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M4k a (Chla) EVRUFEY (B hEE
DR, MERER a W ENDE M KIR S B R0
BRI DK RS Z — (Cui %, 2020). 5164
Mo &y SCA H 3R R R T B R UK fR
23 22 a Y FF ELAT 25 1] 32 2 L0 A mT KR e 30 26
WAL BRT, T KR KRR 4 2R a
AT R, BT SR B (O’ Reilly il
Werdell, 2019) mif 5% OCI (Ocean Color Index)
(Hu%F, 2019) BPA] Sl Rk R KIRM 42 a
e A BE BT 5 (HX O R A Bl KA, BT
HGA R 52 4% HLBE X SR 45 AR fb R, S BkS
A 2 3R a VR BE SO AT A BORMERE (kI &5
2021; Neil %%, 2019).
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Envisat MERIS. Sentinel-3 OLCI % ; (3) W E%c
A BEKLe HiESN e EdE, WEo-1
Hyperion, GF-5 AHSIZ. #Rifi, X 3281 2504
I FH T N B AR AR I 5 28 a VA W IR AT 25 45 1L 1Y)
SR BRE . B, B TE 2 0 15 B HE LUKS
BB I BEAKAR I 2% 2 a EIERRIE , Sy 2
Foa Wk B AN & BRRE MER
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Wegl FRE A PR (Kravitz %, 2020) . AH FL 30
T BBOESE R EDOGIS B TES B R GG
I3 PR B A A LR, LR
R IR N (oA N S AR &/
U5, A HA PR i S8 AT E U e ) LA BRI
B (Giardino %%, 2007) PR T HAE P i K411
2R 3R a S8 5 1Y) 2 N

2018-05, WA TRy TE (GF-5),
HAE R O] WG 2T A= TS AL AHST (Advanced
Hyperspectral Imager) A 330 /B, GEWSAE 1] UL
I LT 4N VN (Visible to Near—infrared) F1%8 3% 21 #p
B SW  (Short-Wave infrared) 43 51138 HL S nm i
10 nm GG BERARAR . HEA 30 m Y23 (8] 53 3
R 60 km MY iF 58 (Lin %, 2019) ., HEH
2019-09, HE I ESS T BEIR—S 02D & (i
FRZY-102D DR ). Z TEEE T H—1 AHSIAH
WL, HA 555 15 AHSIAHE 1) 25 [8] 433 % i
Vi, AEREN T R EEIERERELL, VNI SW
W B 1R 615 0 HE R 4 SRR 10 nm 120 nm,
UE U B B ek D B 166 A U B (X AR AR A
2020a) . T 2021 4F 304 & 5t Z2Y-1 02D 1 )5 22
B, XU ZH WA it — 20 i e HAS 80 AHST i [
RWHCR . TiH, Z2Y-1 02D &6 5 B (4 15 14 L
(XIERAE 45, 2020b) LT LAFERY EO-1 Hyperion
HJ-1 HSI S5 moGig & . Hmwi o, #Eane))
o, ik, ARG AR R AR S RO R
LRE a T, Z2Y-1 02D EGisBdE A R &)
IE Y T, AR L BN HTSCR IR AR WA 58 4

P, A SCEET 2Y-1 02D i GisEE fila 4
ARELH KD GIE AN 28 28 a WR R, FHIR 2Y-1
02D il (1 48 3R a SO BE S 0B o FF R 2 T A [)
U B S ST R A g ML A B K AR 2R 3R a VR i
J5 YA AL R S HORS BE o A, JFPEM Z2Y-1 02D
BARAEM 28R a W A PSRRI

2 WFFE X Rl SR

2.1 RXNEA

AR LA T 7 SRS RV PR AN [R] A A T8
IR K PE RN T K PEAE 51X o R T UL
TR RS AT VLA LRSS AL, THIAR 2 2300 km?®,
SERKIRZA 2 m, B THEOKINA . EILHAE, 23
e L e e JBE 8 N 280 s A IR B AR Ak S, A Y
BEFALRE o, R a W B R AR AL T A

