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A s elゴe s o f o c e a n c ol o r s e n s o r s
,
O C T S o n A D E O S a n d S e a W iF S o n O rb V i e w -2 , p r o vi d e d

i m a g e s of chl o r o p hyll
- a di std b uti o ll d o n g 也e S um d a l sla n d s . A li mi t ed n Ⅷ 1b e r of s e a s u rf a c e

wi l ld ob s e rv ati o n b y N S C A T o n A D E O S sh o w ed th e in 1P O rta J It C O l 血b utio n of th e s e a s u ll a c e wi nd

t o th e distri b utio n o f c hl o r o ph yll - a ･ Tll e S e a St d a c e to p og r ap h y o b s e r v ati o n b y S A R o n J ･ E R S - 1

al s o s up p o rte d th e s u rfa c e 凸o w 丘o m th e L o m b o k st r ai t a n d c o 血 b uti o n o f fl o w s t o th e

p hs,to pla 血 o n dishib u ti o n ･ F r o m s a;t ellite ob s e rv ati o n , it .is c o n B r m ed th at th e ir r e gtil a r w b d ,

w hi ch is di 飴rerlt 鮎 m th e m aj o r m o ns o o n w i n d , d et e m 血 e s th e dis 廿ib uti o n o f p h yt o pla Jk to n .

T h e s o tl th e a st wi n d in F e b m a ry 1 99 7 r eg An t ed th e r u n o F 丘o 皿 th e L o m b o k St rai t . Th e

p h yt o plah kt o n bl o o m w a s st a rt e d w h e n th e s o ､ 血 e a st w 払d h as st o pp ed ･ F r o m in - sit u o b s e r v ati o n

in M a r ch 1 99 8
,
th e sp atial dis 廿ib utio n of th e p hyt o pla n kt o n bl o o n l W a s m a d e cle a r , T h e s u rfa c e

l 野 e r u P t O 3 0 m wi th
_
a l o w e r d e .ISity a r o un d 2 1 ･5 k g m

13
a n d sli gh tly hi gh er nib 7(t e a r o un d O 15 u M

L
-I
m ai nt ai n s th e p hyt o p h ikt o n bl o o m al o n g th e c o a st .

1 . I n 廿od u cti o n

Th e I n d o n e si a n A - gh fl o w r un s 丘o m th e P a cifi c t o th e I n di a n O c e a n 払r o u gh 9 d o n e si an
I sl a nd s ･ T h e N o rth E q u at o ri al C t - ti n th e P a cifl C i s th e 甲aj o r s o ur c e of th e I n dムn e si an th r o u gh
fl o w

･
w hi ch e n te r s th e I n d o n e si a n s e a 血 o u gh th e M i n d an a o str ai t , p a s 血 g th e C el e b e s S e a , J a w a

S e a , th e B a n d a S e a , th e A r a fu r a
JS e a

,
th e Ti m o r S e a an d r un s i nt o th e h di a n O c e a n . Al s o th e S o u th

E q u a;t o ri al C u r r e rlt irl th e P a ci丘c is an o th e r s o u r c e of th e lm d o n e si a n th r o u gh fl o w , w hi ch is ru r Lr u lg
i nt o th e S al a m S e a a n d th e M al u k a S e a ･ Fig u r e 1 sh o w s th e m aj o r r o u t e o f th e h d o n e岳i an 也r o u gh
fl o w a n d r e ht ed fl o w s o n th e J a v a S e a i n cl u d in g th e mi n o r fl o w s th r o u gh st mi t s . Al th o u gh th e
m aj o r p ar t of th e q d o n e si an d m gh B o w r un s id o th e I n di a n O c e 打1 th r o u gh th e Ti m o r S e a , 也e
s m all p o rti o n of th e l nd o n e si a n th r o u gh fl o w ru n si rlt O th e h di an O c e 益tl m u gh th e L o r n b ok str ai t

a n d o 血e r m 血)r str ai ts ･ T h e i nt e n siti e s o f th e s e fl o w s o r c u r r e n ts a r e d ep e nd e n t o n 也e s o tlth e a st o r

w e ste m m o n s o o n ･ D u ri n g th e s o uth e a st m o n s o o n , fr o m M ay t o S epte m b e r, th e I n d o n e si a n th r o u gh
fl o w 丘o m th e Ti m o r S e a a n d th e S o uth E q u at o ri al C u r r e n t r 皿 al o n g th e S u n d a l sl a n d s t o w a rd th e

