
O c e an i c chl o r o p h yll a al g o rith m fo r s e v e r al c a s e s o f w at e r s

T o rt I H i r a w a k e

C e n l e r f o r A f Zt d r C ti c E n vi r o fl m e n t M o l u
'

1 o r t
'

t7 g , N a tz
'

o n a [ ) fl StE
'
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,
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A b st r a c t : C h a r a c te ri sti c s of bi o - o p ti c al r el ati o n ship s ( c hl o r o p h yll a v e r s u s r e m o t e
-

s e n si n g

r e 鮎ct an c e) f o r o c e an i c , t ur bid , hi gh chl o r o p h yll an d p ola r r e gi o n w at e r s ( n
- 1 2 9) w e r e

c o n fi m e d an d a n alg o ri th m u si n g a r ati o o f fo u r b an d s ( r ati o of s um o f t w o b a n d s) w a s

d e v el o p e d ･ Th e b an d -

r ati o alg o ri t h m p e rf o rm e d w ell f o r o c e an i c w at e r s an d hi gh chl o r o p h yll

w at e r s ( R M S E
- 0 ･ 16 1) . H o w e v e r , ムnl y th e d at a in th e s o u th e r n o c e a n a n d th e y ell o w s e a of

l e s s th an 1 ･ 5 m g chl , a m
13
w e r e n o t c o m bi n e d wi th th e o th e r o n e an d w e r e n e e d e d t o d e al wi th

s e p a r a土ely . Filt e ri n g th e d at a u si n g r e m o t e
-

s e n s i n g r e fl e ct an C e r a ti o s w a s e ff e cti v e f o r th e

s e p a r ati o n .

I n t r o d tl Cti o n

M ai n p ri m a ry p r od u c e r i n th e o c e a n is ph yt opla n kt o n A l th o u gh bi o m a s s o f ph yt o pl a n kt o n

i s e x t rp m ely le s s th a n t e r r e st ri al pla nt s , a q u a ti c p ri m a r y p r o d u cti o n b y p hy t o pl a n kt o n al m o st

c o r r 朗p O p d s t o th o s e o f th e l att e r (S chi m el , 1 9 95) I T h e r e f o r e gl ob al a c c t - te e sti m ati o n of

p h yt opl a n kt o n b i o m a s s a n d t h ei r p ri m a ry p r o d u c ti o n i n th e o c e a n is r e q ui r ed t o p r e di c t th e

gl o b al c a rb o n fl u x a nd gl o b al cli m at e ch a n g e s u c h a s t h e g r e e n h o u s e e ff e ct .

O c e a n c ol o r r e m o t e s e n s i n g i s e fFe cti v e p r o c e d u r e t o e s 血 1 at e Chl o r o p h yll a c o n c e n t r ati o n

a s a n in d e x o f p h yt o pl a nl (t o n bi o m a s s wi d ely ' si m u lt a n e o u sly ' r ep e at edly a n d c o n ti n u o u sly ･

H o w e v e r
,
bi o - o ptic al al g o rit lm s t o e sti m al e chl o r o p h yll a c o n c e n tr a ti o n h a v e s o m e p r o bl e m s ･

O n e of th e p r o ble m s i s th at th e m o st o f hi st o ri c al g o ri t lm s c o n si st e d of s m al l n u m b e r o f d at a

丘o m li m it e d ･g e o g r a phic r e g l O n
■
. h d e e d th e s t a n d a rd al g o ri t lm fo r th 占 C o a st al Z o n e C ol o r

S c a n n e r (C Z C S) ( G o rd o n et al l , 19 8 3) w a s d e v el o pe d wi th th e
･bi o -

o p ti c al d al a a r o u n d th e

N o rth Am eri c an C o n ti n e rlt .

