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Backscattering properties and parametric model of Taihu Lake

based on spectral classification
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Abstract: The parameters of backscattering coefficient model have significant temporal and spatial variability. In order to over-

come this limit, a classification algorithm based on spectra dominant factors for Taihu Lake is established to classify the water

reflectance spectra into three types. Quasi-analytical algorithm and optical closure are used in this paper to stimulate the back-

scattering coefficient for three types of water reflectance spectra in Taihu Lake according to the field measurement reflectance

data. The properties of backscattering coefficient are also analyzed synchronously. On this basics, the backscattering coefficient

parametric model for three types of water in Taihu Lake are established. As a result, the difference of the backscattering proper-

ties in different time and space is converted into the difference of bio-optical properties of dominant factor in water. Thus, the

parametric models of backscattering coefficient are demonstrated to be suitable for different parts and different seasons of Taihu

Lake.
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1 INTRODUCTION

Light-transfers in the water is influenced by the absorption and
scattering of suspended solids, chlorophyll and colored dissolved
organic matter (CDOM). Absorption coefficient and scattering coef-
ficient are important inherent optical properties of waters. The back
direction part of scattering light transmitted through the surface of
water is the water-leaving radiance, which is the information source
of water body detected by remote sensors and the important input
parameter of bio-optics models (Forget, et al., 2001; Stramski, et al.,
2004). So the backscattering characteristics of water body are the
basis of bio-optics models.

Previous studies on backscattering properties of waters were rel-
atively insufficient and most of them were focused on case 1 ocean
waters, of which the optical properties is dominated by phytoplank-
ton (Stramski, et al., 2001; Morel & Maritorena, 2001; Stramska,
et al., 2003). Song, et al. (2006) conducted a study of the scattering
properties in Huanghai Sea and East China Sea by the absorption
and backscattering measured using 9 wavelength absorption and
attenuation meter (AC9) and HydroScat-6. Sun, et al. (2007, 2008)
carried out a study of the backscattering properties and its relation-

ship with suspended solids using the data measured by absorption
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and attenuation spectra meter (AC-S) and Nine Wavelength Config-
urable Scattering Meter (bb9). Le, et al. (2009) simulated the back-
scattering by using radiative transfer theory. Ma, et al. (2008) esti-
mated the backscattering probability of Lake Taihu waters. Huang
(2009) analyzed the scattering characteristics and relevant factors
in autumn Lake Taihu. Shi, et al. (2010) studied the depth profile
of suspended particle scattering coefficient and its impact factors
in Taihu Lake. The studies above indicated that the backscattering
properties of coastal waters as well as lake waters have significant
spatial and temporal differences. In other words, the backscattering
coefficient is quite different both spatially and temporally. From the
perspective of bio-optics, difference in reflectance spectra is caused
by the different proportion of water components. So the differences
of the optical properties in different time and space can be con-
verted into the differences of biological properties by classifying
the reflectance spectra, according to dominant factors in waters. As
a result, water type should be identified in order to establish a union
model for waters in different space and time.

In this paper, the specific objectives are: (1) to classify optically
complex waters into different optical types by an algorithm based
on reflectance shape and bio-optical characteristics; (2) to simu-
late the backscattering coefficient by calibrating quasi-analytical
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algorithm for each type of water; (3) to build parametric model of
backscattering coefficient for each type of water; (4) to evaluate the
accuracy of model for each type of water.

2 MATERIALS AND METHODS

The dataset contain 184 remote sensing reflectance measure-
ments and water samples collected in Taihu Lake on November
2008, April 2009 and August 2010. Distribution of sample sites
in Taihu Lake is shown in Fig. 1. Water samples and reflectance
measurements were collected between 10:00 and 14:00 local time.
Hyperspectral reflectance measurements were acquired by using
ASD Field Spec Spectroradiometer. Surface water samples (2.5 L
volume) were collected at a depth of 0.5 m below the surface water
immediately after the reflectance measurement. The water samples
were stored in a cooler with ice and placed in a dark location. Sur-
face samples were filtered on Whatman GF/C and GF/F glass fiber
filters and frozen for laboratory analyses of Chla, total suspended
solids (TSS), and absorption coefficients at the end of the day.
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Fig. 1 Distribution of sample sites in Lake Taihu
2.1 Measurement of parameters

Hyperspectral reflectance measurements were recorded using an
ASD Field Spec spectroradiometer. The method of collection and
process is according to Tang, et al. (2004). With a field view of 25°,
spectral radiance was measured at 2 nm intervals, ranging from 350
to 1050 nm. During the measurements, the instrument was held
over the deck of an anchored ship approximately 1 m above water
surface. Radiance was measured for the water surface, sky and a
standard gray board. Ten curves were acquired for each target. In
order to effectively avoid the interference of the ship with the water
surface and the influence of direct solar radiation, the instrument
was positioned at an angle of 90°—135° with the plane of the in-
cident radiation away from the sun. The view of the water surface
was controlled between 30° and 45° in the aplomb direction. In the
calculation, the reflectance value of the sky light at air-water inter-
face equals to 0.025; and the reflectance of the gray board has been
accurately calibrated to 30%.

