55 44 555 2.30)
20244F-4 H

K X
JOURNAL OF CHINA HYDROLOGY

Vol.44 No.2
Apr., 2024

DOI: 10.19797/j.cnki.1000-0852.20230002

EFHERMAEENKEITEEa REFR

oA, EwRdele, DR FRR, B4R

(1. Sl k¥ AR EFEXERE, I HE 443002;2. — B ERAATEHFH IAETARZFHL,#dL 78
443002;3. FEIR ¥R EREREAR ERERHR AL EAFEXREEIREL L E HAEASAERNA

PA, Ak

7. HE R A AR B

100101;4. P ERF¥RAF HRGTERZEFR, L
=M 730000;6. FRIKAB BB AR A AR G ISR M E K EF S E MB35, W T H
100101;8. & E# % Fr i B - B ZE 8 M 2k AL 2 A R oG, Pl = 8

B A

100049;5. M A% KARFFE, HiF
858200;

45320)

W OE AT EARIERKR T e F a iR, AT A F R IR A H], KA STNLFFM B & k& F ik | #F
2017 4 GF-4 #= Sentinel -2 B 4+ F # 35 #4788 4, VA T #) Sentinel -2 #4444 0 18] /7 7)) 30, 5F %1 A ok
WG A KR AR AR B % RS S AR )2 REAR | P AR A shvh 44 a 69 TN 2R A TS
TEB 2 B SR 0 ST AT M AR MG AL AR S KRR AR v K RS A TAPZE W AABEAR | R
W 2017 AT R SRR AR KM e a R B, ZREAN AR 8A Sk A ey BT A
FHAE,EHT S AL AR TN v E a th 2R, RPNERET 0.659 42 3 £ @2 5-J5 0.844, B T
RS R R KR AR -t R R R A TAY R P KA B A AT, R A= MRE 1% %) 0.925 #=
9.461%, FLig 8 et 4k & a R B A £ -1 AA 2, £ T B 28k & F ik £ KR AR AR F AR 44549

BB

FEH21R :STNLFFM B 2 ko ik s M A AP Z M & KRR ;v H & a

hE 5SS . X824;TP79;TV1; P33

0 5%

T AR F T AN 2 SR FR A, 308 2o 4 i R
ARIORTE AR U B, B A 24 Fi T A A4 K s
Bt R SRR B AR R K R S U T AR A
PR RS AR HAZ R0 A ZE |, ELLSE B
B o025 B 43 3R (0 % ORI 2, DRI, 36T 2
JRCHICARR P PR 25 Rl TR AT B K e AN HT, Horh Cheng
SEDIHR T 45 A Sl JR) A R UK D 1 B AL STNLEFM
(Spatial and Temporal Nonlocal Filterbased Fusion

Model) , A RLHE I T RAREIE . WP AR TR

I is H#A:2023-01-04

SCRERFRIRAD : A

X EHS :1000-0852(2024)02-0026-08

N AG 8] 55 592 b SR AR S i) i LA D A 1) R, A S A A
STNLFFM 533 %] 5 43 HE 23 10 1 S S 58 5 i A sl
]y 51 A, S 7K o S50 e A L 5 43 R e S

BRI VTS T — S, 2 TR A
TE SR, BRI K BB, KR & S IR ™ &, i
23+ % a(chlorophyll a, Chl-a) 2 2 WA & 5 SR AL L
MRS S R T R TITI H4  a B A IR O
5K IR 45T MODIS if BR800 , % F B ML AR PR
PR A AT P AR R a YR . R 5 9545 R BP
P28 ) 6 A i S A 4 2 a YRR . P TR A A
e R 2% HLBE X SR AN 215 AR fh A K, DR e AR Sk

W& % BH#:2023-07-12

48 B & ik : https://kns.cnki.net/kems2/detail/11.1814.P.20230711.1751.001.html
EE&TA 4B IR RS A RHE ST H (2019QZKK0103) 5 WIILA 2 B TR AR ARDIFEIN H (Q20221209) ; BRI 2 [H] 5 | A [ [E 5 i 5%

ru I H (58516)

