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A b s t r a c t

l n th is p a p e r , w e w ill d e s c ri b e p la n s t o c o o r d in at e th e i niti al d e v el o p Ⅱ1 e n t O f l o n g -t e rm O C e a n

bi olo g y ti m e s e rie s d e 血v ed fr o m gl ob al o c e an c ol o r ob s e rv ati o n s a cq t]ir e d b y th e U nit ed S t at e s ,
J ap a n a n d E u r op e . S p e cifi c al ly , w e h a v e b e e n c o m mi s si o n ed b y th e h t e m ati o n al O c e a n C ol o r

C o o r di n a ti n g G r o tlP O O C C G) t o c o o rdi n at e th e d e v el o p m e n t of m e r g e d p r o d u ct s d e ri v e d f r o m
th e O C T S , S e a W i F S , M O D IS , M E R IS a n d G L I i m a g e r s . E a ch o f th e s e mi s si o n s w ill h a v e
b e e n l a u n ch e d b y th e y e ar 2 0 0 2 an d wi 11 h a v e p r o d u c e d gl ob al o c e a n c ol o r d at a p r o d t) c t s . O u r

g o al is t o d e v el o p a nd d o c tl m e nt th e p r o c ed u r e s t o b e u s e d b y e a c h s p a c e ag e n c y (N A S A ,
N 阜S D A , an d E S A) t o m e rg e 血1 or op h yll , p ri m a r y pr o d tl Cti vi t y , an d o th e r p r o d u c ts f r o m th e s e
m l S Si o n s ･ T hi s c o o rd in atio n i s r e q ui r ed t o i niti at e th e p r o d u c d o n o f l o n g

-t e n o c e a n bi olo g y
血n e s e ri e s w hi ch wi ll b e c o mi z ltl ed o p e r a d o n al 1y b e y o n d 20 0 2 ･ T h e p u rp o s e df th e d m e s e ri e s
i s t o m o mi t o r in te c a n m al t o d e c a d al -

s c al e v a ri a b nity i n o c e 血i c p ri m a ry p r o d tl C ti v ity a n d t o
s t ud y th e e ff e ct s of e n vi r o n m e n t al c h an g e o n tip p e r O C e m bio g e o ch e mi c al p r o c e s s e s .
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A m d ti - d e c a d al ti m e s e d e s of gl ob al o c e a n b iolo gi c al an d bi o g e o ch e mi c al m e a s tl r e m e n tS i s
n e e d ed t o p r o vi d e a n ob s e r v a ti o n al b a si s f o r u n d e r st a n din g an d p r e di cti n g th e eff e ct s of
e n vir o n m e n t al c h a n g e o n m ari n e e c9 Sy St e m S ･ n e S e Ob s e r v ati o n s w ill b e r el e v a n t t o b o th
r e gi o n al i s s

.

u e s
,
s u c h a s l a n d -

o c e a n I n t e r a c ti o n s a n d p olh lti o n , fi s h e ri e s , an d h a r m fu l alg al
bl o o m s

,
a s w ell a s b r o ad e r gl ob al is s u e s , s ll C h a s t h e gl ob al c a r b o n cy cl e an d w ll e th e r m a ri n e

p r l m a ry P r od u ctiv it y is c h a n gi7 1g l n r e sp o n s e t O Cli m at e f o r ci n g ･ T h e r e a r e･ m an y p r a cti c al
b e n efits t o b e d e ri v e d f r o m s t) ch a ti m e s e ri e s

, p a rtic ul a rly if c o m bi n e d w i th ti n e s e ri e s of

p h y sic al o b s e r v ati o n s ( o c e a n w 血d s , t e m p e r a tt w e , s e a s tl rfa c e h ei gh t) ,

A m aj o r p u rp o s e of s u ch ob s e r v ati o n s i sf o P r O Vid e in pt lt fo r glob al a n d r e gi o n al e c o s y st e m an d
b i o g e o c h e mi c al m od els . T h e c o 皿 m un 1ty O f p ot e n ti a h lS e r S O f s lユCh d at a d o 血ot w a n t t o b e
c o n c e m ed wi th th e idi o s y n c r a ci e s o f d at a s et s g e n e r at ed b y a p a rti c ul a r sp a c e a g e n c y ･ T h e y
w o t11d p r e f e r tb h a v e a si n gl e , s e lf

-

c o n si st e n t d m e s e ri e s e n d o rs ed b y al 1 th e ag e n ci e s . T h e r e i s
m e rit in m e rgi ng d at a fr o m m d tipl e mi s si o n t o i m p r o v e th e sp a c e - 血ュe C O V e r ag e Of th e gl o b al
d at a p r od u cts ･ Thi s a d v a n t ag e a c c m e s q ui c kl y o v e r sh o rt ti m e s c al e s (fig , 1) , b ut l o n g e r

-t e n

p r o d u c t s ( e ･ g ･ , w e ekly o r m o n th l y m e an s) d e ri v ed f r o m m e r g ed s h o r トt e l 皿 P r Od u c t s w o u ld
al s o b e i m p r o v ed (IO C C G R ep o rt 2) .

