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E sti m ati o n o f p ri m a r y p r o d u cti o n 丘
.

o m r e m ot ely ･ s e rlS ed d at a o n o c e a n c ol o u r is a p r obl e m

wi th t w o p rl n Ci p al p a rts : c o n s t r u cti o n of a l o c al al g ori t h m a n d d e 血iti o n of a p r o t o c ol f o r

e x tr ap ol ati n g th e l o c al al g o ritb m t o l a r g e s c al e s .
B y

”

l o c al al g ori th m
'l

,
w e m e a n a n alg o ritl m

th at c an b e lm ple m e n t ed at a fix ed p oi n t p r o vid ed th at all n e c e s s a 17 i nf o r m ati o n (f o r ci n g

v a ri able s
, p hy si ol o gi c al p a r a m e t e r

守, c hl o r o ph yll p r o 丘1e p a r a m e te rs) is a v ai l a bl e ･ S u ch

al g o rith m s al r e ad y e xi st ･ T h e r e m a l n l n g C h al 1e rlg e i s to d efi n e a n 叫 r a p ol ati o n p r ot o c ol th at

wi ll l e ad t o b e st e sti m at e s of th e n e c e s s a ry p a l
･

a m e t e r S O n al 1 pi x els i n t h e i m a g e
,
th at is o n

pi x el s f o r w hi c h w e h a v e n o dir e c t k n o w l e d g e o f t h e p a r a m e t e r s .

H e r e
,
th e e x t r ap ol ati o n p r o t o c ol un d e r d e v el o p m e rlt f o r th e C a n adi a n A tl a ntic C o a s t i s

p r e s e nt ed a n d di s c u s s e d .

A ck n o w l e dg e m e n t s : C a rl a C a v e rhill
,
Gl e n H a r ri s o n

,
H eidi M a a s s , Li nd a P ay z an f a n d G e o r g e

W hit e h a v e all c o n tri b ut e d t o th e p r o g re s s of tbis w o rk .

IN T R O D U C T I O N

I n C an a d a
,

o n e o f th e ap pli c ati o n s of r e m o t e s e n si n g i s t o p r o d u c e bi -

w e ekly i n f o rm ati o n

o n th e st at e o f th e m a ri n e e c o sy st e m fo r th e A tl an ti c Z o n e
, wi th th e c o 血i n e n t al sh el v e s p tlt i nt o

t h eir o c e an o g r a phi c c o n t e x t . T h e i nte n d e d u s e s a r e fir st , f o r r e s e a r ch (e st abli s h a ti m e s e ri e s

t h at c a n b e e x pl oit ed t o a d d r e s s v a ri o tl S S Ci e ntifl C q u e s ti o n s); a Jld s e c o nd
,･d e v el op m e n t of

i nf o rm ati o n a n d c o n c e p t u al b a s e s f o r c o a st al -

z o n e m an ag e m e n t
,
i n cl u di n g fi sh eri e s

m a n ag e m e n t ･ T h e ti m e s e ri e s i s b a s e d o n o c e an
- c ol o u r d at a a n d o n s e a - s u rf a c e t e m p e r a t u r e

d a:t a
･

w hi ch c a n b ot h b e r e c ei v ed th r o u gh th e s a m e dish a n d a n al y s e d t o p r o d u c e i m a g e s a t t h e

s a m e ti m e a J ld sp a c e s c al e s (Fig u r e 1) I T h e i m a g e s c o m p ri s e s o m e 1 .8 x 10
6

o c e a n pi x el s e a c h
T h e t o t al a r e a c o v e r e d (la n d a nd o c e an ) i s s o m e 5 x 1 0
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Fig u r e 1 .

It w a s c o n sid ei e d th at th e v al u e of th e p r oj e ct w o uld b e e nh an c e d if it c o uld i n cl u d e bi -

w e e kly i m a g e s of pri m a r y p r o d tL Cti o n c o m p ut e d
,
o n th e s a m e s p ati al s c al e s

,
u si n g th e re m o t ely

-

s e n s e d fi elds a s i n p IIt S ･ Wh e r e a s s e v e r al a u th o r s h a v e c o m p u t e d p ri m a ry p r od u cti o n 丘o m

r e l n O t d y
･ s e n s e d d at a o n o c e a n c ol o u r

,
t o o u r k n o w l e d g e th e r o u ti n e c al c ul ati o n f o r a p a rti c ul a r

a r e a
, wi th a v ie w t o p r od u cti o n of a ti m e s eri e s

,
h a s n o t b e e n att e m pt e d .

