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inversion accuracy is selected, enabling more accurate and efficient application in water quality monitoring and management of
shallow lakes. [ Methods ] Chlorophyll-a is a key indicator for water quality monitoring and a critical parameter for eutrophication
assessment in aquatic environments. Poyang Lake was selected as a representative study area. Chlorophyll-a concentration in
Poyang Lake was inverted based on measured chlorophyll-a concentration and Landsat-8 OLI satellite remote sensing data. After
preprocessing the remote sensing images, correlation analysis was conducted between single band and band combination data and
chlorophyll-a concentration data. A chlorophyll-a band ratio model was developed, and relevant band combinations were selected
to further establish a back propagation ( BP) neural network model. The correlation between the measured chlorophyll-a
concentrations and the inversion result from the BP neural network model was compared. [ Results] The result showed that the
developed BP neural network model led to an improvement in the coefficient of determination (R”) between the predicted and
measured values, from 0. 624~0. 855 to 0. 745~0. 921, compared to the band ratio model. The mean absolute percentage error
(MAPE) and root mean square error ( RMSE) were reduced by more than 46% compared to the band ratio model. [ Conclusion ]
The BP neural network model outperforms the band ratio model in inversion accuracy. Temporally, chlorophyll-a concentrations
inverted by the BP neural network model are higher during wet seasons and lower during dry seasons, with chlorophyll-a
concentrations increasing in summer and decreasing in winter. Spatially, chlorophyll-a concentration is lower in the central lake
and areas with high water flow, and higher along the shoreline and in regions with intense human activities, with the southern lake
area showing higher concentrations than the northern area. The established BP neural network model demonstrates excellent
performance in chlorophyll-a inversion in shallow lakes, providing important support for the conservation of ecological environment
in lakes.

Keywords : remote sensing image; chlorophyll-a; neural network; shallow lakes; influencing factors

2 = JEA A KT K A Y T B

WA Bl 3R R R R A A R M P R OT 2 —
L K B IR A B AR, X e BR IR BT AR AL K
IR S Bl AT v B ORI e K R
o | BPiithi s . KBUHE . AR 2R SO
T A A5 AN AR PR T, B Ry A9 9% %%ﬁ

M%ﬁﬁl%%ﬁ %u%?n@@%im,

0T I M R L S BT I ) e ﬂ%ﬁ%
#J\’—ﬁﬁ%%ﬂl&“i@iﬁi%,wx“ ” M2k E a 2
I 7T M ) Py AR ﬂUE§&%K%¢

S KL, W (K V7 2y
B SRR TR AL T AR
e, SR 3 a v TE 0926 X T T A0 A

PR R H A Al 34 . B g5k AR 2 B
JE;J\X[I(F“ o

TGS H M N IIA 20 3R 2 WREEAFE IR |
AT« MELLSE B BRI IR [7) 34 282 ey 0 g [l ke
Z SR AS () B ESR Y M2, Bl
AEDGE A RN B BA S S Sk A
# Rfﬁm%m, ERS TR Mo Rk ME e N T ik Y

AEAS 75 B L N 18] A S 38 HE B R RV R g o2
? mg,ﬁmﬁAﬁﬁ@LFWM&mﬁm%ﬁﬁ
R a VR, PRI EAE R RO W R R
KPP A REE L, WL, BREAEACE

172

] PN A3 ) S SR AR I 5 WA 5 T T
BT RK&E TAE, GITELSON %5171 Fif F 98 2 /K 1A 7
700 nm PRI S 8 06 A7 " 1 S Sl R RO T H 4% ) B
SER, #ET TR M SR o W MBI, X 5%
VTR ZY-102D 5561 5 AR B0 b o [ 48 R fnde
JEF D Y 8 SR ORI . AR K ) e s
TR VNIRIROK ) M-3R a WS HEAT 1 I it B
FRY], ZY-102D m= A 7E ARG AR 4R a W
J3E B KGR B 3 O T LA AR RV . kMg AN A
AT 2 K THD S S D635 I SE I it 4 R a B
BE, HENT AR a MR RSB SR R G
AREE A M E o AR RRIT SRR a W A0 A
GERL, BGUEZE R R ROEORE R 72% , TR )
FIF Landsat8 1B EEIEGEMAGR, WETEHT
A SR R a W SO A JfxF 5 IRAERRM K
A RRUEAT TR, 2R R B AT AT I D A
AKEFRAS, FH 8 8 K 5175 F700R A28 A 5 R R
H, FR& 5T Pearson ¢ R 1€ HI-1 T A
2T B #ﬂmﬁ%%ﬁ%%%&%ﬁ%ﬁ
SRR a WREHST RPE B | B TR SR R
SR a WRIEMNRBEHRE

