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Abstract: Based on the measured remote sensing reflectance and concurrent chlorophyll a ( Chta) concentration in Taihu Lake from January 7
to9 and July 29 to August 1, 2006, this study comparatively analyzed the estimation precisbn of three- band model, twe-band model,
reflectance peak position method and fist derivative method, and further discussed the feasibility of the four methods to estimate Chta using
remote sensing image. The data set of two samplings contained widely variable total suspended matter (12 24-285. 20mg* L™ '), Chba (4 83-
155. 11 Hg" L™ ") and chromophoric dissolved organic matte absomption coefficient at 440 mm (0. 272 36 m™ ') . The former four methods all
*) of 0. 813, 0.838, 0. 872 and 0 819,
respectively. The root mean square emor ( RMSE) between measured and estinated Cht-a concentrations using the four models was 13. 04,

1212, 1341 and 12 13 Bg* L', respeciively, and the relatively error ( RE) was 35. 5%, 349%, 24.6% and 41. 8%, respectively.
Although the reflectance peak position method had the highest estimation precsion, i was difficult to be applied on remote sensing image due

got hish precisions on Chta conceriration estimation in Taihu Lake with determination coefficients ( r

to lacking spectral channel. The three band-model and twe- band model had higher estimation precisions than the first order diferential method
and good application foreground in Chta retrieval using remote sensing image. The r*, RMSE, RE of [ R™'(665) — R™'(709) | x R(754)
in three band-model and R (709)/ R( 681) in twe-band model based on simulation MERIS data were 0. 788, 13. 87 Hg* ™', 37.3%, and
0.815, 1296 Ug L™', 34 8%, respedively. The results in this study demonstrated MERIS data could be applied to retrieve Chk-a
concentration in turbid Case Il waters as Taihu Lake.
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Fig. 4  Comparison between measured and estimated the

chlorophyll a concentration based on twe-band-model

3 a
a 2.23
a 3 705 nm a
180 ’ a ’ ’
r2 =0.813 ( 5)
150 |- RMSE-13.04pg:L” 11 . ’
RE =35.5% '
LR , (r) 087
120 | o o
EY
5 o :
% ool o a x y
=
= 60 | @] R :
& %o $&
5 y = - 611.368+ 93. 40x (7)
30 +
a
0 1 1 1 1 1
0 30 60 90 120 150 180 a 6
o 71
SEl -4k FKa/pg-L 715
o © o
3 a 710
Fig. 3 Comparison between measured and estimated the
g L
chlorophyll a concentration based on three-band model | 705
Bl
& 700
2_ 2 2 g Ppcak= 677-970Chlan'009
X 695 |- 72 =0.872, p<0.001,n =88
2
A 69 |
C]I)M 9 685 1 1 1 1 1 1 1 L
20 40 60 80 100 120 140 160 180
-4 Fadk / pg L
-1
Chia o« B '(N) x R( ) (5)
1 . 17
Dall Olmo ' Gitelson " 2 > a 705 nm
) Fig. 5 Cormelation between chlorophyll a concentration
’ and the peak position near 705 nm
A 650~ 700 nm, A& 700~ 760 nm.
RMSE . R(700)/ R (692) , 150
a : P=03872 o ff
150 - RMSE = 13.41 pg-L! :
y = - 251.855+ 270.368« (6) ) RE=24.6% ' © o
! =88
. 210 "
a ;; () o
a 4 & 90
:
180 8 60| @ ©
r=0.838 =®
150 L RMSE=12.12 pgL™! 1:1 oo
RE = 34.9% 30 -
T =88
=120 | "
g o O 0 1 ! 1 1 1
) 0 0 30 60 90 120 150 180
¥ ool o © SRt Fa/pg L
= o
B 60+
£ o © o ﬁ 6 a
30 - o Fig. 6 Comparison between measured and estimated the chlorophyll a
concentration based on the peak position near 705 nm
0 1 1 1 1 1
0 30 60 90 120 150 180
iiﬂﬂ"‘l‘ﬁ%ﬁa/ug-r‘ 2 2 4
4 a 690 nm a