O c e a n c ol o r w hi ch is sp e ctr u m o f r adi a n c e o r r e n e ct a n c e d ep e nd o n th e i n h e r e n t o pti c al

p r o p e rti e s (l o p s) s u c h a s ab s o rpti o n a nd s c att e ri n g c o efB ci e n t . T h e r el ati o n s hip b et w e e n

ab s o rpti o n c o ef rl Ci e r lt a n d c hl o r o p h yll a c o n c e n tr ati o n a Jld als o th e s c att e ri n g c o e F I Ci e n t i s

n o t c o n st a n t i n th e w o rld o c e a n ･ Th e r efo r e th e r el ati o n shi p b et w e e n o c e a n c ol o r
.
a n d

chl o r o p h yll is n ot in v a ri able .

Al th o u gh it h a s b e e n s u g g e st ed th at th e p ol a r r e gi o n w at e r an d t u rbi d c a s e 2 ( M o r el an d

P ri e u r
,
19 7 7) w at e r o c c u r th e l a r g e e rr o r i n th e c hl o r o ph yll e sti m ati o n , th e bi o - o pti c al

al g o ritl u l f o r n e w s e n s o r s , S e a W iF S a n d O C T S did n ot b e t ak e n th e s e w at e r s i n t o

c o n sid e r ati o n . h th is st ud y , th e gl ob al alg o ri th m f o r s o m e c a s e s of w at e r s w a s d e v el o p ed ･

一- 4 4 -



M at e ri al s a Jl d M et h o d s

C hl o r o ph y11 a c o n c e n t r ati o ll a n d tJ nd e r w at e r sp e c tr al r adi ati o n w a s c a rri ed o ut i n th e

I n di a n O c e an , P er si a n G u lf , S o llth e r n O c e a n , E a s t C hi n a S e a , J ap a n S e a , P a cific O c e a n ,

O s ak a B ay , a n d Y ell o w S e a (Fig . 1) . T o t al n ll m b e r of d at a u ti li z ed f o r a n aly sis w a s 1 29 .
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Fig . 1 . S am pli n g st ati o n

C hl o r o p hyll a c o n c e n tr ati o n w a s d et e rm i n ed 且u o r o m e tri c aly (P a r s o n s et al .

,
19 $ 4) wi th a

fl u o r o m et e r ( T u rn e r D e sig n s) ･ S p e ct r al d o w n w elli n g i r r adi a n c e , E d(九, z) a nd u p w elli n g

r adi an c e L
q(九, z) w a s m e a s t u ed wi th sp e ctr o r a di o m e t e r s , M E R

- 2 02 0 A , M E R - 2 0 4 0 a rld

P R R - 6 00 ( Bi o sp h e ri c al I n s t ru m e n t s) .

N o rm ali z ed w at e r -l e a vi n g r adi an c e L Ⅶ(九) a n d r e m o t e s e n si n g r eB e ct a n c e R , s(九) w e r e

c al c ul at e d f r o m m e a s u r e d E d(A , z) a n d L ｡(九, z) f o r d e v elo p m e n t of bi o -

o p ti c al al g o ri t h m .

R e s ults a n d D is c u s si o n s

T h e t w o -b a nd s r ati o al g o ri th m of th e C Z C S w a s t e st ed f o r th e d at a s e t i n th i s st tld y t o

k n o w t h e o v e rv i e w o f th e r e h ti o n ship (Fi g . 2) .

B a s ed o n th e di st rib uti o 】ユ in Fi g 1 2
,
fiv e c a s e s w e r e d et e r mi n e d a s f oll o w l n g :

( 1) In di a n O c e an , J ap a n S e a a nd P a cifi c O c e a n ( C le a r e r C a s e 1 w a t e rs)

(2) C l e a r e r C a s e 1 w at e r s ＋ P e r si a n G u lf a nd O s ak a B a y (C a s e 1 w a t e r s)

(3) S o uth e rn O c e a n an d J A R E ( S o uth e rn O c e an )

(4) Y ell o w S e a a n d O s ak a B ay ( C a s e 2 w at e r s)
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(5) A ll o c e a n i c re gi o n .
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Fig . 2 . R el ati o n shi p b et w e e n c hl o r o p h yll a c o n c e n t r a ti o n a n d t w o
-b an d s r ati o (4 4 3 : 5 55)

F o r th e s e 丘v e c a s e s , t o w b an d s (i . a n d 九2) wi th th e hig h e st R
2
v al u e ( T a bl e 1) w e r e f o u n d

w ith l e a st sq u a r e fitti n g t o c o n sid e r th e w a v el e n gt h w hi c h s h o u)d b e u s e d i n th e n e w

alg o ritll m .