R K o ZINIRJES AR JZEASE 130T R 48 8% BT 5 5 R T
ZIE] SR A R U A R R AR K
IKETAZ) 272 km® (EUR] 45, 2020) . 23 i st
ARk B IR BRAOR Y, /INIR I OK R K o e 25 A i
KRG F B R (ERIREEES, 2020), FH
IS, F- R T 8N X, A A T A 3 B K IR
i, HFEZEIRE WO HOK DL KBt . 2K b
Ui MR N 2 GEIG s 52w, 1 7K T 3E A s g
YRES I, SRR E BRI 5
(F 5 4, 2020).

2.2 JKESEIGEHEIREX

2020-09—2020-11 (8], 7E KM . /NRIEK
JER TR KRSy IIF IR T 5 2Y-1 02D PR [A] 2/
WER LS8, A T 46 LT SRAE S (K1),
eI 56 08 T O 7 B R R R R R KR
(oREE TAE . RZAKFEFIRE Y RGBT, 2
] 52 56 % 5 K HR AR O B — a3 e e B T (BRT M
25, 2006) MHREMARER a MR . 45K TSI I R A
M2 2 a VRS A RN 1 TR

K ESzEe R, $RE ok L BT (EER
%%, 2004) K ASD Field Spec Pro Y6 i A FE R AE
SUHEAT TSI o SR A A 22 U 2% 5 o )
ZHENRSEE (L, (V) REHsEE (L, () A
KRR (L, (V) JEiTEAAR] sK R 52 B
S S R URI R T00 A SR Ak ] T 40°, ORI 5 7 1 5
IR A7 ) A8 e £ 02 13505 IR 25 i 4 B U I K Tt £
Sk g b 400, SRI 7 A A 55 0 K AR S B
—3 . SENAEEE R E W N XES R A
K Y R R A R (R AT
L,(A) = pa, (M) Ly, (A)

wL,(A)lp,(A)
L, py, WRZSAESOK R R R, TR
YA kKW E (Mobley, 1999), p, 5 # bt
., HERENERSE . 3/ XK Y
R B IR A, HORFERI ZY-1 02D kB

2.3 ZY-102D B{GEEFRE

K /INRIRIK R T A K RS ZY -1 02D 15
6% B A H 14351 54 2020-09-06, 2020-10-
21 F12020-11-08, 53 1 a9 56 o 1] bb 45 Al T,
TR0 AR K P 1 TR B2 AR RK T 6 A ] — R
AREC, /IR KT K RS b TR AR R
1do. HEEV/NRIEKIEZGKKE, HHREAM0F

R"(A) = (1)
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AR XS AR B/, AT K TSI FIARER ZY-1 02D AR G 1T ORWIAY IR X K (IZI 2 (a))
U K AR E AR . 3AFRIXIZY -1 SRR AT [ 348 S B [/ 11 05 . B
02D PEFZBEE OREME 2w, i, 5 R, MRXKE LT,

35°05'N
40°05'N
— 35°00'N Sl
/. * S
4200 p—
34°55'N .
40°00'N -
31°00'N
, | 3ae50N ,
N & & N & N2 & & N N2
S o'\/Q o Ny N N o"/Q ,\“DQ &)”)6 ,{)b‘
& & & NN S Ny $ S $
(a) Kt (b) /NRIRIK (c) THKE
(a) Lake Taihu (b) Xiaolangdi reservoir (¢) Yugiao reservoir
o KRR

1 5 7Y-102D TR [R5 AT DK T 5256 R A 5 531 151
Fig. 1  Sampling sites of in situ experiments in study areas during the ZY—1 02D satellite overpasses
®1 5ZY-102D DERS/# RS RE BB R KKE MR E a iR EHES T
Table 1 Minimum, maximum, and average values of measured Chla concentrations in study areas during the ZY-1 02D

satellite overpasses

WG 1 J2E 2 T4 H ) REERHE B/ME/ (mg/m®) BeRAE/ (mg/m®) P/ (mg/m?)
1 K 2020-09-06 16 4.8 31.9 18.2
2 /NI K 2R 2020-10-22 18 4.0 17.6 7.6
3 TR 2020-11-08 12 16.5 33.3 26.0