30

684
600~ 850 nm , ,
a (7. 7 CDOM
699 nm a s 1
, (r)y 0.90s, , 699
nm s a 2
: ; a ( )
y = 26.291+ 118244. 7x (8) CDOM , a
a . B
a 8 ’
1.0
a P
05 ( ,
k i : 1
ﬁ 0 ] /M nm, a
4K
E 1 |
-0.5 a ’
-1.0 L 1 | 1 a
600 650 700 750 800 850
K /mm
7 a ’
Fig. 7  Correlation coefficient beaween chlorophyll a concentration ’ 2
and the first derivative differential of remote sensing reflectance a
. MERIS ENV BAE 1
180 .
2=0.819 o
150 - RMSE = 12.13 pgL! ’ ’ N
B, RE = 41.8% '®! MERB /
2 120 L n=88 o
2 o (412~ 900 mm) 15 , 7~ 11
3 o
¥ gl 2 ( | 66510 681/8 T09/10 7548 761/
£ 1) O 4
g or 00 0% o
. 1 nm MERIS
ll ° 7~ 11 :
0 © 1 I 1 1 1 Rlv[SE
0 30 60 90 120 150 180 ’ . .
SRS F /g L [ R(665) = R™'(709)] x R
(754)  R(709)/R(681). MERIS
8 a
Fig. 8 Comparson between measured and estimated the chlorophyll a a ’
concentration based on first derivative method y= 22. 06+ 149.05x (9)
y=— 60.44+ 79.84x (10)
X (9) (10 !
a 9 10 ,
4 r RMSE RE 0.788 13.87 HgeL™'
a  (r 0.813~ 0.872,RE  24.57% ~  37.3% 0.815 12.96 Mg*L" ' 34.8%. :
41.81%) , 4 ,
MERIS a

705 -nm



3 a 685
_MERIS a ,
MERIS
180 a
-1 -1
ol 7m0 o [R™'(665)~ R '(709)] x R(7%4)  R(709)/R
[ RMSE=13.87 ug-L! ’ 2
3 RE=373% ' ° (681), r 0.7881 0. 815,
. n=88
G 1207 o ) MERIS
3 o © ©
® g0 a
& o) .
= 60 | © Bl
% o &é) S ,
30
0 0 3I0 6I0 9I0 150 1;0 180
et Faug L) [ 1] Han L, Rundqust D C. Comparson of NIR/RED radio and firs
derivative of refledance in estimating algat-chlorophyll concentration:
9 MERIS a A casestudy n a turbid reservoir[ J]. Remote Sens Environ, 1997,
62(3): 253-26l.
2] Hooge Dekker A G, Althuis I J A. Simulation of AVIRI
Fig. 9 Canparison between measured and estimated chbrophyll a 2] oogerboom J, Dekler A G, Althuis I J Simulation of AVIRIS
concentration based on three-band-model using simulated MERIS sensitivity for detecting chlorophyll over wastal and inland waters[ J]
Remote Sens Environ, 1998, 65(3): 333-340.
[ 3] Frater R N. Hyper spectral remote sensing of turbidiy and
180
chbrophyHa among Nebraska sand Hills bkes[J]. Int J Remote
7 =0815 1:1 o .
150 - PMSE = 12.96 pgL! Sensing, 1998, 19(8): 1579-158.
T RE = 34.8% [ 4] Gons H J. Optical teledetection of chloophyll a in turbid inland
2 120 n=88 Q
;;x_o o ©) o waters[ J| . Environ Sci Technol, 1999, 33(7): 11271132.
& 90 | 0 [ 5] GonsH J, Rikeboer M, Bagheri S, et al. Optical teledetection of
= o o) chbrophyll a in estuarine and coastal waters| J]. Environ Sci
B 6ol
® O o C& Technol, 2000, 34(24): 5189-5192.
30l O OO [ 6] Goms H J, Rijkeboer M, Ruddick K G. A chlorophyH retrieval
algorithm for satellie imagery ( Medium Resolution Imaging
00 3'0 6I0 9'0 liO 15'0 180 Spectrometer) of inland and coastal waters[ J]. J Plankion Res,
el 4 Ra/pg L 002, 24(9: MF951.
[ 7] Gons HJ, Rikeboer M, Ruddick K G. Effect of a waveband shift on
10 MERIS a chbrophyll retrieval from MERIS imagery of inland and coastal waters
[J]. J Plankton Res, 2005, 27(1): 125 127.
Fig 10 Gomparison between measured and esimated chlorophylla [8] ChenC Q. Shi P, Lason M, et al. Edimation of chlorophylba
concentration based on twe-band-model using smulated MERIS concentration in the Zhujiang Eguary from SeaWiFS data[ J]. Acta
O ceanologica Sinica, 2002, 21( 1): 5565.
[9] ) ) .
4
[J]. , 2002, 14(3): 228234.
(1)4 a [ 10] ) )
2 [JI. , 2000, 4(1): 4145,
i T : 0.813 0.838 (1]
0.872 0. 8191, RMSE :13.4 12.12 13.41 [1]. , 2005, 9(1): 78-86.
12. 13 L', RE .35.5% 34.9% 24.6%  |(u ,
41. 8%. 1. , 2006, 27(12): 24392444,
(2) 4 [13] Gitelson A A, Gritz Y, Merdyak M N. Relationships betw een leaf
2
chbrophyll content and spectral reflectance and algorithms for
’ ’ nondest ructive chlorophyll assessment in hicher plant leaves[J]. ]
’ Plant Physiol, 2003, 160(3): 27}282.
a [14] Dall Olmo G, Gielon A A. Effect of bi-optical parameer

