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(Michalak %, 2013; PaceZ, 2017). Hitt, #IIA
B ARREREHE . SR L R R[] 2 W N v
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(Liu, 1984) K EFRESFBOE (UK AR %
%, 1993) F—FRIVEMESCERIAT . AA
LRI Ik, WA &S SR AT S i E 5
BLE AR Bz T, BUAREC = B TT 4R W TR R W
THE FR RS B H AL PR 5 KR S B 2 TR R e
PEMR RO, TP TN RESTEH” 2 “ad Bl
w7 R (B0 %, 2020) . feohE LA SEHE
FRMIECA IR (BB E 55, 2005) . MHZE 4%
FEAL (BRIEP; 55, 2007) . FALA L (Primpas
Ml Karydis, 2011) %, HHET, 754 [ BUM E IR
O WIE B IR AT 2 AR TOKIR AW . W BE
o2 2 RAE S HON & BT e S 285 o0 0, U H 2
BN (B A E R . R %
ERETE ) M He (RS DUKMY . KiEk
NS DI e 2 ORI NER= S Nt F N I
Byl S E B, IR EIRRIES B E .
(EECHSCIA R B, A T 1A 5 TR S =
P #5 #E /& & (Organization for Economic Cooperation
and Development, 1982; European Commission, 2000;
United States Environmental Protection Agency, 2009) .
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Jh WA AR ZS PR OR3P 5 TR K T 52 4 R i ik £
fp e B N —, EIERHEARBAERE . K
W RS AL, Tz R TIA K R B
MK ZMS BRI, bt g Rk |
KA T R ARG YRR . K A R 5 A KR
WS, B B ERARL. BOLRRE
LRI SE, USSR S PR Sk
FESG KA BH (Zhou 55, 20185 Shi%, 2019a;
Espel 45 20205 Gomes %5, 2020; Maciel %%,
2020) . ]IS HULT-246 7 E R IRE
VRO I RS, O R IR I T R R O 1R
T AE. R T C A R A5 A A iR A
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B IR SR B T o B R
] il 88 T 559 B8 ke 1 22 118 % b ORI T DA R R A%

SRS B PR R, R SR AR b 1 WA
EIRACAIT AN T BBk A i Bt

A HF o E 1 M CNKI (China National
Knowledge Infrastructure) %% 4% J% 1 Web of Science
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e E 321k (Eutrophication) A ERIR], Lok
HSCSCHK 415 55 (1951 4E—2020 4% ) A9 SC SCHik
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FeAb i B IT H OET Y 2ERE . AR 0 ) A AR 7Y
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Fig. 1 Keyword analysis of remote sensing technology in lake eutrophication, the larger keyword size, the higher frequency
1 FENWREFRSTENFEREERIFE
Table 1 Lake eutrophication assessment methods and their basic characteristics
PR T2 BSHL SR T A BF5EIX eSS
RS 3 ML BEAR VINTIE=D A Kb R 55,2006
IEES 2R Landsat 5 TM Eem | Duan % ,2007
MER R GBI S ZE R I T Bolkit 45,2006
" ] FOLRRE LR K g PN SR 45,2008
EIRREHEE(TSD !
75 Z G Landsat 5 TM FEEME  OlmansonZF,2008
fuhs ERFIE Terra MODIS BRI Wang%5,2018
KA RS LI E Landsat 8 OLI PENA Wen%F,2019
KRR T AR Landsat 8 OLI REWE Shi%E,2019b
RS 3 EaX g Bl VINTITED A Kb ML 45,2014
HHRER IR IR LR PROBA CHRIS Kt FALIR 45,2011
AT IRIREIE(TLD MR R GBI EL g e HJ-1CCD S RS 42,2018
BRI B TR ANN 2N 2% Terra/aqua MODIS L] Xiang 45,2015
TARARIE B R RBF S 2 Landsat 8 OLI R ERSIA Zhou%%,2019
R R HESESE & (WFD) g LR AR Seastar SeaWiFS EEWA GohinZF,2008
L PG AR HIE
N ML 2T Landsat 8 OLI ELPEMI  Coimbra’,2021
g%%ﬁﬂszﬂf{ﬁ(CETESB) A, andsal oimbra
wWEFRREILE(PEO) IESS N 28058 ENVISAT MERIS Sentinel-3 OLCT  HEMII  Guan%:,2020