T able 1 . T o w b a n d s wi th th e hi gh e st R
2
v al u e

A r e a A . ) 九2 R
2

a b

C l e a r C a s e I

S o uth e m O c e an

C a s e I

C a s e II

A L L

4 4 3 5 1 0 0 . 8 7 7 0 .5 9 2 - 2 3 I 7

4 4 3 5 1 0 0 . 8 7 9 1 . 7 7 0 - 3 .3 5 3

4 4 3 5 5 5 0 .9 1 7 1 . 1 6 4 - I .5 1 7

4 9 0 5 5 5 0 . 7 8 3 1 . 7 2 0 - 2 . 8 3 4

4 4 3
_
5 5 5 0 .7 4 8 1 . 0 5 7 - 1 . 2 9 3

九1 a n d 九2 S m o o th ly s hifte d f r o m 4 43 t o 4 9 0 n m a n d fr o m 5 1 0 t o 5 5 5 n m , r e sp e cti v el y .

T h e r ef o r e , th e s e shi允s sh o uld b e a p pli ed a n d th e n e w bi o
- o p ti c al alg o rith m w a s d e v el o p e d a s

f oll o w l n g :

c s u ,f
-

a X ([ R , s(九.) ＋ R , s(九,)] / [ R , s( 九3) ＋ R , s(九.)])
b
, (1)

w h e r e C
s u r r i s chl o r o p h yll a c o n c e n t r ati o n at th e s e a s u r f a c e , R , s i s r e m o t e s e n s l n g r e 丑e ct an c e ,

九] t o 九4 a r e 44 3 , 4 9 0 , 5 1 0 an d 5 5 5 n m . T his al g o rith m p e rfo r m e d w ell f o r t h e al 1 d at a e x c e pt

th e S o u th e m O c e an a n d Y ell o w S e a d at a , an d it s eq u f[ti o n w a s ,
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c s u , f - l . 2 91 ×
■
〈【R , s(4 4 3) ＋ R 柑(4 9 0)] /【R , s(5 1 0) ＋ R B(5 55)】i

‾ 2 ･ 62 1

R M S E - 0 .1 61
,
R
2

-

o .9 24 (2)

T h e r e s ul t s of th e an al y sis u si n g th e s e m i
-

an al ytic al m eth od (C a rd e r e t al 一 , 1 9 9 9)

s u g g e st ed th at th e i n c o r r e c t e sti m ati o n i n th e S o u th e m O c e a n an d th e Y ello w S e a i n th e

c o n c e n tr a ti o n l e s s th a n 1 .5 m g m
3
w a s a mi b u t e d t o :

(1) L o w s p e cifi c a b s o rpti o n c o effi ci e n t o f p hyt o pla nk t o n an d n o n c o -

v a ri ati o n of ab s o rp ti o n

c o ef rl Ci e n t s o f n o n -

alg al m att e r s wi th c hl o r o p h yll a c o n c e n t r a ti o n in th e S o u th e rn O c e a n

(2) H ig h sp e ci fi c ab s o r ptio n c o efrl Ci e nt s o f p h y t o pl a n k t o n a n d n o n
- al g al m att e r i n th e Y ell o w

S e a .