Chla extraction samples passed through GF/C filters (Whatman),
after which Chla was extracted with 90% ethanol at 80°C and
spectrophotometrically analyzed at 750 and 665 nm. Absorption of

994-2021 China Academic Journal Electronic Pub

sus(perilded matter was measured using quantitative filter technique
©)

(QFT); absorption of CDOM was measured by cuvette. Concentra-
tion of suspended matter was measured by using the method ac-
cording to Zhang, et al. (2007).

2.2 Spectral classification algorithm

According to the reflectance shape characteristics and corre-
sponding biologic properties, waters in Taihu Lake were classified
into three types: water dominated by phytoplanktonic suspended
solids (Type A); by non-phytoplanktonic suspended solids (Type C)
and by the both (Type B). Different types of reflectance are the re-
flection of different inherent optical-biological characteristics. For
example, the valley at 675 nm in the reflectance curve is caused by
the strong absorption of phytoplankton. Therefore, waters can be
classified into three types dominated by different influence factors
based on reflectance spectral classification.

In type A water, the absorption of pigment particles is strong
while the scattering of suspended matter is relatively weak, so ab-
sorption peak at 675 nm and fluorescence peak at 700 nm present
obviously in the reflectance spectra. In type C water, the characters
of phytoplankton at 675 nm and 700 nm are covered by high con-
centration of suspended matter. And the reflectance peak at 570 nm
is flatter than that in type A. Both characteristics of type A and type C
are present in type B.

Through the statistic analysis of the slope of the left part of the
peak around 570 nm, it was found that slope value of 0.00015 can
be chosen to be one of criteria to identify type A from other two
types. The absolute value of the slope between the reflectance at
675 nm and 700 nm can be another criterion to distinguish each
type. Combining these two criteria, optically complex waters can
be identified into three different types by using automatic classifi-
cation algorithm (Fig. 2).

2.3 Backscattering and absorption simulation
algorithm

Quasi-Analytical Algorithm (QAA) (Lee, et al., 2002) was pro-

Calculate K. K,

\
‘ Type B ‘

‘ Type A ‘ ‘ Type C ‘

Fig.2 Automatic search classification algorithm based on the
reflectance spectra
Note: K,=[peak(R(4,))-R,(1,—40)]/40, (540<1,<600). K, is the slope of
the left part of the peak around 570 nm;
K =[peak(R,(1,))-valley(R(4;))[/(A43), (670<4,<730, 620<2;<680).
K, is the absolute value of the slope between the reflectance around
675 nm and 700 nm; peak() and valley() are the functions to search the
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posed to simulate the backscattering and absorption coefficient by
inputting the above-surface remote sensing reflectance. The equa-
tion of reference wavelength A, and corresponding absorption a(4,)
is empirical and not suitable for Taihu Lake. According to previous
researches (Sun, et al., 2007; Sun, et al., 2008; Le, et al., 2009), the
absorption of pure water after 700 nm is approximately equal to the
total absorption of water in Taihu Lake. Therefore, the reference
wavelength is obtained by iteration from 700 nm to 750 nm. Simi-
larly, the exponent Y is obtained by iteration from 0 to 3. Value of
g, and g, are set to 0.084 and 0.17, respectively, which are referred
to the value in QAA. By using the optical closure principle (Tzortz-
iou, et al., 2006) in the iteration simulation of QAA, the suitable
reference wavelength and exponent will be identified. On this basis,
the backscattering and absorption coefficient will be calculated.
Detailed simulation process refers to algorithm 2 (Backscattering
and absorption coefficient simulation algorithm).

Step 1 Set the initial value of reference wavelength 4, as
700 nm;

Step 2 Set the value of Y between 0 to 3 with the iteration step
of 0.1, and calculate by, (1) and a (1) with the equations listed in
Table 1;

Table 1 Steps and equations of semi-analytical algorithm

Step Property Equations Approach

0 T =R./(0.52+1.7R,) Semi-analytical
P 2 idgp 17
1 u() = M Semi-analytical
2g,
2 atia) ;;16(:;31, A, iterate from 700 nm to Iteration
u(Ay)a(,
S Analytical
0.
4 Y Iterate from 0 to 3 Iteration
/‘t’O ! . .
5 byp(4) :bhp (%) 7 Semi-analytical
1—u()|| b,,(A) +b,, (X
6 a(%) =|: u )][ hz;))+ i )] Analytical
u

Step 3 If the average relative error between simulated a(4) and
measured a(4) is less than 10% (Tzortziou, et al., 2006), 4, Y, by, (1)
and error will be recorded, or deleted as an outlier;

Step 4 If /, is less than 750 nm, increase /4, by one, go back to
Step 2; else go to Step 5;

Step 5 Calculate the mean value of error recorded in Step 3 in
accordance with 4,, and choose the 4, with lowest mean value of
error as the reference wavelength, and corresponding by, (1) as the

simulation result.