YEB RN BRI (1997—) , L, ZHEEMI  B-HHFR AR, F2ZERF5E 5 1) Rk S0 BOK 3R . E-mail : chenl_28@163.com
BWIEEE  E L (1972—), T AL RRIE N 202, 11, BT 7 [ K S0 KK B . E-mail : xhdong@ctgu.edu.cn



%2

WRE% 45 - B T 25 Rl A S A K RIS 3 a BRI E 27

FEH A BE I AU AR 2 M TR A BP o 22 [0 5 A A ok
P N A K R AR 3R a TR L

S TR AR B AGR I R BRAE, DAY
T 22T AT X A 2 5 R AE S TR AR B LK 19 52 18 80
AR S B AR A A, — R L Al 5K
O 2 50 8 i e R 21 o TR G AR S et
I 72 il 5 B0 0 R SR AR N S Y o 20 MR L S
N T 22 ) 28 A TR 0) A 7R S B 4 3R a YR B
PEAT B, 0 i oK S5 R i 52 e 4 43—
MBI

1 WF5E XRS5 800

1.1 HREBR

AR SCHEFE AT AR SR A A TS DX, BT 1
Ab R VG b L DX, YT 23 D AR P ST AR SR IR T R R
L, P SR ET TLRRZE , P ST B U =Y LA I 7 | i
ICAKITS Gk EA S B 1R . SEiiK s i
035k A3 53 R 2 S UK P T T 1, KA e K 2R PR
B EE L VAL KRR R E L M KRR
JEH .
1.2 HiES54E
12,1 SR

GF—4 T3 08 ok 5T o [ 9% 90 108 0o ) v
(http : //www.cresda.com/CN/) o Sentinel-2 /2 % FH 1Y)
SRR 2 JRy KA B 2 3 1E SR T R L AR RS A2 TR Y L1C
2% 7= il Chttp : //scihub. copernicus. eu/dhus ) . 4% & 8.3k
P[] 5 J3E R % Y R AR B B 45 LU i B /0 = 19
JEUN R, eSS AR TR . i T 2017 4RI A R
Y 5 7K BRI SR B I ] — B0 Sentinel -2 S5k
D EISEBAES T PR SO H] 2019 45 2H = i
SrHERSSAR TN #2019 4F 6 A 2 H Y Sentinel-2 5%
18, LSRR I 25 il 300 B9 B, R T 2017 4F 6—

111°0'E

111°30'E

z
z S
) &
s 2,
— [ag}
(a2}

z
Z =)
= =
S 3
: "
— on
[ap]
z Z
S =)
f=}
< =
P o

111°10'E 111°20'E 111°30'E

T AR5 KK B I A A 7 R A

Fig.1  The distribution diagram of water quality monitoring points in the

11°0'E

study area

12 1 GF-4 Fll Sentinel -2 SZARAE g fe 4 Rl 7 i 2

SEMK BrAR bR Ak R a, W B 1~ 21K,
MR ER a MR B R F S5 A0 T IO A B T e . 258
AR R ANER 1 25 s o
122 ZBREYGILELG KA FHEMR

Sentinel-2 T3 L1C 2™ i 75 i) Sen2cor 1 -5
e R 25 KA IE B L2A G877 &, 18 ] SNAP S48
IGRAG R B DA% Bt , #F ENVI P #F Layer Stack-
ing T4 DUAN 2 B 1R i 1) SCAF s GF-4 TR R 48
IR S PR R AR IEACEE . FEHEA TRl A 2 AR GF-
4 B4 HH R A 2 10m 43 BER, 3 HIK KA Sentinel -2
L2A 9057 o GF-4 8- 7 JLfT e i . fe s itk 14
— Ak K Ak 58 %) (Normalized Difference Water Index,
NDWI)FEH Sentinel-2 @l &3 52 AR 7K AL KK AR5
PRI B T 0 i G T A

