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Exeoutiye Summary

Satellitoe imagery of near—surface phytopiunkton pigment concentrations
and sea surface temperature has been demonstrated to be extremely useful in
the study of mescscale variability in the ocean. Extension of these studies
to larger, synoptic sacales appears promising. The development of time sories
of pigment and tomperature imagery spanning the entire California Current Sys-
tem 1s essential for the study of many compelling scientific questions, These
questions involve the large—scale dynamics of biological and physical
processes that cannot be adequately examined using only ship and other in situ
measurements, We will need the unique ability 6f eatellites to provide the
repeated, synoptic, high-resolution datn necessary te observe the high degree
of temporal and spatial variability in the California Current System. The
first use. of sush time series would be to characterize, descriptively and sta—
tistically, the patterns of large—~scale variability. These results will thea
be used along with in situ data and modeiing ef forts to help understand the

large—scale dynamics of the California Current System.

We recommend that such time series be developed to address these ques—
tions concerning both biological and physical processes. Development of these
time series should be coordinated through a project established at the Jet
Propulsion Laboratory under the scientific direction of Mark R. Abbott and
mansged by Philip M. Zion. Such a project will acquire the raw digital data
{level 1) and develop a browse file and catalog. Production of the remapped,
geophysical data (pigment and temperature) will take place at soveral loca-—
tions and will be coordinated through the JPL time series project, with the
nltimate goal of producing complete time seriecs (from approximately 20°N to

60°N and 105°% to 140°V¥W, encompassing the lifetime of the Coastal Zone Color
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Scanner). We anticipate that most of this level 3 processing will take place
at JPL. The JPL time series project will provido high resolution mesoscale
data and reduced resolution large—scale data mosaics to the JPL Pilot Ocean
Data System for archiving and distribution. Any analysis of the time series
will be done by individuai investigators or iavestigator tecams. Such analysis

will require strong interdisciplinery cooperation.

Such time series will prove extremely useful for a global Ocean Color
Imager program from both a scientific and practical standpoint. Soientifi-
cally, & CZCS time series will extend the length of any future OCI time
series, It will also focus scientific attention on large~scale processes, as
well as provide large amounts of fully processed satellite imagery to oceano-—
graphers who previously only had limited access to such data. This project
wonld also mddress issues of data base management and distributed processing,
as well as the production of & consistent data set over a long time period.

Such abilities will be essential for any future global missions as well.



1.0 Introduction

As a result of the launch of the Corstal Zone Color Scanner (CZCS) aboard
Nimbus 7 and with subsequent improvements in geophysical algorithms, it is
possible to dotermine neavr—~surface phytoplankton pigment oconcentrations from
space to within about a factor of two (Ocoan Colox Soionco Working Group 1982;
Gordon, Clark, Brown, Brown, Evans, and Broenkow 1983a). Similarly, the
Advanced Very High Resolution Radiometer (AVIRR) aboard the NOAA Tiros satel-
lite series can make routine messurements of sea surface temperature (SST) to
within about 1,0°C (Bernstein 1982). These accuracles are adequate to address
many scientific questions. Several investigators on the west coast have been
using AVHRR and CZCS imagery routinely, generally concentrating om a particu-
lar goographic area, such as Pt, Arena or the Southern California Bight (e.g.
Abbott and Zion 1985; &mith, Eppley, and Baker 1982), or on a particular
research program such as thu Optical Dynamios Experiment (ODEX), Ocean Predic-—
tion Through Observation, Modeling, and Anslysis (OPTOMA) (e.g. Rienmecker,
Mooers, Hagan, and Robinson 1985), or the U.S. Coastal Ocean Dynamics Experi-
ment (CODE) {(e.g. Kelly 1983). A larger-scale study of the California Current
System was undertaken by Pelfez-Hudlet (1584). In addition, there have been
applications of satellite imagery to fishexy problems in the Califormia
Current System (e.g. Laurs, Fiedler, and Montgomery 1984). These studies have
used time series of satellite images to study various physical and bilological
processes at particular space and time scales dictated by the regional nature

of the data and the sampling frequency of available, usable images.