IR IR AR A K S EE A 5 2ok
%ﬁ&ﬁ%%ﬁﬁﬂ“ﬁ%ﬁﬁmﬁ%ﬁpﬁ%ﬁﬁ
ARt MDA RL, R Z R TGS 5K S

KFKEBER(PHRL) E57%5 2026 FFE1H



Ba AR LR R, IR R YL BE 1 5
RS BEATAE B IR, 0 22 oK o 3 B LB 5 1t
RIS HIS IR R, (GG BRI X L
SRR RO BE R R . MTAESR, HAT SRR LR Mk
SR RE 7 B9 N TR 2 W 28 A ] K 5T 2 s T
R SE Hh, Hor 3 1R 22 I a5 #E B 1A 1 BP M
o 245 PR L A B A SR 2 M Bt ) I AR e, B
R R OB S i N S = S U D E 4
AL T 0021 4E 9 F 26 H WYL 3 /K HE W I 54
FI1 Sentinel-3 S8 ) BP A1 45 ) 48 45 A0 S 30 1 9
VI KB B ST, IR T %0 i A K AR W
(AT AT M, Th R AR L T b v W 0 B AN
Landsat 8 #5214 #4) i BP M & W 4G AR SEPl T
WK 2013—2018 4 F K TS 80 i, TR
T RO BT Ay — 5 (GF-1) TR B RGAE, M
HT BP MM AR ST T T B K AR
LR o WRPE Y EORETE SRR . BP RN N 5 AR A R T
& GE WL a2 2B A v R AN . F 5 b BT I 254
o LM RIAAM L, BP # 4N 4% BE 0% it £ 2
B[ 5 RERE L LR €/ BRSO E | 25 S-S
2P A 0GE 78 B 1) 2 R 3, R
il 7 A 2B @A 1S . 5 SR AL
( Support Vector Machine, SVM) #H L, BP #ft £ % 2%
T A P g A4k SO0 B 2 B T SR G R TG, REAS I i
A R 24 S5 KRB AN [T 55 752K, T SVML A PR BE &
FEACH T 4% R B 1 e B2 5 S 80, B 7E A B
BRI T 22 = ™, (H BP 2 o 4% A7
FE— 5 10 Ja BR A, X I 25 50 A R 1 A4 o 2
R, B RS 2 EES HEaE L A A m m R
BP 128 W 45 47 7E Ja BR A, (FL 7R b B AT 2% A I 4k
[ R ELA g, B AR FE e SE T H e
LRF a W SO NG ), A ARWESE R F BP
28 0 5 AR AR T BRI S H AR S %

A SCIE Ao ff P 2016 4FFB FH#] Landsat-8 OLI T2
BIBIRSAG, 38 % B HAE 5 S B4 &1 BH 2t R
a MR TEAT A SR 40 AT, O 6 4 A O M e e 19 0 Bt
FUARABEAY AR i AH Gk A v B9 B0 BE A B 4l A
HBP A2 S 3R a Y ST A AR
VI o e P9 L0k BB N U0t BE B AL R BP 2 I 45 1Y) i
A2, SRR 2 WRE N B Z, RS B
TEY R B N B J2 A5 pR AR, 2Rk R BOYE i
JZ PRBOG AR IR AT PR I 25, H5 i X R A I T A5 A
PEFTRE BE A, et el A X A A 2R a W
ALY ARSI SR 2R a AR W $R AL S0 R