AR SCHIFH ENVI-CLASSIC 3445 7K 5 Wa il il s 11

R EBHERER

Tablel Remote sensing data information
Hlrzem BB ZE PR G ] Bl iR
20170610" . 20170618"
20170710 ., 20170712°
~ . 20170907" . 20170916 N
GF-4 1.2.3 4B 50 m 20171102" . 20171106° I 25l A
20171215, 20171217
20190523 ., 20190602
. . 20170710 . 20171217 RS Al
Sentinel=2 2.3.4 8B 10m 20190523 . 20190602 KB

T #2718 2017 4RO X IR BT R AR I 18] A KR IR AR



28 K 3L

44t

iR 2 ()7 B S N3 R KRR b, AT RAFR
H WA 3 A5 Ak P 5 U0 B S S SR AL, BVl A7 T AR
WS A S A . An R LA A5 BT TR A — A A
(B A2l i 0 7K BT B 5 38, A7 I KU T 2
AN TR Z AT 5 238 3l A o7 50 25 5 B AIL IR 25 1) 5%
Wil 23 B A, i A A8 S PR o, s oA fd k. [
I, ZA SCHBUE T 32t 51 B 30 AN K AR AR 114 2 S 3R A4 (1
VA R K AT BRSO, LA R BN 1Y
S
2 RO
21 M=REEERBEETM

STNLFFM B %5 il 5 3875 2 AR i — % Ik o o
AL X (Sentinel-2 , GF-4) Fll— R FI K 70 B H 5% 14
(GF-4) il & 15 2 i 8] 72 51 /4 85 43 B R 52 1% (Senti-
nel=2)"" 3 i g R A 3 9 S RHRE 9] 4 AT PR KL
NG ZBESR A AE R A =R (D) iR .
AR S R Y S 5K 2E I & 1 2 R SR 25 il
B

F(X,y,B,t,l)= zzw(xisypB’tk)X
k=1i=1

[a(xi, y.B,t,)X F(x,,v,,B,t,)+ b(x,,v,,B,t, )]
s (e, y) AER D AUR T AL S w 8 R/,
BB F (2, y, By, ) BN 2, 1) HAR R
I (x, y) ¥ Sentinel -2 LB W («x,, v, B, t,) WIETS
I 1 ¢, 1Y Sentinel-2 S 5 F& 1 55 i DAL TT R AL
H,a(x, v, B, 1,)b(x,, v, B, 1,) AZZ5 W] 0, AN
W1, Z A GF-4 R S ARRMBE TR LA & AL,
F(x,y,B,t,) AZ 0 1, 1 BARRIT (x, y) 1Y Senti-
nel-2 F 3.

ARG ML 20194 6 H 2 H Sentinel -2 fill 5 5%
(BT SO B 5 258K SRR, %17
B AR B R AT E VP s AR I DX A 9 T X
A3 EL 1400 4B HL AT, LAFH DG Z 48 (Correlation Coeffi-
cient, CC) . ¥J J5 M 1% 22 (Root Mean Square Error,
RMSE) FIPE-3415% 2% (Average Deviation ADME N ERTE
Wi & a5 R HE bR
2.2 NIBFHESAE

AT AR AR 1.2.2 75 2 30 1 SR R 5 7 s 4
2017 4Rl B AR B (% (L1 LA B R R I
IEACEE,  FEXS A5 2] B 25 AT D Fh 2 & Ab B8, 43

(1)

S e fE (1 B/R .G/B 45 ) (228 (4 B-NIR \R-B 5% ) |
2% UAE (40 (R-B )/ (B+R ) . (B-G+R )/B % ) Fl— B ik
(G - B)(B+G).R-NIRS%), —Hissrit
L2 AN (2) , AU 140 M B R ARG B G
5 Cn(n=1~140) . fdi ] SPSS#AF /0 B84 BL 4l
A5 B H K a SZME R Pearson F15¢ R %L, L) Pear-
son AHIC 50 r AL 25 /KT PO S B, fE B IR 5 B i
R BYRTHE T LB TH0 B, 15 8 k4 2 a 1 B0
BdG.