W e st ･ O n th e c o nt r a ry , th e n o r th w es t m o n s o o n 丑o m O ct ob e r t o A p ril , th e S o u th E q u a;t ori al

C u r r e n t ru n s s o u th e rn o ff o fth e S un d a I sl a nd s
,
w hil e th e e a st w a rd c o a st al c t w e nt

,
c all e d t he J a v a

c o a st al c u r r e n t
,
r un s al o n g th e S un d a I sla nd s ･ M a n y s ci e n tist s dis c u s s ed th e s e c h an g e s wi th

ob s e rv a ti o n a nd n n m eri cal m od els ･ [ G o rd o n e t a l . , 1 99 4 , G o rd o n , 1 995 , F i e u x el al . 1 9 94] .

W e s ele cted th e s o u 也e rn off of th e L o m b ok str ait f o r th e r e s e a r ch r eg lO n , W h e l
･

e 也e n m ofr

fr o m th e L o m b ok St rai t m a y h a v e a c o ntri b u ti o n t o th e dist rib uti o n o f p hyt opla likt o n wi th rel at ed t o

th e s e a s o n al v a ri ati o n o f c u r re nts in th e h dia ll O c e an . W e r e p e ated th e e x p e diti o n s a s a J O in t

r e s e ∬ c h b et w e e n J a p a n an d Ind o n e si a i n tlli s r e g l O n tO St u d y th e m e c h a mi sl n Of th e p n m a ry
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p r od u cti o n r e h i ed t o th e h d o n e si an th r o u gh fl o w u si ng r e s e a r ch v e s s el s of th e h d o n e si a n

g o v e rr n e nt . h 也e s e e xp e diti o n s , w e b ad s e rie s of qb s e rv ati o n b y th e s a t ellit e b o m c ol o r s e n s o r s

an d o th e r s e n s o r s
?
al th o u申it w a s d ifn c ult t o sy n c h r o ni z e b et w e e n th 9 i n

-

sit u m e a s u 托 m e nt a n d t h e

s a;t ellit e ob s e r v ati o n .

2 . R e Ⅱ1 0 t e S e n s o r s

2 - 1 . O c e an C ol o r T h e r m al S c a n n e r

l n A u g u st of 1 9 96 , th e N ati o n al Sp a c e D e v elo p m e nt A g e n c y o f J ap an ( N A S D A) 1 a 皿 Ch e d th e

A D E O S . U n f o rt un at ely , A D E O S st o p p e d its mi s si o n i n J un e of 1 99 7 b e c a u s e ofth e t r o u ble o n th e

s ol a r p a n el ･ D u 血 g its mi s si9 n lif e , O C T S h ad pr o vid ed lm ag e s of chl o r op h yll
- a a n d s e a s u r fa c e

t e m p e r a t ∬ e disb ib u tio n o v e r th e gl ob e . T h e O C T S c o v e r s 14 00 k m in th e s w ad l r a n g e 丘o m th e

al tit u d e o f 8 0 0 k m . T h e s w a 血 r an g e v a ri e s wi th th e ti lti n g fu n cd o n o fth e s c an n l n g m 血 o r , w hi ch

i s d e sig n ed t o a v oid a s ol a r gl itt er 丘o m th e s u 血 c e . T h e O C T S h a s a s p ati al r e s ol utio n o f 7 0 0 m at

a n a di r ･ Fig u r e 2
-

a Sh o w s a chlo r o ph y11
･

a di st ri b u ti o n ob s e r v ed a n d Fi 即 r e 2
-b sh o w s

_
a s e a s u rf a c e

t e m p e ra:tt m disbi b u ti o n ob s e rv e d by O C T S . T もe s ei m ag e s sh o w a b egi rm in g of th e c hl o r o p h yll
-

a

bl o o m o ff th e L o m b ok st r ait .

