug-L™", Liu,2018
() b m il
- Lake Erie MODIS QAA Becker %%, 2009
ig
Y RMSE%=10.06%
Culture ponds S 68.13—303247 QAA Nedd T Mishra’g, 2013
Morse R’=0.88, RMSE=
SCMIAISA 1.4—371.0 WA (GA ’ Song %%, 2012
Reservoir S BFERLGA) 18.6 pg-L™", N=61 ong 4
Lake Taihu, R=0.9,
Lake Chaohu, S A EHL(SVR Machine) RMSE=53.1 pg* L, Sun%%,2013
Lake Dianchi N=824
Lake R=0.92
Alexandrina, N e N e 4 .
Eacle Creck S 0.3—220.7 P dre /N Ffe—h 28 45 (PLS-ANN) RMSE=15.24 pg-L™",  Song%, 2014
agle e N=376
Reservoir
Geum River Aisa FENIX AN T2 M4 (ANN) Park %,2017
Baekje s NV, R*=0.87, )
SC AISA 0.02—280.87 Bl (1 RS 28 2% (SAE-DNN Y ,2020
Reservoir S B Y 1 R A 25 R 25 ( ) RMSE=14.45 pg-1.” im %
s Baekj . PN R’=0.86,
HLasE) AR STMAISA  0.19—150.9 UL 45 (CNN) ~ Pyo%,2019
R Reservoir RMSE<10, N=45
R’=0.78,
Meramec RMSE=1.586 pg- 1",
River. C 1 Z eI (MLR) N=60
T, arlye ~ .
lelc( L ky S 0.1—6 fiise /N~ (PLSR) R=0.96, Peterson %2019
axe, Lake 1= T PR RMSE=0.92pg- L™
Decatur 2
R*=0.97,
RMSE=0.886p.g° L'
R’=0.96, RMSE=
Hil R HL(SVR ’
LRI RLSVR) 079 porL
R’=0.97, RMSE=
bl 2] (ELR ’
B HLERE ] (ELR) 0.86 pg. L
Baekje . ) o R’=0.80, RMSE= N
e SAISA  0.19—146.9 A [ HiFS S HF IR HL(SAE-SVR) o Pyo %,2020
Reservoir 17.94 pg-L~, N=45
Michigan lake, SS(A) = reflect(A) - "3](1‘7”(/\_) -
Huron Lake, S (A=A Wynne% ,2008
W Bear Lake (reﬂect (,\*) — reflect ()\_)) X FEE
SINTLIEIN
Lake Erie MERIS Wynne 45,2010
Lake Erie S 0—514.2 Sayers 45 2019
PCI = R’ (620) - R,_(620)
620 - 560 R=0.79 A
i 5 — R' (620) = R, (560) + ———— ’ | 4t
Taihu Lake MERIS 1—300 1 (620) = R, (560) + - RMSEG=58% . N=37 Qi%,2014
PCl (R,.(665) - R, (560))
R0
PintoLake. i mico 12.8—1567
Kelly Lake, MA STER 02615 ’ R*=0.24, N=20 Kudela % ,2015

UCSB Lagoon
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B T 0B L 2 48, Dekker (1993)
P L, W w M T PCE L #H , Ruiz—
Verda 55 N TEPGHEA fay 227K rfr, X L T 3R ik A
Simis i 7L X PC G AR, P F AR A 3¢
A EE , Simis iR EVEAE EE T E —2E (Ruiz—Verdd
4, 2008). HAbh, Castagna®f (2020) FE£F Landsat
8 OLI T fh o 13 2k i S 1k, B S 18 PC VR JiE
Tao %5 (2017) #:T MODIS §1%, HJH £ o4kt
MU, b Dyt B 7 rf S PC W BE . Sun 5%
(2015) e EEM, ET Landsat £%) LA, FIH
LIRS N R4 E i = i X B A v A A L=
B PCYR BE o BRIX S LA, iR AT T R
B (Wang %5, 2016, 2017), 1E 28 PR (Soja—
Wozniak %, 2017), W Bi2% (Beck %, 2017) %
296k T PC M 3 A 3