+2 Sentinel-2 iEFNIKEKE

Table2 Sentinel-2 spectral center band length

323 B LR Bt EAR]13= S TR A 81 =3
RO B 0.490 0.560 0.665 0.842
QS Ih—r
S = 732 ~ B, (2)

APer o, BRI B SRR A, B, B, A Senti-
nel=2 FLLNIEBEK I, S S HEFT— B M2 B0 A Bt B
e
2.3 KERSHEETE

150 2017 AR5 IX 5T i R 4 1 Sentinel-2 5%
PG RAERHRN 7 H 10 HAN12 A 17 H | 1 4230 Senti-
nel=2 FZA5 R 4R IR [R] (1 S0 7K Jo Z504pa el et 1] 4 7 1)
12 HAI12 A 15 B, s S0 UESFFE R Z 4 x5 5
SRAFIST [R]AF B LR 1 5215 FK B S A AR O 73
BT, S M 1825 o PRI, AR SCHE 7 FH 23 il 5 ik
78 5 SRR ] — EY Sentinel -2 AR MY LAY |, %5
FOPMT R B R JS Sentinel -2 SR U BE 5%
Bt S 7K SRS N7 22 TR A ] AR T - £
2 aRCR, MRk (4) (REERT) (2(5)
(Rl& )5 ), AP 2 & % (Coefficient of Determination,
R ARV RIRS

f(Chl — a) = 22.629x, — 0.216x, + 0.782  (3)
f(Chl = a) = 0.124x, - 5.252x, + 5.205 (4)

P ix, = xy, 20 = x, 200 0 N FH I 25l 5 SRR T S
Sentinel—2 515 BU Y B 1 B 33 248540 L f (Chl — a) Ry
MHERER a TR

BET A I B B R4 2R, A S — 200 2017 4F
W4 R a SCINEURIAR . ) BEUR%E Be 2 & 3t 64 41 5
YERRAZ AT AR B2 203 )2
BP 1 22 0 45 A5 50 | e BRI 3/4 200 T4k, )5 1/4
R T TR, 2ot I B2 GA B dee f BP 1 28 I 2%



%2

WRFS A - T I 28 3 SR X K AR 23R a SLTBBITSY 29

SERE - 4-12-1, BERIPPAf SR P A2 22 50 R RT3 4 %
1222 (Mean Relative Error, MRE) .

3 AR5

3.1 REREEN
3.1 EHIFH

AT TR AT AR SR 2019 4F 6 H 2 H Senti-
nel-2 B AR A = E AR K EDEAT AN 7R, dnfE 2
JIi7R o T STNLFFM 592 5 3 (1) 5% 15 SO AIE #1045
A, AN R ) 2 B A AR i R 2k T M Y
25 [B) 240 75 R0 e o 1 OG5 A5 B, #F— 238 & NDWI 45
R A AR S BRI XK AR T AR
PEAT LA, 45 SR N2 3 BT/ , 26 B = 38 /K P 7K i A
P2, Rl AR LR SEAS AT AR T R e 5% o
3.12 EEIFH

&3 ~ 55390k =K PESE T STNLFFM 55754 B
()45 B BER A AR 5 BRI R B . Ho
FELER CCEHTE0.90 L -, XA & AR 5 B
G AEH 42T s RMSE {1 AD %6 % HE 45 I BE Yk 10, U
MRS RE . 45 AR, STNLFFM fil & 87k B 3

03
€C=0.925 /
RMSE=0.015
AD=-0.010

Ell

M °

E

1

&

B

0.

TIIEEE_T

0 0.1 0.2 0.3
HISAR R A-41
0.20

€C=0.916

RMSE=0.016 o

AD=-0.014 .
5 015

|
&
2
£0.10
=
4
i
= 005}
O " i i
0 0.05 0.10 0.15 0.20

HSAR R

il 3 5

E2 2019456 H 2 HEAEE

Fig.2 Images reconstructed on June 2,2019

R3 BMARGMEXIHGKEERILER

Table3 Comparison results of water area between fused image and

real image
JKIF T km® TR PEILIUKIE MWK E
Sentinel—2 JFIfH % 1.688 4.180 0.752
Sentinel-2 T (% 1.730 4.266 0.762

