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O N E  OF THE MOST INTERESTING and useful 
pieces of data for basin-scale planning of EqPac 
(Leinen and Murray, 1990; Murray et aL, 1992, 
this issue) was the satellite-derived ocean-color 
data set acquired by the Coastal Zone Color Scan- 
ner (CZCS) (Feldman et al., 1989). To accomplish 
EqPac goals we need a more precise estimate of 
the temporal and spatial distributions of phyto- 
plankton biomass and primary production. Tra- 
ditional shipboard sampling techniques by them- 
selves are not sufficient to meet these needs on 
global, or for that matter, basin scales. However, 
satellite observations of ocean color can provide 
reliable estimates of marine phytoplankton bio- 
mass at the relevant time and space scales. 

The United States-Joint Global Ocean Flux 
Study (US-JGOFS) is relying heavily on satellite 
ocean-color data for large-scale planning activities, 
for real-time cruise support, and for global diag- 
nostic and prognostic modelling efforts. Currently, 
only the retrospective CZCS data set acquired be- 
tween November 1978 and June 1986 is available. 
However, Sea Viewing Wide Field Sensor 
(SeaWiFS), an ocean-color sensor that is planned 
for launch in late 1993, will be a key to biogeo- 
chemical studies including the US-JGOFS Indian 
Ocean Process Study in 1994/95. Future work can 
be more quantitative because global coverage will 
be obtained every two days and real-time data 
from ships and moorings can be used for calibra- 
tion. During the Equatorial Pacific Process Study 
(EqPac) in 1992, there will be no ocean-color sat- 
ellite in orbit and instead there will be overflights 
by the National Atmospheric and Space Admin- 
istration (NASA) long-range P3B aircraft. Oth- 
erwise, at present we only have the historical 
C Z C S  data set, but that has proved to be quite 
useful. 
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Variability in the optical properties of the open 
ocean is determined to a great extent by the dis- 
tribution and abundance of phytoplankton and 
their associated pigments. The changes in ocean 
color detected by the CZCS provide a quantitative 
measure of near-surface phytoplankton pigment, 
which for remote sensing applications represent 
the sum of chlorophyll a and phaeophytin a con- 
centrations (Gordon and Morel, 1983). These es- 
timates are an index of phytoplankton biomass, 
and with the appropriate ancillary information 
may be empirically related to primary production. 
The depth to which the satellite-derived ocean- 
color measurements apply is inversely related to 
the concentration of phytoplankton and sus- 
pended material in the water column. The CZCS- 
derived values represent the average pigment 
concentration to a depth of one optical attenua- 
tion length ( ~  the top 20-30% of the euphoric 
zone), which for pigment concentrations typical 
of the Equatorial Pacific may be as deep as 20- 
30 m. 

A 7½-yr composite image of surface phyto- 
plankton pigment (hereafter referred to as the 
CZCS climatology) for the Pacific Basin is shown 
on the cover of this issue. There were some sea- 
sonal and temporal biases in the original data, 
thus the image shown is a composite, not a mean. 
In addition to providing a visual representation 
of the phytoplankton biomass, the satellite image 
can be used to produce hypothetical sections that 
a ship may see. Because the composite is for a 
several year period, these sections represent a ref- 
erence climatology. The data from a specific cruise 
will be different in detail but should observe the 
same large-scale patterns. 

The composite CZCS image of the Pacific 
Ocean clearly shows a region of enhanced phy- 
toplankton pigment concentrations along the 
equator extending from the South American coast 
to ~ 170°E. The band of highest pigment con- 
centrations (0.15 mg m -3) appears relatively sym- 
metrical about the equator, and is ~400  km in 
width. Analyses of the global CZCS composites 
show that this equatorial band of high pigment 
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Fig. 1: Hypothetical section of satellite-derived total pigment along the equa- 
torial Pacific from 140°E to 90 ° W. This section was produced from the 
climatological data set covering boreal fall 1978 to boreal spring 1986. The 
horizontal distance between samples is one pixel (~18.5 km resolution at 
the equator). 

concentration is one of  the dominant  features of  
the global ocean. One of  the important sources of  
variability in the near-equatorial region are trap- 

ical instability waves with periods of  22 to 25 days. 
The biological signature of  these waves can be 
clearly seen in either the individual (daily), or 
short-term-average CZCS images (Feldman, 
1985). 

The equatorial Pacific zonal production sec- 
tions of  Chavez and Barber (1987) suggest that a 
north-south transect located anywhere from 110 ° 
to 150°W would sample a similar productivity 
regime. The CZCS-pigment imagery supports this 
idea. The station locations for the National Sci- 
ence Foundation (NSF) component  of  EqPac were 
chosen to be at 140°W where the currents are 
highly zonal (east-west), the physical circulation 
constrained by the Equatorial Pacific Ocean Cli- 
mate Study/Tropical Ocean Global Atmosphere 
Tropical Atmosphere Ocean (EPOCS/TOGA 
TAO) array, and productivity is high. 