3 RESULTS
3.1 Classified spectra

Algorithm 1 is applied to classify the measured reflectance
spectra of Taihu Lake. Type A, B and C are shown in Fig. 3, Fig. 4
and Fig. 5, respectively. Type A represents water spectra dominated
by phytoplankton; Type C represents water spectra dominated by
non-phytoplanktonic suspended solids; Type B represents water
spectra dominated by both. Fig. 6 shows the average value of each

(C)1994-2021 China’Academic Journal Electronic Publishing

type of water spectra. Fig. 3, Fig. 4 and Fig. 5 show that each type
of spectra has obvious characteristics. However, whether the types
classified based on spectra are consistent with the bio-physics types
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Fig. 6 Mean of the remote sensing reflectance spectra of 3 types

in real water is the key point of the classification algorithm.

Table 2 gives water constituent statistical parameters and its
composition for corresponding types. A comprehensive description
of three types is provided below.

Table 2  Statistical bio-optical parameters in different class waters

Average value

Parameters

Type A Type B Type C
TSM/(mg/L) 37.58 60.78 72.93
OSM/(mg/L) 16.47 10.27 11.25
ISM/(mg/L) 21.11 50.51 61.69
ISM/TSM 0.55 0.78 0.85
Chla/(mg/m”) 44.06 17.14 8.08
aph(675)/(m’") 0.88 0.35 0.21

(€)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

Type A (Fig. 3, Fig. 6) has a lower reflectance value due to the
absorption of phytoplankton. The valley around 675 nm is due to
the strong absorption of pigment and the peak around 700 nm is
due to the florescence of phytoplankton. This type has the high-
est levels of Chla with mean value of Chla 44.06 mg/m’, which is
2 and 5 times of that in type 2 and type 3, respectively (Table 2).
These samples are mainly distributed in Meiliang Bay and margins
of Taihu Lake, where the water is dominated by phytoplankton.

Type C (Fig. 4, Fig. 6) has a higher reflectance value due to the
scattering of suspended solids. The valley around 675 nm and the
peak around 700 nm almost disappear due to the high concentration
of suspended solids which covers the character of phytoplankton.
The mean value of TSM and ISM are 72.93 mg/L and 61.69 mg/L,
respectively. The concentration of TSM is not very high, but the
ISM has a high proportion in TSM. The absorption of pigment at
675 nm is only quarter of that in type A. Type C contained 41 of the
184 samples, which distributed mainly in the center of Taihu Lake,
where the water is dominated by suspended solids.

Type B (Fig. 5, Fig. 6) contains both features of Type A and C.
The character of type A at 675 nm and 700 nm and the character
of type C around 580 nm are both presented in type B. This type
contains the middle level of TSM and Chla between type A and
type C. The mean values of the two compositions are 60.78 mg/L and
17.14 mg/m’, respectively.

3.2 Backscattering coefficients and their properties
of three types

Algorithm 2 is applied to the classified reflectance to simulate
the backscattering coefficient of each water type. The results indi-
cate that the reference wavelength of type A, B and C are 715 nm,
710 nm, and type C is 706 nm, respectively. This result shows that
the reference wavelength moves from long wave to short wave
from type A to C.

Fig. 7, Fig. 8 and Fig. 9 show that the backscattering coefficient
of each sample point has similar spectral features, which decays
exponentially with the increase of wavelength. It is consistent with
the arguments in previous reports (Sun, et al., 2008; Le, et al.,
2009; Huang, et al., 2009). Backscattering coefficient value of each
sample has some differences in one type, because the concentration
of water component is different. Backscattering coefficient of each
type are: type A, ranges from 0.32 m' to 3.31 m ' with mean value
of 1.54 m " at 400 nm; 0.22 m ' to 1.65 m ™ with mean value of 0.74 m " at
532 nm; 0.18 m ™ to 0.77 m ' with mean value of 0.47 m™ at 532 nm.
Type B, from 0.85 m™ to 407 m™, 0.44 m™ to 1.96 m™, 0.28 m"
to 0.85m . Type C,0.96 m ™' to 447m™, 041 m" to 1.92m ™", 023 m"
t0 0.93 m . Fig. 10 shows the mean values of three types of back-
scattering coefficients. The backscattering coefficient of type A
is lower than other two types, especially from 400 nm to 600 nm.
It is consistent with results of Morel (Morel, et al., 2006) that the
backscattering coefficient of case 1 water which is dominated by
phytoplanktonic suspended solids is lower than that of case 2 water,
which is dominated by CDOM. And type A has a much gentler slope
than type B and type C in the range of 400 nm to 600 nm.