B A C K G R O U N D

E sti m ati o n o f p ri m a ry p r od u cti o n & o m o c e a n
-

c ol o u r d at a i s a p r obl e m w i th t w o

c o m p o n e n ts ･ Fi r st
,

w e m u st c o n st ru ct a l o c al alg o ri th m th at wi 1l m a k e r eli a bl e e sti m at e s o f

p ri m a r y p r od u cti o n
･ gi v e n bi o m a s s

, p r o vi d ed th at ai 1 n e c e s s a r y i n f o r m ati o n (f o r ci n g v a ri ab le s
,

p h y si ol o gic al p a r a m et e r
守, chl o r o ph yll p r o file p a r aJ n et e r S) i s a v ai labl e ･ N e x t

,
w e m u st e s t abli sh

a p r o t o c ol f o r e x t r ap ol atl O n O f th e l o c al al g o ri th m t o l a rg e h o ri z o n t al s c al e
,
th at is a p r o t o c ol f o r

ap plyi n g th e l o c al al g o ri t lm o n all pi x els i n th e t a r g et i m ag e
,

w h e re
,
t ypi c ally ,

w e h a v e n o

di r e c t kn o wi ed g e o f th e p a ra m e t e r s r e q uil
･

ed .
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In o u r vi e w
,
th e c o n st r u c ti o n o f a l o c al alg o ri th m is a s ol v ed p r obl e m . An a n

･

a y o f m od els

is a v ai l abl e a c c o rdi n g t o th e d e g r e e o f a p p r o xi m a ti o n th at c a n b e t ol e r a t ed an d th e c o m p uti n g

ti m e th at i s a c c e pt abl e ･

E X T R A P O L A TI O N P R O T O C O L

Th e e x t r ap ol ati o n p r o t o c ol , h o w e v e r , i s a diffe l
･

e nt m a:tt e r , e sp e ci all y fo r i m ple m e n t a ti o n in

th e l
･

O u ti n e m od e . O n e o f th e fa ct o r s th at m u st b e w ei gh e d i s th e e xi stin g k n o w led g e ab o u t th e

p hyt o pl an kt o n (v e rti c al p r o fi le of chl o r op h yll, p h ot o s y nth eti c p e l
'fo m l a n C e) fo r th e r e gi o n

u n d e r c o n sid e l
.

a li o n . l n th e c a s e of th e A tl a n ti c Z o n e of C an a d a , s o m e 8 3 5 st a壬i o n s a r e a v ail ab l e

i n th e a l
･

C hi v e f o r p h ot o sy n th e si s p a r a m e t e r s
,
a n d s o m e 49 5 fo r th e v e rti c al st ru c t u r e o f

c hl o r o p h yll .

Ill d e ci di n g o n a p r o t o c ol f o r a s sig n m e n t of p a r a m e t e r s
,
th e foll o w l n g O Pti o n s m ay b e

c o n sid e r ed .

1 A c c o r di n g t o s o m e obj e c ti v e fu n cti o n of a c o n ti n u o u s v a ri abl e s u c h a s d ep th
,
l a土it ud e o r

S S T .

2 A c c o rd i n g t o p a rtiti o n o f r e g l O n i nt o dy n a m i c d o m ai n s w h e r ei n p ar a m et e r s a r e p le C e W i s e

c o ll St a Jlt O r Pi e c e w i s e c o n ti n u o u s (s uit e of bi o g e o ch e mi c al p r o vi n c e s) ,

3 A c c o rd in g t o a m a t c h b e t w e e n gi v e n r e m o t ely
-

s e n s e d fi eld s( chlo r o p h yll ,
S S T) a n d

i n f o r m ati o n i n ar chi v e of ship o b s e r v ati o n s f o r t h e s a m e r e g 1 0 n ･

I n ch o o si n g b et w e e n th e s e o pti o n s
,

w e m us t a ck n o w l ed g e th at th e r eg i o n is c o m pl e x a n d

dy n am i c
,
wi th c old w at e r fr o m th e L a b r ad o r C u r r e nt a n d w a r m W at e r fr o m th e G ulf S tr e am i n

cl o s e p r o xi m ity . N o s uit abl e o bj e cti v e fu n cti o n y et e xi st s th at wi ll a s sig n th e p a r am e t e r s w e

n e e d . W e h a v e n o t y et s u c c e ed e d i n fi ndi n g a s uit abl e dy n am i c p a rtiti o n i nt o p r o vi n c e s
,

w h e r e

th e q u al ifie r
'l

d y n a mi c
.I

i m pli e s th at th e b o u n d a ri e s o f th e p r o vi n c e s
J

a r e B e e t o v a ry f r o m i m a g e

t o i m a g e .