2 1 2 . S e a W id e Field of Vi e w S e n s o r

S h o rtly 血 r th e A D E O S mi s si o n , th e N A S A an d th e O rb 血1ag e C O OP e r ati o n l a um c h ed th e

O rb V ie w - 2 p ol a r o rbit in g s at elBt e wi th th e S e a W iF S . T h e S e a W iF S p r o vid e s i m a g e s of

c hlo r op h yll
-

a distri b u ti o n a s m u ch a s th e O C T S . T h e S e a W iF S c o v e r s 2 0 00 kn in s w a 血丘o m th e

al tit u d e of 8 0 0 k m . T h e S e a W iF S h a s a sp atial r e s ol utio n of l .
4 血1 at a n a dir

,
al th o u gh it v a ri e s

wi th a tilti n g a Jlgle ･ Fig u r e 3 - a sh o w s a cb lo r op h yll ･ a dist ri b uti o n o b s e rv e d b y S e a W iF S an d

Fig u r e 3
-b sh o w s a s e a s t d a c e t e m p e r at u r e di stri b u ti o n ob s e r v e d b y A V H R 札 T h e s e lm a g e s sh o w

a pl u m e of chl o r op hyll
- a 丘o m th e L o m b o k s 廿ait .

3 1 M e ch a nl s n of cbl o r op h yll bl o o m

lt w as p o s sibl e t o cl a s sify th e w at e r l a y e r s i n t o f o u rl a y e r s in th e o ff sh o r e w at e r a n d th r e e l 町e r S

irl th e c o a st al w at e rj u d gi n g 丘o m th e v e rti c al distri b u ti o n of c hl o r o ph yll - a . Fig u re 4 - a sh o w s a

v e rti c al c r o s s s e c ti o n of chlo r op hyll
- a al o n g 1 16 d e g r e e

- E a st b et w e e n 9 d e gr e e - S o u th t o 12

d eg r e e
･ S o tl th ･ Fig w e 4

1b i s a v e rti c al c r o s s s e ctio n o f nitr at e ( N O 3) . Fi g ur e 4 1

C is a v e rtic al c r o s s

s e c ti o n of D e n sity ･ Fig t m 4
- d i s a v e r ti c al c r o s s s e cti o n of c u m rlt V e ct o r s Ob s e rv e d b y A D C P .

T h e o f3sh o r e w a te r is cl a s siB ed int o f o u r diff e r e n t W at e r la y e r s . T h e t op lay e r is th e sl lrf a c e

mi x ed h y e r wi th sh o wi n g a l o w e r d e n sib , a n d wi th a d e pl et e d nitr a[t e . I n th is t op l ay e r , th e

chlo r op h yll
- a c o n c e rlt r a ti o n i s a ∫o u n d 0 .1 m g m

- 3
,
w hi ch is l o w e r th a n th e s u rf a c e w ate r n e a r th e

Isla n d s . Ⅵ1e nitr ate i s s u p plie d b y th e ru n o ff 丑o m th e L o m b ok s 廿ait , b l lt th e nitr at e c 皿 n Ot b e

s u pplied t o t h e offsh o r e th r o u gh th e s u rf a c e h y e r , w h e r e th e nitr at e i s c o n s um ed b y th e

ph yt opla nkt o n i m m edi ately . T h e s e c o n d h y e r is th e p y c n o cli n e wi th a d eplet e d nl b d e . T h e

py c n o clin e i s th e st abl e w at e r l ay e r l m d e r th e mi x e d h y e r a n d o v e r t h e nl t r a cli n e wi th p r e v e n ti n g a

p e n et r ati o n o r a mi Ⅹ1n g Of w ate r s b et w e e n b oth sid e s . lm thi s s e c o n d lay e r , th e chl o r oph yll
- a

c o n c e rlt r a ti o n i s v e ry lo w , 1 e s s th an 0 ･1 1T lg m
-3
, b e c a u s e of l o w nl t r ate ･ T h e th i rd h y e r i s th e

nitr a cli n e
,
w h e re th e l出gh e r d e n si ty w at e r a n d th 与Cld o r o ph y11 m a xi m um a re ob s e rv ed . T h e
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cld o r op h yl h n a xi m u 皿 Sh o w s th e cld o r o ph yll - a c o n c e n tr ati o n a r o u nd O 1 4 m g m
-

3
, Ⅵ血ich is l o w e r

c o n c e n tr ati o rL th a n
'
th e cl 血ro ph y11 m 血 m n e a r th e c o a s t . T h e f o 地 h y er is th e li gh d e ns it y a nd

th e hi gh mi tr at e w at e r m a s s un d e r th e chlo r o p hyll m a xi m u m . Til e S e C O rld a n d d e e p e rl ay e r s sh o w ed

th e st able B o w s .