http://www.cnki.net



LU Chaoping, et al.: Backscattering properties and parametric model of Taihu Lake based on spectral classification 421

0 : : - /
400 450 500 550 600 650 700 750 800

Wavelength/nm

— 2008-11#28 —2008-11#34 — 2008—11#36 — 2008—11#39

— 2008-11#40 —2008-11#41 — 2009-04#4 — 2009-04#5

: . — 2009-04#7 —2009-04#9 — 2009-04#11 — 2009-04#12

400 450 500 550 600 650 700 750 800 — 2009-04#13 —2009-04#14 — 2009-04#15 — 2009-04#16

Wavelength/nm — 2009-04#17 —2009-04#21 — 2009-04#22 — 2009-04#25

—2008-11#1  ——2008-11#3 —2008-11#6 —2008-11#7 —— 2009-04#34 —2009-04#35 — 2010-05#4 — 2010-05#6

——2008-11#10 — 2008-11#12 —2008-11#13 —2008-11#16 — 2010-05#12 —2010-05#15 — 2010-05#17 — 2010-05#26

~—2008-11#20 ——2008-11#21 —2008-11#25 — 2008-11#41 = 2010-05#27 — 2010-05#32 — 2010-05#33 — 2010-05#36

——2010-05#4 —2010-0547 — 2010-05#11 — 2010-05#13 — 2010-05#39 — 2010-05#40 — 2010-05#41 —— 2010-05#45

——2010-05#18 — 2010-05#19 — 2010-05#20 — 2010-08#4 — 2010-05#47 —2010-05#49 2010-05#50 — 2010-05#52

——2010-08#5 —2010-08#6 — 2010-08#8 ——2010-08#12 2010-05#53 —— 2010-05#54 — 2010-08#18 — 2010-08#23

——2010-08#13 — 2010-08#14 — 2010-08#17 — 2010-08#25 2010-08#35 — 2010-08#38 2010-08#41 2010-08#44

2010-08#26 2010-08#28 — 2010-08#30 — 2010-08#31 2010-08#45 —— 2010-08#47 2010-08#48 —— 2010-08#50

2010-08#32 2010-08#34 — 2010-08#37 — 2010-08#42 2010-08#51 — 2010-08#55 2010-08#60 2010-08#61
2010-08#43 2010-08#49 2010-08#63

Fig. 7 Backscattering coefficient of type A Fig. 8 Backscattering coefficient of type B

501

45

4.0 |

35

" TE 30F

400 450 500 550 600 650 700 750 800 é 2.5 ‘
Wavelength/nm <20
—2008-11#30 —2008-11#31 — 2009-04#6 — 2009-04#15 L5

——2009-04#19 — 2009-04#2 — 2009-04#23 — 2009-04#27 1Oy

——2009-04#29 — 2009-04#3 — 2010-05#23 — 2010-05#24 0.5
— 2010-05#25 — 2010-05#28 —— 2010-05#30 — 2010-05#37 0

~——2010-05#38 —— 2010-05#42 — 2010-08#27 — 2010-08#36 400° 450500 550 600 650 700 750 800

2010-08#46 — 2010-08#53 — 2010-08457 — 2010-08#59 Wavelength/nm
2010-08#66 —— 2010-08#70  2010-08#71 —TypeA semmTypeB oo Type C
Fig. 9 Backscattering coefficient of type C Fig. 10 Mean of backscattering coefficient for three types

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



422 Journal of Remote Sensing # & 54k 2012, 16(2)

3.3 The relationship between backscattering coefficient
and suspended solids in different types

In order to find the influence of water components on backscat-
tering, correlation analysis between backscattering coefficient and
TSM, ISM, OSM and Chla were processed.

Type A water is dominated by phytoplankton, however, the pro-
portion of ISM is still higher than OSM (Table 2). Therefore, the
correlation coefficient between b, and ISM is higher than that be-
tween b, and OSM, and the highest between b,, and OSM (Table 3).
The correlation coefficient is highest between b, and OSM while
lowest between b,, and the rate of ISM and OSM. It indicates that
type B water is dominated by both phytoplankton and suspended
solids. The correlation coefficient between b,, and ISM is highest in
type C water.