T h e r ef o r e , v a ri ati o n o f th e b a nd r a ti o R , s( 4 43)/R ,s(5 5 5) in dic ati n g c hl o r o ph yll a

c o n c e n t r ati o n a n d R , s(4 1 2)/R , s(4 4 3) illdi c a ti n g n o n
- al g al m a tt e r wi th th ei r c o n c e n t r a ti o n s

d ep e n d o n th e w at e r s . T hi s v ari a ti o n c a n b e u tili z e d t o s e p a r at e th e w at e r s (Fig . 3) .
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Fig . 3 . S ep a r ati o n of w at e r s u si n g th e b an d s r ati o s R . s(4 4 3)/ R 岱(5 5 5) a nd R , s(4 1 2)/ R , s(4 4 3)

Irl th is st u dy , th e w at e r s w e r e d et e r m i n ed a s R , s(4 4 3)/ R , s(5 5 5) ≦ 2 f or c a s e 2 w at e r s , a n d

R , i(4 4 3)/ R , s(5 55) ≧ 4 a n d R , s(4 1 2)/ R ,s(4 4 3) ≦ 1 .
2 f o r th e S o u th e rn O c e an , r e sp e c ti v ely . Wh e n

th e e a ch s e p a r at e d d at a w a s i n p ut tb th eir l o c al al g o rit lm (Fig . 4) , t h e e sti m ati o n of

chl o r o p hyll a c o n c e n t r a ti o n fo r all d at a w a s l a rg ely i m p r o v ed (R M S E
- 0 ･ 2 3 6 , R

2
- o 1 83 4) ･

-

4 7
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Fi g . 4 . R el ati o n s hip b et w e e n m e a s u r e d a n d m o d el ed chl o r op h yu a c o n c e n tr ati o n .

T hi s p r o c e d u r e w a s efF e c ti v e f o r th e gl ob al e sti m ad o n of c hl o r op h yll a c o n c e nt r ati o n ,

b e c a u s e it n e e d s o nl y r e m otely s e n s ed d ata .

A c kn o w l e d g e m e n ts

W e th an k th e offi c e r s a n d c r e w s of th e T N U m it ak a - m a ru ⅠⅠI a n d S hi n y o
- m a r u

,
T ok y o

U ni v e rsit y of Fish e ri e s , f o r tll ei r c o o pe r ati o n d u ri n g th e c mi s e

R ef e r e n c e s

C a r d e r
,
K L .

,
F . R . C h e n

,
Z . P . Le e

,
S . K . H a w e s

,
a n d D . K am y k o w ski (1 9 99) : S e m i a n alyti c

M o d e r a t e - R e s ol uti o n l m ag l n g S p e ct r o m e te r al g o rith m s f o r chl o r op h yll a an d

ab s o rpti o n wi th b io
-

o p tic al d o m ai n s b a s ed o n nit r at e
-d epl eti o n t e m p e r a t u r e s . J

G e o p hy s , R e s .

,
1 0 4 , 5 4 0 3 -5 4 2 1 .

G o rd o n
,
” . R .

,
D . K . C l a rk

,
I . W . B r o wn

,
0 . B . B r o wn

,
- R . H . E v a n s

,
a n d W . W . B r o e n k o w

(1 98 3) : P h yt o pl a n k t o n pig m e nt c o n c e n t r ati o n s i n th e M id dl e A tl a nti c Bi gh t:

c o m p ari s o n of ship d et e r m i n ati o n s an d C Z C S e sti m at e s ･ A p pl ･ O p t ･ , 2 2 , 2 0
- 36 .
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M o r e
_
i
,
A . a nd L ･ P ri e u r (1 9 7 7) = An al y si s o f v ar i ati o n s i n o c e an c ol o r ･ L i m n ol .

.
O c e a n o g r . ,

2 2
,
7 09 -

72 2 .

P a r s o n s , T ･ R ･

,
M I Thk ah a shi

,
an d B I H a rg r a v e (1 9 8 4) : Bi ol o gi c al o c e an o g r a phic p r o c e s s e s .

P e rg am o n P r e? s , 3 3 0 p p ･

S hi m el
,
D ･ S ･ (1 9 95) : T e r re s tri al e c o sy st e m s an d th e c a rb o n c y cl e . G l ob al C h a n g e B i ol . , 1 ,

77 -9 1 .
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