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Scattering and Backscattering Characteristics of Lake Chaohu

SUN De-yong, LI Yun-mei, WANG Qiao, LU Heng, LE Cheng-feng, YANG Yu, JIN Xin, WANG Yan-fei

(Key Laboratory of Virtual Geographic Environment, Ministry of Education, Nanjing Normal University, Nanjing 210046, China)
Abstract; Lake scattering characteristics are of great significance for remotely-sensed retrieval model development. In this study,
scattering and backscattering coefficients of Lake Chaohu were observed through AC-S and ECO-BB9 meters, and their spectral
properties were correspondingly analyzed. Then Power function is utilized to model particulate scattering and backscattering spectra,
and spectral slope parameters obtained by simulation are 0. 86 and 3. 24 | separately. The proposed scattering and backscattering models
present relatively low predicative errors. Particulate scattering coefficients are closely related to TSM and ISM, with corresponding
correlative coefficients of 0.91 and 0.94. Their relationships can be simulated well through linear function, and further specific
scattering coefficients of TSM and ISM were proposed to be 0. 6364 (10 "m’ - mg™') and 0.9108 (10 "m® - mg™'). In addition,
particulate backscattering ratio in Lake Chaohu has a variation range of 0. 003-0. 026, and refractive index varies from 1. 02 to 1. 06,
which displays no large variation spans when compared with that in previous studies.

Key words: Lake Chaohu; scattering property parameters; spectral characteristic; suspended particulate concentrations
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Fig.3 Particulate backscattering spectra in Lake Chaohu
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Table 1  Correlations between scattering parameters and water component concentrations
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Fig.5 Relationships between particulate scattering coefficient and TSM, ISM
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Fig. 6 Relationships between particulate backscattering ratio and TSM , ISM
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Table 2 Descriptive statistics analysis of particulate backscattering ratios in Lake Chaohu
/nm 412 440 488 510 532 595 660 676 715
0.012 0.011 0.010 0. 008 0. 006 0. 004 0.003 0.003 0.003
0.026 0. 024 0.022 0.019 0.014 0.011 0. 009 0. 009 0. 009
0.017 0.016 0.015 0.012 0. 009 0. 007 0. 006 0. 006 0. 005
0. 005 0. 005 0. 004 0. 004 0. 003 0. 002 0. 002 0. 002 0. 002
/% 29 30 27 32 32 33 34 34 34
, 30% . ,
0.003 ~0. 026,
s s R Boss *!
(11), MAPE 23% ) 0.005 ~0.035; Loisel ~ '*
-2.38
7 5 0.002 ~ 0.042; Snyder
b, (1) = b, (532)[ A ] (11) s ony
0.005 ~
s by, () 0.060;Sun *"
A (nm). 0. 005 ~0. 027. ,
’ ’
[19]
’
’ ’ 7[!
Aas " AT ) ! ¢ :
n, 102 ~1.06 (7).
N N
s 2.38; Aas
9] 1.12; . 1.02-1.07 :
Sun 1.15~1.20 e ,
2.34. ,
b b g
19]
o , 3.8~4.3 « 7, (91% )

4.0,



6 : 1433

a & 3.5 ~4.0
[6,22,26] [ 1] Mobley CD. Light and Water: Radioactive Transfer in Natural
Waters [ M]. SanDiego: Academic Press, 1994. 60-61.
[2] Kirk J T O. Light and photosynthesis in aquatic ecosystems
[M]. Cambridge: Cambridge University Press, 1983. 71.

0.05 [ 3] Gordon HR, Brown O B, Evans R H, et al. A semi-analytic

radiance model of ocean color [ J]. Journal of Geophysical

0.04 Resecarch, 1988, 93 10909-10924.

[ 4] Morel A, Gentili B. Diffuse reflectance of oceanic waters. II .
Bidirectional aspects [ J]. Applied Optics, 1993, 32. 6864-
6879.