(a) Kt (b) /NRJEK (c) THKE
(a) Lake Taihu (b) Xiaolangdi reservoir (¢) Yugqiao reservoir

P2 T il DA A SRR Y -1 02D i i S AR BOR € 13 AT (£1: 860 nm, 4% : 654 nm, 5 : 550 nm)
Fig. 2 False—color composite of concurrent ZY—1 02D hyperspectral images (Red: 860 nm, Green: 654 nm, Blue: 550 nm)

T S8 RO ) U 0 B 0 B T LK P
?EESL H1 T ZY~-1 02D By G REAIHLAE VN FTSW i
31 ZY-102D KB A SH I RAG T4 BURIPAIAR, BSET ZUHE VN A SW i B iR

ek, i P
(1) ZY-1 02D FUE T I 7. ZY-1 02D & G SRR BN E R R SUPPICEI RS
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LA R SRR E RS E R A
Jo . TR I E AR S O DN R 5% 4k R 5 B R
1%, Ff%: 3 K BIL (Band-interleaved—by—-line ) 19
BIP (Band-interleaved—by—pixel) HFEAA% . &%
J& ., R F ENVI B9 FLAASH B8 8 52 it <2 0E .
FLAASHEEER M, KR S80S IR E 7 SRR 7
By BRIk Ah, X T ZY-102D DA, LR
o BEVCE R 778 km, KRS L HE 940 nm P B,
spectral polishing 4 BE B M 3.

KA T ) 4 BOR DG 1 i Bk . B A B
T FLAASH 4b 31 43 2 S S 5 B GEA T U —flok
1A +8 ZU NDWI (Normalized Difference Water Index)
TR, SRR T NDWIERI BT R, 30E B {E 5E
B (Liu Ml Xiao, 2020) . Horf, &k A0 BT 7 1)
AR, R T T IR IS 2 FATL (Floating
Algae Index) BIfE¥E (HuZ, 2010) E£BRKEF
AKEX L, B, FAL>=0.004 1 XAk J& K 1€
UK I LR

(2) JKifn e ST R AR T ik . FLAASH AR B
JE R R R AR RS, W R R RS ERR
A RESAFIEIR I A W17 ZY-1 02D ¥udl, A3
ST — i T R A 18 SR S S AR R 3 O v
(Wang 5%, 2016), IHEAXWT .

A) = min(pyg,Pswir
R;(/\)=p( ) Tr(/J Pswir) (2)

Ao, Ry (M) AREREMG RS T 1 388 IR
p FRMFR IR, min(pyy. psyin) TR ILLLIM I
W LT A SR B IME . 5 B3] 5 G BE
ZWEFE LMK, pw B pay 73 3 HL 730—760 nm
1 1530—1630 nm 3t FEl P ZY—1 02D 45 B 5 %%
SR Sl

(3) 7K w2 SR 5 RO PR T ik . T
ZY-1 02D BRI B R 22, AR SCGRIU T 2R a ¥k
JIE e R AR v P ) Bt AT R BE VR, HAATDE
WA R I 4177 o AFFEPEH i LA e SEIU Y Ry
REAE, FEGARER R, SHATIVES RIS
FEVPN PRI A5 T IOl AH X 1222 AURE (Average
Unbiased Relative Error), VY35 5 Z L RS /R FI
HeoE ZECR, Hirh, AURE FIR/R 93T A RN

L& IR (i) - Re(i)
AURE =~ 3R = ReOL 500, (3)
N & 0.5(R:.(i) + R (i)
_ | LR
R =5 Yoo W