SR (A FHAE , T AN, FH 5 22 S s e o v
32 HMANEREBEKXRE

FESGUER 25 Bl A Bk nT AT 3 aE T, it — 2
TER 25 fil A SRR 7R K T S B0 S R v v 7, 43 1)
Xf il 45 1T B Sentinel-2 J5 4R 5458 (R AE W] A] : 2017 4F:

0.3
Ge=0927
RMSE=0.015

AD=-0.013
%
& 0.2 . A
2 Ca
g; L] [ d
= &
By o ®
dzo.1 .
= Ad
.
.
0
0 0.1 0.2 0.3
TR -
1.00 v .
CC=0.958 °
RMSE=0.032 °
0.75 AD=-0.006

i A A AR - 21 4k
g

=
2
53

0 0.25 0.50 0.75 1.00
BRI R - 4 A1

3 KA KR A AR S BRI BT &

Fig.3 Tianfumiao Reservoir fusion image and real image band scatter plot



K X 5443

0.3 2 0.3
€C=0917 €C=0931 P
RMSE=0.013 RMSE=0.015 /////
AD=-0.010 AD=-0.013 %
5% 02 Jgee
= & ® o
X ® o o
& ° (XY
Y . & SOy
Loaf o® *g& .
2 °
= '} .' °
C
0 .
0 (J 1 0.2 0.3 0.3
SRS 2T AN
0.20
CC=0.916 / CC=0.946
RMSE=0.015 / RMSE=0.038 e
o0.1sF AD=-0.013 . EN AD=-0.002 o 08 o
= ® 5
' =]
“+=
1> 0.10 ° =
&
R
o
b=
= 0.05
/ g
ol
0 0.05 0.10 0.15 0.20 0 0.25 0.50 0.75 1.00
TR - ISR 7L IR S Ted /)
&4 PadL AR RS SRS B R Bl A
Fig.4 Xibeikou reservoir fusion image and real image band scatter plot
03 - 03 —
€C=0916 ra €C=0911 /
RMSE=0.014 RMSE=0.015 /
AD=-0.010 B AD=-0.013 “
L_T! 0.2 4 “‘? 02 °
& o ‘e & e
X < ® 1 ¢ o
& e lo® ° &% [
S 9-‘? *e s PR
R °® Y
Lol 802 "0, ol ~
= oo’ e
. .
[ ]
0 . 2 0 / & y
0 0 1 0.2 0.3 0 0.1 02 0.3
ISR BRI SR -4
0.20 1.00
€C=0.880 a Fi6.641
RMSE=0.014 ,/ o RMSE=0.034 P
015} AD=-0.013 % 73‘ 075+ AD=0.001 ./
‘ . 5
¥ )
E 0.50
&
I
& 0.25|
1 i i O L L i i
0 0.05 0.10 0.15 0.20 0 0.25 0.50 0.75 1.00
PSR STk SRS 20 eSS AR

K5 i K R S AR S B B B

Fig.5 Shangjiahe Reservoir fusion image and real image band scatter plot



%2

WRFS A - T I 28 3 SR X K AR 23R a SLTBBITSY

31

7H 10 HAN12 A 17 B ) BB U 545 B S K
JFEE CRAERTTE] 201747 H 12 HATI2 H 15 H ) #
S22 TR [ AR s il A J5 B Sentinel -2 #5245
(A E) 2017457 H 12 HA12 A 15 H ) BUsik B
J2 S5 A5 S AN S K B e CRAE R R : 2017 4R 7 A
12 HA12 A 15 H) 87 Z o2 Pk [rIE R, R AL
U J Sentinel-2 548 M UL Be 25 R N3k 4 iR .t
FETH SR A 2 A A AT S 5 2R 3R a MG I B
TR B e A B i AR A, Rl J RE IV [ Pearson AH G R4
=L ETE Y 5 O Tl S 2 = v A T S
RIFF BN A28 3R a BAUUE 5 SIME AT L MU 5, 1
RUTI R A& 6 s o FR AT 0, R s 2l
G ST A S a TR R IK 5 0.844 , AHEL T fil
A RS RO AT RORS 3 B 2 R, R AL G S St
B ZE a X I I R B & A AR A G A DG Y i
DAL I, 07 FH Bs) 24 il B BB AR A5 B 0 19 7K T 2
B R  HREE AKAARK S E A TSR
4 BMANEBBEESTER