52 ¥oWHEE

BT MR RS EIL N, ARk T
KA R B G E (10Ps) 54— 200 o 2 )
KGR SHE S, BRIk Z R E L
KTE. — M, CEAMTAE S BRI
POk B RS i E B M BT R
(QAA) . ik CEIEIEARA L SS) &, ik
Wk EEEO T MO LI 3R RAKIE .
620 nm b 3 25 W U1 43 ik R0 AR 85 1) O 1% 43 kR
(Yan 5§, 2018). AKAYF5 A BB T e/
A HoAth 0 ) PC R I 501

it £ B b Bk i LR Simis 4§ (2005) JF
Rk, WHAEETIMEE: F—, a,(\)=
aga,(N) + apc(N); 5, [EE ag,, (665)%F a,, (620)
fITTik; 5=, FEE AN ape (620) MIMH, 1
BV TE R I XN, ROORS EEAR & . AR,
FEHABIFIE X, 55 R =R R AR 225K,
PRI Sy 33 9 A {0 AN 2 [ 5 ), A o b S s (]
ARSI . SRk, DAUREE R S S Al Y A5 Rl AR R 5
ER T HTAAHIX B PC R EMFIE . Hdr,
Randolph 5 (2008) #4535 1 ap. (620) HE K h
0.007, L FH 3 [ Ep 5 LN 1) 3 A B 3R Ak
IKPE, BB AT SRS B . Duan %6 (2012) Al
Yin %% (2011) K UbS8 0 FH b R, IS 4%
= G . Wheeler 8 (2012) W& B0 5575 17
FH#E)% E Champlain i), #]H Quick Bird F1 MERIS
Bl , AR RAFMRERE R . Lyu %5 (2013) 2L

AR AN PSR EROE S 6l - RS
P REL, JF AR 6 1R F pR BOR A 181 22 1Y an,
(620), JRHAR T SRR (TSM) X i 45
RAYFEM . Chawira 5% (2013) H1Zhang %5 (2015)
FIH S B, T MERIS B8 43 551 6 35 Y 3 B A
5 RN 5 W A WA EAT T PC R . BRIk E D B
PaR, — 28 DB IR S R A 55, (620) BY2F 43 HT
BANWIEL (Li%E, 2015; Matthews 45, 2020;
Miao 55, 2020). XS5 L 22 W b 43 25
H PCAE 620 nm YW, THBR T Chla, CDOM FIHE
PCHITI T, D5 — R IETFUHEAHIAEL (QAA)
RIS A IR B, 4 QAA BIE I I Bt
MU, DT ap (620) BIALTR, MBS LT )
MR B @, (620) 15 HIAL S AE
T AT 20 CDOM Fi = 388 28 WUk 4 W2 YA 1) 5T ik
(Mishra%$, 2013; LeeZE, 2002),

=k B A I B A e B R B S Chla Y
S MTSE . Hunter 55 (2010) 4595111 Chla
FEAE W ST B T A PCARFIE WS B, 2 — s
LA S PC B I, IFRAS B R
R o J5 K Song 5§ (2012a) Xf e T =)k Be AN
U B LU BERIXT PC SO RICR , R I =ik B A
TUHB B, Le® (2011) K ELFH Chla
FEAE W AT B2 B 80 PCARFIE W B, 30— Mg
DU B S 5 A B PC IR Se b, B S Liu
5 (2018) KB (14 U B 5k N VR

QAA T VLA . Lee 55 (2002) $2i1, HALM
BR T RMGFEE AOPs FIZ K R, Kk d
3FOGAIE Y L CDOM . #E2s | JE BRI 7
SRS B T AR A RS IS AR R, B
B8 45 W 3 T AT R 80 B R Uk R ) S e R T
QAA B3 AT D e KRR 0 sl 20 45 W Jok 1) 1) 9
B RS EE . QAA L H T 3 SOk
T T R e R R R T, AR D R T PC R R R
. BeckerZ (2009) #lMishra%s (2013) ¥f QAA
AL R 6 D BB R PC R AR D B, 0 3 T
MODIS FIE2 S i B, SE8L T PC ik
53 fTEEE