KFKEBER(PHRL) B57H 2026 FFE1H

WAL, %//8T BP #A MK NEHMIRER o BEKRE

1 MeSHS
1.1 HREER

FSPHI RV PG A, b E R MR, M
BN EAE 115°49'E—116°46'E, 28°24'N—29°46'N Z
[f], TZIHN 103 km®, JE—PNEA R PERK
WA, KA B A, KA ARET 2 A, B
CEKALE, AR R kK — B, Rk —£R7
B R i 5 ACTRIBI R, BT SRR YL
GEIAT | AT A O K IR K T I
PR, POLHE, —BIhR, MELEHAKET, ¥
KERE, WIMERR, WImIAR 0, K EEIG, JEn
P, SIS AR AR LAY A

BEE N RG Il A B AR R L TR AN
o Trny sl & R, Hevs g n, SR T & o B
TR, XK A A A N R [, 3R JLAR I X
KERLAN 260 3, SR PMIFAN 45 R R, HK
JEEBIAIN—V 2, 1980 4E LIk, I X 2B R B A
RE TR BB BT & R A
BT G R T 2 R B R R K S
BEOKAEIL G P TRy R K I A ik 4 s 7 A K R
AT — I WA X A B E A 1
Ji7R

~ 114°E 116°E 118°E
z . S28 A z
S | &
o i o
z z
3 3%
o [\l
z z
o o
o o
] 25 km
) : ! !
114°E 116°E 118°E
@ RAER — [ TR R X

1 HRXEBAE
Fig. 1  Geographical location of the study area

173



BRAL, %//5T BP MARMKNEAI &R « BRERR

1.2 HIEKES4bE
1.2.1 w44 a REHRIEFRI

A ST AE RIS X AL 8 9 AREERL, ik
W (S1. 29.748° N, 116.213° E) . W4 W 47 (S2.
29.606° N, 116.136° E) . A F (S3. 29.441° N,
116. 054°E) . BEiI(S4. 29.232°N, 115.956°E) . #B
B (S5. 29.247° N, 116.185° E) . & B ( S6:
29.078°N, 116.372° E ), J& 1 (S7. 29.017° N,
116. 483°E) . #BF (S8 28.983°N, 116.667°E) .
111(S9. 28.883°N, 116.408°E) . 4 HIXt 9 ANKE fi
TaE e H A SRAE, SRR 205104 2016 4F 2 H
2H.3A3H.5A6H. 6 H12H,7H6H,
SHSH,9HA7H, 129 H, i HKFRFEATE
JKTETLAT 50 em AbHEAT /K EACRAE , B KRR [ J5 s [n]
SRR A O CEE I M4 3 a R
1.2.2 #ERHEIRI

AT R 0 B R BCHE ok Ml B oS ) i =
Landsat-8 OLI 2%, TR B0 R S 5000 & ik 1
Fg .,

A5 L 07 8 1 5 BN T 10% 1Y 18 IR 1R 3k
RS R B B, T Landsat-8 OLI T B T )y
JEAR 16 d, Jir i B 388 JE R AR 1 K B 6] R 2016
216 H, 2016 4E3 H 3 H, 2016 4E5 A 6 H .
2016 4E 6 H 7 H . 2016 4E7 H 9 H . 2016 4F 8 J 10
H. 201649 3 11 HM 2016 412 H 16 H, 1 A,
4H. 10 A 11 HEAGBH @G s mEK,
Lo WAL B JE AT SR TCTR A S B s s g . IR 4 i
BON 1~8 W, 2SR R 30 m,

AT BRI kAR E A 2 fios
1.2.3 Landsat-8 OLI % fa4 22

FREL Landsat-8 OLI 5214 W OGS B, 752
X G AT TAL B, B R TR AT AR, RS

IR RHWIE AR ]

I
RS E bR

[ SePnt- 2k 2K adk i H e BB 43 H ]
I

¥
[ e Be LR R J [ BPAfi 22 o 4 52 7 ]

i X LB 43 e

[ T I - 3 e BE I 22 A LA AN S0 R 3% }

B2 FHEiniE
Fig. 2 Flowchart of research methodology

P 2 o A TR 1 538 10 B i S L 2 46 Sy b 2 T )
S5 B B R S AR A Y R A A ST R B AR RR
1R RS R G IR 2, W R AR I 18 B HA ] He
HERYE, ABFSEE H ENVIS. 6 50352 U 55 2 A
PIBEE S, T E bRt R, Z )5 ENVIS. 6 3K
FFHr ) FLAASH B8 HEAT RS IE . KA IE ot
TR AR S B e o M 3R O R R . HEH Y2
TH BRSBTS DR 200 M S s S e T4, R
ETE B e e o MY AE B e . FRSHE AR AR
SRIESE R B EIANE 3 B,
1.2.4  ARra KRR AR I

