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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 Z,.. (the depth of the Chl-a maximum).

1. #%

VLA, HUERIERELIC P, HhER o> “ER bR 3R W I &
=2V TRROENTWD., RILRERLIR & LT
WL < HB D DR EORY) TdH 503, WEEIZ BV TITAE
M7 T N BEOREERS TS, L L, INETER
DR T T 2 7 ™ 534 DR « Z2A TR E <, —fRIZ
BGBM O L > TEDOEEZIZ D Z L IIHFSH TIER
RS

ZOX D RERIZH LT, IEFEANTHEREE T THOA
(R A ) Z2RET 25 2 & kY, WRmo
vawa7 ¢a (BLF, Chl-a &IET) ZRDDHZENRTE
HE9 I hoTETVWD P UE— bRy UL D
Chl-a #EEDEE L 1978 4T H L1F D CZCS (Coastal Zone
Color Scanner, INEFEAFEE) M BHAAE Y, ADEOS/0CST (H
A, SeaWiFS (77 A U #1) H&#%C, BUE Terra - AQUA/MODIS
OO I F EEBI N TN D, 2D X S gt Y
VRHRAEHE O — IR RSB WIS I IR TRy — b
o TS, HIFROFERWEE Y OMBEEITK 1kn,
&b 12bit THDH. ZD X5 eifitat 7 — X OFEIL

RS TR R R ER BREE > X T LI
g s BB ERR IS

= PRk 20452 A 27 H

HERIRBEALIEN 7 0 — X7 v 7SN TV H 5 HIZH - T,
WAL TN 5.

B OWIBIZEB T HifEET — 2 ABPRILE U, 1 EAR
LT A MODIS 77— & ZAfi o THAEE (2004 4 9 HBR4A)
KB (2005 47 4 HBHAR) , IR (2007 45 4 H Bihs) 45
DN DFKE Chl-a BEif§ 4 AR LT\ D Y. g OfLE)
DR TR Td - 7o 1kn IRARED Chl-a 5ARK A5, it
TIE 500m MR D Chl-a AR Y S A EN D L 5T/ -
THY (2006 4E 4 A0 5 JAXA 3ABR) , L0 7 I
HENT-NETHLZOHEMNREEHMTETE DL 912
RoTERL, Fl2, FHELIZZNETNODIS ¥ —4 2> T
M PEERE (500m ARG R) ARk (Lkm fRBSE) 123
2K B OZFE Chla OHEEET L V9% BRZLTND
EHIZHSEA 2013 EEOITHL FFEHELTWS
GCOM—C1/SGLI (Second-generation Global Imager) =i
TiE, 250m RIS DFKSE Chl-a < v B2 7T b Z &
IZ7o>TWn5.

— 75, ARG YO8 O—2IT, FEDDIXEREN
WK DR Chl-a ZHEETHZ ENRARETHD LD
RRSIT oS, 20X D RMEURE RIS 572010, —iK
WHAHETIIHE N SHG b7 ERE Chl-a X Platt and
Sathyebdranath® 2N B L7 7 ASAAETACL Y, $/E
O Chl-a ([ZEBSND. DRETIX, WA - AR, Kameda
and Matsumura'® 512 X o T =ZFEFZEICEBWT 2 O FIEDIG
AENTWS. LILARL, ZhbinFhbiEd 50



40 H A AR T

IAPEICH LIZINROREICTH 0, L 0 BASHIEDRO NS
KIS ENZBNTIE E A L2V, 2T 2 TNEICE
TE D& MG Dt e o Tz, B D VITNTE
\Zil L7 2 OFE Chl-a HEET V2 U X LAOWFIENRIEF
BN TV L& 2 b b, filk L7z L 9 ICHIERIR L
R, BEIZITV A R 0O R bR AW R E OFETE & 8 %

D, Wx EFLWERE Chl-afiE7 /LT X LHDWITH L
WRIGE D LW 04T H BB S h v a4
H, WIBIZI T HER1E Chl-a HEEE 7 /L O3 AT REME & FR T
LTBLSZEITFEFRICEETHLI EEZ A BND.

