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Suspended particle matter and chlorophyll-a
universal bio-optical retrieval model

HUANG Chang-Chun', LI Yun-Mei', WANG Qiao', LV Heng', SUN De-Yong’
(1. Key Laboratory of Virtual Geographic Environment, Nanjing Normal University,
Ministry of Education, Nanjing 210046, China;
2. College of Remote Sensing, Nanjing University of Information Science & Technology, Nanjing 210046, China)

Abstract: Based on the bio-optical properties of water constitute in the Taihu, Chaohu, Dianchi lake and Sanxia reser-
voir, bio-optical retrieval model for the suspended particle matter and chlorophyll-a were established according to the ra-
diance transfer model and genetic optimization algorithm. The measured data in situ was used to test this optimized mod-
el. The results indicate that, the model can remove the influence of noise on the final retrieval precision in a certain de-
gree. The retrieval precision of this model in the Taihu, Chaohu, Dianchi lake and Sanxia reservoir is different due to the
variation of suspended particle matter and chlorophyll-a bio-optical properties. However, in general, this model can re-
trieve the concentration of suspended particle matter and chlorophyll-a with a preferable precision. Two parameters,
mean absolutely percentage error (MAPE) and root mean square error (RMSE) which represent the retrieval precision
of suspended particle matter, can reach to a value of 23% and 15. 13mg/L, respectively (the number of sampling points
is 228). The retrieval precision of chlorophyll-a (MAPE and RMSE) can reach to 26% and 17. 68.g/L, respectively
with the same number of sampling points.

Key words: bio-optical model; genetic algorithm; universality; analytic model
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Fig. 1 Distribution of sample stations in the study areas
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Table 1 The information of sampling in situ

SPM Chl by, (400) a,,(400)

(mgL.™") (ngl™") (m~1) (m~1)

2006 62 6.5-84.5 5.1-54.8 0.17-1.38 0.2-3.6
2007 42 8.5-116.6 3.8-65.1 0.11-2.01 0.21-2.91
K#) 2008 65 13.3-68.8 3.0-64.8 0.30-1.49 0.12-3.29
2009 36 12.9-178.2 3.0-55.1 0.24-2.23 0.12-2.28
2010 47 15.4-122.2 3.1-110.6 0.32-2.01 0.18-4.65
B 2009 32 17.8-83.9 23.8-165.8 0.50-2.00 0.79-4.73
EM 2009 26 17.1-66.6 45.5-156.7 0.34-1.98 2.23-7.24
= 2009 23 3.8-2.17 1.9-18.8 0.14-2.17 0.12-0.60

o L, RS

L,=L, -rL,, +A , (3)

KA, L, ABEKBERE, L, KK EERERGR,
Lo ARZEBSEZE, r ARKFEXKEAE
B AR HBUETEE M 2.1 ~5% ). A HBENLR 5
ANES R K FHE S, X FA T3 ik ik,
AIF A 760 ~ 900 nm Z [6] ) BL A, U1 780 nm,
865 nm%, i TH L, (A,) =0, Ft HZMFH K
I Ly, FBRTAR B A 5 X5 T3 2 T4 KK, L,
(Xo) =0, FEXHBEATHIR .
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=R —Riay +Rics , (4)
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R (A) =¢r (X)) /(1 -Tr (X)) , (5)
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Fig. 2 (a) The distribution of specific backscattering co-
efficient of suspended particle matter at 400 nm. (b) The
distribution of specific absorption coefficient of chlorophyll-
a at 440 nm
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Fig.3 Bio-optical model retrieval result versus measured
value. T indicates Taihu Lake, C indicates Chaohu Lake,
D indicates Dianchi Lake, and S indicates Sanxia reservoir
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Table 2 Statistic table of retrieval precision of bio-optical
retrieval model for suspended particle matter

‘. RE
BIEREG MAPD RMSE e ST E E RE BRRK

2006 0.17 8.19 0.47 -0.32 -0.04 0.22 32.33
2007 0.24 12.87 0.32 -0.49 -0.23 0.21 -1.23

K 2008 0.24 13.04 0.48 -0.13 0.16 0.19 1.52
2009 0.18 18.37 0.40 -0.37 -0.01 0.22 31.32

2010 0.29 17.52 0.69 -0.43 0.16 0.31 1.90

S 2009 0.30 16.11 0.78 -0.28 0.21 0.28 1.10
M 2009 0.22 13.77 0.46 -0.49 -0.10 0.28 -3.70
= 2009 0.22 32.85 0.58 -0.51 0.10 0.31 11.05
J5) 0.23 15.13 -0.51 0.58 0.01 0.27 16.72