NER:(i)

o, NFERKFES R . AURE ISR, ZiE
B EMG A3 FA7AE 23 [0 RO R ) FAAE2E S, 4y
FERFH 0.5+ (R, (i) + R (2)) Wi dE R™ (i) AWl 3% Ff A
— B PEXHRZ RSN (Hu%s, 2012; Li%E, 2019).
32 MEZaREEEREBEIEN

(1) MERER a s ABORNS . BT, WK
I3 3R a Wk B2 ST RS R R0 | 2o M
B HLas 2 STk PR BT A YD
AR (Gordon Al Morel, 1983) RyJEAl [, JET
R B T 5 4R R a MR BE AR OGS R %L, O
ST O R LB 4 R a ¥R JE S (Gitelson 45,
2007; Le %, 2013; Salem %, 2017). Fo#r i
VR NS A5 S R I A e i, RIS TERR
5 A% i 7 R OR i AR b SE B SR R a VR B AL
(Liu %5, 2020a) . Bl ~J #5802 oRt 5 A5 %
M43 2R a VR BEBCE A A I Z8 )11 %, i P4 22
THZBIAER MR, S AR a Wk T
(Doerffer 1 Schiller, 2007; Pahlevan %%, 2020) .
Horbr, e 5 BT A AR (18 A A S T 1 R A R S
B CF RS HL, A2 P 28 A5 A8 1 A 801 25 X
e LR ELE Y PRI SR R a VR EEEE . ARXT
M, 2RI BTRLER RO 1R B B SO
XTSI ER 0 g R AR AT B, R, AR SRR
BRI PEFT Z2Y -1 02D B BT 4 K a Wk B IR
A RIAE £

ARSI R T S 0 - 2 3R a VA B FIX IV 2Y -1
02D 15 JT Y 38 JE S 36 R Ry, DT E R A A5 B0 0 1 1R
JUI, B T ARIEAR T 5 b T A Y 07 B IR EF— 2L
i T BRI R B A B R Y — . LUME ST
3x3 ARk AR AR 1 b v 22 5 S (Y FLE ANl 0.4
M. WAL, M TR M EDD A RO R, IR
W AT E D 850 RN S R AR A, AR A
ATRE B Z AR ME . I, ARSCRATER — A8
5B 3E LOOCV  (Leave—One—Out Cross Validation )
58 JIEE L AR B AT (Feng 45, 2015; Li &%,
2019), RIE N ASEEAS o 1T ASREAS A Sy B h 56 ik
£, HRN-1T DA TEE, RFTEIRNIK,

(2) PREBRI TR DL e 8 A SCik
PETSAILARI YOG IE R B (R2), JFJREET Z2Y-1
02D B4l WM 4 3R a [ I 2 A AU . B 5,
PR (Le 55, 20135 ORHE 25, 2017)
TEFCIE R R R TR 2Y -1 02D B¢ Bt BT
Xof g A O i AR R AT S T R A A AR, A
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I SRR AN R, Al Be R 5 A
AR, PRI TR AR 3R a SO 1R 2 i/ N AR RY i R
MBI, MENRBI R W TaE24D
P B R, ARUCR T b Jr 2 4% B e
R . EET IO, BE TR S MOLIER 0

A=A R LI R 671 nm, 705 nm, 731 nm
F1748 nm FY ZY-1 02D P Bt . 52 2 WP 4 A4S
ZY-1 02D K 25 5 208 i TR AR I B i
Z S, 1 Wynne 55 (2013) 54
WK 2 F R TR R m A B AN

R2 MERaFEWRERARILEELY

Table 2 Spectral indices used in semi—empirical models of Chla retrieval

. e . SCHRlE K
ha= HFR SRR EZPUN
A Ay As AL
1 TURBL AR EL(BR) JAL)IR (X)) Moses %,2009 665 708

2 F— kg ERE(NDCD)

3 =B R E(TBI)
4 Hag =k BeAe E (ETBI)

R(A)-R (A2
R

5 LR = AR E(BH)

Rr
R0 R, (0)
R (A)+ R (X))

