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CZCS da t a set is t h e Na t iona l Space Science 
a n d Data C e n t e r (NSSDC) at N A S A / G S F C . I n 
addi t ion , a n u m b e r of academic a n d resea rch 
inst i tut ions (see T a b l e 3) have b e e n estab­
lished by N A S A to serve as r eg iona l b rowse , 
d is t r ibut ion a n d analysis cen te r s for Levels 
l a , 2 a n d 3 . T h e s e cen te r s will soon have resi­
d e n t copies of all Level l a a n d h i g h e r da ta , 
a n d t he necessary h a r d w a r e a n d software re ­
qu i r ed for b rows ing , copy ing a n d r e fo rma t ­
t ing |the images . O n e of t h e mos t innovat ive 
aspects of this project has b e e n t h e deve lop­
m e n t of a n ana log optical disc b rowse a n d 
da ta o r d e r capabili ty, which is e x p e c t e d to be­
come widely d i s t r ibu ted wi thin t h e r e sea rch 
a n d educa t iona l commun i t i e s . 

Background 

U n d e r s t a n d i n g t he d i s t r ibu t ion of phy to -
p lank ton , t h e microscopic p lan ts t ha t g row in 
the u p p e r , sunl i t r eg ions of t h e oceans , a n d 
which f o r m t h e base of t h e m a r i n e food web, 
is critical for m a n y b r a n c h e s of m a r i n e ecolo­
gy a n d fisheries science. T h e r e is g rea t uncer ­

tainty r e g a r d i n g t h e m a g n i t u d e of oceanic 
p r o d u c t i o n [Ryther, 1969; Koblentz-Mishke et 
al, 1970; Piatt and Subba Rao, 1975; DeVooys, 
1979; Berger et al, 1987] , a n d the historical 
da t a sets d o no t p e r m i t rel iable est imates of 
t h e large-scale t e m p o r a l a n d spatial variabili­
ty-

Whi le the m a g n i t u d e of ca rbon fixation in 
t he ocean by pho tosyn thes i s is c o m p a r a b l e to 
tha t occu r r i ng o n l and , t h e t u r n o v e r ra tes 
a n d reservoi r sizes a r e vastly different be­
tween t h e two reg imes [McCarthy et al, 1987; 
GOFS, 1984]. T h e r a p i d u p t a k e of ca rbon di­
ox ide by the pho tosyn the t i c p h y t o p l a n k t o n 
a n d t h e subsequen t s ink ing of a po r t i on of 
t h e par t icu la te o rgan ic c a r b o n to t he d e e p 
ocean is an i m p o r t a n t m e c h a n i s m affecting 
t he pa r t i t ion ing of c a r b o n within global reser­
voirs. 

T o m o r e fully descr ibe t h e role of t he 
ocean in t h e global c a r b o n cycle, a be t te r u n ­
d e r s t a n d i n g of t h e t e m p o r a l a n d spatial dis­
t r ibu t ions of p h y t o p l a n k t o n biomass a n d pr i ­
m a r y p r o d u c t i o n , a n d a be t t e r u n d e r s t a n d i n g 
of t he processes r e g u l a t i n g the g rowth of 
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Overview 
T h e Nat iona l Aeronau t i c s a n d Space Ad-

m i n i s t r a t i o n / G o d d a r d Space Fl ight Cen te r ' s 
N i m b u s Project Office, in col labora t ion with 
t he NASA/GSFC Space Data a n d C o m p u t i n g 
Division, t he N A S A / G S F C L a b o r a t o r y for 
Oceans a n d the Univers i ty of Miami /Rosen-
stiel School of M a r i n e a n d A t m o s p h e r i c Sci­
ence , have u n d e r t a k e n to process all da t a ac­
q u i r e d by the Coastal Z o n e Co lo r S c a n n e r 
(CZCS) to E a r t h - g r i d d e d geophysical values 
a n d to p rov ide r eady access to da t a p r o d u c t s 
[Esaias et al, 1986]. 

A n e n d - t o - e n d da t a system uti l izing r ecen t 
advances in da ta base m a n a g e m e n t a n d b o t h 
digital a n d ana log opt ical disc s to rage tech­
nologies has b e e n d e v e l o p e d to h a n d l e t h e 
process ing, analysis, qual i ty con t ro l , a rch iv ing 
a n d d is t r ibu t ion of this d a t a set. A m o r e com­
ple te descr ip t ion of this system, which has 
b e e n fully ope ra t i ona l for t he pas t 2 years , is 
in p r e p a r a t i o n . T h e en t i r e Level-1 d a t a set 
(see Tab l e s 1, 2) has b e e n cop ied f rom m a g ­
netic t a p e to digital opt ical disc, a n d all da t a 
f rom t h e first 32 m o n t h s (50% of t h e total 
scenes acqu i red , a n d cover ing t h e p e r i o d N o ­
v e m b e r 1978 t h r o u g h J u n e 1981) have b e e n 
processed to Levels 2 a n d 3 a n d a r e n o w 
available for d i s t r ibu t ion . T h e r e m a i n d e r of 
t he da t a set shou ld b e c o m p l e t e d a n d re ­
leased by fall 1989. 