PRSP/ Blte=y i i i g A 25 e ;I R R
N = e 2 B A B8 , 45 SR N2k 2 B, S S
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13,2009 4F £Li51 2009 AFJE 1t F1 2009 4F =K R &
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Fig. 4 Bio-optical model retrieval result of chlorophyll-a
in different time and study areas. Scatter diagram is the re-
trieval value versus measured value. T indicates Taihu
Lake, C indicates Chaohu Lake, D indicates Dianchi
Lake, and S indicates Sanxia reservoir
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AR R VR B AR W S BB 3 PR R0 S T
K RE, [RIRE 20 A B A B 25 22 S5 R T8 L S0 B
b R0 = g2 7K P e B A S B AT A 5. 45 SR an A
4 Fin, B R A YA B RS T 2006 ~ 2010
AR IR I S R R T R B A X A R R B, o
2008 4F K5 B £ /& , MAPE {3 18. 58% , RMSE 3}
3.76 pg/L, H ¥k 2007, MAPE 1Y 3 20. 07% ,
RMSE % 6. 59 ng/L, Bk 2k 2006 4E 1 2010 4,
MAPE 43 51 %k 22. 37% H1 22. 75% , RMSE 43 %1 H
6.35 pg/L #110. 53 peg/L, B J5 2009 4F, MAPE
k1 24.13% ,RMSE 7 8. 09 pg/L. 2009 4F 513 i-4¢
RIHE LS RAN R 22 , SR R R B S IR AR Ah
AR ., S o SN {1 5 A5 7 2 38 B 22 [R] /) MAPE 2y
42.753% , RMSE 3 40. 91 pg/L, 3% 3 2 2 5
440 nm PRt ER LRI R ECE /N TF 0. 062. 2009 4
TEL 2 3R S 4 SR BT T 2000 ARSI SRR
RIELEE , MAPE % 27.10% ,RMSE 7 31.09 pg/L.
T 2009 4F =7k PRt R O S5 SRR, %AWt
2RI I 45 SRAT SR AR X #54F , MAPE 2 33.33% ,
RMSE 4 5.31 pg/L. YA I s AR 56
SGATAER UL 3 Fis.
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Table 3 Statistic table of retrieval precision of bio-optical
retrieval model for chlorophyll-a
RE
BAMHE BME ME RE ERRH
2006 0.22 6.35 0.42 -0.51 -0.15 0.25 -1.98
2007 0.24 5.78 0.45 -0.52 -0.04 0.32 -1.72
K 2008 0.21 4.38  0.44 -0.46 0.02 0.24 -240.12
2009 0.24 7.11 0.58 -0.49 -0.13 0.29 -6.26
2010 0.23 10.53 0.44 -0.59 -0.10 0.26 -2.65
BW 2009 0.43 40.92 -0.20 -0.60 -0.42 0.10 -0.23
M 2009 0.27 31.09 0.08 -0.47 -0.30 0.15 -0.59
=g 2009 0.33 5.31 0.32 -0.60 -0.24 0.36 -1.93
J5) 0.26 17.68 -0.60 0.58 -0.14 0.28 -2.31

MH43%  MAPE RMSE

R % A A AR [ s 7 P B SR R
=K 2 BT A Sl , G5 R ANE 7 B, 4Rk Seill
{65 B2 J2 8 {6 Z 1A] i) MAPE {2y 0% 25. 83%,
RMSE 3 17. 67 wg/L. 432 4 ) 56 2 4 U 78 2006
~2010 4F K #1.2009 4F 5351 ,2009 45 ¥ it F1 2009
A=W R AR R R W SRR, YR
PR EA Bt 1A S 0K B [ Bt LA e
e, BE A5 B 1 T [R) 4t X (R 1983
A = K J2E ) A1 275 (2006 ~2010 4F).

3 i

I BA Y6 e i 28 22 53 9 BF A h S2i £k
TR ADIFESL B A WDOL A R R TR, 75 2 U
TR

1) %4 Wy 't A BRI 37 Th 88 JR  5 R
(FEAHOE K-S R REUESF 5 A T2
WE)EAB AR, E—ENEE EFR TR
ZEX IR K OB HUR FENG E HRE.

2) %AW 5t A Y B A8 5 G 3t U B PR
FIURLY) R 2% SRR , B i FURL M) S 3RS B2 (MAPE
1 RMSE ) 735l BEA8 5 B 23% 1 15. 13 mg/L(HEA
¥ N =228) , 4% [ 5K BE (MAPE F RMSE) 43
HIREASIRE] 26% F1 17. 68 pg/L(FEALL N =228).
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