(RaO )™ = RO R (M)

(RoA)" =R (A)") (R = R(A,)")

(R.(A) - R.(1))

Mishra 1 Mishra, 2012 665 708

Gitelson 25,2008 665 708 754
Yang%§,2010 665 708 754
Wynne 5%,2013 665 681 709

(3) ek a SRS BEIENFE AR . N O B AR
ZY~1 02D % bR HIROCR B AR 20 3R a S 8
A, KT ZY-1 02D EHGE R R AL Y _E
RFRL, FEATIERER a ¥R SRS BE VY . XSRS
PEATRSEE VPO (4R bR AT 3300, A5 R°, AURE RISy
Hix2E RMSE (Root Mean Square Error), AURE

K, NOWFEARCE, XM Y 3R AR a ik
JEE B ST M T

4 45 R

4.1 ZY-102D KEKRIEBEITEM
TR 3.2 BUVCHECFRIEE, 46 1 RAE S AT A R

RMSE 84 F .
s XYM T R . P A 1 T 5 B
AURE = 0 X 05y v x) < 10% (5 SEF3hmrik, fEHEIN 461 RAESAEIR
oo 0K T S R 3 .
(6)
0.02 0.02
N=18 N=12

=

=

2 001} 2001}
4 4
0 . N A-:.:j ;,” = 2 0 " . > =
450 550 650 750 850 450 550 650 750 850
WA /mm WA /mm
(a) Kb (b) /INRIFE K2 (¢) FHEAKPE

(a) Lake Taihu

(b) Xiaolangdi reservoir

(¢) Yugiao reservoir

B3 ZY-1 02D PG RAMEE R 5 8 S S R 1

Fig. 3 Atmospherically corrected ZY~-1 02D image remote sensing reflectance of in situ sampling sites

X AR AT FH ) 4 A 1 BT R 46 A4~ ] 26 R Ff 4
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M3 & B R R AR AT LI F], 671 nm
F1705 nm {5 B 14 G 328 RS S 30RE FE#27 , AURE
Srh 22.19% F125.8%, R /R:HRIE0.8 %47, RS
R RABAR R, DA X 2 NIk B MG AN 5 A0 18 B
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Table 3 Accuracies of atmospherically corrected
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Fig. 4  Scatterplots of ZY~-1 02D image—corrected Rrs versus in situ measured Rrs at sampling sites (N=46)
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MR ZEFE AR AR 4 7 o i 3% 4 B9 AL R AT {BJ2, AT ETBIRYRLRILE N AT E , T
BR. NDCI. TBI. ETBI55: Chla i BES HARL  HBORAELSAY Chla VR RN £
UFEYAHCHME s BH 55 520 Chla ¥ B2 9 AH G2 .
*4 ETETSZY-102DBEERRFEMINMHFERaBIEEINHRE a REEBMBEEIENER
Table 4 Chla retrieval models calibrated using ZY-1 02 image R, and in situ measured Chla concentrations and accuracy

analyses for these models

et oLt
75 R fR AR BRI S 4 — -
i y R* R* AURE/% RMSE/(mg/m*)
R, (705)
1 BR _(670) y=45.34x-32.04 078 076 135 4.5
R_(705) = R_(671)
2 NDCI R_(705)+ R_(671) y=87.06x*+92.77x+13.35  0.78 0.75  13.7 4.7
1 1
3 TBI (R ©71) " R_(705) )R (731) y=55.25x*+108.9x+13.36  0.77 0.75 159 4.7
( [ Y (| )
4 ETBI R.(671) R_(705)" "R _(748) R_(705) y=80.03x+14.63 0.72  0.00 — —
705 - 671 035
5 BH  R(705) = R(671) = 2ot (R (T31) = R (671))  y=124.54" 050 035 225 9.0

Hor, JET BRI UEEPG T &5 PRy SEES RASHOR E nl LIA 3], BRI
/N AURE # RMSE 228, HEBRHUS I AMTE 783 XHER A B RE AP, 2 21 S 92
3AMHITE A H WSS R ARG I 5 frs e N (E—Bukas .