Table4  Analysis results of sensitive band before and after fusion

K STNLFFM BT SR STNLFFM 85
K% : ” : -
UL B r P UYL B r P

R-B)/(B+R) 0532 <005 (B-G+R)/ B 0804 <0.01
T ( )M ) ( )
R

- NIR 0518 <0.05 (B-G+R)/G 079 <0.01

3.3 BP#ZMEIEE K EIEEKRE
33.1 WAHIFELE

HE T bR g R K B R T R A Y
2017 4F il A 5414 AR BT 140 4>k B R 5 345 1 5t
28 a 1T Pearson FH M 4047, 15 3| BP 1 25 ) 25 451
B AR FAHEWZR S PR . ik Pearson #H ¢ R %L
r B K H R 2 A DGR (P<0.01) Y I B G AR R
AT, 45 R4 2 a YA R R B Be A A
C30.C71.C86.C173, Hrpr it 4 K a X G NIR Y B¢
A (CT1) Feis .
332 HAEBIE

R T T R WAL E AN S B 2 R A A &R
0K 365 1R (14) AL A1 R S 3000 {15 22 i) ol i ot Pl dn [ 7 o
N, A AR R a BHUE A SN EEATY 10148
o) oA BRI A LU . AT FR AR 25 SRk
B, R MRE B0l 25 S 341, 156 B AHIF 5% 57 (i 1S 72
HAULE R 5 SN E A Y E K AR — 3
B, A5 HEST 1Y BP 1 28 (00 28 A5 AU T o 2 2R a VR JEE
PR AR S TS

G AT R a4 (ug- L)

Rl A a2k R abiil (ug - 171)

15
¥Y=0.643X+1.781
R*=0.659
10 L
.
°
5t °
. /‘/: L
D)
00 5 10

I a3 M (g L)

¥=0.843X+1.209
R*=0.844

0 9 10

432 a3 (ug - L)
Ko AR LA

Fig.6  Linear fitting diagram of chlorophyll a before and after fusion

R5 BPHEMBERGANERFHE

TableS BP neural network model input factor combination

M2 2R a AL A A A& r P
(G-NIR/(B+NIR) c71 0.781 <0.01
(G - B)/(G +B) €30 0.746 <0.01
(G - R - NIR)/B 86 0.731 <0.01
(B+G-NIR)/B C173 0.643 <0.01
25
R*=0.925 ,
20l MRE=9.461% o ®
—~ .
2 .
§ 15} .
-]
#e 10T
jﬂj L) *
5f ®e o0
L ]
0 5 10 15 20 25

M4 a2 (ug - 1)
E17 R a SR

Fig.7 Inversion accuracy of chlorophyll a

3.4 MFEZFzaREHNZTETHSHT
AHIFGEAEFE T2 il B BBk T A v 0 R SR

N



32 K 3L

44t

R B EERT |, 257, BP 25 00 8 A58 XoF 3 A ) 4R S a7
2017 4F 6—12 H KRR 4 2% a Wk B 161725 (8] 70 AR
FiE AN 8 FiR o

4 2l Ji /ug- L' 1 0~2.6 = 2.6~4.1 = 4.1~7.8
% BN 7.8~102 EE102-~20.7 mEE >20.7
| 1 % %
W ~ s — -
7k B o e )4"’/ N S \,,.’7"—'
EF 4 / 4

S e Vil "
x| 3 S § S 5
wml S S N 5
B \ 2 N 2
Kl 5 3 > &
JE S S A N
i { ¥ s l
B4 Y Y e G
Sl 2 % % % i
7J( N\ 3 A N
3 X b
L 2 X pa! = +\
Eﬁ_{ 7 \\ 2 k \ ’f \\ ks \
‘I”I e "/\/« e \SV R M\ o ) [ oatifie”
K *:q e &
[ \ ,
2017-06 2017-07 2017-09 2017-11  2017-12

