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Evaluation on the atmospheric correction methods for water color remote sensing by
using MERIS image : A case study on chlorophyll-a concentration of Lake Poyang
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Abstract: MERIS is the sensor of ENVISAT-1 satellite in orbit nearly 10 years, which was launched in 2002. The band setting and
radiation sensitivity of MERIS could well be applied to chlorophyll-a concentration inference, but the atmospheric correction in
Case Il water is still a key problem. Taking the Lake Poyang, the biggest freshwater lake in China as a case, the results of ENVI-
SAT-1 satellite MERIS images using FLAASH, 6S, BEAM and QUAC atmospheric correction algorithms in 2005 and 2011 with
simultaneous in-situ spectral data was evaluated. The band combination factor of 12 chlorophyll-a retrieval models were also as-
sessed. Results show that; (1) the order of atmospheric correction accuracy from high to low are FLAASH, 6S, BEAM, QUAC,
with the mean relative error of 31.13% , 31.88% , 69.48% and 42.64% , respectively; and the determination coefficients (R?) of
0.60, 0.57, 0.38 and 0.24, respectively. (2) Among the band-combined chlorophyll-a retrieval models, FLAASH is the best one,
followed by 6S, BEAM and QUAC. As for FLAASH algorithm, the three bands ( (R (510)/[ R, (443)/R,.(560) ]) model is
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the most accurate one, the MRE is 25.12% , the determination coefficient is 0.74. This band combination of FLAASH atmospheric
correction results is recommended for the chlorophyll-a inference in the Lake Poyang.

Keywords: Water color remote sensing; atmospheric correction; chlorophyll-a; MERIS; FLAASH; 6S; BEAM; QUAC;
Lake Poyang
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B3 ) A R B T A/ N K S R R 487 1T 107 Landsat TM/ TM A+ S 30 m A2 ] 43 3ER  (H R HA KR
ARG TSR R AR B0 1 LU MR SRS REAR b it DR A T 0l S 35K B 5 3R a R BE R TR, TP 45 70 3
155342 ( Medium Resolution Imaging Spectrometer Instrument; MERIS) J& ENVISAT-1 3 #) £ EALREs 2
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Ty A BRI S H AT PR TR a YR SO K (it 2 — 1
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7N ARSI Vi A i 10 2K AR X 38K, BRI 2 [ 5 ( European Space Agency, ESA) % &) MERIS 4%
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2011 A7 5RA [F) 26 SHMDGIE AR 19 MERIS S2ARSEAT AL BRI X LU A3 B7 , SR ER7-G ) 4 R i A Bl s
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1.1 FAREE

FEBH I (28°22" ~29°45'N, 115°47' ~ 116°45'E) i FILFEA I KT R R, B E R KR KEI(E 1).
ER R PO ) i e 2t I S e o i S I 11 SR 41 o7 22 W/ 1B (=P N - C 1K ) Gl TR
K, R, 08 5 i) O AR, SE4E3R f T Tl 5 Kk A 56 FH K AR S, 31 BH ISk sk # 22 | K
IR RS — A
1.2 HiRE
1.2.1 L %4 2005457 A 4 HAI2011 457 A 24 H X ESFHBIEEAT 2 YEFANILIN , 3R 20 A~uh 07 (1)
P H5H K DR S5 30 S . K ARG R FH 2 [ Ocean Optics A A Y HR2000 YE£F G54,
IS B 200~ 1100 nm, #2048 ML, i G/ HE 34 0.035 nm (FWHM) . REEX K, K
WG TC = K ED A A BAELL 12 b 47 0E , BUS BRI AT (3 ms~65 s) , M7 M P, SR NASA Al
SIMBIOS #E# i4 SRI JLAPT S 550, BIVSCER O8I P T 5 2K BHA S 18T A9 9 1 o VRS 5088 ThT 25 k7 1) 1) 2 )
Ov(Pv=135°,00=40°) WK HEFT /K T DA B3GR L 4 S KA R B S 3 (1/s) .
1.2.2 454  ARSCRAM LR EREEE R MERTS S5, X5 T K RG2F AR AE & 2% 0 B8 FH I 1M 5, 8 5 17
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Fig.1 Location of sampling sites in Lake Poyang on July 4th 2005 and July 24th 2011