T h e cen t ra l a rchive a n d d is t r ibu t ion facility 
respons ib le for p r o v i d i n g access to t h e en t i r e 

Table 1. Definit ions o f Coastal Zone Color Scanner Data Products 

Definit ion 

Level 1 S t a n d a r d N A S A C R T T fo rma t da t a con ta in ing cal ibrated rad iances for all six 
CZCS channe l s , a n d E a r t h location in fo rma t ion for a single CZCS scene 
( m a x i m u m 2 m i n of da ta) at full reso lu t ion (about 1 km) in swath project ion. 

Level l a S u b s a m p l e d Level-1 da t a (every 4 th pixel , every 4 th line) in D S P (University of 
Miami) f o rma t for b a n d s 1-5 (about 4 km) . 

Level 2 Der ived geophysical p a r a m e t e r s for a single CZCS scene in D S P format at abou t 
4 -km reso lu t ion a n d swath project ion. T h e six de r ived p r o d u c t s a r e Phyto­
p l a n k t o n P i g m e n t Concen t r a t i ons , Diffuse A t t e n u a t i o n Coefficient, Normal ized 
Wate r -Leav ing Rad iance (nlw440), Normal i zed Wate r -Leav ing Radiance 
(nlw520), N o r m a l i z e d Wate r -Leav ing Rad iance (nlw550), a n d Aerosol Rad iance 
at 670 (la670). 

Level 3 C o m p o s i t e d E a r t h - g r i d d e d (b inned) da t a of the above-listed Level-2 p a r a m e t e r s 
inc lud ing compos i t i ng statistics b i n n e d to a fixed, l inear la t i tude- longi tude 
a r r ay of d i m e n s i o n 1024 x 2048 (about 1 8 . 5 - k m reso lu t ion at the equa to r ) . 
T h e s e files a r e s to red in " compres sed" fo rm at daily, weekly (5-day, a n d 
m o n t h l y t ime intervals . Fields consist of those for Level 2 above, the s t a n d a r d 
devia t ions of t h e above , a n d n u m b e r s of valid level—2 pixels (n) a n d days (N), 
for a total of 14 fields. T h e daily p r o d u c t s fo rm the basic bu i ld ing blocks for all 
s u b s e q u e n t t ime/space averag ing . I m a g e file r ep re sen t a t i ons of these p r o d u c t s 
can be p r o d u c e d b u t a r e no t d o n e so rou t ine ly n o r a r e they p r o p o s e d as archive 
p r o d u c t s . N o t e t ha t t h e r e a r e n o r o u t i n e film o r h a r d c o p y p roduc t s . 

Table 2. V o l u m e of Coastal Zone Color Scanner Data Products 

Data T y p e 

Spat ial 
Resolu t ion , 

k m 
T o t a l 

Scenes 
Present ly 
Available 

Ind iv idua l 
File Size, 

mby te 

To ta l 
V o l u m e , 

gbyte 

Level 1 1 67 ,789 67 ,789 12 813 
Level l a 4 66 ,000 66 ,000 0.7 48 
Level 2 4 60 ,000 31 ,000 0.7 44 
Level 3 

D A I L Y P S T 20 2,800 960 4 11 
D A I L Y C O M P * 20 2 ,800 28 78 
W E E K L Y P S T 20 560 192 12 7 
W E E K L Y C O M P * 20 560 28 16 
M O N T H L Y P S T 20 93 32 26 2 
M O N T H L Y C O M P * 20 93 28 3 

*These image file p r o d u c t s a r e n o t rout ine ly p r o d u c e d n o r a rch ived . Only compressed 
files (PST) a r e a rch ived . 
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Table 3. NASA-Sponsored Archive Sites 
Principal 

Ins t i tu t ion Inves t iga tor (Contact) 

Central Archive (Levels 1, la, 2, 3) 
NASA/GSFC 
Space Data a n d C o m p u t i n g Division G e n e F e l d m a n 

N o r m a n K u r i n g 
Caro lyn N g 

Distributed Archives (Levels la, 2, 3) 
NASA/GSFC 
Labora to ry for Oceans W a y n e Esaias 