LD XS BERnn, KT, ET —% 27z
WIE O R LRFBRI T =4 U VTR0 —8 L LT, A
515 % 7 A A b & UCRIER L72$RE Chl-a #EE (F T A
G346 ETNAOEMAEEFMMT S LA RRE Lz, 22k,
AEEDERE 7 v 7 4 MCH T AT VR RYNCHEA LTz
Platt and Sathyendranath'”|%, Z DOEF/WIZ L5 —RARE
EHEEDRZEL LT, 40~60% &\ 5 A — X — DRl & HH
LTWS., ZDOZ &G, AWFFETIZENE Chl-a OHEE AR
FEFE % [RIFEFE D 50% AN LR E T 5.

2. A &

21 BRBEHOME

IR RAIR T & 2 IR 1 Fig. 1IZR93 0, W7 Mg
DOPEEIZALE L, BP9 30km, FFALAT 55km OFF O NE
ThD. WHROERITH 1000kn®, 2K 2Tkn’, FHIK

€ 25. 6m, CRIANCBAOEZFFolEMICF ENT-NIBETH 5.

RV I XALIE DR IED A TH 0, AL I THIEE A 2 <
FFELTOD D, EFERERARBENRATHD.

Fig.1 Study area

FRWE BTS

2008 = 6 H

22 $AE Chl-a RAHEEDTZDDH T R BHET V
—fRICHMEICI T B Chl-a OFESTRIE, 5 LaeAh
e AGAE V) TRETE D, i LZDORT A—HT
W FEIC L > TRES AL TWD. ZOMli#IT Fig. 2
D XS IR T, —ICkR O TEREND.

2
Chla(z)=B,+Sxz+ exp|:_ (Z_Zmax)} (1)

h

O'm 20

ZIT BIIARN I T Ty REWME (T A5 ADERIC
FY4 9% Chl-afl) EPFRIICRY, SIEERE KT 2
AU AGHOEE, 21 3IKEEZRL TS (Fig 2 THEE A
RWBAN (), HDEHEAIE ) E2B) . £z Z, 1% Chl-a
MROES, o IFMEMRIEORE (BEHEFRAE) , 2130y
AMFRT O Chl-a BiMMETH 5. 72721, ZORRIC, ok
XTRbIh 5.

o= h @)
VZH(Cmax _BO _SXZmax)

Z 2T G, 13N Chl-a D KEZ R, (1), K@) ick
J5 650K NRT A=K (B, S, 2z h Z,, C,) OE%
BRDHIEITRY, RN - ERBTEL Y. &
72, VE— ey T OBENDIE, kP THRLI
57 Chl-a & 6 DD /T X — X OEHRHAA Fig. 3D L H 7
FIEOTHLNUORDEBL ZEIZL - TRBET —4 DR
M HERE Chl-a A 2 HEEFREIZ LT D ARGHSUTHEEAR
HICARFIEEER T 5.

Chlorophyll-a
Bo Co
I

Chlorophyll-a

i
|
|
|

7max <+ Cmax Z'max.
|

I
|
|

water depth

Fig.2 Vertical Chl-a distribution model



BT — A B S T-NEOSNE7aa 7 VHEE DT D J7 AT T /LD A w] e E 11

Co
v \ v
BO Cmax Zmax
v v
S h
Y
> o <

Fig.3 Vertical Chl-a estimation flow.
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Table 1 Summary of the average surface conditions

Average surface conditions

Date Chl-a(ug/l) W.T.*(°) SDD**(m) N
2004/1/8-9 0510 138144 6080 5
2004/4/21-22 06-08  14.7-166 5085 5
2004/7/14-15 07-09 234275 6590 5
2004/10/27-28 08-11 214224  7.0-100 5
2005/1/12-13 05-08 135147 90350 5
2005/4/19-20 09-23 143146 5060 5
2005/7/20-21 06-12  22.6-27.7 5590 5
2005/10/12-13 09-26 146241 5565 5

*W.T.: water temperature; **SDD:Secchi Disk depth
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Fig.4 Vertical Chl-a distribution derived from in-situ data.
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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.
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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
Bo(ug/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/m?)  27.5%6.6  27.4455 26.9#24.3  37.6+35.0