T h e c o a st al w at e r i s cl a s siB e d in b th r e e differ e n t w at e r l ay er s ･ T h e t o p la ye ri s th e st n fa c e

mi Ⅹ ed h y e r wi th th e lo w el
･

d e n si申a n d wi th th e slig htly hi gh e r c o n c e nt r ati o n of th e nit r at e . h th i s

t op lay e r , th e cld o r o ph yll
-

a c o n c e rlt r ati o n i s a r o l n d O ･2 m g m
･3

･ T hi s t o p la y e r is s up p o s e d t o b e

th e w at e r m a s s & o m strai ts al o n g th e s u nd a I sla n d s . T h e s e c o n d l ay e r is tlle St able w at e r m a s s wi th

th e p y c n o cl in e a n d th e mi t r a clin e ･ I n th is s e c o nd lay e r , th e chlo r op h yll m a xi m u m is o b s e rv ed wi th

th e cld o r op h yll
- a c o n c e n tr ati o nLa r o u nd 1 .0 m g m

- 3
. T h e thi rd la y e r is th e hi gh d e n sib , a n d th e ld gh

nib
.

ate w at e r m a s s un d e r th e c hlo r oph yll m a xi n um ･ T h e s e c o n d a n d d e e pe r la y e r i s th e w e s t w a rd

h d o n e si an 也m u gh fl o w al o n g 也e lsl a n d s , b e c a u s e of th e st e ady w e st w a rd c t m e lTt . 1 湖s al s o

s u g g e sts th at th e st ru c tL m S O f th e w at e r m a s s in th e s e c o n d a n d d e e p e r l ay e r a r e th at o f th e

I n d o n e sia n 也m u gh 皿o w al o n g 也e S u n d a I sl a n d s .

h th is s e cti o n
,
w e cl a s si 鮎d th e w at e r m a s s e s irrt o th e o ff sh o r e a nd 也e c o a st al ty p e . F r o m

th is cl a s si五c a;ti o n , itis p o ssibl e t o a dd r e s s th at th e s u rf a c e mi Ⅹed h y e r i5 0b s e r v ed in al l s e cti o n s .

T h e s u rfa c e mi x e d le[y e r n e a r th e c o a st i s sli gh tly d e ep e r th a n th at of d l e O 庶血or e . T h e ob s e r v a ti o n
･d e p th o f th e s at ellit e o c 飽 n C Ol o r s e n s o r i s in th e o rd e r o f th e h v e rs e of K , th e att e n u atio n c o ef rl Ci e nt

of th e w a:t er . E x c ep t th e c o a st al t u rbid w 出e rs , th e o b s e r v ati o n d ep 也 of th e w al e r in 也由a g e a is

c o r r e sp o n di n g t o th e s u rf a c e
- mi Ⅹ m g l ay e r ･ T his m e a n s th at th e c hl o r op hyll

-

a distd b utio n ob s e rv ed

b y th e o c e a n c olo r s e n s o r o nl y e xpl ai n s th e w at e r c h a r a ct e ri sti c s o nly in th e s u rfa c e - mi Ⅹl ng l ay e r ･

T h e chlo r o ph yll
- a bl o o mi n g i n th is r egi o n , e sp e ci ally ob s e r v e d by th e sat ellit e s e n s o r ,i s th e

p h e n o m e n o n in th e s u =f a c e
- mi x in g h y e r , w hich i s i n fl u e n c ed b y th e 且o w s 丘o m th e s tr ait s al o n g th e

S un d a l sl an d s
,
th e tid al c u r r e n ts , an d al e S e a S u rfa c e w in d s . n e m aj o r w e st w a rd 岳tr e a m o f th e

h d o n e si an th r o u gh fl o w al o n g 申e S un d a I sl a n d s did n ot m ak e a si g ni丘ca nt c o mi b uti o n t o th e
s u r f a c e - mi x i n g l ay e r wi th r un n l n g un d e r th e s u rfa c e - mi x ln g lay e r .