1 : Trophic State Index: TSI; Trophic Level Index: TLI; Artificial Neural Network: ANN; Radial Basis Function: RBF; Water Framework Direc-
tive: WED; Companhia Ambiental do Estado de Sdo Paulo: CETESB; Probability of Eutrophication Occurrence: PEO,
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T LG8 — B IR 8 FRASPEM J7 1%, #1 40 Carlson
(1977) $2&HE FIRESHE 5 (TSD . TSIR H
0—100 % Z 40 (H AT A 5190 8 IR AR B R oy W AUE T
AHESR, hER. PEER. FER. HEE
FEE NG, L5 TSIHHERR, FENEHIs
FHASTR] () AT 322 8% 2 B0 S 6 R A6 9030 8 SRR
BV AT T — R 5A B XRIRE . A
FEHIEMER F 2R AT 43 DL RS
(1) DAnb2g 28 0k 5 0 0 1) 78 TR R S F8 8K
ER N i [N I RE W S N S B 2 B I e VA
T T ALK T R G 3 ) i AL B A, S
£t % Chla (Chlorophylla) ¥ & J5 1a] )2 3, #F i 44
DL 2 2 B R SR B TR S AR A (X (1),
JEXT2004-06 1 2004-08 [ A I E TR O A T 188 J%
WAL (ot 5, 2006). 45R 0N, HphLin-2¢
TS Ry B 1) B SRR AR BT LLA BAG B HHOR
WS SRR
TSI(Chla) = 25 + 10.86 X InChla (1)
AL 58 2E — 2 E B T DA B — IR Sy i ofe
TP E SRR A T 17 (Duan 55, 2007) .
T, LI T ' S g Ry FE Al S 2 T Landsat
LA TM 52 AR R W 28 Wk 8 T R i B, T A
K(2)FmR; RE, RHABIEEFIRETEE TSI,
(Modified Carlson’s Trophic State Index) (Aizaki%g,
1981) FE7 I FRIRE 5 MR R Wk Z Y ¢
ZAH(E(3)), DA S0 T 08 3R i ok
b2 ROBE I A
Chkz=11698><§i—-29709 (2)

K, b TEFEZRWEE (band) JURHE
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TSI, (Chla) = H)x(246+-]n2j;) (3)
i3 23 BT B TR S R AR S A K G
TERHE S A OCHE , Beilb 555 (2006) 5%
WA I TEYE Z,, (Zg ) MR (Chla) |
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GOV EE . BE, BT INEE H T iR 3 F
KRS B AR, B (4)—=(6) s A&
o, VAWRERERWREE O SR UE 7, LB . S
WM B, 32 b T O T B A R O
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) 5E AL ZRE VRO, I E SRR O T J ) 2

T

Zy = —237.03 x R_430 + 40.656 (4)
R.(710)

InChla = 6.3147 X In +2.013  (5)
R, (490)

TP = 2.0876 x R,810 + 0.0031 (6)

A, RAKER AN E RS %E (Remote
Sensing Reflectance) .

TSI, (Z) + TSI, (Chla) + TSI, (TP)
TSI, (average) =

3
(7)
‘ 2.34-1.82 X InZ,
=, Tsm(zm):lox(z46+ s )
1.32  InTP — 3.28
TSI, (TP) = H)X(246+ = .
In2.5

(2) LIKHRIGES BN SR FoR AT
[ Ay 5 1 LK O 25 250 S 1 W 2
TR AT 7 T — e . 55 4 KW 24
SRRE KK R R RDE & A BRI S
P4 (2008) S EORIEEE Z,,(Z,,,.,) 5K
DA R 1 0 R, T 5 B0 R R R
B B R I (R (8) ) 5 HE— B I LB R VR 5
25 1 i 22 BRS04 D O R VR 3
WM TR A, THEER (9) Fik.
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—1.9422 x —

Z, =2.8023 X e R_(522) (8)
TSI(Z,.) = 50.1 - 19.7 x In (0386 x Z,, - 0.158)
9)

e (=I5 P BRI 1985 4-—2005 4F Landsat £
G1) T SEAGOT B JE 7 3k PH I 0 35 SR 0 iR A 7 R
(Olmanson %%, 2008). B4E, F#MHKloiberZ: (2002)
BEO6F 2 M 0 i B ORE A Y R S Bk
(X (10)), SER T HIAEMERET (1973 4F—
1998 4F) YR EAGGE s SRJE, MRHE LA W] R o B
HERE RS D)), S| Tz BT
IR S 72 R0 & B o 2 T, Song &%
(2020) 7E N Landsat 8 TL& OLI %4 4 1 # 25 vp
FEHIa AR, g (1) RaRryE
FORETEE, SERC T P AN () 4 DX 8 5RO
{10 1 R £
N R, (blue)

R, (red)

ln(ZSD) o< m +n x R_(blue) (10)
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IKEFEEFUTL (Forel-Ule Index) 25 7H 7K J&i
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FIE AR AR . 1AL 21 FOK MR 538 &R 1
ME X R, AT H#EE T RGB (Red-Green—Blue)
5 CIE (Commission Internationale de 1’Eclairage)
P2 J3E AR BRAR R K AR 2 (Wozniak £l Meler,
2020) . K4S FUL AT TSIBE AR HE 4R, I Z
] s AL (30 (12) ), IFHE FUT<7 £R ¥t
BIRA, T<FUI< 10X HEFRIRE, FUIZ10 0
EEIOIRA AR 645 nm A B KR SR HER B ()
Ji b P EIAK R, SEEIE T MODIS 21885k 1
RN EFRE R (Wang 5, 2018),
FUI = 1.8645 x 00! (12)
A AT W, KR 5 W i R BURE 08 1R 7R
BMSSIERBRESYIIRE, XS5MIAEFRRS
B EAHSE (Dall’Olmo 4%, 2003) . [ P B 5% 141 BA
it S A, R BRI 5O IE Y
T3 R HE 28 B g (i nctie componens) T E DD SRR
HE T 7 W ] i R (R (13)) 5 lag,.=
0.38 m™', 1.64 m™ Ay {ECRE WA 5 SR AR BE R o R 9%
B TESE . BEFRRE, NEETIORMRA 5
W ZR B IR RS BT M I S 4Rt TR 2
s (Wen%5:, 2019).
TSI = 13.64 X In(ag,,) + 43.24 (13)