A AR 52 B 7 10 DA 28 J8% 52 A8 v 4 BOK A4 34
F,OAT 5k PR AR BRI, SRAIE—
k25 KRR $0: ( Normalized Difference Water Index,
NDWI) KA UK RS FL, FIH ENVIS. 6 24 Band
Math RS HE AT 15— ALK (A F5 %0 ( NDWT ) iH55, NDWI
HHEALH

%1 Landsat-8 OLI ZES#]

Table 1 Landsat-8 OLI satellite parameters
LR AR W B WAL/ wm 25 (8] 3 HEF/m O/ pm
Landsat-8 OLI Band 1 Coastal (152 EL) 0.433~0. 453 30 0. 443
Landsat-8 OLI Band 2 Blue( #5 )% E%) 0.450~0. 515 30 0. 485
Landsat-8 OLI Band 3 Green( 4% Bt) 0. 525~0. 600 30 0. 563
Landsat-8 OLI Band 4 Red (£L)%Ef) 0. 630~0. 680 30 0. 655
Landsat-8 OLI Band 5 NIR (JE£L4MIEEL) 0. 845~0. 885 30 0. 865
Landsat-8 OLI Band 6 SWIR1 (JHE£14h 1) 1. 560~ 1. 660 30 1.610
Landsat-8 OLI Band 7 SWIR 2 (/%4140 2) 2.100~2. 300 30 2.200
Landsat-8 OLI Band 8 Pan( 4ol Bf) 0. 500~0. 680 15 0. 590
Landsat-8 OLI Band9 Cirrus (B 1.360~1.390 30 1.375

174

KFKEBER(PHRL) E57%5 2026 FFE1H



(b) KAPZIE

(a) FSFE R

3 Landsat-8 OLI %4 Hi4b 2
Fig. 3 Preprocessing of Landsat-8 OLI images

(GREEN - NIR)
(1)

(GREEN + NIR)
K, GREEN NiEIBSZAGR ML B, NIR hy 8 &%
AR BT LT AN B
1.3 EBRREERNE
1.3.1 JRBEAMEABSH

R DX S K AR 2 26 a W, fH ENVIS. 6
A Band Math BEH6FAR B 5 1) 8 8GR 001 T 0%
BLia%y, BB IKIREEAR I B R, it et
S a WRIE S, BT B2, B3, B4, BS BRI
B I B G vk T B B AR SR Hh i
B SR E a WP SO I B s B A, ARG
il Y E 25 R A A GRS AT S8, D RAL
R TR — R LA R, e RBGEK,
R B 4005 R R G, 74 3] AR AR O P &5 SR n 36 2
JT5, YeE RZE(R) BT AR

NDWI =

BRALL, %//ET BP MARZNEMAHEER a BRRR

Z (%, - yi)z
i=0

2(,) (xi - 5’)

K, n HHEARGE,; x, HREMSRE a WEE; v,
R AR a WREAE; y MR o WET
B,
1.3.2 JhBfaER

FRAEMERZR a YR S50 B & I R 2 (A1 (A 5%
KRBT, SIS LR ZR a R AR M I
Mo BS M H B &, Horb 2 A/ BS s Al e sE
FEe R 0.855, 1 B2 B X HLREHLLL A B S
W AN, IR H AR ER a Wk S T AR AU AH 56
P fR e ) Bl i B 2 A R S A AR B R, X T
XTI ERER a RBE R, £5 H Mg Ak 3 s,
1.3.3 BP A& M&AEER

FgE BP P MZEEIAUET B e B ] S s
Fa WRE B EMICH 1A RBEBR L AN B EA A
YEHN BP M AR, MHER 3 a WRIEA/E
JZ. BP M MEZKAE R 2R S B 1F D) R B P
At bR, e R R etk iR BT H LN
PR R R IINRIR B E F 1 000 YK, 2> BRI E
90.001, AEEEBIRE R A G AE BRI X FEA
TR —fbAb B, [ AR EN S AE-1 8 1 2
H], HAEr, BASE—WIES e &2 a8, [y
SEGT  25 F BN 2R SH S, TE R Tl R
DN TR PEe e ARSI =Nk ENE SR &S|
A, BRIz e ). S Zwilds, REET