Table 3 Correlations between backscattering coefficient and water

component concentrations

TSM ISM  OSM  Chla  ISM/TSM
by(532) of type A 076 056 048 053 0.38
by(532) of type B 080 065 037 021 0.19
by(532) of type C 077 089 065 024 0.63

Linear functions were applied to fit with the backscattering co-
efficient and TSM/ISM. As is shown in Fig. 11, Fig. 12, Fig. 13, the
by, of type C has the best fitness with ISM, while the by, of type A
has the lower correlation with TSM. Regression equations of each
type are listed as below.

by(532)=0.013TSM+0.248 .
R*=0.770

— = = =
S N B~ N

>
o0

by(532)/m’!
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Fig. 11 Curve fitting of b,,(532) and TMS for type A water
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Fig. 12 Curve fitting of b,,(532) and TMS for type B water
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Fig. 13 Curve fitting of 5,,(532) and IMS for type C water

Type A: by (532)=0.013xTSM+0.248 (1)
Type B: by (532)=0.014xTSM-+0.430 @)
Type C: by (532)=0.015XISM+0.335 3)

3.4 Parametric models of backscattering coefficient

In order to obtain the backscattering coefficient of whole wave-
length, parametric models of backscattering coefficient were built
by using by, of certain wavelength. At present, the normal model to
parameterize by, is an exponential function (Stramska, et al., 2003;
Song, et al., 2006).

- A |
by(2) = bb,,(%)[ - } @

where b,,(4,) is the backscattering coefficient at reference wave-
length 4y, n is the exponential index, which is affected by the con-
centration and composition of suspended solids.

In this paper, 532 nm is used as the reference wavelength to
parameterize backscattering coefficient for three type of water,
respectively. The process can be divided into two steps. First
step is to regress by (4) and b,(532) by using linear function of
by (A)=A(A)*b,,,(532); a second step is to regress A and the ratio of
4o and 4 using exponent function. The results show that the indices
n of type A, B, C are 2.12, 2.51 and 2.69, respectively. Finally,
parametric models of backscattering coefficient are built, which are
shown as Eq. (5), Eq. (6) and Eq. (7).

—532—2,12

Type A: by, (1) = b,,(532)| — %)
—532—2.51

Type B: by, (1) = b,,(532) e (6)
—532—2,69

Type C: by, (1) = b,,(532) b 7

Replace b,,(532) in Eq. (5), Eq. (6) and Eq. (7) with Eq. (1), Eq. (2)
and Eq. (3), there will be Eq. (8), Eq. (9) and Eq. (10).

®)

532 2.12
Type A: bbp(/‘L):(0.013><TSM+0.248)[ }

A
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532 2.51

Type B: by, (2) = (0.014xTSM +0.430) {7} )
532 2.69

Type C: by, (1) = (0.015x ISM + 0.335)[T:| (10)

Several scholars studied the parametric models of backscatter-
ing coefficient. However, the exponential index presented large
diversity. Song (Song & Tang, 2006) obtained the exponential
index ranges from 0.61 to 1.99 with an average value of 1.146 in
the study of the scattering properties in Huanghai Sea and East
China Sea. Sun (Sun, et al., 2007) found that the exponential index
of Taihu Lake was 3.06, by using the measuring instruments AC-S
and by,. Le (Le, et al., 2009) obtained the exponent index of Taihu
Lake ranges from 1.32 to 2.8 with an average value of 2.09 through
the radiative transfer simulation. It can be seen from the above that
the exponential index of Taihu Lake varies in different seasons and
areas due to the temporal and spatial variation of water composi-
tion in Taihu Lake. Taihu Lake is a typical large shallow lake. So its
hydrodynamic environment, external environment and other factors
lead to the uncertainty of water optical properties (Zhang, et al.,
2005).

The exponential index for three water types in this paper are
within the range from 2.09 (Le, et al., 2009) to 3.06 (Sun, et al.,
2007), and the exponential index of type A is closer to Le (Le, et al.,
2009), while the exponential index of type C is closer to Sun (Sun,
et al., 2008). This precisely illustrates that backscattering coef-
ficient simulation based on the classification can overcome the pa-
rameter fluctuations in parametric model caused by time and space
difference and external factors.

3.5 Accuracy assessment

Absorption coefficient is calculated from backscattering coef-
ficient by Quasi-analytical algorithm. Considering that there is
no b, measurement, absorption coefficient is chosen to assess the
accuracy of models. Algorithm 2 was used to calculate absorption
coefficient with the input of classified dataset and original dataset,
respectively. As is shown in Table 4, the average relative error of
classified data is 38% less than unclassified.