AL B L Wynne 56 (2008) J&4, X
I ROE TR B LSS (A), R 3L Tk ih
2 PCARAE W AL A AR HC Al 0 8 45 19 7 0 B
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HPOEEIEAR, FTFHIEBCA 620 nm, 560 nm, 654 nm .
681 nm, 714 nm%%, Wynne%§ (2008) F1Wynne %5
(2010) F&FSZMDEREHIE A MERIS 5214, FIHH SS
(681) FA3 X 56 ] 2 BJCHR 5 R AR T PC ke 2 B A 7
MR, QifFE (2014) K HAZ MR OGP IR
AR Z O PCLAR B T 52 1, A6 KW PC i gk
P BUSRAPRE T, WS PCLAS S B+ PC
TEBMEE (KudelaZE, 2015; Sayersg‘fp, 2019),

54 ETHNHRFINEE

WA, BEETHREALE R ARk R,
J E B 5 B O R Rk BRI, LR
A B I AE R . AL 2 R — T A0 sE 2
B, WEMRL . Sitee. Bikie. Lo, B
LEREMRE LR RN TERENZL,
AR TR ME ST, BRI
Wl A THLER S R, SR T s Ak
(Song &5, 2012b) . =+ W & HLA % (Sun 55,
2013) . N THIZMLgHE D (Park 5%, 2017; Song%%,
2014) . B HgmISHEE (Yim5F, 2020) ., ML~
>J (Peterson %%, 2019; Pyo%%, 2020). JUHZiT
PIAE, MLasa 2] B R BUE PC 3 8% S i F
gi, 5 ERJUR A, S Rk R A 5
WA, R>0.88, RMSEXME, HIHE M ZR%
P o 02, SEF T 2 AR RO BT, Bl
b B KA T A S 2 RN e LG~ R M S B A L
PRRFSE . FFLA, R PCHRA LN & Bk &4 LIALEE
W5k E, HLasE2T M.
55 EBEHEFE

R A 1k 22 IO AR e SR S S R A
AR E 50 PCHR B G R, SR — L5 H
RIS, N R ALK, & kN
FLEACH PC 18 JBAG B 7 i BB B . Gitelson &
B PCH 5 K AEAHOCHEARYE (Gitelson 5, 1995),
ARSI RCA A XA R S PCHRFE, {HIX
— R BN R Ok (] 2 T PC B T SR . S A,
Richard Beck W58 &3, PCHKE SMIERNLCENE
UFRYIEAR OGO R, IR Bh b B2 5 0 B R R Ok
R, WY T PCHE (Beck %, 2019).

6 DEfLRGE
PC 3 J 7 35 20 T 2 1 2 I 1 2 7T LA 3

SRR T N B ARG L, DI TRk
rfPC VR B A ] [B) 25 () A B B A 3, AR DGR T K
B RAE AR S . HAl, PCREHBAILMIFR
6 UE 22 FH S0 = e i B s sl 25 5% 18 (CASI-2,
AISA Eagle), SR, il /e — 25 [ AR )
PCYRIEN AT E, 2T ERREIRIE, B,
XFZ ot B RS, 2 A MERIS. Sentinel-3
OLCI A% 5 s oA PC U E B, J& 0 F PC &
T T 9T e 22 BT . X T — SN EL&S PC A
B B AL 8%, N Landsat 241 . MODIS %, I
AT DL 2o 4 22 S B A B ok DR HL U B
Bk . bR Z GBI, ok R
#& (4N Hyperion. HICO) % T PC %5 [a] )7 i AF
5.

