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Remote sensing retrieval for chlorophyll-a concentration
in turbid case II waters (II) ; application on MERIS image
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(1. State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology,
Chinese Academy of Sciences, Nanjing 210008, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Based on four filed cruises from 2004 to 2010 in Tai Lake, four models were investigated in the present stud-
y, including two-ration-model (TRM) , three-band-model (TBM) , enhanced three-band-model (ETM) and four-band
model (FBM) using in situ measurements and MERIS image data. The validation was performed using samples from
Taihu (n =13) and Chaohu Lake (n =21). The results demonstrated that the ETM was the most appropriate to estimate
chlorophyll a concentration in highly turbid waters with higher R* (0.34 ~0.94) and lower RMSE (3.17 ~8.70 pg/L).
Furthermore, the lookup table of the molding input parameters was determined for the four seasons in Taihu Lake. The
resultant model was applied to MERIS images (8, 9 and 10 waveband) to detect the temporal and spatial variations of
chlorophyll a concentration in Tai Lake.

Key words: Tai Lake, chlorophyll a, inland waters, specific absorption coefficient
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Fig.1 Spatial distribution of sampling points in Tai Lake
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Table 1  Application of four models on the simulated
MERIS data

o MERIS 5B  fHEBR y=ax+8 @ RMSE/  RE/

MoA A3 Ay B (pg/L) (%)

A 7 9 - - 3943 -23.64 0.47 2.85 18.65

B 8 9 - - 60.82 -45.87 0.8 5.12 7.40

TRM C 8 12 - - 132.90 -31.19 0.75 10.87 54.85
D 8 9 - - 2821 -19.33 0.93 2.% 53.34

E 7 12 - - 67.18 -10.95 0.40 12.81 108.12

A 7 9 10 - 109.19 15.87 0.43 2.% 20.58

B 8 9 12 - 14536 13.69 0.8 5.09 27.82

™M C 8 9 10 - 258.78 24.97 0.87 17.92 26.50
D 8 9 10 - 84.31 8.93 0.9 2.68 69.80

E 8 9 12 - 139.01 16.10 0.59 10.60 93.13

A 7 9 10 - 5476 15.38 0.34 3.17 22.20

B 8 9 12 - 81.91 12.95 0.8 5.27 27.96

ETM C 8 9 10 - 12695 23.33 0.92 6.30 29.17
D 8 9 10 - 555 9.13 0.94 257 83.24

E 8 9 12 - 8667 1564 0.72 8.70 96.23

A 7 9 12 10 0.10 13.05 0.19 3.52 34.32

B 7 9 10 12 0.17 11.63  0.04 12.98  146.55

FBM C 8 9 12 10 0.02 5.00 - 16.45 52.75
D 7 9 10 12 0.15 8.23 1 0.20 9.65 260.83

E 7 9 12 10 -0.05 16.75 0.00 18.41 255.81
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e = la,(A;3)-a,(1;)]1/ay (1)) , (10)
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TR S AL T A AN R 295 R ) (. R
EEIR IR B (a, (A) ) FIAS [R) 38 < A B 2K TR i &R
¥ (a, (X)) B B AR ZET BT ASE DR
R ERER a YR BRI AL 5B AT RE )

a=0.47 x g +34.42 (R* =0.82) , (12)

B=0.44 x5 +6.11 (R*=0.99) . (13)
2.3 EEKE

WK AN E A FE TR e F1 9 R
AR (12) F1X (13) A, BB R A S o F1
B, Ak
Xof T IR B E A R

CHL =63.72 x (1/R_(band8)-1/R_ (band9) )/
(1/R,,(band10)-1/R_(band9)) +11.80 . (14)

Xif S SR IE AR,

CHL =78.37 x (1/R_ (band8)-1/R_(band9) )/

(1/R_(band10)-1/R_(band9)) +14.64 . (15)
40 RMSE=9.34 pg/L 60 RMSE=10.48 pg/L
30| RE=40.00% sol RE=27.26%
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Fig. 2 Validation of chlorophyll a estimation using simulated
MERIS data (a)Tai Lake,and (b) Chao Lake)
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CHL = 44. 186 x (1/R, (band8)-1/R_ (band9))/
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2008 4£ 10 A 16 H .