K45 MERIS #E0k Bis e e S R i ey, I AR NN G 1R 2 1% 2% 5 FIH MERIS %14
PEAL N B R A Y R0 . SR 2 R 2 7 o T B I e 5 U I A PR Y M A PR A A S 3 R
B K, B 2005 457 H 4 HAI2011 4 7 H 24 H MERIS P58 BH W X 380 = MERIS 48347 KM
TE. MBI 23 [8] &) B 3 hitp :// eopi. esa. int/esa/esa/ T L3RS B £ 5 F MERIS & B8 A G5 B 3RELAY
MERIS $2180 5k DN {8, 76 RSB EAN BT, R AR (1) BT ST Ehnab 2 .

L, =gain + DN+offset (1)
R, L, 9 MERIS SR BG4 S 52 B2 (W/ (m” » st + wm) ), gain T offser 5331 406 GE bRt 25 T 7%
FB AT AL SCE R 384 DNV R IR AR SR K BE A

2 MERIS B ASKIELE X

2.1 FLAASH XS KIE

FLAASH JE62A GBI ST BT - B i B 0FFE BT (Spectral Sciences Inc.) 78 3% 8 23 AT 5T SE 4025 (U.S. Air
Force Research Laboratory ) 34 F & BRSAL IERBLH.  JE B =55 I 72 1989 4F K S M S i A &
WIS 12 W5 MODTRAN YRR 5 AR, © o KSR R & a8 AN il Bl ) — 01 FLAASH g
T e i 2 AR A 2 S 1 A A B

EPE ENVI(4.8) F A1 i1 FLAASH KA IEAEHT 5 MERIS SR T RS IE. A2 1IE AT 75 214
TEAEE U BSQ (U B F A 3K ) 5 4 il BIP (I BES AR U028 WP ) 8% BIL (3 BE&R AT 58 UUF ). Hid,
FLAASH KA IEA TG B O G 26 B A% R e B8 | QAT B (] | i 1T 4 9 30 4 EL A S 538 T o Sk S 1
(.hdr) PR AR, R A 358 R A A B SOV S R AR Al A R e AR AR, A RE L B R A TR 2B G SE
MICROTOPS II A BAYGEE 3R EUAY 550 nm 3 B S BOCF B E AR (£ 1).
2.2 6S KEKIE

6S(Second Simulation of Satellite Signal in the Solar Spectrum ) 4 S Hi 5 7 % [& T S AR IS4 1 <%
IS , 76 R FH—Hh)— AL BRI G R AL i B A2 v, 3R 2 KA AT R R A, Foh 38 7 Fhok
SRR 3 B R RS 8 R R AR 4 Bl A 8 ORI IR, AR Ui i) ok BH— H
Fr—AL AR P, JE 02 F T SR AL, B IBUBSHE s A v AN T ik S b 32 B RS SEE. 6S
JE R T AL AR G A R B A S, T T R A A S R 0 e i RSB T A 3 R AR R
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Tab.1 The input parameters of FLAASH atmospheric correction model for MERIS

TESH LR AR Y MERIS
XL H 5 20054F7 H4 H 2011 4-7 H 24 H
IR v 768 km 768 km
23 () 43 PR 300 m 300 m
S A (UTC) 02:53:33 02:41:08
RGEE = LB A 29.79°N, 114.34°E 28.79°N, 118.26°E
KA i 2 i 2
KEBH SRR ARt Akt A
HE L 28 km 30 km
Ho e B 12.68 m( B B2 AFF- 37K 07 ) 12.68 m ( B 2247 F- 347K )

F 4 S AR 2 i /N Hl ol AT SR IE
6S KA IESHR FLAASH ¥ AS B, 10 . TR S8 (1L AR 25T AL IRk s B A Be Y L) JLAAT
SR BREXTAAITNMA) KIS FIEEILE ) AL H bR E (£ 2).
# 2 68 KAKIEHRASH