Table 4 Comparison of the simulation results between the classi-

fied data and original data

Reference Average relative
Y
wavelength 7, error/%
original 710 11.7 2.54

Type Type Type Type Type Type Type Type Type

classified A B ¢ A B c A B c

715 710 706 6.5 7.3 6.1 212 251 269

4 CONCLUSION

In order to overcome the parameter fluctuations in parametric
model caused by time and space difference, a classification algo-
rithm based on spectra dominant factors for Taihu Lake was used
to classify the reflectance spectra into three types, such as water
spectra dominated by phytoplanktonic suspended solids, non-phy-

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

toplanktonic suspended solids and both. Then, quasi-analytical al-
gorithm and optical closure were applied to stimulate the backscat-
tering coefficient for three types of water in Taihu Lake. Finally, the
parametric models of backscattering coefficient for three types of
water were established. Consequently, the differences of the back-
scattering properties in different time and space were converted
into the differences of bio-optical properties of dominant factor in
water. The parametric models of backscattering coefficient are suit-
able for different areas and different seasons of Taihu Lake.

(1) A classification algorithm based on spectra characteristics
was used to classify the reflectance spectra into three types, such as
water spectra dominated by phytoplanktonic suspended solids, by
non-phytoplanktonic suspended solids and by the both. By compar-
ing the types classified based on spectra and on bio-physics, it has
shown that the classification algorithm has good effect in distin-
guishing water types.

(2) Lee (Lee, et al., 2002) indicated that the reference wave-
length moves to long wave as the water become more turbid. How-
ever, the error of reflectance becomes larger as the wave goes long-
er. In this paper, considering the absorption of water around 715 nm
is nearly equal to the absorption of pure water, range of 700 nm
to 730 nm was used to iterate to find the best wavelength for each
type. The result showed that 715 nm, 710 nm, 706 nm were suitable
for type A, type B and type C, respectively.

(3) Wavelength of 532 nm was used to parameterize the back-
scattering coefficient models. The exponent indices of type A, type B,
type C were 2.12, 2.51 and 2.69, respectively.

(4) Accuracy of classification algorithm was assessed, and the
average relative error was reduced by over 38%. It indicates that
the differences of the backscattering properties in different time and
space are converted into the differences of bio-optical properties of
dominant factors in water.
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TR IS AT = KA TR AR R /N 28T = R
Fita14y, 5 RFE S EU22.3%, FEEMAE K
SO DRI £ 2R VR A AT T B 7 v P A X 8 v 1) 7K
T WA, SR =R R T R B TR
FHIPE S Ay SyEdy/ ES AN

R (E5. Koy, mskeaRyEMNM
A S S R 2SR — g B G, R R = R B
Y 95 288 I ZRORITH S N 2R 555 A SR A4 L %) HICS A
TE LI B 50t SR AE 583 nmZe AT s H M4 R aiisé ot
Vi T = A B 58 606 U BLAE 697 nmZ: A7 5 2Nt
SRR LG B R SCTTE I A H BEAE683 nm
Aifi s 2R — B A K ORI TE675 nmkb
MW R B R VR I DL A DL TR ) R T
VI He A9 S 2 43510 0,34 m™' | 17.14 mg/m’ .
0.22, TR =20, HHLpREEST
B =, RIS TCAILE TR R L T A
—, WRHAERRE TR ILFEEH TR, R
HTFR3IANFEL, AR I45.1%, T, AT
TR R 32 B2 AR S B TR W RN i e 2
e EFH,

3.2 AREBKEKIFEES BB HFFE

SRR SR R I T T, 155
ANEERUKAKIISH AL, WP 3= TS HBA
715 nm, HREAEERIRG EFHSEIKNT10 nm,
JEHIRY) RIS WA N T06 nm, XL IS
5IRAIESE N (2009) I Y715 nmBEA—F, S
KA — | 2T RS = AR R [ S Bl
YEIIAE3RN AT (K iy, BB SRR o b, A
700 nmPASS , /KRG B 55 T /KR B

Bl7. 8. 95 HIZh T 3R A 28 BK AR 11
Je U RBOEIE M Z . WEITR AT LIE 4R
S 1)U R B A LSRR B K 1)
K m#sh, J5ma RECEIEGER, %458
S H A5 TS5 FA—S(PMED %, 2008; ‘R
M AE, 2009; BEFHF AFE, 2009). HTARFEREE
SUKIRE A B 25 57, (A8 )5 10 HIUH RECR/ M
H—E 225k . FEM—1E400 nmAb Y ) B R %
by (400) KA J3.31 m™', Fe/MEH0.32 m™!, P
K154 m'; FE532 nmAbJE T HUR R 58, (532) 107251k
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MWHEIH0.22—1.65 m ™', FI(EF0.74 m ™5 7£675 nm
Ab J T T AR AR AR A FE AR X RN, e KA
077 m", F/ME}0.18 m™', “FI(EH0.47 m™', 254
TAE400 nm ., 532 nmA1675 nmAb Y 1] T 2R B0 AL
LN 0.85—4.07m ', 0.44—1.96m ", 0.28—
0.85 m™', ZEHI=7£400 nm. 532 nmAI675 nmALhY )5
U R BARTE I 50 R . 0.96—4.47 m™, 0.41—
1.92m™", 0.23—0.93 m ™', 10 K3F A [FZE B KA
] R R BB 2. MIEILORT LI H, 3
RN PG EGE IS, (H5 U RN =
FNEH R IIE /N . 31X 5 Morel%E A (2006) 1A K L
FRTORIA) T — 2K AR 5 1] RS A 2 T il
B —ZAKIR 5SS . 400 nmE|550 nm, ZEHI—
P4 Ji 1) B 2R 0320 D 11 o B B J /N 2R — R 2t
=, BRIT R = BON R, EEUE N TR
W=, 600 nmPAJ5, 35 T¥¢5%,