Universi ty of R h o d e I s l and 

Bigelow Labora to ry for O c e a n Sciences 

Universi ty of Miami 

Universi ty of Sou th F lor ida 

Universi ty of Cal i fornia a t San ta B a r b a r a 

J e t P ropu l s ion L a b o r a t o r y 

O r e g o n State Univers i ty 

Universi ty of W a s h i n g t o n 

p h y t o p l a n k t o n a n d of t h e processes inf luenc­
ing the u l t imate fate of this organical ly fixed 
ca rbon is r e q u i r e d . T r a d i t i o n a l s h i p b o a r d 
sampl ing t echn iques a r e i n a d e q u a t e to m e e t 
these n e e d s o n a global scale. Flowever , satel­
lite observat ions of ocean color can a d d r e s s 
o n e of these n e e d s by p r o v i d i n g rel iable esti­
mates of m a r i n e p h y t o p l a n k t o n b iomass o n 
synoptic scales which a r e useful in s tudies of 
p h y t o p l a n k t o n processes . 

Satellite Ocean Color 
Variability in optical p r o p e r t i e s of t h e o p e n 

ocean is d e t e r m i n e d p r imar i ly by variability 
in a b u n d a n c e of p h y t o p l a n k t o n a n d the i r as­
sociated p igmen t s . As t h e concen t r a t i on of 
p h y t o p l a n k t o n p i g m e n t s increases , ocean col­
o r shifts f rom b lue to g r e e n . T a k i n g advan­
tage of this c h a n g e , N A S A d e v e l o p e d t h e 
Coastal Z o n e Color Scanner , which was 
l a u n c h e d o n t h e N imbus -7 satellite in Octo­
b e r 1978 [Hovis et al, 1980]. D u r i n g its llA-
year l ifetime, t he CZCS acqu i r ed near ly 
66 ,000 images , each cover ing u p to 2 million 
squa re k i lometers of ocean surface . T h i s da t a 
set has n o w b e e n p rocessed with a consis tent 
set of p r o c e d u r e s a n d r e p r e s e n t s t h e mos t 
c o m p r e h e n s i v e source of ocean color mea ­
s u r e m e n t s to da te . I t p rov ides t h e first view 
of t he d i s t r ibu t ion a n d a b u n d a n c e of phy to ­
p l ank ton over t he global oceans based o n ob­
servat ions a p p r o a c h i n g synopt ic s a m p l i n g 
a n d d e m o n s t r a t e s t h e ability to m o n i t o r how 
these p a t t e r n s c h a n g e b o t h in t ime a n d space 
(see cover a n d Plates 1-3). 

C h u c k McClain 
J a n e E l rod 
Nancy M a y n a r d 

Pe te r Corn i l lon 
J i m Y o d e r 

J a n e t Campbe l l 

Robe r t Evans 
Otis B r o w n 
Gu i l l e rmo Podes ta 

J o h n Walsh 
K e n C a r d e r 
F r a n k Mul l e r -Ka rge r 

Ray Smi th 

Curt is Davis 
Don Collins 

M a r k Abbo t t 

Mary J a n e Pe r ry 
David Engl ish 

Since t he sensor was l a u n c h e d , process ing , 
analysis a n d appl ica t ion of CZCS da t a has 
p rog re s sed f rom scene by scene s tudies to r e ­
gional t ime series as a resul t of advances in 
a lgo r i thm a n d software d e v e l o p m e n t a n d 
c o m p u t e r technology. For ocean-bas in- a n d 
global-scales t h e analysis has j u s t b e g u n . P re ­
l iminary w o r k o n basin-scale [e.g., Esaias et 
al, 1986; Piatt and Sathyendranath, 1988] a n d 
global-scale CZCS d a t a u n d e r w a y at GSFC 
a n d the Universi ty of Miami , to b e r e p o r t e d 
separate ly , d e m o n s t r a t e tha t large-scale com­

posites con ta in useful a n d oceanograph ica l ly 
valid in fo rma t ion . T h i s new perspec t ive has 
b r o a d e n e d t h e scope of t h e ques t ions t ha t can 
now be realistically a d d r e s s e d . 