Tab.2 The input parameters of 6S atmospheric correction model for MERIS

liFEE =S| MERIS
At IR v 768 km 768 km
RTE = KBART A 7 S 102.82° 21.89° 108.63° 22.67°
TERERTUH A 284.65° 21.48° 284.44° 20.69°
SR H A 200547 H 4 H 2011 47 A 24 H
KIS I At Y At Al
KA hEf R e R
LI E 5 B 12.68 m( B B 2 AF 247K 07 ) 12.68 m (% FHMI 24524 K )

Wi P ESEUE R I 6S BERITT IR 3 S8 (x, v, 0 2, (R 3)) BTN AA(2) ((3). 5
A T e O S S 2 R I e a8 R S R

32005 4F 7 F 4 BFI2011 4 7 F 24 H MERIS 5414 6S KA IE S5

Tab.3 The output parameters of 6S atmospheric correction model for MERIS

200547 A 4 H 2011 4E7 A 24 H
MERIS
x, xy, X, x, x, X,

Band1 0.02346 0.00231 0.00764 0.00508 0.21096 0.15904
Band2 0.00415 0.13091 0.12353 0.00438 0.13091 0.12353
Band3 0.00423 0.07887 0.08726 0.00446 0.07887 0.08726
Band4 0.00435 0.03744 0.05723 0.00459 0.03744 0.05723
Band5 0.00770 0.03463 0.04164 0.00813 0.03463 0.04164
Band6 0.00556 0.02516 0.04172 0.00588 0.02516 0.04172
Band7 0.00596 0.01463 0.03120 0.00630 0.01463 0.03120
Band8 0.00816 0.01618 0.02777 0.00862 0.01618 0.02777
Band9 0.02346 0.00231 0.00764 0.02477 0.00231 0.00764
Band10 0.05947 0.00095 0.00357 0.06280 0.00095 0.00357

y=xL-x, (2)

a
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p=y/(1+x -y) (3)

A, LGRS E AR RSB TR SEE (WW/ (em® « sr - nm) ) ,p HFCIEE #5555,
2.3 BEAM XS #&IE

BEAM ( Basic ERS & ENVISAT (A) ATSR and MERIS Toolbox ) J2&: ESA H2{itf4L B (A) ATSR MERIS 5
ASAR BRI, 5840t Java 15 9R 5 1] LIS MERIS B8 3L (0 vl WAL 43 B b BESh 68 I H o T H P
T3 35 H A T AL R ENVISAT B9 E 53R AL T APL 42 00, 7T LU E7E www.envisat.com 2. BEAM 3B 4%
HET MERIS 2088 0 28 4 AR IR ST AR SRR T4 38 BT 5 LA SR A DU BE . AR 908632 H
BEAM 5.0 %J 2005 4EF1 2011 4E M 5 MERIS S 3617 RS IE , HAS IF R WL IR 2.

[verisLige | [ mmrus | | s ficse |
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|k’TDﬁE&E%f;§2|—| R I
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Kl 2 BEAM KR IE R 4]
Fig.2 The flow chart of BEAM atmospheric correction

2.4 QUAC XSRKIE

QUAC BRI IRTFE R B B R B3N AR (RIMEITIEE ) MIRBUR S AMES L, BT KRR S5
FORISPE /N SEI LA 2 5. QUAC AR B 7E XS B R B FLAASH , 5 & it s A S BORMSUER B 22 R B A
PE/N A R 3

16 ENVI 844 iiliad QUAC T AT LA A s MR ISR AS W) S5 9 1 8, , BB 00 18 58 1l oo ik
265 B P R SME. S A B BEE 7T LU R S8 BEAE RS S R B 2 T A 1Y raw 0808, O B A RS
ANE I BAT FEIRER  QUAC KA IEFRAR WL IR 3, {E A2 42 {3 22 i3 A 5 Sl 1 £ TR 50 0 A i B Y
UL RAER.