R =1 (2)

x2 BERFEEBRASHEIMESN

Table 2 Correlation analysis of single band and band combinations

P B K R?
BB A 2 H 3AH 5H 6 H 7H 8 H 9H 12 A
B2 0. 352 0.363 0. 509 0. 360 0. 417 0.212 0. 201 0.334
B3 0.231 0.313 0. 475 0. 580 0.220 0.176 0.215 0. 425
B4 0. 836 0. 596 0. 262 0.775 0. 347 0. 331 0.225 0. 450
BS 0. 855 0.715 0. 647 0.562 0.484 0.429 0.380 0.788
B2/B3 0.338 0. 398 0. 443 0. 076 0. 570 0.315 0. 587 0.310
B2/B4 0.158 0. 366 0.208 0. 246 0.335 0.211 0. 296 0. 202
B2/B5 0. 142 0. 655 0. 490 0.518 0. 254 0.172 0. 397 0.199
B3/B2 0. 090 0.152 0.211 0.169 0. 589 0.239 0.362 0.372
B3/B4 0. 187 0.725 0. 435 0. 677 0.291 0.339 0. 449 0. 159
B3/B5 0. 154 0.777 0. 296 0. 101 0.413 0.163 0.517 0.214
B4/B2 0.578 0. 382 0. 650 0.271 0. 324 0. 402 0. 301 0.225
B4/B3 0.220 0. 742 0.755 0. 224 0. 301 0.263 0. 508 0. 402
B4/B5 0. 762 0.708 0.735 0. 747 0. 624 0. 654 0.718 0. 668
B5/B2 0. 406 0.618 0. 652 0. 555 0. 404 0. 496 0. 452 0. 407
B5/B3 0.425 0.576 0. 330 0.577 0. 369 0.433 0. 464 0.511
B5/B4 0.272 0.413 0. 394 0. 464 0. 261 0.313 0. 588 0.258
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Table 3 Band ratio models
mF [H] B B AR R?
2016 42 A 16 H BS y=0. 686 2x” - 1. 465 0x+0. 781 8 0. 855
201643 H 3 H B3/B5 y==0.427 8x%+0. 811x-0. 349 4 0.737
2016 4:5 6 H B4/B3 y=-1.568 1x%+2.782 2x-1.221 3 0.755
2016 46 1 7 H B4 y=0.496 9x* - 1. 247 6x+0. 787 0.775
2016 4F7 H 9 H B4/B5 y=-0.766 6x°+1.838 8x—1.073 1 0.624
2016 4£ 8 A 10 H B4/B5 y=0.257 3x%-0. 578 1x+0. 327 2 0. 654
2016 4F9 A 11 H B4/B5 y==0.236 4x°+0. 462 6x-0. 204 3 0.715
2016 412 J1 16 H B5 y=-0. 188 2x*+0. 455 5x-0. 262 4 0.788
x4 BPHEMEER
Table 4 BP neural network models
w18 B BP 22 [ £ 150 R?
2016 42 A 16 H B5. B4/B5 y=0.051 37x,+0. 010 44x,-0. 060 68 0.921
2016 4E3 A 3 H B5. B3/B5 y=0. 535 68x, +0. 026 66x,-0. 538 02 0.834
2016 4£5 A 6 H B5. B4/B3 y=-0. 002 43x, 0. 048 35x,+0. 054 75 0. 886
201646 H 7 H B4, B4/B5 ¥=0.010 88x,-0. 119 78x,-0. 136 64 0. 831
2016 4F7 H9 H B5. B4/B5 y=-0. 049 26x, 0. 170 57x,+0. 220 01 0. 865
2016 4E 8 A 10 B B5. B4/B5 y==0. 017 08x,+0. 042 49x,-0. 011 97 0. 781
201649 A 11 B B5. B4/B5 y==0.217 55x,-0. 241 84x,+0. 482 92 0. 745
2016412 H 16 H B5. B4/B5 y=0. 044 50x,-0. 008 15x,-0. 040 36 0.828
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