P8 I a v 2 1 43 % R
Fig.8 Spatial distribution diagram of chlorophyll a concentration
ML R, DU K e 4 2R a VR 4L R
E0~10.2 ug L' a8\, N 7L WK 21 i
i RIK I, MR 2 a YR B A TR a3, T RE S T
FEBE 53 A KT Ui IX B 52 5 N LRI K TG 2 e A G
L LK R AR AR i K R 4R R a MR BE ARSI R R
AR, LA 4.1 ~20.7 ug- L7 4 3, PEAL K FEFI G R
] 7K AT S X I S R a YR B R, R
7.8 ~20.7 ug-L7" BFA] b, PUJRE K 4 R a W A
E AR T, o 11 KR53 a W 5K
el XA TR K, Rl Xl ik 20.7 ug- L7, AT g
JE TR AR R AR T TS K T XK R S i v A
NIKPEARWHIUR, K AR i A AR T8 7, =
FUKIEMLRZ a VRGN . BAARTF SN2 3 228
FRRG IR g o B 2, LS5 R 25 F N8R i 5 4 (4 HE

T
4 g

AWFTEEE T I A G A A T AT 2R SO
2R ER a (07K SRR S TR D | 2R G0 M IO -2 3R a ¥
JERIAS B 5345 o T BRI K (R SR RIS
AR Z 2 L Yang S 2R 23 il A S R B
28 7 ST R TE R 3R a VR BB SO AR, Oy e
Pl 5 2R FL R, $ AR BRI E SR M IE 2/ R
a OB ZE R kIS R R 0.879, FUORAR SCR AL IE 4

Ka WK, H BP #2845 B 40l 45 S R ] R 7
0.85 LA b, TUNAS BEActs- . TR) Ak ifi Rl 5A 25 1 5 0
TR 28 2R a S B AH 22 1 ~ 3 K1Y Sentinel-2 T &
AR 1 Z2 e PR RN R 0.788 , T A iz
FHEE 23 Bl 5 53 7 5 S A [7]— K 9 Sentinel -2
TARFZAG, MR (%) T 20 S AR 4 a5 i A B
PR RPN 0.844 HUARAR SCHYRF RN R 5 2 1H A1 L
IR 22 E AR — 2 W DX, AH N FH B 25 il 05 A
1 7K BT S B - 61 R AE 8 A S M DL R sl /0 5 4 A e
[ VC E - (1R 25 28 ik 2 V) SE v AT 1 o ARk R B IR
IS AN 42 155 52 AR ) 1) TC VRS B RIS [ A5 Sk 2 K
i — bk

5 45t

ARSCHRVT T W 25 Bl A R e K RS AU e
(AR, 6N B0 A ORI 25 1 400 T EE 4 2017 4F
AT 4R S0 B Sentinel =2 155 43 B 3 6] 6] 7 971 B4R
T A B 1 (A B 28 3 B3 S 7K R K AR 4 25 a
(R ShAS W, 75 H DL R 4538 .

(1)3&F STNLFFM 5335 A2 1 1) Sentinel -2 %14 5
ELIWLIN Y Sentinel 2 B G ELAA B8 I-) — 2ok, 8 o
NDWIHREH ) 7K Sk T R 22 BE AN A, il B4 B 0

(2) 2R 25 Rl B B89 5 ST () 22 e 2 P [l Y AR
X4 3R a A B AF R TRINAICR , %) 5 Ml e 23 B TR TR
st ) 5 91 _L A7 B X LA DS BC A ) S T A5 A AR T 7
FHBSZS Bl G SRR AR K B S s R rh 3

(3) ST 114 BP 125 X 45 B (R A S DL AN S EE
BT, R F1 MRE 3% BT 58 #4) 42 (1) BP i 45 ) 45 A 754
B4 2 a OR

(4) BRI AR SRS 2 R a Wk 85 245 (] 40 A7 1Y) 22
SRR, EAORT , PEIL T K R 50 7K A
T R DX R R a VR AR, SO OGS T W
IR G e R HE T, B U K PR B A 36 2R
B

B2k

[1] TRk, LA, 0 RE, & SR AR SO UK R A 5 i iE
EEFE ], NIRRT, 2022, 53(7): 42-49.