Data Processing 
T h e major c o m p o n e n t s of t h e CZCS d a t a 

process ing system a r e ou t l i ned in F igu re 1, 
a n d a m u c h m o r e c o m p r e h e n s i v e desc r ip t ion 
of the p r o c e d u r e s a n d a lgo r i t hms u s e d is be­
ing p r e p a r e d a n d will be r e p o r t e d later . T h e 
first s tep in t he p rocess ing involves t ransfer ­
r ing t h e full r eso lu t ion Level-1 da t a f rom 
magne t i c t a p e to digital opt ical disc. T h i s con­
version activity has r e d u c e d t h e v o l u m e of 
m e d i a r e q u i r e d to s tore t h e d a t a significantly 
(30,000 magne t i c t apes in a w a r e h o u s e have 
b e e n r e d u c e d to t h r e e bookcases of opt ical 
discs adjacent to a c o m p u t e r works ta t ion) , 
t he reby m a k i n g t h e da t a m o r e accessible to 
scientists a n d r ep rocess ing efforts. T h e im­
ages a r e t h e n s u b s a m p l e d f rom 1-km resolu­
t ion to 4 -km reso lu t ion (Level l a , see T a b l e 
1), t he r eby r e d u c i n g t h e v o l u m e of d a t a by a 
factor of 16. Level-1 (full reso lu t ion) d a t a a r e 
still available f rom t h e N A S A / G S F C arch ive 
for those invest igat ions tha t r e q u i r e it. 

T h e g e n e r a t i o n of de r ived geophysica l pa­
r a m e t e r s f rom t h e Leve l - l a da t a i n c o r p o r a t e s 
o u r latest u n d e r s t a n d i n g of sensor d e g r e d a -
t ion a n d cal ibrat ion d e v e l o p e d by t h e coau­
tho r s at t h e Univers i ty of Miami . I n add i t ion , 
t he process ing p r o c e d u r e s m a k e use of satel­
l i te-derived ozone concen t r a t ions f rom t h e 
T o t a l O z o n e M a p p i n g S p e c t r o m e t e r ( T O M S ) 
o n Nimbus -7 [Krueger et al, 1980] to co r rec t 
for C h a p p i e u b a n d abso rbance e r r o r s of t h e 
type r e p o r t e d by Andre and Morel [1989] , as 
well as masks to e l imina te d a t a severely im­
pac ted by c loud r i n g i n g (sensor recovery 
f rom sa tu ra t ion d o w n s c a n f r o m b r i g h t tar­
gets) a n d sungl in t . 

T h e six de r ived geophysical p r o d u c t s (Lev­
el 2, see T a b l e 1) a r e c o m p u t e d , a rch ived a n d 
t h e n b i n n e d to a fixed, l inear la t i tude- longi ­
t u d e a r r ay of d i m e n s i o n 1024 lines by 2048 
pixels (about 20-km reso lu t ion at t h e equa ­
tor) . All t h e images acqu i r ed o n a given day 
a r e b i n n e d (averaged) to p r o d u c e compos i t e 
files for 14 p a r a m e t e r s at daily intervals (see 
T a b l e 1). Each ind iv idua l 2-min scene t h a t is 
con ta ined wi thin t h e daily compos i t e is t h e n 
eva lua ted d u r i n g t h e quali ty con t ro l p h a s e . 
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Figure 1. Coastal Z o n e Co lo r S c a n n e r da t a p rocess ing system overview. 
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Winter Spring 
Plate 1. T h e d e v e l o p m e n t a n d intensi ty of t h e N o r t h Atlant ic 

"Spr ing B l o o m " a r e shown in these two seasonal compos i tes of CZCS 
da ta acqu i red d u r i n g t h e win te r ( J anua ry -March ) a n d sp r ing (April-
J u n e ) of 1979 a n d 1980 (see Plate 2a for color scale). F r o m the t em­
pe ra t e reg ions to t h e poles t h e n u t r i e n t supp ly of t he u p p e r ocean is 
r ep len i shed t h r o u g h t h e d e e p vertical m i x i n g d r iven by surface cool­
ing a n d the in tense win te r s to rms . As t he seasons p rog re s s f rom win­
ter to sp r ing , t h e a m o u n t of sunl ight available for p h y t o p l a n k t o n 
g rowth increases a n d t h e waters beg in to stabilize. T h i s p e r i o d of r a p ­
id g rowth a n d accumula t ion of p h y t o p l a n k t o n b iomass in t he u p p e r 
waters is r e f e r r e d to as t h e "Sp r ing B loom." 

Con t inuous ly h i g h p h y t o p l a n k t o n b iomass in t h e coastal zones a n d 

major fisheries g r o u n d s is also seen . Despi te t h e i m m e n s e v o l u m e of 
da ta collected, l a rge r eg ions of t h e cen t ra l Atlant ic a r e still b l ank since 
the CZCS could o p e r a t e only in te rmi t ten t ly . A major focus for ocean-
o g r a p h e r s in t h e n e x t d e c a d e , as p a r t of t h e J o i n t Global O c e a n Flux 
Study (JGOFS) a n d t h e I n t e r n a t i o n a l G e o s p h e r e - B i o s p h e r e P r o g r a m 
(IGBP), for e x a m p l e , is to u n d e r s t a n d t h e dynamics respons ib le for 
this global p h e n o m e n o n a n d to place it in perspec t ive with t h e a t m o ­
spher ic C 0 2 increase a n d pro jec ted effects o n cl imate . 

