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Remote sensing retrieval for chlorophyll-a concentration
in turbid case II waters( I ). the optimal model

ZHOU Lin '*, MA Rong-Hua '*, DUAN Hong-Tao ', JIANG Guang-Jia'*, SHANG Lin-Lin '
(1. State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and
Limnology, Chinese Academy of Sciences, Nanjing 210008, China;
2. Graduate School of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: There is a little trouble to retrieve chlorophyll-a concentration ( Chl-a) through remotely-sensed imageries in tur-
bid waters, which contains many suspended sediments largely affecting the signature of water-leaving radiance due to phyto-
plankton pigment. Based on the in situ measurements during the period of 2004 ~ 2010, the two-band, three-band, en-
hanced three-band and four-band models were, respectively, regionally parameterized for the application in Tai Lake. Then
the four parameterized models were validated by the in situ data in Chao Lake, almost the same water environment as in Tai
Lake. The strongest linear relationship between Chl-a and the four-band model (R* varying in the range of 0.57 and 0.95,
RMSE in the range of 2.39 and 6.74 pg/L) shows that the four-band model is the best for both the Tai Lake and the Chao

Lake.
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Table 1 Statistics of water quality parameters in Tai Lake
and Chao Lake

WA Kt S

B 2004 4F 2007 4F 2008 4 2010 4F 2009 4F

R A 0H 06H 108 04 104

HRREA/N 45 35 85 79 21
RRAH 22.54 55.24 148.30 46.98 62.11

-4 g

/?ij; w/ME  4.98 2.37 3.35 0.13 6.43
# W 13.12 12.39  23.99 8.69 21.83

o ECKRMH 169.47 107.00  94.80 162.73 49.33

LR i/ME 13.08  10.32 7.80 9.90 12.50

/(mg/L) ‘

WE  60.14 34.23  36.22 41.37 26.28
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Fig. 1 ~ Spatial distribution of sampling points taken in Tai
Lake and Chao Lake
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Table 2 Restrictive conditions of TRM . TBM .ETM and FBM '+’
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Table 3 Results of TRM . TBM ETM and FBM
PRV WA WA WA Sy By , RMSE  RE

L nm nm nm nm a B /(wy/Ll) /(%)
A 665 700 - - 63.06 -50.58 0.57 2.55 17.59
B 674 700 - - 64.46 -55.69 0.89 4.50  33.57
TRM C 678 730 - - 116.64 -39.44 0.79 9.96  52.73
D 677 700 - - 2698 -21.72 0.95 2,46 45.11
E 68 722 - - 6430 -29.15 0.53 11.35  91.03
A 663 693 725 - 171.02 11.83  0.60 2.41 16.80
B 684 690 760 - 444.61 3.81 0.90 4.28  25.29
TBM C 685 706 758 - 343.58 23.84 0.89 7.04  28.78
D 679 693 764 - 113.32 3.57 0.95 2.45  59.66
E 685 692 775 - 427.10 6.31 0.69 9.14  91.51
A 661 690 758 - 210.32 14.63  0.52 2.71 19.20
B 682 700 760 - 99.97 7.25 0.87 4.85  28.37
ETM C 680 718 762 - 101.95 43.28 0.92 6.18  25.63
D 679 716 740 - 37.84 1473  0.95 2.41 56.09
E 685 693 767 - 166.67 8.06  0.80 7.31  110.61
A 660 690 732 757 60.02 15.81 0.57 2.58 17.84
B 673 690 742 750 3.99 522 0.95 2.91 24.95
FBM C 680 711 720 762 102.31 27.75  0.92 6.28  26.12
D 683 697 730 763 32.86 4.84  0.95 2,39 69.30
E 685 697 734 768 33.8 8.92  0.83 6.74  78.03

*4 FBM mUKERTH
Table 4 Range of the best bands of FBM

B B ERE/am AiR/om P fE/nm
A 660 ~ 685 25 676
A 690 ~711 21 697
FBM
A3 720 ~742 22 732
Ay 750 ~768 18 760

2.2 EMEBNSHEMET

FE X B AR FBM, B (5) | fBi5

g = [aw(/\4) _aw(A3):|/a:h()\l) s (8)

n = I:aw()\z) _a“()\l)]/a:h(/\l) . (9)
TE FBM 1, B o IR o 55— 5 BOPR AR ) 1Y
FE I AR a ), DA R AN e B 4liK B W R A o, B
— MR, BRI AT DL 3 A R F  R
FEABAUE. T B 2H 5090 i Wi R Bk 0%, ek
Z & B . RPEER 3 1TEA RS 45 FBM 1) «
MBI o 5 e B 5 n ZEMWLMECRIT

a=1.29 xeg +15.25 (R* =0.88) , (10)

B =19 xn+1.08 (R* =0.93) . (11)
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BTSN FBM 25528 o 58, TRA
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1/R_(732)) +16.32 . (12)
(12) BRI, BRI s A0, 2R3 a WREE 4G
RGBT S (RMSE =12. 69 pg/L,RE =
65% ) , EHZIE A AE — R L s Al T 4R a
B, (WLIE 2). 53k, A (12) i Be s B 2 K i 22
BGE, 5 SRR AR — o 22 51, T30 FBM A7 5L
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3 i
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Br. BARA I RSB35 k.