[5] Gould Jr R W, Arnone R A, Martinolich P M. Spectral

0.03

0.02
dependence of the scattering coefficient in case 1 and case 2

waters [ J]. Applied Optics, 1999, 38 2377-2383.

BEEBR YT A 2

0.01

[ 6 ] TLoisel H, Mériaux X, Berthon J F, et al. Investigation of the

fip = 1.02
|

R —— |
25 3.0 35 4.0 45

optical backscattering to scattering ratio of marine particles in

relation to their biogeochemical composition in the eastern English

LR E I 2 Channel and southern North Sea [ J]. Limnol Oceanogr, 2007,
52. 739-752.

[ 7] Snyder W A, Arnone R A, Davis C O, et al. Optical scattering
and backscattering by organic and inorganic particulates in U. S.

coastal waters [ J]. Applied Optics, 2008, 47(5) : 666-677.
[8] , ,

Fig.7 Variations of particulate backscattering ratio, refractive

index and particulate size distribution parameters

[J]. ,2008 ,28(11) :979-983.
3 [9] , , ,
[J]. ,2004,17(6) :22-26.
(1) [10] , , ,
, [J]. ,2007,28(12) :2688-2694.
[11] . [M].
0. 86. ’ ,2000. 77-79.
[12] , , . a “
3.24, 2 ” [7]. ,2006,18 (5) :550-
, 552.
bp (532) TSM ISM [13] Boss E, Twardowski M S, Herring S. Shape of the particulate

beam attenuation spectrum and its relation to the size distribution
of oceanic particles[ J]. Applied Optics, 2001, 40 . 4885-4893.
[14] Twardowski M S, Boss E, Macdonald J B, et al. A model for

0.6364 (10 °m’ + mg™'),
0.9108 (10°°

estimating bulk refractive index from the optical backscattering

m” - mg - ). ratio and the implications for understanding particle composition
(2) in case 1 and case Il waters [J]. Journal of Geophysical
0.003 ~0.026 , , Research, 2001, 106 (C7) : 14129-14142.
[15] , . . (1]
’ ,2006,28(4) :3663.
. 2.38. [16] , , .
, n, 1.02~1.06 3] 2009,31(3) :12-20.
s [17] Morel A, Maritorena S. Bio-optical properties of oceanic waters :

A reappraisal [ J]. Journal of Geophysical Research, 2001,
106 : 7763-7780.
[18] Sullivan J M, Twardowski M S, Donaghay P L, et al. Use of
optical scattering to discriminate particle types in coastal waters
’ N N > [J]. Applied Optics, 2005, 44 1667-1680.
[19] Aas E, Hgkedal J, Sgrensen K. Spectral backscattering



1434

31

[20]

[21]

[22]

coefficient in coastal waters [ J]. International Journal of Remote
Sensing, 2005, 26 331-343.

. , .o (11

,2008,20(3) :375-379.

Sun D Y, Li Y M, Wang Q, et al. Light scattering properties
and their relation to the biogeochemical composition of turbid
productive waters: a case study of Lake Taihu [J]. Applied
Optics, 2009, 48(11) : 1979-1989.
Boss E, Pegau W S, Lee M, ei al. Particulate backscattering
ratio at LEO 15 and its use to study particle composition and

distribution [ J]. Journal of Geophysical Research, 2004, 109,
C01014doi; 10.1029/2002JC001514, 2004.

[24]

[25]

[26]

Ackleson S G, Spinrad R W. Size and refractive index of
individual marine particulates: a flow cytometric approach [J].
Applied Optics, 1988, 27, 1270-1277.

Aas E. Refractive index of phytoplankton derived from its
[T].

metabolite composition

1996, 18. 2223-2249.

Journal of Plankton Research,

Stramski D, Bricaud A, Morel A. Modelling the inherent optical
properties of the ocean based on the detailed composition of the
planktonic community [ J]. Applied Optics, 2001, 40 (18):
2929-2945.

Bader H. The hyperbolic distribution of particle sizes [ J].

Journal of Geophysical Research, 1970, 75. 2822-2830.