T h i s plate original ly a p p e a r e d in full color. See t h e back of t h e 
second vo lume of 1989 (Vo lume 70, N u m b e r s 27-52) for t h e col­
o r plate. 

T h e p r i m e c r i te r ion in this s c reen ing has 
been to p r o d u c e reliably p rocessed p i g m e n t 
fields, which at t imes sacrifices water - leaving 
rad iance a n d aeroso l r a d i a n c e da ta . A b o u t 
8.6% of all t h e scenes s c r eened to d a t e w e r e 
flagged as con t a in ing such unre l i ab le da ta , 
a long with t h e r e a s o n for t ha t d e t e r m i n a t i o n , 
a n d a r e no t i n c l u d e d in t h e subsequen t global 
composi tes . T h e y a r e , however , still available 
f rom t h e a rch ive as Levels 1, l a a n d 2. 

For t h e scenes t ha t pass t h e quali ty con t ro l 
s tep, compos i tes of de r i ved geophysical pa­
r a m e t e r s at daily, weekly (5-day), mon th ly , 
seasonal a n d a n n u a l t ime scales a r e p r o ­
duced , i nc lud ing all t h e re levan t compos i t ing 
statistics. All t h e a rch ive p r o d u c t s a r e s to red 
o n optical disc, m a k i n g s u b s e q u e n t re t r ieval , 
analysis a n d d i s t r ibu t ion m o r e conven ien t . 
T h e process ing a n d qual i ty con t ro l p roce ­
d u r e s a r e l inked t h r o u g h da t a base cont ro l , 
p r o d u c i n g a c o m p r e h e n s i v e a n d consis tent 
da t a base for all CZCS ho ld ings . Many dup l i ­
cates a n d e r r o r s have t h e r e b y b e e n el iminat­
ed. T h e da t a base en t r i es also p rov ide t h e 
f r amework for t he b rowse , a rch iv ing a n d 
search ope ra t i ons . 

It is a p p r o p r i a t e at this po in t to briefly dis­
cuss two sets of caveats associated with this 
da ta set. T h e first re la tes to t h e a lgor i thms 
tha t were used to process t h e da t a a n d t h e 
second to a po ten t ia l bias associated with sam­
pl ing a n d compos i t ing . T h e a t m o s p h e r e con­
t r ibutes 8 0 - 9 0 % of t h e total r ad i ance r e ­

ceived by t h e CZCS, a n d this m u s t b e correc t ­
e d for be fo re an accura te es t imate of t h e 
water- leaving r ad i ance ( that p o r t i o n of t h e 
signal u sed to c o m p u t e p h y t o p l a n k t o n - p i g -
m e n t concen t ra t ion) can be m a d e . 

For t h e p r o d u c t i o n of t h e global d a t a set 
we have a s s u m e d a s t a n d a r d a t m o s p h e r i c 
aerosol type charac te r i zed by A n g s t r o m e x p o ­
nen t s equa l to ze ro . T h i s aerosol co r rec t ion is 
valid for mos t o p e n ocean reg ions b u t u n ­
doub ted ly has i n t r o d u c e d e r r o r s in r eg ions 
impac ted by con t inen ta l air masses (e.g., off 
N o r t h w e s t Africa a n d eas t e rn N o r t h A m e r i ­
ca). Also, we have u sed a genera l i zed rela­
t ionsh ip be tween water - leaving r ad i ances a n d 
p i g m e n t concen t r a t ions [Clark, 1981] t ha t was 
de r ived f rom CZCS val idat ion cruises con­
d u c t e d pr imar i ly in coastal U.S . wate rs . Sev­
era l reg iona l s tudies , however , have d e m o n ­
s t ra ted t h e validity of this r e l a t ionsh ip for 
o t h e r geograph ica l a reas [e.g., Barale et al, 
1986; Feldman, 1986]. As a resu l t of t h e vali­
da t ion efforts, t h e es t imat ion of nea r - su r face 
p h y t o p l a n k t o n p i g m e n t concen t r a t i on f rom 
CZCS m e a s u r e m e n t s of ocean color has b e e n 
shown to be accura te to wi thin 3 5 % in Case I 
waters a n d wi thin a factor of 2 genera l ly 
[Gordon and Morel, 1983] . 