Shi 4§ (2019b) FR G840 A 7] 35 32K - WA
B R S B ST B ORI R R B
TR BB BREEK LIS i R a
(@) TETRSIE R Z M A R, ILH
EEFRERR B EMERH T Ha,,; Bt AL
PR R R BOKARZH 2 R WS R 5, AT A B T
B8 TR ST FO AR (0 (14) ), FEXIRBLRY
T N RS . WFSEAS Rt — RS, KR S
WS R8T LA s WA 5 RO
TSI = 12.14 X In(a, , (440)) + 45.69  (14)

22 ETFGAERRSEMEBEEORHER
KR
ERZIEFRERIESHON, B 1
PRI M R R EL 2
FERAESARBEG, R LA S5
DT 7 TR A % 2 7 5 LA B
AREE S AE SRR, A PSSy 2 I
B 5 B S AT W F TR B 55 & TR 4
HC(TLD . T R RS 20 TLL 75

s B AT T B A — 5 A 114 3 A Al
FEME, WA IR SRRy T TLL AR R 5 ) e J
ZRGE T TR T R AN E R TAE . A ewt
FUAEFEUEN T 2B AR B U e,

(1) DA 32 e B2 FEE i 255 78 FR RS 1R
B i MoK DL B L KIS ES E IR
BZE I REFR, E NPT Rk T
L . MERE L R BRSNS LR A
BIORESIREG S b, O SR Rk
VB D 6 HE /Y TLL PP A 5930 8 SRR 2 (R (15) —
K (16)) (AL 45, 2014). 4558 WR (% &M
ZRE R Y TLL R 288 S T RE A B A v A 1
HIIAE FRARDL .
1 1

Chla o -
“T\R_(680)  R.(694)

xR, (717) (15)

TLI = 104.05 x

1 1

R_(680) Rﬁ(694))x
R, (717) + 47.132 (16)

T T A5 AR AR R ORI T BT B A
BIRREVEAN Ik R RIESHOGERHIE, =1L
PRAE (2011) 230 TIEWIEE . fh2fie S it . ok
R, BA . BT SRR S $0E B E Y A 1T
Py EHIERMESHCZ N A M5 L, 2
HTOLL I g 3k B O L o R DB TR R 9SS
(Suspended Substance) ¥ J& i Bl () 25 6 5 520K
SREHBGN7)). LIREEREH, LFHEEA
TR RO v E 1) TILI 3 SRS A58 FH 115090 8 ok
BT .

TLI = 0.54 X TLI(Chla) + 0.46 x TLI(SS) (17)

E Rl A T3 3 I 5 b T S D R 1 A
RPN T, BSFALSE (2018) I HI-1
TR CCD Bl AR it e 2k 2 | B S5 3RS
By 23 1l oA (2R (18)—=0(19) ) 5 8 o b 1T 54l
A ER AR A . DA SRS
Dy IS HN S (8] o3 A1 5 HETTAG DL S KR i
B M RER -, Db e A BB
W BE M Bh R (0 TLL,  fh e S B0 X 990 75 SRR
MERETEM -
7m83x6ﬂ —5%77x%1+mzm

3 3

Chla =

3
(18)
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0.62

1.186\ ~
Zy = 3374 x (836.6 x (b3 X [)4) ) (19)
2

(2) AR 2o E 2R B R IRAS TR 4L
il S AL 2 > SEVRE B e ) P T S 15 B B A %
PR WA B SRS B AR ST 5 1 8 M T S Dy 2 i
AR R H . Xiang % (2015) 1EZMHT SR
gl EAE TR i o | NGNS B Y T3
ANN (Artificial Neural Network ) 4 % T 5 45 5K 2h
TRZREEFIRSTE R (TLD @A . F
H & 31 48 B 15 (Nearest neighbour algorithm) X
MODIS #1 3& J 4 % 77 i (MODO09) Fif 5 /> Bt i
GIEAT Rl A R AR AL, 3 U AR B R R
(b, by. by, by, by) HITLI 45k ANN A5 R A
F il 280, BCE ANN B 20808 4, it
AIBCEHE BE T H IR RS S 4 2R

FIIBEFE W], L) Landsat 8 TL& OLLZ AR A
1 KPR R, R A 42 M) 2 RBF (Radial Basis
Function) 28 P 28 LY 52 4 AR LR MG R L #hiE
RS HESR U TLL (Zhou 55, 2019) . J# i Kiw TLAL
SLAGORI Ml THD S0 BSCHE 1Y 2= S IR, TR TR ORAUK
R0 RECESHN AR b, Mg DL 7 A PR B
B3 (byy b,y by by by bgy b)) T AL
HWAE (by/bs. b/b,. byjb,. bbs. blb,. bJb. byb,)
HNEASEL, LLTLU % 45 R0 RBF Hji 28 [ 2845
B RHACT HoAt i A 250 RBF i 28 ) 25 A5 A
AL TLL SRS Sy, B IE S T %
SR 22 0 25 AU TE T 0 B SRR E A
23 ETHMERERMHAEFRTEN

FEOOE T R WA & B RS, A E
JEZ TSN TLIHEHE R 7~ 1Y 22 5 4% 7 [8) AR
KAMZAENE, AR TSIETLL, i ~J 15}
TR R E N S B IR, R RDKAR A
SR, JUH IR SO TR W A ) AR R R R R
B, A E RS RIESEG E FR Y Bk Z )
FORHELOGIBE , il A BT XM R 8 TR S E
PEECE T PEO 71 o PRI A ) 22 SR A Ak 53
THEFRRRBENS, B2 B LU JLRRE il AL i 74
Tk

SRy IOk R 7K AE 42 48 4> WFD (Water Framework
Directive) , ¥ E#F5¢ A1 A4 Hh — B Rl & A 3R 0%
BT E SR RS IR B Ik (Gohin 58, 2008) .