HR S 0 B 25, 58— D B X i 3R
WSt A R B B, AR R IS R R, PRSI -2 R
W B 2 (] AR DG HEAS H 7E 660 ~ 685 nm 2 [H] A
AU B2 685 nm, 5 TBM 152111 685 nm —#£, 5
FBM Fl ETM [ 55— % Bz 680nm 2 [A] f7-7F — 2 1 22
BE,{H 2285 A K, R* (685) =0. 8385, R* (680) =
0. 8353 ;1M 55 I BB ay (X)) +a, (X))
~a,;(Ay) +a,(Ay)H aph(/\l )>>aph()\2) , ALIE R
5 Rl LUE AR A, Z 8] A 6 2 B0 ) A £
s AT I B R AL 2R B AR 22 AR K, AT IR T &
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Fig.2 Validation of FBM using the data of October 2009 at
ChaoLake
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Table 5 Comparison of absorption coefficient of waters in Tai Lake in October 2008

AETY TRM TBM ETM FBM
B Ay As Ay As As Ay As As A, A; As Ay
ML B/ nm 678 730 685 706 758 680 718 762 680 711 720 762
ay/ (m - 0.167 0.040 0. 145 0.088 0 0.161 0.064 0 0.161 0.077 0.060 0
ag/(nl") 0.033 0 0.022 0 0 0.029 0 0 0.029 0 0 0
(ad+¢%)/(rn") 0.199 0.040 0.167 0.088 0 0.190 0.0064 0 0.190 0.077 0. 060 0
am/Knn") 0.231 0.005 0.196 0.039 0 0.226 0.014 0 0.226 0.026 0.012 0
a“/(m']) 0.482 1.799 0.486 0.758 2.534 0.465 1.103 2.542 0.465 0.872 1.169 2.542
by/(m~h) 0.358 0.294 0.349 0.322 0.266 0.356 0.308 0.263 0.356 0.316 0.305 0.263
IEASLAAERO A%, 45 36 763 5 B I IR K as 5 145
BUFTE a,, (X)) > a, (X)) BERBIFABLL AT, “of i< 4
AT DA H 5 B R A 7 2 5 ~ oD el
S SIS s 2T LT S B K W 7 B £ s B
fir, AT R AR A 565 = B B A 1 W3R 02405 T2 LR 0%
IKIWBCR KL, B A AP FIEER. X T FBM I 7, 45 515 Ls &
SWEMII A a(A)) >b, (A) a(A) ~a, P los
(M) VS DU B 0 5 AR g (M) =y (A) by 00 = Jo
(/\3) zbh()u)%ﬁﬁzl—‘li(ﬁi/@%:* 400 450 500 550/151(1)1(1)1 650 700 750 800
] A~ A58 A 5] 20050 3 YRS 5t 7 1 2 @
S, B TR SRR R R . 60/ — e |
3 Ryalisk IR IR (% IF % 0K CDOM (1% 50/ — acas) s
" " s L(CHL>20 ~
R BRI B R T 3 260, R R 4 2 o L InCHLo20) |40 ©
A BRI 27 1505 5, YRR € 5 K z =
N PR o N = 3.0 30 ¥
2R 25 1 O 3 8 2 2 T 254, th LD 2 1 ¥ 5
LIRS MRS K, A LR T 5 i B = 20 20 2
S PLRA AL B AR IR (A K B AT CDOM I i 10F 1.0
LR K M 2 B IR RO R . AR b T e W

ZRE a WE T 650 ~730 nm JEF N a, 5 a, Z FIHY
£ an e 4 fros.

P4 R0, 58— BUS 5 R BO 2 M
A RS B A A A AR AR R B 28 57, (ELJE: 4 3Rk 22
B R KR B 22 S M L S 3R TR P AR A AR Y
ZE SN/ T I 2 2R A v ) 7 R S B
BRI 2 —.

RSB R B A T B BE BRI AR AR R
R T, SRR L AR A — RE B 22, 7 2tk
— ST, M B FR BRI IR (R
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AL, FETIRANE TS R S AR Y A L

4 #Hig

Xt R A 2RI 5, 24 0 s O KR
P el HAT A8 2 BOEE I Bl P, th T FBM fig

0.0 ; = 0.0
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(b

B3 Sk IR Y 3R AE @ B0RL CDOM 1y I i 52 5L
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Fig.3  Absorption coefficients due to pure water (a, ) phyto-
plankton pigment (a,) , colored dissolved organic matter (a,),
non-algal particles (a,) and the backscattering coefficients (b, )

(a)CHL <20 pg/L (b)CHL >20 pg/L

AT B0 BT U6 VD R (A ) ST 5, R L B
B v A I 2R S THORS . R Rt FBML A SRe G 0k B )
H 676,697 732 Fi1 760 nm , 1% & FREE n S5 —k
B A 553 2R 1 L R AT 22 B50FN DU A0 Be Ak 27K g i i
RBFTER IR R B T X R ERPE L R W
SE SRR R AR A A AR I K AR (R 4 T R
BEE T LA, [FE MODIS fi1 MERIS #) 3; FH 7E 3%
Brvedt LR AL T AT S Bk .
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Fig.4 The sum of a,and a, while CHL <20 pg/L and CHL >20 pg/L
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