CHL =87. 154 x (1/R,, (band8)-1/R_ (band9))/
(1/R.(band10)-1/R_(band9)) +16.347 . (17)
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fEBAEXT LRI (E 3) B 3(a) H, B 5 s =2 5k,
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MR a WREE,SE 7 SRR a (hREH I AE,
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Fig. 3 Validation of chlorophyll a estimation using MERIS
image in Tai Lake (a) April 24, 2008, and (b) October 16,
2008
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Fig.4 Spatial distribution of chlorophyll a concentration u-
sing MERIS images on 24 April and 16 October 2008
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Table 2 Lookup table of parameters of the ETM model
applying to the MERIS data

F5 #Ea BB
AW - & 44.186 8.006
AW -E 62.670 11.594
AW - 87.154 16.347
A# - % 63.717 11.797

KRR 4E K a WA 22 25k B 3. L) 2008
10,4 R AR KT PE RS BV R A K T AR R K 4R,
B ERER a MR AR 7E KW RE 8 A B e K 4
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BRSNS AR ST 3 X, ik
B4y (E 5) 510 ARH4E a WERIBHTE
40 wg/L AT (FE 4) ;12 AMFEALTE 3K a ik
BRI AR, bR A2 1L S ARV RN SIS 3 KA
BREWRE MR a W5 sh, HabhKB /N F
10 pg/L.
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Fig. 5 Temporal and spatial distribution of chlorophyll a
concentration in Tai Lake

3 it
VR TSR AR R 2, SOB ST 2



s S5 HI VM T K P 5K o VRRESERRIZ (1) : MERIS 3 BRSO ) 77

WeA ) BV VR VD RV AR A DL B S R s m
S T 287K P B R IR 1 B R TE T BV g 1T 2%
RARD 20 1o B A A AN SR, SRR T K
B OB R A 2 28, A R T I 2ok
IKABBR B RS B . A Wt 2 B R K AR R 0L
e B EA e A P R R Y R I ok
IR 8 PR TR S B T T R

W ) R W B BB O AR AT, 7E
660 ~685 nm fbA 38 FU R i, B a W
WIS B MR a YR A L&
VR (0 R R R A Y BIRE R R
a YRS I, W F R W 4 K, I L 1) K I 7 1 B 3l
B R IR 7 AR 4 AR SE I B A
RIS AR5 R ) S SR FRT Ao A A e Y fEL
70 ey FE 938 BX 39 76 660 ~ 780 nm 3 B A, [RIA 45
— I B34 TR e R ) £ R K B o SRR P R B, R
M R B Ve R R A A B R R a WRIER
KA.

A A W B U A B4R, R RS2 O 3 8
35 08 B B TP 4 A B P A R R Y
B, Rk (2011 ) 2 F 5200 638 B
T 4 FhSE 7 0 3F K A F 3 R, Ak O
Bl (FBM ) > £ 0 A8 %) T 1 FF A 0L ft) MERIS
RSB i 5% A0 58 2 it = 3 B Y (ETM)
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Table 3 Comparison of average wavelength of field spectra
and MERIS wavebands

MRS o R B KR
y MERIS
a2 ue R/ nm L JEFEl/nm B /nm
A 679 8 677.5 - 685 681.25
TBM A, 695 9 703.75-713.75  708.75
As 749 10 750 -757.5 753.75
A 677 8 677.5 - 685 681.25
ETM A, 700 9 703.75-713.75  708.75
As 761 10 750 -757.5 753.75
A 676 8 677.5 -685 681.25
A, 696 9 703.75-713.75  708.75
FBM
As 732 10 750 -757.5 753.75
Ay 760 12 771.25-786.25  778.75
4 it

R0 PR S 00 ' P S A 2 Y R D 2 (O 8 B A
B, FBM) i & MERIS f3 Brix B. 2 T4
MERIS 38 JBA s 0 SE K A A Db 2 i, B
M T P BB R I B (TRM) L =3 B2 (TBM) (2t
3 =B (ETM) 0 0 5 B (FBM ) 45 B %6 R 7K A
MERER a WM, KB ETM BEELE T 11 3¢
KRR a FRAMA, REET MERIS 3845
S 4R R a R R R PURLEY , AHIL A9 MERIS F £
BB SR 8.9 1110 JeBL.
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THEEIOLFRM IR RR a E. ¥
ETM #5857 ] T MERIS 38 BG4, ITTAREL T A3
ISR ER a B I IS 20 A RO, S P 9 et 7K
PRI a YRR BRI Bk 5B 7 8R4 T T 05
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Brigd
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