3 KERELRS

31 RERKELR

KT PN 4 B ORABOERERCR , DL TR AT EIRTS 3 h g AR g O RS S Y R 2P A
RO B S AT 20 AN SSRIEHY 4 FhRSRS IE 4SS ARG .

RACKE, FLAASH Fl 68 Bk IESS HE L 484523 , I H 3R 00 b B BIAR, JAS0A% IE - 49 AR X 45 22 43 1y
31.43% F1 32.02% ,R* 435127 0.60 F10.57. BEAM KBEIE LS FARRMAR, KA IE MR 2 WK, ik
F 65.25% ,R*>N 0.38. QUAC JriEA5 2 B YN IR 254 42.93% ,R*M 0.24, R IELS RIFA B (E 4).

BB 4 ML RIS AR, iR FLAASH 559k R PLEIT I 255 5 I B, P AR RHR 221X
$}910.75% , R*2} 0.82. 68 Bk MBI A2 7 W EL, FIMIXTIR2E K 21.3% ,R* 2N 0.74. BEAM &%
o, RIS E 6 PRBE, FIAEXTIR 2 57.92% ,R*N 0.59. QUAC B vk IR 25 3 B, F
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Fig.4 Comparison of the atmospheric correction results provided by methods
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Tab.4 The empirical model of chlorophyll-a concentration and literature source

SRR 8 R W5 X HeUR
Y1 R.(709) /R, (665) PR (R Bt ) [18]
Y2 R, (709)-R,(665) IR (IF) [19]
Y3 R (412)/R_(665) FFI (L msEk) [20]
Y4 R, (490)/R (560) DHRIA (£ k) [20]
Y5 R.(412)/R_(665)+R (412)/R _(665)> BRI (ERE nEk) [20]
Y6 R, (412)/R,(665)/R,(560)° ClIESENIE v [20]
Y7 R.(510)/ [ R, (443)/R(560) ] 58 (1) [21]
Y8 [1/R,(665)-1/R._(709) ] - R,(754) BHPRIE GRS W) K (hiE)  [18,22]
Y9 [R.(560)-R (681)]/[ R, (560)+R, (681) ] FSBHM (D [11]
Y10  R.(753)/R.(665)-R (753)/R. (709) () [23]
Y11 [1/R(665)-1/R (681)] - R, (709) HHIATE (1) [22]
Y12 [1/R,.(665)-1/R, (681)]/[1/R,.(709)~1/R, (681)] RIS (EH) [22]

VA [ A0 ST 0 3 5 S 238 2 ol ) - 53 2R Wk S TR R R A0 g R, 5 4 i RSB IE D R A5 30 ) e SR
SRR EATH AT LIS FLAASH B35, Y8 AYRCR I, #EXHR 220 25.12% ,R* 0 0.74. 6S Bk RUR
AP Y8, xR 2N 25.7% ,R* M 0.51. T AEEFEMBALA , BEAM 1, Y8 e RECH 0.54, # %t
IR22I8F 135.27%. QUAC 1, RUR BP0 2 Y3, FHXTIR 22 /& 86.94% , R* 4 0.28. QUAC B 3L R ¥ AN HIA.
ISR a YR BE ST A BE R UE, FLAASH KA IER LAY Y8 2414 N F o6l TR MK (£ 5).

5 A[RIERE a W PE ST 908 B A R R IR BE LM

Tab.5 The accuracy comparison of different chlorophyll-a concentration inversion of remote sensing factors