T h e n u m b e r of daily valid ch lo rophyl l 
m e a s u r e m e n t s tha t w e n t in to a m o n t h l y com­
posite image (Plate 2d) shows tha t s amp l ing is 
highly skewed. T h e CZCS h a d a l imited, 10% 
du ty cycle, a n d coverage was n o t un i fo rmly 

d i s t r ibu ted a r o u n d t h e wor ld . I n fact, t h e r e 
a r e reg ions w h e r e n o valid d a t a w e r e collect­
ed at all d u r i n g t h e 32 m o n t h s of observa­
t ions tha t w e r e used to p r o d u c e t h e i m a g e o n 
the cover. T e m p o r a l s a m p l i n g f r equency also 
varies widely across t h e i m a g e which can also 
i n t r o d u c e e r r o r s t ha t n e e d to be c o n s i d e r e d 
for i n t e r p r e t a t i o n of t h e i m a g e r y as r e p r e ­
sentat ive of a l o n g - t e r m m e a n . 

W h e r e a s t he ind iv idua l images o r daily m o ­
saics r e p r e s e n t t he best t e m p o r a l r eso lu t ion 
for resolving ind iv idua l fea tu res , it is by com­
posi t ing over progress ively l o n g e r t ime scales 
(weeks-months) tha t a c o m p l e t e p i c tu re of t h e 
globe may be ob ta ined . M a n y of t h e shor t -
t e r m fea tures (e.g., b looms) , o r those t ha t 
p r o p a g a t e over t ime (i.e., equa to r i a l l ong 
waves, Gul f S t r e a m r ings) , however , m a y lose 
the i r ident i ty in t h e l o n g e r - t e r m compos i tes . 

Archive and Distribution 
O n e of t h e p r i m a r y mot iva t ions b e h i n d the 

global CZCS da ta projec t was t h e des i re to 
m a k e t h e da t a readi ly available to t h e scien­
tific c o m m u n i t y . A major i m p e d i m e n t to r o u ­
t ine use of satel l i te-derived observa t ions has 
been the e n o r m o u s v o l u m e of t h e d a t a sets 
a n d the difficulty in quickly locat ing, acquir ­
ing a n d displaying t h e imagery . Most re ­
searchers have a relatively s imple r e q u i r e ­
m e n t : they w a n t to know w h e t h e r o r no t 
CZCS observa t ions exist at a pa r t i cu la r place 
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Pfote 2. Example s of Level-3 CZCS p r o d ­
ucts, (a) A series of daily, 5-day, a n d m o n t h l y 
composi tes for p i g m e n t concen t r a t i on for 
J a n u a r y 1980. (b) M o n t h l y compos i t e of no r ­
mal ized water - leaving r ad i ance at 550 n m for 
J a n u a r y 1980. Wate r - l eav ing r a d i a n c e at 550 
n m is only slightly affected by p i g m e n t con­
cent ra t ion , a n d m o s t var ia t ions in this i m a g e 
resul t f rom sca t te r ing n o t direct ly co r r e l a t ed 
with p igmen t , such as f rom coccoliths, sedi­

m e n t s a n d de t r i tus , (c) Mon th ly compos i t e of 
aerosol r ad iance for J a n u a r y 1980. N o t e t ha t 
La670 is no t no rma l i zed for s u n ang le a n d is 
simply t h e total a t satellite r a d i a n c e at 670 
n m m i n u s t h e Rayleigh r a d i a n c e c o m p u t e d 
us ing a mul t ip le sca t te r ing m o d e l with full 
polar izat ion effects [Gordon et. al., 1988] . H i g h 
values n e a r t he subsolar la t i tudes (20°S) in­
c lude some res idua l sung l in t effects, while in 
areas r e m o v e d f rom t h e subsolar l a t i tude t h e 

effects a r e p r imar i ly d u e to aerosols . 
(d, nex t page) Mon th ly compos i t e of valid 
samples for D e c e m b e r 1981 to i l lustrate t h e 
statistical c o u n t field of valid pixels wi thin 
each fixed bin. 

T h i s plate originally a p p e a r e d in full color . 
See t he back of t h e second v o l u m e of 1989 
(Volume 70, N u m b e r s 27-52) for t h e color 
plate. 
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a n d t ime, a n d t h e n to see w h e t h e r o r no t 
those observa t ions con ta in i n fo rma t ion rele­
van t to the i r pa r t i cu la r r e sea rch in teres t . 

T h e CZCS browse p r o g r a m was des igned 
to p r o v i d e a r e s e a r c h e r with t h e ability to 
quickly search t h e en t i r e Level-2 CZCS da t a 
set a n d to instant ly view p i g m e n t fields 
(browse images a r e at 4 -km reso lu t ion ; see 
Plate 3 , for example ) tha t m e e t t he search cri­
teria. If t h e r e s e a r c h e r feels t ha t a given 
scene w a r r a n t s f u r t h e r invest igat ion, t h e p r o ­
g r a m prov ides for t h e g e n e r a t i o n of a n o r d e r 
file which can b e sent electronically to t h e 
N A S A archive w h e r e t he digital d a t a a r e cop­
ied a n d sent to t h e r eques to r . A provis ion for 
on- l ine access to selected po r t i ons of t h e da t a 
set is also p r o v i d e d . As a n e x a m p l e of t he 
t ime r e q u i r e d for b rows ing t h e d a t a while 
r u n n i n g o n a n I B M - P C , a search , preview, se­
lection, a n d g e n e r a t i o n of a n o r d e r , cover ing 
all scenes wi th in t h e first 18 m o n t h s (263 im­
ages o u t of 21,000) cover ing stat ion S off 
B e r m u d a was c o m p l e t e d in less t h a n 10 min . 