PPN IT LA O’ Reilly % (1998) 42 iy 412 nm
F1555 nm SR L AE R EE ) Ocean chlorophyll 4 5
R E FOIRERIES L —M Rk E; & X
Percentile 90 (P90) A 90% M £ 25 ¥k Ji X0 I i 1
TR BIE ; HKHE WEDARiE, LAP90=5. 10, 20,
40 mg/m’ iy 15 {ELAF P AR ) A A S0 R I8 R RS
3RS FEE (high, good. moderate, poor, bad),
T S B 7 TR A A KU PFAl

UL 78 25 (2 N B AR 4l 24 P Bl 7K A R
il A8 1A T A R W R R A E SRR S RN AR
#E, Ll Chla=1.17 mg/m’, 3.24 mg/m*, 11.03 mg/m’,
30.55 mg/m’, 69.05 mg/m’ A FERF AT E TR ST
SPREBTUESR . ESE. PESR. HESR. BEE
# . HEEES (Companhia Ambiental do Estado de
Sdo Paulo, CETESB, 2017). %X} P4 Fundao 7K 31
5] 359 < 7 0 R 3 B K PR R 2 SR A )
Coimbra 5§ (2021) #2H W H Landsat 8 T A& OLI %L
P AR B 2 Mk B Y e Ak (K (20)) , S5 A
CETESB - fi b5 ifie,  RIATSEBE 2013 4E—2019 4%
IK S FRRAS HB ER VTN

Chla = 14.039 + 86.115 x NDCI +

194.325 x NDCI? (20)
2, NDCI & Normalized Difference Chlorophylla
bs—b
Index H NDCI = 8 4@
bs+ b,

[l N BIF 5 11 BA 4 B B I AL & 2R JL 3 PEO
(Probability of Eutrophication Occurrence ) S, Jf18
IE T PEO 7E P VL P R -7 IR & 3RS T7
1 FRFEME (Guan %, 2020). B, FISZEE
T 5 AUASE TR A 7 I 2k B e LR B B S g
HEZMBYARLMEIC R, LB T 2 3R T B
J& S 3 5 Hk, R Chlorophyll spectral index
Phycocyanin baseline o¥ % I &% 22 ¥k i Ry 1 4] bR
HFIB & EFRARTR KA Fn, & L PEO AFFE
R 23 Y R DY 7 R A R A R T R A ROWL
SR BT S B LB, IR PEO 4RF B (R0 HT T
INERE IR NSt <k =10 R GEAITTE
3 EIRIRERNES HoE B i

F 1970 4R IR, Bl KRG A R P 5T Y
AR, 18 IEEARZ L N B )IA B U,

5 9 1R A A5 400 ) 7 T B8R BB e 31 R iy 7K
B ETE ., —IriE, KRS HGE BE R L
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WF5% DA T 0 00 2 e 3 it R i, KRB T 44
BrBe: (1) 1980 4R LARY, F2 B X IT 1l 7 1)
PRSI EERESE ;s (2) 19804E—1990 4, [lZE N Fifi
KR JRFF 55 T EME5E s (3) 1990 4E—20104F,
Rl LA PR T B BB HLBE T 09T s (4) 20104E
PUG, G Ses mR i pLas 4 S BRI 5T . 59—
JriE, AR R T RMGIRAS B R & R, MRt
)W EUGE, FEAAEWN TR (1) #BEIE
AR O E R, PIUNRESE & 5 TH45 19 Sentinel |
GF. TG % P A B 2k 3T R 445 28 5 o 38 R0 6
G BOBIEEREY, IR AT H/NELEIA
B K A S AL F AL BEA 5T, SR EE S A K L
B 1 7 3 IR A FRAE S B0 [ B v B 1 A IR B i
W (2) SeERRRBR 2 —E o PR R
REeE, BInERE—S RS EDTRALN 1 d,
23[R BER AT IR W oK G . ISR K 2.5 nm, LA
KA AT WG . UTLrdh . 4% L0 Al EE i COMS
Himawari—8 . FY-4 25 1FHUE T8 5 $A 55 5 10 45
J1 % 0.5—60 min, F050 1 2 FRIRERIESHOL
T AR I 140 R VR )R e A I T SR A R e T
B S ESEARDRI R RS =T, TR/
U072 /b 35 1 SRS 1) AR AR A 43 S R AE A 9 T R
T KM MR R R ROBE b T 5 B B R AR
PERIRR, DA R A% A H2 W R 05 B 5 32 S T4k
B HEARME S, T ROm T KRG F S ()
meE ) StEEty R (FlnmaE) . A
TR (AR S B ) R TE AR R
Wit — 230 B RIEE TR W RS, =Tt
SR S R S 25 4 BRI B

[ N AN R R, LS FR IR A 18 BT AN
YRR AR H ARG K it TAE Y2 5 45 TSI B TLI A4
R, o AN ERRERIES N &
TR, T DA R FEvE VR AT 1A 5 SR RS F
Wro SR, %A BT 7 AR S EUR R AT
W R i HPE AT SE T AR EA R . Ik, R
BEAE WA E TR A0 BTN B SRl B FRIR
BRIESE I FIE W AN % . A SCH Fl 4%
W R, e R | R ERLEEETR E EA
B B RAE S 808 i R AR MR
(20174F—20214F) JBFFiEik.