[2] POHL C, VAN GENDEREN J L. Review article Multisensor image
fusion in remote sensing: concepts, methods and applications [J]. In-
ternational Journal of Remote Sensing, 1998, 19(5): 823-854.

[3] CHENG Q, LIU H Q, SHEN H F, et al. A Spatial and Temporal

Nonlocal Filter-Based Data Fusion Method [J]. Teee Transactions on



%2 WRFS A - T I 28 3 SR X K AR 23R a SLTBBITSY 33

Geoscience and Remote Sensing, 2017, 55(8) : 4476-4488. BRI (1], Kk % 5 5 3048 | 2022, 31(10) : 2218-2229.
[4] BHEEL, RIBE, HE . 2T Sentinel-2 SRR G442 o B [9] MCFEETERS S K. The use of the Normalized Difference Water Index
e R[], PREE TRE2A4R, 2022, 16(9) : 3058-3069. (NDWI) in the delineation of open water features [ J]. International
[5] sKIE, R, Z=3C. MODIS N FZ R RS K atk Journal of Remote Sensing, 1996, 17(7): 1425-1432.
FERCET]. IR, 2018, 38(12): 4831-4839. [10] BAFREH, HEWEAE, ZRvhAe, 45 JE T P2 48 1 BORIAT 7R S Tl
(6] Kzud5, BHA, ZFRE, % . T GF-1 WFV 12 H BP Hi 2K KR AN L) ] EERM A S5 HOR , 2022, 45(6) : 195-202.
200 K W S 3 a SO (1], MR EE AL 2R, 2017, 37 (1) (111 MISCAS, AR, SRAG . Al )55 B TUR B 5 PR AE
130-137. K AERPAE X SR ). 3R, 2018,22(3) : 381-391.
(71 SHMERE. 3T 22 Ui BB 1 P VE K L S B 5T [D ). 48 [12] YANG H, DU Y, ZHAO H, et al. Water Quality Chl-a Inversion
M FRHI KA, 2020. Based on Spatio—Temporal Fusion and Convolutional Neural Network
[81 sk, ZE WA, PR3EME, 45 . JLT MU B4 (14 A ol Il 370 fik [J]. Remote Sensing, 2022, 14(5); 1247.

Inversion of Chlorophyll a in Water Based on Spatio—temporal Fusion Algorithm
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Abstract: In order to accurately invert the concentration of chlorophyll a in water, taking the eastern branch of Huangbai River
as a case, the STNLFFM space—time fusion algorithm was used to fuse the reflectance data of GF-4 and Sentinel-2 in 2017 to
reconstruct the time series data of Sentinel-2 image. A multiple linear regression model was established for the response relation-
ship between water quality parameters and spectral characteristics obtained before and after the application of the algorithm, and
the prediction effect of the model on chlorophyll a was compared to verify the feasibility of the space—time fusion algorithm. The
artificial neural network model was established by using the response relationship between the reconstructed image spectral charac-
teristics and water quality parameters to invert the chlorophyll a concentration of each reservoir in the eastern branch of Huangbai
River in 2017. The results show that the image generated by the spatio—temporal fusion algorithm is close to the real image,
which improves the effect of multiple linear regression model to predict chlorophyll a. The R’ is increased from 0.659 before fu-
sion to 0.844 after fusion, and the artificial neural network model based on the water quality parameters—spectral relationship ob-
tained by the spatio—temporal fusion algorithm has better simulation accuracy. The R* and MRE reach 0.925 and 9.461%, and the
spatial difference of retrieved chlorophyll a concentration is obvious. It is proved that the spatio—temporal fusion algorithm has a
good application prospect in the process of water quality parameter inversion.

Keywords: STNLFFM spatio-temporal fusion algorithm; Huangbai River; artificial neural network; water quality inversion;
chlorophyll a