I n add i t ion , t h e b rowse p r o g r a m prov ides 
t he tools to s tudy a subset of t h e Level-3 da t a 
o n global (cover a n d Plate 2) o r reg iona l 
scales (Plate 1 is a n e x a m p l e of t h e N o r t h At­
lantic Region ; o t h e r r eg ions a r e c e n t e r e d 
a r o u n d Austra l ia , Ind ia , J a p a n , Med i t e r r a ­
n e a n , N o r t h e a s t Pacific a n d S o u t h Amer ica ) . 
T h e c u r r e n t vers ion of t h e b rowse p r o g r a m 
allows the u se r to c o m p a r e Level-3 p i g m e n t 
fields with coreg i s te red images of water- leav­
ing r ad i ance at 550 n m , aerosol r ad i ance , ba­
thymet ry , a n d t h e n u m b e r of valid samples 
tha t wen t in to each compos i t e bin. T h e for­
m a t allows for po ten t ia l f u t u r e i nco rpo ra t i on 
of o t h e r corre la t ive d a t a fields such as sea 
surface t e m p e r a t u r e , sea level variability, 
wind fields, l and vege ta t ion p a t t e r n s a n d in 
situ observat ions , t h e r e b y p r o v i d i n g t h e re ­
sea rche r with t h e ability to a d d r e s s mul t id is-
cipl inary ques t ions . 

Finally, researcher-speci f ied "movie loops" 
can be g e n e r a t e d so t ha t t e m p o r a l c h a n g e s 

f I I I Will! LV lOHi I B I S U / J M 4 ; i A h l l 3 / ( h.io» 
DM I I - 78 Oct ?9 T i l 1 - 10 
OPBi 1 bl06 G M I N ' I 
i H I ;v.e:ii> u IVIM • rm o .u . 
I ON • , ' « . 6 1 1 14 SCANS •••• : - n 

-3 .4 . ' i t :i ! » j i t 

Plate 3. E x a m p l e of a b rowse i m a g e of an indiv idual Level-2 p i g m e n t scene (4-km 
resolut ion) for t h e sou theas t coast of t h e U.S. as it wou ld be seen o n t h e v ideo screen of 
t h e b rowse utility. N o t e tha t ancil lary i n fo rma t ion inc lud ing a m a p gr id is also shown on 
the m o n i t o r a l o n g with a color bar . T h e file n a m e prov ides t h e s ta r t ing acquisi t ion t ime 
in year , da te , h o u r , m i n u t e , second ( Y Y D D D H H M M S S ) . E a r t h location a n d ozone val­
ues given h e r e app ly to t h e c e n t e r pixel of t h e first ( sou the rnmos t ) scan l ine. Status re ­
fers to t h e o u t c o m e of t he quali ty review a n d indicates tha t t h e valid da t a a r e inc luded 
in Level-3 compos i tes . A n e r r o r c o d e a n d reason a r e given for d i s a p p r o v e d scenes. 
Nonval id da t a (clouds a n d land) a r e co lo red gray. T h i s p la te originally a p p e a r e d in full 
color. See t he back of t he second v o l u m e of 1989 (Vo lume 70, N u m b e r s 27-52) for the 
color plate . 
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Table 4. Requirements for the Coastal Zone Color Scanner Browse Facility 

Facility R e q u i r e m e n t s 

Browse P r o g r a m 

Panasonic 8" V i d e o Disc 
Player 

Color Moni to r 
Video Cable 

C o m p u t e r 

RS232 Cable 

Video Browse Discs 

T h e p r o g r a m tha t p rov ides t he search, display a n d o r d e r 
r ou t i ne s for t he CZCS da t a set. C a n be used in 
con junc t ion with t he v ideo disc to preview the images , 
o r w i thou t it if des i red . 

M o d e l T Q 2 0 2 4 (player) o r T Q 2 0 2 3 (p layer / recorder ) o r 
Mode l T Q 2 0 2 7 (player) o r T Q 2 0 2 6 (p layer / recorder ) . 