-
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O c e a n c ol o r ob s e r v ad o n s d eri v e d fr o m s at e nit e mi s si o rl S i n th e 19 9 6 -2 0 0 2 p e ri o d a r e l a rg el y
e x p e ri m e n t al i n n a t u r e ･ T h e r e a r e d iffe r e n c e s i n at m o sp h e ri c c o r r e c ti o n an d bi o

-

o pti c al
al g o d th m s b o th wi thi n a n d b et w e e n a g e n ci e s ･ D u ri n g th is ti m e pe ri o d; w e b e h e v e th at e a ch
sp a c e a g e n c y w ill w a n t t o p r o d u c e a s uit e of m e r g ed p r o d u c t s c o m p itibl e w i th it s o w n

p r o d u c ts ･ S ci e n tists c an th e n c o m p a r e di ff e r e n t p r od u ct s c r e at ed w ith th e s a m e d at a 占et s . n e ze
wi n li k ely b e v al u able i n f o r m ati o n t o b e d e ri v e d f r o m sy st e m a ti c dif6 eI 血 c e s b et w e e n p r od u cts ,

O u r p r op o s e d ap p r o a c h w ill b e t o m e rg e l e v el
- 3 d at a . N A S A an d N A S D A u s e d iffe r e n t

c hl o r op h y11 al g o 占t h m s a n d al s o diffe r e n t l e v el -3 bi mi n g (a v e r a gi n g) alg o ri th m s . T h e s e r e s ult
i n sy st e m a ti c diff e r e n c e s b et w e e n l e v el 13 p r o d u c ts p r o d u c ed b y N A S A a n d N A S D A (fig s . 2

an d 3) ･ E S A c u r r e n tly h a s n o pla n s t o p r o d u c e l e v el - 3 p r o d u ct s , a n d o nly li mi t e d pl a n s f o r th e

p r o d u c ti o n of le v el
- 2 p r o d u c ts I T h ey r ely o n th e tlS e r C O m m t mi ty t o d e v el op an d v alid ate

alg o ri th m s , b u t a r e wi lli n g t o g e n e r a te l e v el
- 2 a n d l e v el - 3 p r o d tLC t S O n C e th e al g ori t h r n s a re

d e v el o p ed an d t e st e d .

lm p o rt a n c e of int e m ati o n al c o o rdi n ati o n i s cl e a r ･ n u s , w e p r o p o s e t o w o rk t o g eth e r t o
d e v el o p an d d o c u m

'

e n t th e p r o c ed u r
-
e s t o b e u s e d b y e a c h sp a c e a g e n c y t o m e rg e d at a p r o d u c t s

fr o m i n t e r n a ti o n al m i s si o n s ･ Le v el 1 3 b in n e d d at a p r o d t lC t S W ill b e p r o d u c e d wi th th e
ap p r o p d at e s a v e d in fo rm ad o n t o al 1 o w e a ch a g e n cy t o adj t) st 血e d at a ft) m is h e d b y th e oth e r t w o
ag e n 申e s t o b e c o m p atibl e w i th it s o w n al g o d th m s a Jld p r od tl Ct S .

G o a l s

O u r l o n g -t e rm g o al is t o p r od tlC e a ti. n e s e ri e s of glo b al
- s c al e o c e a ni c c hl o r o p h yll c o n c e n tr ad o n

a n d p ri m ar y p r o d tl C tivi ty , b e gi n n l n g wi th d at a fr o m th e A D E O S m is si o n i n 19 9 6 a n d
c o 11 血 uin g h d e fi nitely i n t o th e fu ttl r e , b y m e rgin g gl ob al o c e a n - c ol o r s a:t ellit e ob s e r v a ti o n s .