3.1 EHRE
BE (Z,,) FAEKURIE R B FE G RE

SERE AR WIS RS B E W KRS H ., B
26 BT 2 3T AR [ A K £ 3 SR AR ) A7F T
A RERINEVST W DA oy A K Bril MR = E 1 N i
PN BIFST o
T3 375 T 30 J o T 0 6 A R 1 A S F 9
W], ##E Landsat TM/ETM+/OLI. Aqua MODIS §414
S ST S 175 B S UL B L 40 B o I R AR
e B 5 3 JEk S U A AR T i 2 BB B D AR AR B
P I T 200k B RO R R, (ved ) Tk BRECRI 48 bR
B a7 B R v S B ARk (20 (21)—3X(22) ) (Shi
45, 20185 Zhang %%, 2021). ZER BN, HKHE
R E Y, BRRRAT R 2 Fh R IA 1Y
75 W B K AR AR L
Zq = 0.0046 X (R, (red)) (21)

Zy = 1.259 x ¢ 07 (6 (22)
Bl 5 W8 2 R LA SE IR TR AT R, K (L dR
2 (FUD) . atiff (o) SiEWE (Z,) ZREIHE
FERIBIF IR I E 2561 . Wang 55 (2020a) W4E
T 2R R I A M TS I R, 4R R
MODIS Hb2 )2 S 2% 7= iy (MOD09) H1RGB & {5
ALY () U —4k CIE B ARBRIR R 5 DAl €0 3] A
0 B 7K A A 8 AR TP B B 0°—360° 1Y LA A1, IF
YR A R FR T FUL; 17T S 375 3 3 J i T A
AI((23)—30(24) ), BRI SE B b [ R YA 375
AH 5 Ay e S
Zy, = 341563 x o (FUI<8) (23)
Zy, = 2847 x FUI>  (FUI=8) (24)
TEWN A2 W 2 S B8 i ) AL ) A 5% T
=] A5 AT AR Vb T i 50 4~ KBS
ST, X Lee 55 (2015) T[] 157175 HH B2 Ak
P& 0 — R R LR R AT S8, ST
T8 T A Bl K AR 1 i B R o JR s v AR vk (X0(25) ) 5
iz FH 2003 45—2016 4= MODIS 32 1% $ 51 s% F f
81X 37 WY g s s Ak kg, DL ar i A0S A 2R
PRI 2R XTI 45 W B AR B A8 Ak B AE N DTRR - (Feng 55,
2019).
Zg =0.9048 x Z . — 0.1449 (25)

32 fmE

P AR S — i i P HR R B AR K PRS0
P55 21 G [ PR o (B2 1K O 3 2051k
T BT ES — . BRAER L AR L5,
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ZOTRCA 130 B S, AR T TN
AR ERARAEA . 3T RIS 0K s
WA SR E R EEA X (B 4, 2021),
PRITT, 38 L 6 R 3 A WA K AR Y 21 95 B
A BT E SRS B B

AR, EFRPRERAZ G 2 (CIE) #2T
—& 0] W2 A bRifE, B CIE @58 A bRik &
T % TR G 1 IR S AR A R e A £ (5K (26)—
K (31)); MRS 21 HEE R
2, HiE DAEZGGTFX AR (Pitarch 4,
2019). PR, it bRk R0l R TR AR R
SR TF R A BRI T K AR G 8 M T F 52
AT 8 735 1 G 2 A S 4 BR AR A fg i [ L

x=[""R.(A\)E()dA (26)
400 nm
700 nm
v=[""R.()FA)dAr (27)
400 nm
700 nm
z=[ "R.M):z(\)dr (28)
400 nm
X
Xx=——"—"7"—— (29)
X+Y+2)
Y
S 30
Y X+Y+2) (30)

i, (M), F(A). Z(A) 2 CIE 1931 bRif (o )3 W g2
AT =R

180
a=—X atanZ(y =YX xw)modZﬂ' (31)
T

K, x, .y, S CIE (B A BRIR R 1 s B Gl A b
(1/3, 1/3),
33 MBEZRRE

W& 38 vk BE S SR AR TR WA 0 AR ) i ) AR
B, BRI AT DAAE A i 5930 5 5 R B i Al S8
(B 1), sk, RFLEBIAL EPLHER S HL
A S IR [ I G 2 B S T B IR IR T — 2
e

T 1] 92 il 2R 7K R g I gt 2R e A 0 412 L)
AL, [ P BIETE A A SE K RO S EAR, $R
HET WY a, (@) 5 AF R KK A 5
ay (@) WIS REINA G 750 A, L g, 443/
aA443=0.2. 1K B{ECR KRR 53 3255 FIH]INPP
TR VIIRS Bk 55 b i S0 45040 0 % HH 3 FH 3
WA G2 2 Y g 2 R UG R 8, F I T
X IO 1 Pt 28 Wk R v AR (2(32)—=0(34) ),
DLHAHE TH 2 2% 6 A FRAE J5 T I 2 20K 3 119 38 JR%
fHERSE  (Jiang %, 2020).