3.3 AREEKEEEHHFRBEZFMREXR

AT WRFE AR A AN TR 2 53 o8 T i) IO AR R R
Wi, R ) B RS SRR . HUEIF IR |
A HUEIF U JEE B 2R S B A TR O 0T o

XTRM—, BAUEHEEE T RRKE, B
R ICHLEE ) i A B LB SR = TR LR
(R2), PrLTERIFRIN, 5 B RS L&
TR SR R B R T S A VLB RS R L, M
Ja O R0 BRI IR DG R B g . W T
=, R B RS SRR R R, TS
THLETEY LSS TEY Y LU AR G R 8/, 18
P UL T TR A R AN AR B MR 3 )
TFo MTIM=, JE1EHH R EG LB HEE
FBw, XS =K A ARSI 3 K AR
H—2

R3 IFRBUKE R EBES BB S K EASRERNEXRE

T™SM  ISM OSM  Chla  ISM/TSM
FH—b, (532) 076 056 048 053 0.38
FHI D, (532) 0.80 065 037 021 0.19
FH =D, (532) 077 089 065 024 0.63

) FH 24 pR K500 )% 3 A 28 B KA 11 )5 1) U5 &R
BETSMaISM#EATILG, a1, B2, B30
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byy(532)=0.013 x TSM+0.248 (1)
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PR AR A

byy(532)=0.014 x TSM+0.430 ©)
ESENIIP S S
byy(532)=0.015 x ISM+0.335 3)

3.4 AREEKEFEESRBSHUL

J& U RESEUL R B K Y S
Il I ZR AT LA I A B0 Bk 3Rk, B I AT RAREAIR
BAEARIBMERE , [0/ 52 90 B SR AN
PR ZE TR ZE . I, FE/K S EU AR 7R A
DL SO SR SR A, HH T B T U &R
BZSEUE . B R R R R BB K AR A JS 1] HE
S R BT BB (Stramska %5, 2003; KEEH
FREZEE, 2006)

(=, 0| 2| @

K, by (A) IS H U BASCIG M BU REG nk)G
] RS SR B e K AR TR S, Sk IR h B TR TR
NN B
ABFFELL532 nm A S Z P, 3 Bk 3R A
KA B J 1) O REGHAT S8 . TS 1 U
FED, (M) Hby(532)H TG, BEXRRALN
by (A)=A(A) x b,,(532) , SRIGFIHARTGFIY RAELHA S
WA A A/ A AT E SRACAL A, 23 A5 3 27—y
fe8n=2.12, KM W48 %n=2.51, B =HE%L
n=2.69, LA 3FAAKMRN 5 17 B REOLIE
B, 4nsX(5)(6)(7)-
PR — 1Y Ji5 I U RO A y «

)

532"
77}

by(A) = bbp<532)[
HI 5 1 M R O

(6)

5327
7%

b, (1) = by, (532)[
K IR I REOE B

(7

5327
77}

by (2) = bb,,<532)[

K. @), GBI AKG). (6). (7), #35:
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HH—.
532 2.12
%Jl)=(0013xTSh4+024&[—Z—} ®)
H
532"
bmil):(0014szm1+04304}z_} ©)
HH =
532 2.69
bw(l)::GIOISXISDA4—0335){—Z—} (10)

EZce D OP NIV P =S Tk /i )1 €0 Y 44
ETERAUERL A ST, AR DA R 421K (2006) % B AR
VT X 16) R R PR ST I, A5 0 T RS A TR fig SF
Yifegch1.146, AR HITN0.61—1.99; FMERSEA
(2007)XF A WA G A4S B A FE £ 3.06;5 SR alig
S5 N(2009) 6 KA FE 575 B 8 £k 2,09, A2 4R
oM 1.32—2.8 ., PIVIELEE FI AR B A5 21 (148 Bl 22 71)
R, X FEEE T A RERFE S DA B FRAE R
TR PN FE AR —E 22 S Buh . K
W AL ARG, thToKsh s . SRR
A5 I ZR AR A0 S B K AR o TR 4 1k B R AR
FEAEEBRIA, KIRMER KR R,
FoK b BRI B AR LB R (BRig Ak 4, 2005),
T3 B A ABIFSE it 5 HA A 58 5 B — 5
MIZE5E o ABHRFE P afE AL T A T PME B 5 IR
VR 2 a), ST nfl 5 SR UG A B R #2008
ZInE S IMER WECHHEER , R T nfE A TR
—HIRA = 2 E] XA U T A XK ARy SOk
115 U R BB AT LA 84 IR 2 22 5 S /A
FREXE Ji0E 2 eizri8