O u r sh o rt -t e r m g o al is t o c o o rdin at e th e imi ti al p r od u cti o n of th e s e ti m e s e d e s b y sp a c e ag e n ci e s
in th e U ･S ･ ･ J ap a n an d E u r op e ･ S p e cific al ly , w e a r e p r o p o s i n g t O

､d e v el o p a n d d o c u m e n t

p r o c e d u r e s t o b e u s e d o pe r a ti o n al 1y by N A S A , N A S D A , an d E S A t o c r e a t e c hl o r op h yll '
p n n a ry p r od u cti v lt y , an d p o s串bly o th e r p r od u c ts b y m e rgin g d at a fr o m th e O C T S , P O LI) E R ,
S e a W iF S , M O D I S , M 7; R IS a n d G u s e n s o r s . I

S t m t e g y

n e th r e c p ri n cip al i n v e stig at o rs w in s e r v e a s t e a m l e ad e r s w ith in th ei r r e sp e c d v e c o m m t mi d e s ,
e a c h id e n tify in g a t e am th at wi ll w o rk t o w a rd d e v el o pin g th e ti m e s e ri e s of m e rg ed p r o d u c ts .

T h e th r e e t e a m l e ad e r s wi ll b e r e s p o n sib le f o r c o o rd in a d n g th e w o rk w i th i n a n d b et w e e n te am s .

I n th e l o n g
-t e rm , o u r st r at e g y is t o d e v el o p c o n s e n s u s al g o rit h m s , a s w ell a s c o n si st e n t

c al ib r atio n an d v al id ati o n m e th o d s ･ h th e s h o rt te r m w e wi ll s h a r e d at a t o h elp tl nd e r st an d
d iffe r e n c e s a nd t o b e gi n c r e a ti n g

■
m e rg ed p r o 血cts . T w o t yp e s o f d at a w ill b e sh a r ed . T h e r e

wi ll b e a di ag n o s ti c d at a s e t g e n e r a ted f o r s el e c t ed site s c o n t ai mi nB al 1 th e i nf o r m ati o n n e ed e d t o

p r o c e s s d at a 丘o m le v el 0 t o le v el 2 (T able 1) . Th e s e =d at a wi 11 b e g e n e r at e d d u ri n g th e r o tlti n e
p r o c e s s i n g Of d at a b y e a ch sp a c e ag e n cy .

h ad diti o n
,
l e v el 3 d at a wi ll b e sh a r e d . O u r ap p r o a ch w ill b e t o m e rg e l et e1 3 (sp a c e an d ti m e

bi n n e d) d at a . E a ch t e a n wi ll de v el o p
.

a m e th od ol og y ( m e rgi n g al g o ri th m ) f o r th e u s e of le v el - 3

d at a fr o m th e d iff er e n t s at elh t e mi s s l O n S ･ It i s a s s u m e d th at e a ch s p a c e a g e n cy w ill w a n t t d

p r o d tl C e a S e t Of m e rg ed p r o d l] C tS th at a r e c o n sist e n t wi th it s o w n p r o d u c t s . As a m i ni m u m ,
th e r? w ill b e ti m e s e ri e s of gl ob al c hl o r op h yll b e gi 71 n l n g wi th O C T S a n d F O L D E R d at a , a n d
c o n t l n u l n g W ith S e a W iF S , M O D

I
IS

,
M E R IS

,
an d G L I .
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T h e r e a r e diff e r e n t chl o r op h yll al g o ri th m s b e in g tlS e d a n d th u s s y st e m ati c diffe r e n c e s b et w e e n

p r o d u c ts (s e e c o m p ar i s o n of O C T S an d S e a W iF S , fig ･ 2) ･ Al s o , t h e r e a r e d iff e r e n t l e v el
-3

bi n ni n g al g o ri t h m s b ein g tl S ed (fig . 3) .
F o r e x a r n ple , N A S D A a v e r a g e s th e l og ar ith m of

c hl o r o p h yll f o r l e v el
-3 0 C T S d at a , w h e r e a s N A S A

'

s S e a W iF S P r oj e c t a v e r a g e s c hl o r op h yll ･

D iff e r e n c e s b et w e e n th e s e m e th od s w e r e an al y z ed b y C a m pb ell et al . (1 99 5) u si n g C Z C S d at a ･

T h e y d e m o n s tr at e d th at th e a v e r ag e b a s e d o n t r a n sf o rm 1 n g t h e a v e r a g e l o g a rit h m is

sy st e m ati c a n y l e s s th a L th e a v e r a g e c hl o r o ph yll ･

w e
■
w ill i n v e st ig ate diff e r e ll C e S b et w e e n al B O ri t h m s a n d p r e s c ri b e a w ay t o d e ri v e c hl o r o p h yll

fr o m l e v el -3 st ati sd c s s a v ed b y e a c h s e n s o r . T his is lik ely t o r eq ui r e th at hig h e r
-

o rd e r st a ti stic s

b e s a v e d i n th e l e v el - 3 bi n n l n g P r o c e s s .
E a ch s p a c e a g e n c y wi ll n e e d t o t r an sl at e th e