40 35 =
35¢ 30t .

g0 | 7453453204 = | = 1115 -
E V[ r=0.78 ”g) 25F  R=0.76
ah 7 A
S/ 25F 320 A. A' //A/ A
@0t o b % & N
= st .
B I5F LK EY ‘//A
= < kS G
= L =10 . 0 A
o 10 9 ™ Kit: AURE=13.9%,

5t 5t ‘“ R FHiKEE: AURE=5.9%,

/MRJEKZE: AURE=I8.1%
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(a) Model calibration (b) Model validation
A K RRiwNE o /NRJEKEE
5 FETHBL LAY SR 3R a e S JHRE TR A s J8 4% 2R s ]
Fig. 5 Chla retrieval model based on the band ratio and the scatterplot of estimated Chla concentrations
43 MREMERaRRLERER ZY~1 02D PRS2 A -2 28 a 25 023 ] 3 Atk

L A R BB AR RO R AT r b DL S AR (Liu %, 2020b; Zhang %, 2019
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Inland water chlorophyll-a retrieval based on ZY-1 02D satellite
hyperspectral observations
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Abstract: China’s ZY-1 02D satellite was successfully launched on September 12, 2019. It carries the new-generation Advanced
Hyperspectral Imager (AHSI), which has 166 bands in the visible to short-wave infrared bands. AHSI can acquire images at 30 m spatial
resolution with a 60 km swath. ZY-1 02D satellite shows great potential for inland water quality monitoring application, owing to its
abundant narrow bands and relatively high spatial resolution. However, this satellite has been launched for a short period, and the
applicability of this data needs to be further analyzed and tested.

Taihu Lake (eutrophic), Yuqiao reservoir (eutrophic), and Xiaolangdi Reservoir (mesotrophic) in China were used as study areas for the
Chlorophyll-a (Chla) retrieval based on the ZY-1 02D hyperspectral images. Within one day of the ZY-1 02D satellite overpass, in situ
spectra, and Chla concentrations were collected at sampling sites in these study areas. We selected five typical Chla semi-empirical models
based on spectral indices, namely, Band Ratio (BR), Normalized Difference Chlorophyll Index (NDCI), Three-Band Index (TBI), Enhanced
Three-Band Index (ETBI), and the Baseline Height (BH). We used in situ measured Chla concentration at 46 sampling sites in the three
study areas and simultaneously acquired ZY-1 02D images to optimize the parameters in these models. We evaluated the accuracies of
image-derived R ; at sampling sites, and then conducted accuracy analysis for estimated Chla concentrations using optimized empirical models.

ZY-1 02D image-derived R, were consistent with in situ measured R in the 671 and 705 nm, whereas the 731 and 748 nm band R, had
greater uncertainties because they were more likely to be affected by the image noise. In addition, the accuracy analysis for the estimated
Chla concentrations shows that the model based on the 705 to 671 nm band ratio achieves the highest accuracy, with an R* of 0.78. In
addition, the mean unbiased relative error (AURE) and Root Mean Square Error (RMSE) are 13.5% and 4.5 mg/m’, respectively. On the
contrary, models based on the ETBI and BH yield Chla concentration estimates with low accuracies.

In conclusion, ZY-1 02D hyperspectral data show good potential in terms of accurate retrieval of Chla concentration for inland waters.
We plan to conduct more in situ experiment when the ZY-1 02D satellite overpasses to improve the Chla concentration retrieval model
applied on the ZY-1 02D data. In the future, the monitoring capacity should be improved through establishing a hyperspectral satellite
constellation, and noise reduction and atmospheric correction methods should be developed for ZY-1 02D’s inland water application.

Key words: ZY-1 02D satellite, hyperspectral remote sensing, inland water, Chlorophyll-a retrieval, lake remote sensing
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