6.1 Landsat Z%%11E

Landsat 2045 24 88 = 19 25 0] 43 $EE (30 m)
MR BB (1980 41X, (AH B BOR E%A
B PCHRIE WU I BE (620 nm) . RAE L, —
SERIEGE F AT SR TT K T — S 15 b 9 375 R Landsat
B, i1 PC I Il . Vincent 55 (2004)
ZEF) H Landsat 5 TM, Landsat 7 ETM+, 4546 %21
W B 4R 7k W1 ) %5 5 B3/B1. B4/B1. B4/B3. B5/
B3, B7/B3. B7/B4 X} 3¢ [ {7 H] ] PC Hk BE 17
B H A, G T PC YR E LB N 0.9—5pe L7
Torbick % (2018) # A Landsat 7 ETM+ % #i& I
Landsat 8 OLI 54, 4% 4 NIR/green F1 NIR/blue %
B L[] AR 70 S A 22 LI PC A5 i i A7 I
JEHIE (Torbick 25, 2018). SunZF (2015 | HAH
] (9 7 ¥k AR R R AT T PC IR R . AT R Y
J&, Castagna®§ (2020) FH Landsat 8 OLI i Bt &
A PCUREE S C &R, $2 AL 5 Orange Line
Height (OLH) 533%, MY PCHE
6.2 MERIS/Sentinel 3 OLCI #{#E

MERIS #4504 247 300 m 25 [ 433K, 2—
3AMEVIFAM, 15N IEBRE, BREGERLL.,
X HF AR T A, MERIS #(4E 7 615—905 nm HAT
WM E, XA X IUE 3 T 24 R
FPCIEIEAG T . KBl F MERTS $d 1 7
PC i, CZIEMH RAFr4mat . 25, wE .
6%y PR . Simis % (2005) F:F MERIS #2128
P A BB b, RIS PC RS JE .
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GuanterZF (2010) }:F MERIS 45U 45 6 &
B, KRR 75 AN A PC VR B 1A T3 Jak
fi% . Wynne 55 (2010) 2T MERIS %dli, FIH
FEIE IR TL , SR HEAT T PC ¥k B 3 SR A
B ANFEME, MERIS BUHEAE 2012 4745 1F 4843,
{H Bk 25 J5) 1) Sentinel-3 OLCI 3{#E 4% 7K T MERIS %k
P B E ML A, ARSI T PC g B S oY
Miao (2020) T OLCIRARSG: &Kk, &
WA . HIH PCUBE . Song % (2013) A FH =2
FETEBHE AL OLCI I By, R = Bk, fR4F
BT PCHREE . Beck 2§ (2019) FIH IR —E%L
PEXT e T 284S, WorldView—2/3 . Sentinel-2
MSI. Landsat 8 OLI, MODIS. MERIS. OLCIXf PC
R RE Ty, S5 R, ML T A AL RS
OLCI B 5 MERIS —#E Sk . OLCT i th
FHF HA TR A% B ST 45 R B 5 GE  (Castagna
4 2020)

6.3 MODIS &

MODIS ¥ 46 HA 2 5t/d 5214 64 = st a], A
WA B2 B A G e 114 25 [8) 4 383 250 m, SR
MODIS % Bt % B %A 5 5 PCRREWO I Br . 3T
AR, RZH0R H MODIS 4k U547 PC 2 1 Y
o, mEfMHaRRE, n2mAes, £t
RPEMIE (Tao %5, 2017), EHsREL (Wang 55,
2017) %,

7 %5 iE

AREERE A SCERTH R T, NZ ARG
Xt 25 R S EOE SR (IR SORE R RS A
M) REE: HHAUKRS B KR . ZUE
BSEARN T BIETE | e a4 b BUAS: B 1R
7B, S5RRH, PCRG EZRRIERIE TR 590
F ., AWAER . HETC IR T 28 PC A
%, ARG, PR YDA
S5, ] 22 R BRI  KAR HEAT T PC A )
X E IR SR AG S KRB
M5 ORI BA 2 E L ALER X PCOE 1T
Jit . SE SR TIT R ML | S0 R R B A AR
IF48 YT T M SRR R 1 KR J7 1] o AEBFSE
MERLITIT, 5, PCRYAIINATT LG —bnifE,
SR A RIE TS PC R TCIE AT X L RIS,
AT SCHRICAR A SR RS, ot [ JURE |