The hypothetical data section along the equator 
from 140°E to 90°W derived from the CZCS cli- 
matology is shown in Figure 1. Total pigment is 
low in the west at ~ 0 . 0 6  mg m 3, and increases 
to ~ 0 . 1 2  mg m -3 near the dateline. Total pigment 
stays fairly constant for the remainder of  that 
transect until the Galapagos region at ~ 9 0 ° W  
(Feldman, 1986). It is difficult to make a direct 
comparison between the CZCS climatology-in- 
ferred concentrations and those actually measured 
because of  the lack of  sufficient ship-board data. 
Based on the data available, the large-scale pat- 
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Fig. 2." Hypothetical north-south sections of  total pigment across the equator (20°N to 20°S) at 140 ° W. 
The data are divided into climatological boreal winter, spring, summer, and fall data. 
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terns are very similar.  A measured  section o f  
ch lorophyl l  a long the equa tor  is shown in Figure 
1 o f  the c o m p a n i o n  art icle (Murray  et al., 1992, 
this issue). 

Nor th - sou th  sect ions across the equa tor  at 
140°W from four CZCS cl imatological  borea l  
seasons are shown in Figure 2. The  p igment  max-  
i m u m  at the equa tor  is an obvious  feature. This  
m a x i m u m  is s imilar  in sections f rom 1 10 ° to 
150°W as well. There  are two features that  s tand 
out  in these mer id iona l  sections at  140°W tha t  
were ut i l ized for EqPac planning.  The  first is a 
p igment  m a x i m u m  located at 10°S that  represents 
a p l u m e  extending  downs t r eam from the Mar -  
quesas Is lands (7 ° to 1 l°S,  137 ° to 142°W). The  
p l u m e  extends > 1,000 k m  to the west o f  the is- 
lands (see cover) and  is present  in aH seasons. This 
feature also can be seen in the sect ion at 150°W 
(not  shown),  however  it is farther  nor th  and  of  
decreased magni tude .  The  p l u m e  is clearly asso- 
ciated with the Marquesas  because  there is no ev- 
idence o f  it on the  ups t ream side (to the east at 
135°W). Unfor tuna te ly ,  there are no sh ip-board  
da ta  avai lable  to evaluate  how much  o f  this signal 
is due  to detr i tal  mater ia l  shed f rom the is lands 
ra ther  than  to enhanced  p r imary  p roduc t ion  as- 
socia ted with the islands. Fo r  this reason, the 
EqPac  stat ions south o f  5°S were moved  toward  
135°W instead of  140°W. 

The  second feature uti l ized in EqPac p lann ing  
is a divergence located along the nor thern  edge of  
the nor th  equatorial  counter  current  (NECC), near  
9-1 1 °N. This divergence is due to increased Ek- 
m a n  t ranspor t  in a nor thward  direct ion resulting 
f rom a s trong curl in the nor theas t  t rade winds. 
The  CZCS data  suggest a p igment  m a x i m u m  at 
this lat i tude,  possibly due to nut r ients  suppl ied by 
the enhanced  shear and  divergence.  This  feature 
is not  always present  bu t  is most  c o m m o n l y  seen 
in the  boreal  fall season. The  highest p igment  val- 
ues at 10°N are in the east and  the feature has 
d i sappeared  by 160°W. There  is not  much  field 
da ta  that  we can use to val idate the satellite ob- 
servations,  however,  a s imilar  d is t r ibut ion  does 
appear  in the calculated pr imary  product ivi ty  map  
of  Berger et al. (1987). It is not  possible with the 

present  da ta  to evaluate  whether  this m a x i m u m  
is a result  o f  local processes or  is a p lume  o f  high 
p igmen t  concen t ra t ions  associated with high nu- 
t r ient  waters advected west f rom the upwel l ing 
region in the eastern Pacific called the Costa  Rica  
Dome.  The  EqPac  t ransect  begins at 12°N, to 
sample  this divergence at 10°N. 

The  spatial  and  tempora l  CZCS p igment  da ta  
have been const ruct ive  in formula t ing  the hy- 
potheses  for EqPac.  The  existing large-scale sat- 
ellite ocean-color  imagery  was key for p lann ing  
by  al lowing careful placing of  the  stations. This  
has been an excellent oppor tuni ty  to illustrate how 
satelli te ocean-color  imagery  can be used in 
oceanographic  planning.  
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