A n y m o n i t o r capable of accept ing video i n p u t will work . 
Used to connec t t he v ideo o u t p u t o n t he p layer to t he 

v ideo i n p u t o n t h e mon i to r . 
V A X o r Microvax 
I B M or compa t ib le PC 
A p p l e Macin tosh* 
S u n Works t a t i on* 

PC systems n e e d at least 10 m b h a r d disk. 
N e e d serial p o r t to connec t to Panasonic player . 
Shou ld have ability to s end Electronic mail to N A S A . 
*Vers ions of t h e Browse p r o g r a m for t h e S U N a n d 
Macin tosh shou ld be available by s u m m e r 1989. 

Used for c o m p u t e r con t ro l of t he v ideo disc player . 
N A S A will p r o v i d e t h e p in conf igura t ions for this 
cable. 

T h e en t i r e CZCS v ideo b rowse da t a set will res ide o n 
t h r e e 8" v ideo discs. 

can be seen. T h e r e q u i r e m e n t s for t h e 
b rowse facility a r e listed in T a b l e 4. T h e 
b rowse software, w i t h o u t image display capa­
bility, r e p r e s e n t s a c o m p l e t e da t a base allow­
ing for searches u s i n g u p to 18 cr i ter ia , in­
c lud ing t ime a n d locat ion. 

Costs for da t a follow gene ra l N A S A policy, 
w h e r e t h e r eq u es t o r is expec t ed to b e a r t he 
cost of m e d i a (when d a t a o n optical discs a r e 
r eques t ed , u se r p r o v i d e d discs a r e p r e f e r r e d ) 
a n d dupl ica t ion . L a r g e - v o l u m e da ta r eques t s 
will b e eva lua ted o n a case by case basis to 
avoid a major impac t to o t h e r r eques to r s . O r ­
d e r s f rom browse sites t ha t a r e p a r t of t he 
Space Physics Analysis N e t w o r k (SPAN) can 
be p laced automat ical ly by t h e b rowse p r o ­
g r a m across t he n e t w o r k . O t h e r sites can use 
o t h e r e lectronic ma i l ing p r o c e d u r e s i nc lud ing 
telemail . A n in fo rma t ion shee t o n t h e archive 

, a n d d is t r ibu t ion p r o c e d u r e s , a n d a use rs 
g u i d e a n d instal lat ion no tes for t h e b rowse 
system a r e available f r o m t h e a u t h o r s . 

Continued Observations Required 
T h e oceans r e p r e s e n t o n e of t h e grea tes t 

u n k n o w n s in o u r u n d e r s t a n d i n g of t h e E a r t h 
as a system of c o m p l e x in te r re la t ionsh ips , n o t 
only because of its size, b u t because of its in­
credib le variability. P h y t o p l a n k t o n concen t r a ­
t ions c h a n g e very rap id ly in t ime , a n d p o p u ­
lat ions can d o u b l e in o n e day o r less. I n or ­
d e r to s tudy the processes t ha t accoun t for 
t h e spatial di f ferences in ocean produc t iv i ty 
ev idenced h e r e , a n d to exp la in year to year 
var ia t ions , a n d finally to h e l p p red ic t h o w t h e 
ocean r e s p o n d s to a n d impac ts global (cli­
mate ) c h a n g e , scientists r e q u i r e c o n t i n u e d 
satellite ocean color observa t ions , c o u p l e d 
with sh ip a n d in situ invest igat ions. 

I t is n o t clear h o w well t h e i n t e r a n n u a l 
variability of ocean produc t iv i ty can b e s tud­
ied wi th t h e i n t e r m i t t e n t CZCS da ta , a n d it is 
obvious t ha t coverage is insufficient in s o m e 
reg ions for even t h e s implest process s tudies . 

T h e CZCS failed in J u n e 1986 d u r i n g its 
e igh th year of o p e r a t i o n (it h a d a design-l ife 
of 1 year) . T h e earl iest a p p r o v e d mission for 
an ocean color sensor a p p e a r s to b e t h e 
O c e a n Color a n d T e m p e r a t u r e S c a n n e r 
(OCTS) , s chedu led for l a u n c h o n t h e J a p a ­
nese A d v a n c e d E a r t h Obse rva t ion Satellite 
(ADEOS) in 1995. Fol lowing O C T S , t h e 
M o d e r a t e Resolu t ion I m a g i n g S p e c t r o m e t e r 
(MODIS) is p r o p o s e d to fly o n t h e U.S . E a r t h 
Obse rv ing System Polar P la t fo rm in 1997. 
T h e Sea-Viewing W i d e Field-of-view Sensor 
(Sea-WiFS) p r o p o s e d by N A S A a n d E O S A T 
for l a u n c h o n Landsa t -6 in 1991 a p p e a r s n o 
longe r viable, a l t h o u g h a l ternat ives a r e b e i n g 
discussed. 
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