R._(488) R._(751)
Chla = —1.5 x -
R (555) R_(672)
443
g'ﬂ——)<0 (32)
a,(443)

Chla = -0.3 x R, (488) x

1 1
- +
R.(751) Rm(672))

Liazsamm4ﬁ
a,(443)
(33)
R (672 443
Chla = —0.1 x R=(672) | .,a“( )21 (34)
R_(751) a,(443)

B0 R BLRY A2 4027 15 5 T IS UK BG4
b B 3 XE RS, Liu %6 (2020) XF 30 A 2 HLBE5E 9%
QAA (Quasi—Analytical Algorithm) HEA7ToC i, [
B T30 2T A0 B A M L X it 2R R B S i AR 1Y
o, — 5, AR AR IBCRE (a,) TEITZLAR
BB PR, g PR QAA S H P K AT 41 Ak
e B A A A B Il B &R (b)) (R(35) ) 5
=7, AR BRI R (a,, ) T
IR W R B (a,,) (20(36) ), A HE
FH T 18 0 27K A iy Pt 5 3R R 2~ AL L g s
(£(37)).
a,A,
by, A =pA, X 1= o, -
KA, A,=7098%754 nm, b, AAEIKIE [AIHU R B
a,,(665)=0.17xa,, ,..(560)+0.83%xa,, ,..(665)

(36)

bl)wAO (35)

(37)

A, al,,(665)=0.017 m*/mg,

R R LA YOG A RS By g Sy 3 1
S 2% MR S Y ARk Y IR A, e L B 9 A A 2%
iz FH R B i 25 [0 25 A AU A 1 R OB R B S
2 Rk B 2 [ Y AH B OCHE (Pyo 55, 2019). B
I, AL T IC AL OGS R AR Y ik A AR
2 W 2% B B PRCNN  (Point—centered Regression
Convolutional Neural Networks) ; H: 7%, f& B PRCNN
it 2 BRI 3 WS AR 28 DUAS TR 2 15 RN A RY
TS AR U IE 2 BRI I R (L 46 Ry W 3R U
JE 5 B X b B i e B 5 A ) O S A A
(R, FEACHEIERE) ffmmas R, Smk
B, JEF PRCNN RSB [y i 4 38 Mk 3 = 3 R0V e A
AR BE AL SRS L
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ROEA WENEL €N UNEF=E i/
I 2 2804 B 1 4 SR — SR IR, 55 B I RS
KIFEFE R, 81 VA TR A % B R 2% 4575 MDN
(Mixture Density Network ) ¥ ffil] 22 JC A R 2 & bR 4L
S CE¥maE . hirZmE (3. BHE R
B, A LUK IR 22 R TR RO e A B ] A9 A [H]
B FRIKOT R Mk B S i A (Pahlevan 45
2021)., Z5H IR, Y Sentinel-2/3 TR ZGIEFAZ
TR FF R (400—800 nm) 5 M- Z R JE 4
MDN i A F%in i S50, S aT24 0 2hsiE2 (o),
P I AT A N7 4 TR RURE () I 28 v A 7 o

34 REMEBEBRE

A B SRR I B B o i (1)
A, AENERRERIESH, DA . Bk
ARG B A S0 K AR S IR R AP B (R . MR T
M2k ER . BIERRLY . B O A s Y
SR EEIE TS BTG R o PRI, I R
SR A7 R 22 3 3 28 B Y B ML A o ) BB fi
TR SR 1 ) T 1) 2 S 3 [ A

T 5 & B SR A E B B, aE ke
Landsat 8 T35 OLIEUE 9 A [R] 28 U 38 B I SR 4l &
5508 SR W T e B SN B AT A S e A, W
bJ(by+by) 5 MEMR BB VI G, JF HIZH G T LU
e KPR B B AT R SRS TE Il R AN RS2 f
AR HE RS RIMES L — B A TN (Total
Nitrogen) ¢ B 9 22 J iz i 379 (X0 (38) ) (Li 4%,

2017).
b,
h+m) (38)
Wang 55 (2020b) 5 J& ) JH 4 7K A8 W2 Wi ok
T8 IR o 1A [8) S BN G IS R IR R 22 5,
T HE KR ) B0 DG T R I 22 e 55 A B ) R AR K A
SRR . SCER SRR, M T B S R
R R SR 2 il 5 R T L) 4 o) B T AL 2 T S AL ]
PSR R E TR 22 5 B P e fie /s —
Feik . BEMLARAR . Bdmar I L. e i R A B A
B AR, B E DR R Bl A R e M i AR A Y
SERHHE AR R AL 5B R A iR 5
Du 5 (2018) $i i —Fhfif ¥R A7 70 2R
MG (TP) W . B, A
2 R 5 TCHLETFE R ISM (Inorganic Suspended
Matter) G fELF £ — b fi] AT B8 K AR 57 3 207

TN = 0.11608 + 2.0716 x (

2o, BN TR YR H (Chla/ISM21) AR
et (Chla/ISM<<1) DXJ; 38 o S ik vk B R0 s Ot
T S ESCHE 22 [R) A BT U 43T, ST R R R Y L
Fha8 18 SR, DA e A AR AR 2R 2R ) e
PR . S5 oR, GE TR 0 SR
A P A K R A ol v e ARk 43 ) ol 2K (39)
F1(40) .