=

f o r eig n
=

d at a t o b e c o 皿 P ad ble wi th its o w n p r o d u c ts I T h e t e am fo r e a ch c o r n m t mi ty w ill d e fl n e th e inp u t

n e ed e d t o p r o d u c e it s m e rg ed p r o d u cts ･ F o r e x am ple , t o c o n v e rt th e a v e r a g e l o g a ri th m t o a

si m pl e a ri th m e ti c a v e r a g e r e q ui r e s i nf o r m a ti o n o n th e v a ri an c e of t h e lo g a ri th m ( C a m p b ell ,
19 95) _ E a c h sp a c e a g e n c y w o ul d ag r e e t o p r o vid e th e d at a n e ed eやb y th e ot h e r a g e n ci e s a s a

q u id p r o q u o a ∬a n g e m e n t ･

T abl e 1 . Sit e s r e c o m m e n d e d f o r a D i ag n () sti c D at a S et to b e g e n e r at e d b y sp a c e ag e n ci e s . Al l

d at a wi th i n a t w o d e g r e e b y t w o d e g r e e b o x s u r r o u n d in g
J
e a ch sit e will b e s a v e d a n d p u t i nt o a

s e p a r a t e f u 合. T もe se d at a wi ll b e tlS e d t o c o m p a 托 al g o ri th m s a n d ll n d e rs t a n d di ff e r e n c e s h d a t a

p r o d u c ts g e n e r a 叫 b y N A S A , E S A , an d N A S D A ･

M O B Y ( H a w aii) , 2 0 .8 N
,
15 7 _ 2 W

B A T Sf B T M P e r m u d a) , 3 2 .O N , 6 4 ,5 W

C A L C O F I ( C a li fo mi a C ll rr e n t) , 3 5 N , 1 25 W

E q u at o d al P a ci丘c (E q P A C) , O N , 14 0 W

P al m e r L T E R , 6 5S , 6 5 W

･ L E O ■1 5 ( off N e w J e r s ey) , 39 N , 7 4 W
K a sllid o o ( M al di v e s I sl a n d s) , 5 N , 7 3 . 5 E

L o w e r C h e s ap e ak e B ay , 3 7 N , 7 5 ･5 W

N W A 丘i c a n U p w e m n g , 21 N , 1 7 ･ 5 W

Li g u ri a n S e a , 4 3 . 2 5 N
,
7 ･0 5 i

N o r 血 A d ri atic (
'-

V e ni c e T o w e r
.'

) , 4 5 .3 2 N
,
1 2 .5 E

E a st e m M edit e m n e a n , 3 3 N , 3 2 . 5 E

E n gli sh C h an n el (
1r

P ly m b o dy
.'

) , 5 0 ･ 2 2 N , 4 ･0 8 W

H elg ol a n 〟N o 血 S e a , 5 4 N , 9 E

B al ti c S e a , 5 5 N , 19 . 25 E ･
E a st C hin a S e a , 3 0 N , 1 25 E

A 止n e (J ap a n E a s t C o a st) , 4 0 N , 14 2 E

E N O T ( N W P a cific) , 43 N , 1 6 5 E

C a ri a c o p a si n , l l N , 6 5 . 1 W

G u lf of M ai n e , 4 3 N , 6 9 W

N e a r C ap e T o w n (S t li ele n a B ay) , 3 3 S , 17 1 5 E

N e a r L ud e rit z
,
N am ibi a 26 S , 1 4 . 5 E ( W o rld

.

s s t r o n g e s t 1 1P W el且喝)
P h nip p in e S e a , 1 7 N , 13 3 E

C o o k Isla n d s
,
20 S , 1 6 3 W P o rld

'

s d e ep e s t S e c c hi. d ep th , 6 7 m )
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R g u r e 1 . G ロ m b(n e d o c 甜 T ) 粥 ra g e (7rI F h2( C e n t) b y m u b
'

p l e s a t eI]I
'
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'
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'
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d

,
山 的 a GJ I c a p a

-

b iDb (. T h e s a 肋 o r biZ s 肋 r o n b , in th e m e a n a n o m a ly; w hi d 7 is s e I ぬ p r D d u c e a 仲 叩 C m b (n e d ･
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'
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