variabiity on,the remote estimation of chlorophylka concentration in



686

30

[15]

[16]

[17]

[ 18]

[19]

turbid productive waters: experimental results [ J]. Appl Optics,
2005, 44(3): 412-422.
Dall Olmo G, Gitelson A A. Effect of bie-optical parameter
variability and uncertainties in reflectance measurements on the
ranote estimation of clorophyld+a concentration in turbid productive
waters modeling results[ J]. Appl Optics, 2000, 45(15): 3577
3592.
Zimba P V, Gieloon A A. Remote esimation of chlorophyll
concentration in hyper eutrophic aquatic systems: Model tuning and
accuracy optimization[ J]. A quaculture, 2006, 256: 272-286.
Gielson A A, Schalles J F, Hladik C M. Remote chbrophyla
retrieval in tuibid, productive estuaries: Chesapeake Bay case study
[J]. Ramote Sens Environ, 2007, 109(4): 464472
Gielson A A, Dall’ Olmo G, Moses W, o al. A simple sem+
analytical model for remote estimation of chbrophyla in tubid
waters: valdation| J]. Remote Sens Environ, 2008, doi: 10. 1016/ .
rse. 2008.04 015.

s > ;. [:

[J]. , 2004, §1): 3744.

[20]

[21]

[2]

[23]

[24]

[ 2]

Zhang Y L, Qin B Q, Zhu G W, @& al. Effect of sediment
resuspensin on underwater light field in shallow lakes in the middle
and lower reaches of the Yangtze River: a case sudy in Longgan Lake
and Taihu Lake[ J]. Sci China Ser D, 2006, 49(Supp [ ): 114
125.

Gitelson A. The peak near 700 nm on radance spedra of algae and
water: relationships of its magnitude and position with chlorophyll
concentration[ J]. Int J Remote Sersing, 1992, 13(17): 3367
3373.

Bemet A, Bogorad L. Complimentary chomic adopion i a
filamentous blue-green alga[ J]. J Cell Biol, 1973, 58(2): 419
435.

Schalles J F, Gitelson A, Yacobi Y Z, et al. Chlorophyll estimation

using whole seasonal, remotely sensed high spectral resolution data for

an eutrophic lake[ J]. J Phycol, 198, 34(2): 383-390.

) ) ) . a
[1]. , 2006, 27(3): 503-507.
. . MERIS
[J. 2005, 17(2): 104 109.