InTP = 0.99 x In(R,.(730)) + 2.199  (39)

TP = 2.203 x (R,.(798) + R, (803))" +
1.903 x (R,.(798) + R,.(803)) + 0.035 (40)
BE A W0 & B R R R, B NS
AR G I SRE ot PR 07 A T 2l N R Y 1 DR TR TR O i
(Particulate Phosphorus) XA ¥ b R A6 27 916 24 52 72
FEA IR . Shi%E (2020) 3 3 %k A T i
T S5 0 5 4 AT MODIS 5245 80808 47 A0 PR 53 #r
i 1 1B OB A () G S U BE R b, b, (HRt i
Ko 645 nm F1859 nm ), L AS S URE AR B 1Y
R A (5 (41)) 5 RS ST R A
(ARG AL BRI, HE 22 H 2003 4F—2017 47 K18
TR AR N AR R 5 PR Y sh A T AL e 7

R(645) R (859)

PP = —13.316 x - +0.1746  (41)

R _(645) R_(859)
e + e’

4 [RlEUE Pk

PRl 4 BRITA & S SR AR BRI
A IR L ROR RO~ # 2 R B B S A TN 2 A
PSR F, B IA B WA B IR T R
FABAFAELL N LA Z g . (1) 2% B K44
M E T ARG IR # $ORAG—,
I Hk Z B L= HLH], MR 10 2 8 [
PEAT B R 23 AT . AR HIIL R TR
(2) FEWIAE IR RS AT S EOE O, [+
SMIFFERAXT B AW B I | R SRR S
KR BRAC S H, TETER AT WA Y . KA |
TR Sh ) B A AL W) S BO MU S SRR, i
PR E I RS AL 2 20 18 PR MEAR MESE — 5
(3) BA BT Z LL A — WA BT X b7 2 5t
g = —5K" B IRRSEIEIEANY, XTWIA KR
i —2 — GBS E R AE AT AL, S EOIAE 3R
MRASFRAE S B I S L A S IR AL M 2 A Y
KASEA AT B2 nI A (4) ABIAE SR
AR TR BATAN LR OF S BUR v R, N WF5E A
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BIRSEM RS (B TSI TLD S E, EAb
HHMWMETHR—HF (FIN2RREE) Mt
5%, ARAETE bR AL B B RO AE S

TEEL 2RI M B 2 B AR, KBS H R 78
R\ RAEE AT EARIER . Bk Z W
AATRERE], KBS —Fh 26 5120 (09 R s
PR s[RI B AR () 24w T R R T
Br, NREAER IR R IR U BRI T — R B 5
BRI FHME R 48 ke (5K, 2018). fEAK
BIEMELE S, AR, 2. 2R
JEE R 1) 328 R B A A B R B R TR
T BB AL T ] 5 i B R R, R iR R
REVEM TR TREAT N LIRS T, BT,
AR SCHG A G e] 1) FH 228 8% R B B HEAH G B TR
T E IR AT I T I I R n) R i
T, MG E 2 Fis .

e — |
| i JOHR E
e | swsmiate, s ey ||
___“__T_____J
e — |
| i sk
sk | AT, dert s | |
______$_____J
| swwweemsmmma |
(7T ———— )
| kibmas | | AxmEssn || Rams
W | sk HHFIF R | |
| BH | s P Wi
e e wmigmrs | |
L —C r _____ )
SRR T
e e

B2 A E SRR S B BRSPS UL
Fig. 2 Organization mechanism of remote sensing big data for

lake eutrophication assessment

41 ERKHETLEEIE

T R EE - 5 A D RE AL 45 2 U0 TR 2 AR s
R R . — BRI Rt R AR
S o KT ORI A RO B9 WA & IR S A
M, BRI SE E A H A ml3E Eh PE B it
B Kk % F & GEE (Google Earth Engine) % 4£
Landsat &4 R ZGEHE, IFiz M GEE f& ity —

Sk Ak 3 1 S R H R S A5 BRI T R I A
KRAKIE . JUTKIE . AR PHES . BHEr, hiE
T AR S BRI T B 15 R AR 5 1 i ) 2% 1R
T AN, A 5 22 U5 1 SR A DT e
A b R E S A, BEAFRAS
B RS 1 G o i S F A, TR ST AH
JOF () 1 %R B A v, BRI AT AR Bk = e 6% AR
GEE 1y [ 7 i B R E iV 65 -
42 HIHEFRNRSRIAESHEIZE

A SR BT DY 2 0008 B ) T i R
S, &SN ERR . BEEE
FERRFE ARG, KRS E (FlanrtakE |
SVE L BRI 018 R RS B A2 BB
T 52 e B A 5 RS 8 BN I Pl SR . AH
XE, KEIEESE (WLEE . @R ik
FH) H A& T SO — O 1 R AR
(Ayele il Atlabachew, 2021). KHIt, 7 CIH44 5
SR E RS RS A S T EA R
SE GG R KO 28 REFFEIEY],
R SRR A RAE S B PR R R LASE B
FERIEMIIAEFRIRG (Sinha%s, 2017), AT H
AT ERR AR B AR R (B) A KT 5
M) W8 SRR A, ARSCEUN T S B IR b
Wi &, . 4T, RREFRRGA kK
NI E TR B ORI P B . TEER
SEEERT R, KHE IO A SRR SRR,
YRR (S AR, ACER) kEER
A AE DAL R 40 AR A5l 55 3B TR [R5 oK
Sz )RR . ZER N E SRS E B .
43 ERFFHYRERRE