T h u s
,

w e r e s o rt t o th e third op ti o n
,

a S S l g n in g th e p a r an 1 et er S a C C O 1
'

d in g t o m at c h e s b e t w e e n

th e i m ag e d at a an d th e a r c hi v e d st ati o n d at a . F o r a n y pi x el i n th e i m a g e s (Fig u r e 2) ,

w e k n o w th e bi o m a s s an d th e S S T .

I zq F O R h L 舵I O N r N R E M O T F L;Y -βE N卓E D I M A C!E S

C hl o r B Ph yu B
(
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W 血 D B P th B
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D 町 Nt E D b 町 i
l

五郎血 I 血d 8 m b e 【申 畑 虹t ed t q A ▼ 血 r d th I.h 倣 e el eEEL d )t S .

F t
'

g u r e 2 ･
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W e al s o kn o w th e w a t e r d ep th a n d th e d at e (d ay n u m b e r) . I n th e a r chi v ed d at a (Fig u r e 3) , o v e r

a n d ab o v e th e p r o p e rd e s alr e ad y m e n ti o n e d fo r th e i m ag e s , w e kn o w th e p a r am et e r s o f th e

p h ot o sy n th e si s -li gh t c u r v e a r id th e p a r a m et e r s of th e dhl o r op h yll p r ofil e
,

w h e n it is fitt ed t o a

s t a n d a r d sh a p e . W e m u st th e n c o n sid e r th e i n t e r s e c ti o n b et w e e n th e s e d at a s e t s (Fi g u r e 4) .
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Fig u r e 3 .
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Fig u r e 4 .

T h e st r at e gy f o r th e p r ot o c ol (F やr e 5) is
,
fo r a n y gi v e n pi x el

,
t o e nt e r th e a r c hi v e wi th th e

v al u e s o f bi o m a s s an d S S T fo r th at pI X el a nd fin d th e a r chiv e st ati o n wi th th e cl o s e s t

c o o rd in at e s of bi? m a s s a n d S S T (Fig u r e 6) ･ T h e chl o r o p h yll p r ofil e a n d p h ot o sy n th e sis

p a r a m e t e r s fわr th at a r chi v e st a ti o n a r e 也e 五TSt -
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C e rt ai n r efln e m e n t S C a n n o w b e m ad e . I n st e a d of ta ki n g th e p a r am e t e r s fr o m o nl y th e

si n gl e a rch i v e p oi n t wi th th e clo s e st c o o rdi n ate s
,

w e c an u s e al s o a n um b e r (te n , s ay) o f it s

n e a r e st n ei gh b o u r s
,
a nd c al c ul at e th e a v e r ag e p a r am e t e r v al u e s o v e r th is s et (Fi g u r e 7) . T h e n ,

w e t ak e i nt o c o n si d e r ati o n th at th e a r chi v e st a ti o n a n d th e i m a g e m ay h a v e b e e n t ak e n i n

diffe r e n t s e a s o n s
,
s o w e c an w ei gh t th e utility of th e a r chi v ed st ati o n a c c o rdi n g t o th e

di ff e r e n c e i n d a y n um b e r b et w e e n it a nd th e i m a g e
,
c o n st ru cti n g a w ei gh t ed a v e r a g e of t h e

p a r a m e te r s o v e r th e n e a r e s t n ei gh b o u r s e t (Fig u r e 8) .
T his is th e p r o c e d u r e th at i s i n u s e
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in o u r l ab o r早王o ry ･ F u lth e l
.
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Ⅶ 嘩出

N 些 10

Fig u r e 8 .

T h e ad v a nt ag e of th e 皿 eth od is th at it e x pl oits fu lly th e i nt e r s e cti o n b et w e e n th e i m ag e

d at a a nd tll e a rChi v e d at a
,

u s l n g in fo - ati o n fr o m b oth th e oc e an
-

c ol o u r a Jld th e S S T i m a g e s ･ It

i s al s o a n obj e cti v e p r o c ed u r e ･ It i s n o w b ei n g e v al u at e d f o r c o m p uti n g efB ci e n c y . A t th e

e a rli e st o p p o rt un it y it wi ll b e t e ste d ag ai n st i n d e p e n d e nt field d at a . -

-
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