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Application of Gaussian model for the estimation of vertical chlorophyll-a in inner bay using satellite data 
 

by Yuji Sakuno, Member         Kuniyuki Tsushima 
 

 
Summary 

 
An objective of this research is to evaluate the feasibility of the Gaussian distribution model's application for the vertical Chlorophyll-a 
(Chl-a) estimation in inner bay by the satellite remote sensing. The in-situ Chl-a (N=15) observed as data for a basic Gaussian model 
verification in Hiroshima Bay between 2004 and 2005 was used. Consequently, the vertical Chl-a in the bay is to approximate by the 
Gaussian model using six parameters. However, if the equation for the estimation of Gaussian model parameter is not adjusted every 
time, the vertical Chl-a estimation only from surface Chl-a data obtained from the satellite data is difficult. The most difficult Gaussian 
model parameter to estimate from the surface Chl-a was Zmax (the depth of the Chl-a maximum). 
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衛星データを使った内湾の鉛直クロロフィル推定のための
ガウスモデルの適用可能性評価  
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Fig.3 Vertical Chl-a estimation flow. 

 
2.3 Chl-a  

 
Table 1 Summary of the average surface conditions 

 Average surface conditions 
Date Chl-a ( g/l) W. T.* ( ) SDD** (m) N

2004/1/8-9 0.5-1.0 13.8-14.4 6.0-8.0 5
2004/4/21-22 0.6-0.8 14.7-16.6 5.0-8.5 5
2004/7/14-15 0.7-0.9 23.4-27.5 6.5-9.0 5
2004/10/27-28 0.8-1.1 21.4-22.4 7.0-10.0 5
2005/1/12-13 0.5-0.8 13.5-14.7 9.0-35.0 5
2005/4/19-20 0.9-2.3 14.3-14.6 5.0-6.0 5
2005/7/20-21 0.6-1.2 22.6-27.7 5.5-9.0 5
2005/10/12-13 0.9-2.6 14.6-24.1 5.5-6.5 5
*W.T.: water temperature; **SDD:Secchi Disk depth 
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3.1 Chl-a  
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Fig.4 Vertical Chl-a distribution derived from in-situ data. 

 

3.2 Chl-a  
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(b) Apr. 2005 
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(c) Oct. 2005 
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Fig.5 Comparison of the vertical Chl-a distribution pattern
between the Gaussian model and the in-situ data in 

Hiroshima Bay, Jul.2004, Apr.2005, Oct.2005. 

Table 2 Statistical summary (Average ± SD) derived from the 
in-situ data of parameter for vertical profile function of 
Chl-a in Hiroshima Bay, Jul 2004, Apr. and Oct. 2005 
and the reference value  off Enshunada to Kuroshio, 
SY87 Sep.1987. 

Parameter Jul. 2004 Apr. 2005 Oct. 2005 Enshuunada
B0( g/l) 0.76±0.05 1.06±0.23 1.20±0.31 0.26±0.18
Zmax(m) 16.1±5.7 13.3±4.4 5.3±2.1 32.6±32.4

h(mg/m2) 27.5±6.6 27.4±5.5 26.9±24.3 37.6±35.0
Cmax( g/l) 3.52±1.33 3.98±1.59 3.68±2.47 - 

(m) 5.1±3.0 4.8±2.0 6.2±1.8 10.0±5.8 

3.3 Chl-a Chl-a  

73.145.1 0max CC

37.1650.3 0max CZ

14.274.6 maxCh
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衛星データを使った内湾の鉛直クロロフィル推定のための
ガウスモデルの適用可能性評価  
 

 

1

2

3

4

5

6

7

0.5 1 1.5 2 2.5 3 3.5

y = 1.73 + 1.45x   (r= 0.67)

C
m

ax
 (

g/
l)

C
0
 ( g/l)

(a)

0

5

10

15

20

25

0.5 1 1.5 2 2.5 3 3.5

y = 16.37 - 3.50x   (r= 0.45)

Z m
ax

 (m
)

C
0
 ( g/l)

(b)

0

10

20

30

40

50

60

70

1 2 3 4 5 6 7

y = 2.14+ 6.74x  (r= 0.85) 

h 
(m

g/
m

2 )

C
max

 ( g/l)

(c)

 
Fig.6 Relationship between the surface Chl-a and Gaussian model 

parameters 
 

(a) Jul. 2004 (b) Apr. 2005 (c) Oct. 2005

0 2 4 6 8 10 12 14
0

5

10

15

20

25

30

35

40

in-situ
model

Chl-a( g/l)

de
pt

h
(m

)

0 2 4 6 8 10 12 14

in-situ
model

Chl-a( g/l)
0 2 4 6 8 10 12 14

in-situ
model

Chl-a( g/l)

Fig.7 Comparison of the vertical Chl-a distribution pattern
between the Gaussian model and the in-situ data using 
Equation (3), (4), (5) at H-3, Jul.2004, Apr.2005, Oct.2005. 
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01.9003.4 0max TZ

75.6104.0max IZ

Table 3 Correlation matrix between Zmax and other parameters 

Date C0 T0 Sal0 I0 
2004 Jul -0.65 0.85 -0.61 0.51 
2005 Apr 0.42 -0.42 -0.36 -0.67 
2005 Oct -0.71 -0.29 0.61 0.32 

Total -0.45 -0.01 0.12 0.67 
N=15 
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Fig.8 Relationship between Zmax and T0. 
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Fig.9 Relationship between T0, I0, and Zmax. 
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Fig.10 Comparison of the vertical Chl-a distribution pattern

between the Gaussian model and the in-situ data using 

Equation (3), (5), (7) , (8) at H-3, Jul.2004, Apr.2005, 

Oct.2005. 
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Fig.11 Comparison of the vertical Chl-a distribution pattern
between the Gaussian model and the in-situ data using 
Equation (3), (5), (7), (8) at H-3, Apr., Aug., Oct., 2006. 
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Fig.12 Relationship between MODIS Chl-a (500m resolution) 
from JAXA EORC and the in-situ Chl-a, 2006. 
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Fig.13 Chl-a map at the 10m depth in Hiroshima Bay, 18 Apr. 
2006 derived from Gaussian model using MODIS data of 
500m resolution and A-B and C-D profile of MODIS Chl-a. 
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