HH T Al 2 3 PR 5T A A ) O 2R R A 1T
RHPOCFTE Y RS, H Ay E AN 12
KB ET Z R AEPLER 2% S BB SR 2
TP o o S U AR, B R R Bz FH R Bl
o) RO, I H IR S8 A HERR AN T X ER AT
PRI, 2Pl 27 > I AL I N Re kAT KA s
GO N . #W TS IR ARG S Y PO TS
553 1) 7 A% A L [R] B A2 21 3 B iR A8 5 45 ) 4R
RS, 5l A BRI A HEAR 5 Rt &
WL AR, 23 ) bR SOfF B Rl S 3 o o s
JP o, R s T2 IR 2 IR G R L 2
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Wﬁﬁmwﬁﬁ\&%ﬁéﬁﬁtﬁ%#%M%
P i E TR AR B G E E
%Eﬂﬂﬁ@%&*,ﬁﬁﬁﬁﬁgﬁgﬁwa
TP 5N B8 9 G 55 i 2 AR A, T4 w5
L E Y BOLIE 859 05 SR MEATRE J), h sk
BUIBITA SRR AL SR 2 S 38 5K E $2 T

4.4 EBRAHETFNAITES
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WEEGEAR , F kA T 18] 22 R 2 2 R R HT
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LA HEAT R IOCE s IRAE FRIRES
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B PEAT A BN S AR B, SR WA E TR
WL GREARR TR, BRI A TR
Bk TG L, B REAR R A B, ]
TE AL TR M) P 8 SRR A N s e B )T S
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S — 2T ) A 5 IR AR AR SRR S8R T
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FE R — 0] 32 40 00 1A A5 25 IR DN T0 A0 3 JER R Bl
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5 45 iE

UTAFK, BEAE E R SO A S AR AR BRI
AN EE ISR T S IR A i 2 SO i AT 5
NP R B Be, Xt g A 985 AN SCER LM F
R 23 JUJE 9 351 90 75 97 IR 2 A ] e 2 A 22

=Y
WA E IR RSB BN LR E 2 AL 5t
BUE IR EN R R (BT TSI TLL B9 2 EGFA)
PIEREPREUFRIAL (PR ) . E5E (Fan
) BORFRUEJR AT, 2 — S8R R G RO bk
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Research progress on remote sensing assessment of lake nutrient status
and retrieval algorithms of characteristic parameters
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Abstract: Lakes are the main components of water resources on the earth surface and are closely related to natural environment, human
life, and social economics. The variation of lake ecosystem triggered by natural changes and human activities has attracted attention of
scientists and governments worldwide. As a major lake ecological problem, lake eutrophication can lead to algal blooms, causing ecosystem
disaster and drinking water risk. Therefore, effective monitoring of lake eutrophication process is an important cornerstone to accurately
grasp the lake ecological dynamics and strictly control the lake environment pollution. This study mainly discusses the research progress on
remote sensing assessment of lake nutrient status and retrieval algorithms of characteristic parameters.

Through in-depth analysis of a large number of relevant literatures in recent years, this study systematically summarizes the existing
methods for remote sensing assessment of lake nutrient status and introduces the research progress on retrieval algorithms of characteristic
parameters. In addition, suggestions and prospects for the studies of lake eutrophication are put forward from the perspective of remote
sensing big data. Thus, the objectives of this study are to provide an overview of remote sensing algorithms as useful reference and
demonstrate the feasibility of remote sensing big data for the assessment of lake nutrient status.

Accurate, real-time, and large-scale monitoring of lake nutrient status is an important basis for understanding the characteristics of lake
environment change, through analysis, evaluation, remediation, and management of lake eutrophication. Compared with the traditional
survey approaches, remote sensing has the advantages of fast, wide and periodicity. It has been broadly used in monitoring various lake
environmental parameters, such as chlorophyll, transparency, and nutrient status. This study focuses on remote sensing assessments based on
Trophic State Index (TSI) and Trophic Level Index (TLI). Moreover, the latest studies on retrieval algorithms (including empirical model,
semi mechanism model, and machine learning model) of characteristic parameters are summarized. Therefore, the reliability of remote
sensing assessment of lake nutrient status has been fully demonstrated.

Through combing the research progress on the conventional assessments (i.e., TSI and TLI) and the retrieval algorithms of key
characteristic parameters (i.e., ZSecchi Disk, Forel—Ule index, chlorophyll a, total nitrogen, and total phosphorus), the potential correlation
between the two methods is clarified. The results can provide reference for the studies on lake ecological environment and the possibility for
improving the remote sensing technology of lake optics and water color in the future.

In recent years, with the continuous improvement of quantitative retrieval algorithm and satellite sensor technology, research progress
on remote sensing assessment of lake nutrient status has entered a rapid development stage. The review of related studies has advanced our
understanding of lake eutrophication by remote sensing data and technology. In summary, remote sensing plays a significant role in the
research of lake eutrophication and provides practical contribution to the monitoring and protection of lake ecological environment in China
and even the world.

Key words: lake eutrophication, remote sensing assessment of nutritional status, water parameter retrieval algorithm, remote sensing big data
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