Crax(ng/l)  3.52%1.33 3.98+1.59 3.68+2.47 -

o(m) 5.1+3.0 4.8+2.0 6.2+1.8 10.0+5.8
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ZoHh 17, 1 OMBITE LKL, EBEZ omRAEHE
STHEE LTz H-3 12815 3 BHORE Chl-a 7 —X1%
Fig TITmRT LB 0 120, B2 E, B I3 2 3. 4-69. 2%,
0-5.4% Th W, FHT 5% &, 36.6%, 34. 4% & BRI 50%
ZIUTLTWS. 2720 2, OMENERIE & i L TRE
<TND. 7, ORHEEFRZITKFEO R EY BITEE L e
73, PRI bR BRI R 2 HEE T 25 A 1TIE 2 O
Chl-a (2 [Chl-a &7= 0 O—RAEERE | FhEAIRECKHP
REZEEET2) 2#HTADLETRERE Y 21T 720,
2oy DIEODO R Z 72387513 WAL R BRI R 0> it/ D ST R AF
MDFRE E 22 %, 5T, “WALREBRINEFFICHBWT
Zn DIEORERFGEITITELIETERT 2MLERH 5.



BT — B S T-NEOSNE7aa 7 A VHETE DT D J7 AT T /LD A w] G 43

a
7 @ \ \ \ \ \
———y=173+145x (r=0.67)
°
6 ° =
—~ 5 B
>
El
. 4 -
£
o
3 _
21 e _
°
1 L ! ! ! !
0.5 1 15 2 2.5 3 35
C, (ng/l
b
25 © \ \ \ \ \
°
———y=16.37-3.50x (r=0.45)
20 - =
L)
° °
£ 15= o0 ° 7
%
£
N0l _
°
°
5. e ° i
° °
0 ! ! ! ! !
0.5 1 15 2 2.5 3 35
C, (ng/l
c
70 © \ \ \ \ \
60| Y= 214+ 674 (=0.85) @
E
(=2}
£
=

C,., (hl)

Fig.6 Relationship between the surface Chl-a and Gaussian model
parameters
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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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Table 3 Correlation matrix between Zmax and other parameters

FRGHE BT

Date Co To Saly lo
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
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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.

34 FEOBHIZXSChl-aAEETFILOEHATEESE
3. 3HiE TITIL BB OFNE Chl-a X H 7 ZAEF /ZIEELT

DL ENDNY, HEEOHE LW 7, b KIES B &M
NI A =B w2 1X, KRBT — 20 HBGOE Chl-a # &
DREERELSHETEX DI ENRENEZ. LML, 2HiZ
BB OT—ZICE ) LI L THEREZER L TWE 0,
TEOT—XIZHEATE 5 LIFRL720. £ 2T, 2006 4F
(I CRSBES AL U CHfS L7238 Chl-a 7 — % (3R, &,
KIZET 5 1-3 Offi) Zfi-T, KEB), XG), X7, KL
(8) Zfi > 7-$1E Chl-a 7 — ¥ OHEE FIFEME A MRGE LT, <
OFEFIL Fig 11 IR T LR T, 2004 4£ L 2005 DT —
2 TR L ERIC L 3T AT =2 v 12,
OB ITETTID b OO, ET — 4 & A FRIFREE O fE F
Lileolz. FRZEE, B lXENZEh 7.6-87.9%, 2.6-41.9%
THY, FETDHE, 23.6%, 3.5%& BAEREE 50%% 7 1
T LTV,
PlED X 51

T, #JE Chl-a 2> HERE Chl-a ORE LT-HEE



BT —F a7 NI DS

T 50%FEE DFEZEITE S Y, Fig. 9, Fig. 10 TRk 91z
Z,MX@?E/EJW)E&E%?“% i, BUNROFERT — 2 257
B0 E Chl—a HEE X FRECTH D L B2 BT,

(a) Apr. 2006 (b) Aug. 2006 (c) Oct. 2006

Chl-a(ug/l) Chl-a(ug/l) Chl-a(ug/l)
0 2 468101214 0 2 4 6 8101214 0 2 4 6 8 101214
L B o A T T T

o

5

10

15

20

depth (m)

25

30

® in-situ
model

35 ® in-situ

model

® in-situ
model

T Teadsaasmladaal 1 T T T T 1

40

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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