3.5 EIMREWIE

TE I ) BN R Bk, R
SR 1 O R BORTT . BrLL, AR SN ) 1R
BN R BT IR OU T, ARGl X 32605
Mz WA ZR BSOSO S B AR 22 08, A i 702y
ROR o a8 HIBE 293 B 73 S R Rs AT,
ZERILERA, WLIA L, AN R 2 A 2
B AHAT I, PO HEAT 5 10 BN R B R
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SRR, 1 2R R RO L5 S TN P P 2 A
DR A RN N38% L b 4325 BRI HE A
FIBCRIE R o

R4 HEBEHIRINERTEE

WS R B
BEYPKL,  GEMETE Vi

RS 2/%
SEE 710 >

11.7
KA KR RA AL RE KRR KA KA KR

ZES-H -
715 710 706 65 73 6.1

2.12 2.51 2.69

4 ZEe5ihe

I P S A S AR U 1) HCR R 00T DAk B A
PERVEIERE R B9 AN R RNEREE I R AR, FEaK AR
A C2E R AR B — 2 I3 Tzortziou 55,
2006; ZERA 4, 2008). T A MIBEFT LA AR Xt
FREREWHUE, X TARPZEY, RESHEAN
FHIE], BERAEZE T B AFAEAR R R R, 530 2
EEXPEEABEE I IR S8, (RS2 A XY
J& B R A ) B A R E S ARG X
AN ZE I 4 XK AR, AR AN [) AR -2 R ok
HEATArE, W I T S AR P R R [ e ) R s ] 1

SEFAL R KRN TR £ 5 AR AR - L2
S, NI — 0 R BE b fif e 1 A5E RUAE I [a] R s R] | i
Jri B

AR SCE SR 8 B SR RO IR XS KA A T 43
X, RIGEX KK, RIS ARG ]
B BB HS T B RBGHE T TR, AT
() SR ISR B S AT LB, BRI &
P, 3FZERITE400—700 nm Ay P2 A XFHR 2253 51
6.5% . 7.3%F16.1%. A3 AAALL AP S5 RH X 15 2 4
BIEA1L.7%. BBenl WL, R M R Ab2E A A
Ji BEASLALL ) J 1) HACSHT 2R B RE A ol I A e A R
WG, B EA R e E, RS S K
PRFSURLA) I 1) WO R B2t gt 25
BRPURT RE T /R, X R IK R TSR0 I 1) EBC 3R B0
2EREME I B R LA R

(1) TEA TR IR A Wy -t R e S S S RO
REAE AR, R WA R S5 o e s 32
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SRR . B2 SRR = R AR ARG A
JEBEEABOR ) T FROKAOERE . IR LT TR RIS
B F R, 25 RIS T B I ROk
RGBS PR A I BRI &, TR AR
X A3 R AR K AR

(2) Lee“5 AN (2002)IAy, BEE /KRB B FERE I
K, SH B M BET ZE 10 I 7 0185 2l A T 4R 75
BOFRY ROERCR, (AR, PRSI B,
FRIRSFRA /N, TR ZE SR, AR A K
TRTET1S nBFHIT AR F2 2 R 4K 32 et B %
700—730 nmfEAEARGEF BT A Sk ATHE, 535
930715 nm. 710 nm. 706 nmfE R3 R KR E
OYHTRRL AR B2 2 B, R I KAA I 1) B R R0k
TRl DT EAS 3 B A R 2505 SR ISR B vy
GREEATLIE Y, Sk W R TS 1 HUR R R
e

(3) PA532 nm>hZ 2 Bkt 3Fh 2 Y (1) J ) 5
REOT AT SEL, 15 S U R B AR
TRHFEE0o B . BEZSEORLY) £ T8 B 212,
RAEFHIEECN2.51, AEEEFRY £ SR
}2.69, e ZAFR3FI AT J5 1 HUH REOCEE
R

(4) XF 53T Ja R RTRURT BEEAT T LU, 2R
TS/ IS 5 1) IR AORS B 4 = T 38% ) b, i
BH3E 3K 1) BB R AR AN TR B ) s )b ) 2 S
R AKIEARTR T FHFAEAEY -G EES, fF—
SEFEPE A T s 2 AR AT A A /K AR Tl i 2R
S 2 51,
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