BRI PC 3R B B EL L S, 34k, PC
IS E S5, 2 RAMEMC A IS Y B+
Yoo PC: Chla FABE ARy 5 e e Sl v A E 191
FXF PCAE T KA E  (Hunter 45, 2008;
Li%, 2015; Simis%:, 2005), %4b, Hh TRk
WKL) I T L T LAHE 35 PCOGIE(S 5, FrLA PC.
TSM HLAEZ XS PCAR S TP A8 RN Z . A7 2E4f
BFR, HE Chla, TSM BUEE R, XFKRAE T 79
X5, FHREPC, TR ER T (5
—VEAE, 2016) . KL, A REAKLE TR,
E R I PC IR A

BT BRsr M, PCIE IR R R 1Y & 5 Il
Y8 R LT ILA T : (1) 78 PC A€ B 77 1
S — D EFRE AR (2) BB A RE,
IR HF 5 E A e F A ALY, RS LA
B, DUHAR K m RERE R (3) WH5EIX
KERFEZS ), BRI R BRI, RokSmEE
R M HR A R) RUBE S s ) 4 g S 3 ) R R ok
T 7 1) R s DU AE RN H YR, PC Ik
T AN Ry B T 5 5 A e 0 BEAN SR, ARORME
WM HEHR . RN FET R, LA
T S ) KA AU R AR A

= OB R LAMBEITIHTR. WE
BT . HBFHANFRMEEEFNELF
BEHME LA SFRFY, ANERHHE, £
M. EH. LR, RBRK, BER. RS FFR
FNEHIES RSP B,
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Abstract: Phycocyanin (PC), as the signature pigment of cyanobacteria, is usually used for remote sensing monitoring of cyanobacteria
bloom. In recent years, the water quality of inland water has deteriorated, the eutrophication has intensified, and the algal blooms frequently
occur. The research of remote sensing inversion of PC has attracted more and more attention. Therefore, it is urgent to sort out and write a
comprehensive overview paper. In this paper, 178 relevant literatures were reviewed, and the development history and trend of PC remote
sensing inversion research of PC in the past 30 years (1990—2020) were comprehensively summarized from the perspectives of PC optical
characteristics, development of inversion algorithms, application of satellite sensors, difficulties and interference factors of quantitative
remote sensing inversion of PC. This paper helps us to understand the new ideas and new methods emerging at home and abroad, master the
new development trends of PC remote sensing inversion in the future, and provide data basis for the monitoring and management of water
environment, water quality and water resources. Over the past 30 years, PC remote sensing inversion study number rising, and a
breakthrough in the algorithm, has a lot of classic algorithms, such as band ratio method, the baseline method, nested band ratio method,
biological optical model, derivative algorithm and machine learning algorithms, algorithm successfully isolated PC spectral characteristic of
absorption coefficients at wavelength of 620 nm. Decreased the influence of other optically active substances (Chla,TSM) and obtained the
high precision of inversion and validation . In addition, the development of PC inversion algorithms mostly based on in situ hyperspectral
data or aerial images (CASI-2, AISA Eagle). In order to meet the needs of PC concentration distribution in a certain space and frequency,
satellite image data sources are mostly used. PC. There are many types of multi-spectral satellite data sources to choose, such as Landsat
series, MODIS, MERIS, Sentinel-2 MSI, Sentinel-3 OLCI, etc. However, due to the more appropriate band setting, MERIS and Sentinel-3
OLCI are still the most used data sources for PC remote sensing inversion research. Because PC spectrum signal is weak, and vulnerable to
the interference of chlorophyll a, TSM, there is still a major difficult to get an accurate estimation result. Based on the above analysis, the
future development direction of PC remote sensing inversion can be summarized as the following aspects: first, an international standard
measurement method is urgently needed in PC extraction testing; secondly, the development of algorithm, adhere to the mechanism research
related to the inherent optical properties, and the integrating machine learning algorithm to bring higher inversion accuracy; third, the scale
of study area water body in space and time will toward a larger geographical space scale, longer time series history tracing and future
prediction; fourth, at the aspect of the expansion of application, PC remote sensing inversion is not limited to the quantitative estimation of
cyanobacteria biomass, but will predict distribution of algal toxins and related diseases based on the relationships between these parameters
and PC concentration, furtherly establish a water risk factor rating system based on remote sensing in the future.
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