4 . C o n cl us i o n

l n th e p r e vi o u s st u di e s , ねe r e w e r e t w o hy p o th e s e s o n th e bl o o m of ph yt opla n kt o n in th e

I n di 印1 O c e a n o n t w o diffe r e 31t S e a S O n S ･ N o n tlji[1 9 77] p r op o s ed th e llyP O th e si s 血a:t th e n u tri e rlt
ri ch w at e r o r lg m at e d 丘o m th e w e st w ar d S E C d 血 g th e s o u th e a s t m o n s o o n P r od u c e d th e blo o m .

S eti ap e r m a n a [19 92] p r op o s ed th e hy p o th e sis th at th e div e rg e n c e b et w e e n th e e a st w a rd J a v a c o a st al
c u r r e n t a n d th e w e st w a rd S E C d l lri n g th e n o rt h w e st m o n s o o n P r O d u c ed 也e bl o o m , T h e s e t w o

h y p o th e s e s e x plai n th e bl o o m s fo r t w o s e a s o n s , th e s o u th e a st m o 丑S O9 rl a nd th e n o 地 w e st m o n s o o n ･

h th is st ud y ･ th e c o n tirl u O u S Ob s e r v a;ti o n b y s e[t ellit e , e sp e ci ally u si n g th e o c e a n c ol o r s e n s o r s ,
r e v eal ed th e m e ch an i s m of p 血 ary p r o d u c ti o n al o ng t h e S u n d a l sl an d s . T h o s e d at a d e s c ri b ed t h t

th e rt n off 血 m h e s b d t s al o ng th e S un d a Isl a n d s a r e c o 血 o u sly r um 111 rLg lrlt O th e h dia n O c e a n

e x c ept th e p eri o d w hil e th e st r o n g s o u th e a st wi n d s u p p r e s s th e 血o w i nt o th e h di a n.O c e a n .

T h e O C T S p r o vi d ed th e d at a s et t o t lnd e r st an d 也e m e c h a ni s m of th e pri m a ry p r od u cti o n ･

T h e N S C A T s up p o rt ed th e un d e rsta n d in g of th e c u r r e z7t 鮎Id wi th th e wi nd d at a . Alth o u gh th e

s atellit e ob s e r v ati o n i n M a r ch 1 99 7 w a s i n th e w e st e m m o n s o o n p e ri od , 也e･str o n g s o u th e a st wi lld

p r e v e n t e d th e n o w s 丘o m th e L o m b ok str ait t o th e h dia n O c e a n ･ It is s ug g e ste d th e[t th e s o u th e a st
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wi nd o n th e b o th sid e ofth e S u nd a Isl an d s r e g An t ed th e 且o w s , e sp e cial ly th e s o u th e a st wi p d al o n g

th e n o rd l e r n Sid e of th e S un d a lsla n d s r e g ul at ed th e o u tg oi n g fl o w in t o 也e ln di an O c e an .

F o11 o Ⅷ g t o th e s o u th e a st w 血d p eri od , th e w e st wi n d w a s d o mi n an t a s in th e w e st e m m o ll S O O n

p eri od . D uri rlg this w e st wi n d pe ri o d , th e fl o w s & o m th e L o m b o k st r ait w e r e c o n tin u o u sly

ob s e rv e d .

T h e sy n ch r o ni z ed ob s e rv a:ti o n s b et w e e n th e s a土ellite s a n d th e re s e a r c h v e s s el w e r e r e al i z ed i n

M a r c h o f 1 99 8 . I n th i s p eli o d , th e fl o w 丘o 皿 th e L o m b o k s 廿由t w a s C O n ti r=u o u sly ob s e r v ed .
T h e

w a主er s a m pl in g 丑o m th e w at e r c ol u rr n r e v e aled th e s b n ctL m Of th e w at e r m a s s al o n g th e S u n d a

l sl a n d s . T L e w a t e r h y e rs a re cl a s si丘e d i n t o f o t u l ay e r s in th e off s h o r e w at e r a n d i nt o th r e e l a y e r s i ll

th e c o a st al w at e r .