FLAASH 65 BEAM QUAC
5%
ROOMMBE R MMBE R MREE R AR
Y1 0.0657 20.13% 0.0961 37.47% 0.1252 34.46% 0.1215 52.05%
Y2 0.12 488.15% 0.15 873.72% 0.26 100.07% 0.15 407.72%
Y3 0.03 100.39% 0.44 26.64% 0.01 33.81% 0.28 86.94%
Y4 0.02 34.90% 0.34 44.87% 0.09 34.80% 0.00 105.89%
Y5 0.03 158.78% 0.44 52.75% 0.009 39.10% 0.26 373.02%
Y6 0.62 158.68% 0.44 45.20% 0.01 283.65% 0.28 310.89%
Y7 0.69 25.95% 0.03 42.43% 0.30 222.62% 0.09 48.55%
Y8 0.74 25.12% 0.51 25.70% 0.54 135.27% 0.01 89.58%
Y9 0.10 91.21% 0.58 96.84% 0.0015 87.13% 0.0039 275.8%
Y10 0.08 809.35% 0.001 1282.04% 0.21 80.04% 0.05 536.14%
Y11 0.04 555.33% 0.29 8279.27% 0.20 483.28% 0.01 692.26%
Y12 0.01 895.88% 0.01 1865.32% 0.01 366.21% 0.01 628.59%

TR R R B R AR A R DL R o B9 S 2K a MR BE ST D

33 REN
il 2005 £ 2011 4 2 YAk 20 A [FZP L S0 E I , % FLAASH 65 \BAEM #1 QUAC RSB IESE
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) MERIS £045 b BEACR HEA TR LG A4, it BRS04 a] LU i FLAASH Fi16S SR T AT LA I B A A%
TEAER e, A ARG, T RN BRI X T R 22 80 A BEB . 1 BEAM Il QUAC BIEHR TG SRR BT 1Y
KA IERCR. X /0B MR 1) 5 sh 2 B UK AR AT BEAEAE LU JLS R A

1) BRI AR B Sk i)l FLAASH 1 6S PN RSB IE B IR ABAS R AL X K44 H AR I & 0, DR 7 % K 44 B
FRHEAT RS IE R A B — 2B Bk i A el

2) BB S ST AR AN 58 4 [F) A5 A8 X0 5 B X e 47 S0 R AR A 2 AR e, SIS0 st () S RE R
G it Bt [R] 58 4 R1 25, b 360 BH 0 ) s Bl AR R AL, 0 R S M AL &R X, 17K 5 A TEAS 4 . A5 K AR A
DAL KR ZE DA — E .

3) FBERI B B KRS EAE BL R, T MERIS 5248 0925 (8] 53 BE2 8 300 m, 53 AM g ALl X85 B 100 £ km, <
T 8 AP L B 2 ) R RE AR A K AR A5 B KA IE SRR | R R A0 8 Y SO O R B . R e T
BEIERG AR — 8 IR 2.

SRS, RSB SR 2L a Wk B A e X A8l 3 0 A A TR PH T DX PG A8 AR S R A L IX (1 5) , i 2k
S R A ER B SR R a WP AP AR — B AR a R A4 AT B T R OB AT
F18 L8 B 7K i A S )V T 1 24 S0 90 B 0 P50, o S WA X by K T 5 A, K AR TR B e v > -
PR 35 43 A7 LA S Ab Bl A A TG, PRI S 38 a VPR . B PRI v /K S8 /K [ v BB A, LR IX
SRAPTE SRS Vb S R, WAL AR 3R o WAL, I Ah K 2 WS

200547 H4H 20114E7 24 H

Pl 5 BEHIH 2005 4F 7 J1 4 HA12011 48 7 J] 24 HIH2R3K a WREE SO 4R
Fig.5 The maps of chlorophyll-a concentrations on July 4, 2005 and July 24, 2011 of Lake Poyang

1) FLAASH .65 . BEAM il QUAC 4 Fp RS AL IEF 3, BUR B U7 1Y & FLAASH 5538 PS4 A %R 25
31.43%. HRZ 6S Hk, FIHHXT IR ZE R 32.02% , i 22 1072 BEAM Fll QUAC 3%, P IR 158 22 43 5l
65.25% Fi1 42.93% .

2) B4R FLAASH Hl 6S vk Sk LR R A RR K. (B NI BOR UL, FLAASH 52300 F 6S 53
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HBEXF AKARAT 5 P LEAR KW R ), 25 AR R AR 5 A b 0 R K (OGS 15 B3R T AR ASURE IE 5 128 T AR — 8 1 e
S IE e
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