lm th e off sh o r e
,
th e t o p l ay e ris a s u rf a c e mi x ed l ay e r wi th a l o w d e n sity an d a l o w nl t r a te

c o n c e nt r ati o n
,
w h er e a chl o r o p h yll

- a c o n c e rltr ati o n w a s l e s s th an 0 ･1 m g m
･3

･ T h e s e c o nd h y e r i s a

p y c n o cli n e wi th a l o w chlo r o ph yll
-

a c o n c e rltr ati o n an d a l o w nitr at e c o n c e n tr ati o n . T h e tl B d la y e r

is a nit r a cl in e wi th hi gh e r d e n sit y w at e r an d a c hl o r o ph yll
- a m a x i m um a m un d 0 ,4 m g m

-3
. T h e

f o u r h l a:y e r i s hi gh d e n sity a n d nitr ate ri c h w ate r un d e r a c hlo r o ph yll
-

a m a xi m um .

Al o n g th e c o a st , 也e t o p h y e ris a s u rfa c e mi x ed h y e r wi 也ふlo w d e n sity an d a sligh tly hi gh er

ni r at e
,
w h e r e a c hl o r o ph yll

- a c o n c e rlt r ati o n w a s a r o ､ m d O ･2 m g m
13

･ T hi s t o p l aye r is w ate r m a s s

丘o m th e Le m b ok st mi t an d ob s er v e d b y s a:t ellit e s e n s o r s . T h e s e c o n d l ay e r i s a st able w at e r m a s s

w ith a py c n o clin e a n d nitr a clin e , w h e r e a chl o r op hyll
- a m a xi m um w a s o b s e r v ed in th e o r d e r of 1 .0

m g m
' 3

. T h e th i rd h y e r is hi gh d e n sity an d nit r at e ri ch w ate r u n d e r a chl o r o p h yll - a m a x i m u m .

T h e s u rf a c e mi Ⅹe d l a y e r in th e o u sh o r e an d th e c o a st al al e a Sh o w e d a diff e r eTIt mi tr Et e

c o n c e nt r ad o n . T h e n it r a:t e i s s u p pli e d b y th e ru n o ff 丘o m th e L o m b ok st r ai t , b u t th e n it r at e c all n Ot

b e s up pli ed t o th e o 蝕b or e th r o u gh th e s u rfa c e l a ･y e r , a s th e nit r at e is c o n s um e d by th e.p h yt o pl a n kt o n

i mm e dia壬ely .

T his m e ch an is m is al s o ob s e r v ed b y th e S A R i m a g e a s th e dis 也b uti o n of 也e s u rf a c e

r o u gh n e s s . T h e s u rfa c e r o u gh n e s s i n di c at ed th e r un o ff of th e c o a st al w at e r 舟o m th e L o m b ok st rai t

a n d th e w at e r m a s s s c a tt e r e d t o 仕1e O fFs h o r e .

F o r th e s e distri b uti o n o f th e w at e r m a s s a n d th e di st ri b u ti o n of chl o r o p h yll
-

a bl o o m in th e

s u rfa c e
,
血 s st u dy m a d e cl e a r th e i nfl u e n c e of th e s o u th e a st wi n d t o r e g ul at e th e fl o w o f th e w at e r

丘o m th e St r ai t s
.
al o n g th e S u nd a l sl a nd s a n d th e l e s s i n fl u e n c e o f th e w e st wi n d . T h e s o u th e a s t

wi n d al o ng 也e S un d a lsl a n d wi ll reg ulat e 也e w a;t e r m a s s in th e b oth sid e of th e S u n d a l sla n d , th e

J a v a S e a a n d 也e hldia n O c e a n , wi th r e d u c in g 也e o utg o in g 丑o w s h t o th e h di a n O c e an . O n th e

c o n t r ar y , th 占w e st wi n d al o n g th e S l m d a Isla n d m ay p u sh th e w at e r m a s s in th e J a v a S e a in t o th e

h di an O c e a n th r o u gh th e st raits al o n g 也e S Ⅶ1d a Isla nd s .
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