In view of the increasing availability of high quuality S8ST and pigment
images from several areas of the California Current System, the Qoennic

Processes Branch of NASA Headquarters established a West Coast Satellite Time




Serics Advisory Group to consider the following lssuss:

o Is thers a scientific rationrle for exteunding current CZCS-AVHRR
time series to a larger spatial and temporal domain

on the wost coast of North America?

o What are the scientific and datn processing requirements for

such time series?

o How will this work relate to other oceanographic programs,

both within aund cutside of NASA?

o What are the implications for acquisition, production, validation,

archival, distribution, and analysis of such time series?
0 What further action should be taken to address the gbove issucs?

0 Who should be responsible for this work (and exactly what work

ghould be done)?

The group met on 19-20 July 1984 at Soripps Institution of Oceanography,
La Joila, California. The following report summarizes their conclusions, A

list of participants is in Section 8.0,



2.0 Scientific Rationale
2.1 Proevious work

Fastern boundary ocurrents have long been known to be rogions of high pro-
ductivity and major fisherios, m result of gonerally favorable conditions for
upwelling of nuirient-rich wator into the suphotic zone (e.g. Smith 1968).
Such ourrents are also quite variable on a varioty of time and space scales in
both physical and biological processes. This,variability, ocoupled with the
productivity of the system, has provided both scientific and societal reasons
for studies of eastern boundary currsnts. One such system is the California

Current System off the west coast of North America.

The California Current System has been studied extensively on both a
regional and large-scale basis (Hickey 1979), (We define regional ox mesos-
cales as length'scnlea of 10-500km and time scales of 2-100 days and large
soales as length soales of 100-3000km and time scales of 100 days to several
years.) Beginning in 1949, large~scale studins were undertaken by the Califor—
nia Cooperative Oceanic Fisheries Investigations {CalCOFI) in response to the
collapse of the California sardine fishery (Reid, Roden, and Wyllie 1958).
Although tho temporal and spatial frequency of sampling has varied over the
years, this deta set has shown the importance of large~scale and basin-wido
floctuations to the biological and physical dynamics of the California Current
System. For example, interannunl changes in southward flow (Bernal and McGowan
1981; Chelton, Bernal, and McGowan 1982), possibly driven by changes in the
eastern tropical Pacific circulation, seem to be responsible for changes in
zooplankton biomass. Large-socale seasonal wvariability in the California
Undercurrent has also been examined (Chelton 1984). The iarge«scnle spatial

distribution of zooplankton (Chelton 1982) sppears to be related to upwelling
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driven by the ourl of the wind stress. Within such a system, classical biolog-
ical interactions (such as competition and prodation) may not play domirant
roles in dotoermining abundances or ocomposition boonuse of the disruptive

offeots of variable physioal processes (McGowan 1971, 1974},

Regional studies, which are more commonly uonducted in oceanography, as
opposed to the large—scale CalCOFY studies, have also been undertaken in the
California Current System. These studies have foocused on a ;ariety of physi-
cal and biological processes. For example, OPUS (Oxganization of Persistont
Upwelling Structures) concentrated on the upwelling conter noar Point Joncep-
tion, California {Jones, Brink, Dugdale, Stuart, Van Leer, Blasco, and Kelley
1983); OPTOMA (Ocean Prediction through Observation, Modeling, and Analysis)
examined the effects of mesoscale variability off northern California (Mooers
and Robinson 1984; Robinson, Carton, Mooers, VWalstad, Carter, Rienecker,
Smith, and Leslie 1984); U,S., CODE (Coastal Ocean Dynamics Experiment) fooused
on the wind~driven circulation on the continental shelf near Point Arena, Cal-
ifornia (CODE Group 1983); and Canadian CODE studied the interaction of physi-
cal and biological processes on the shelf off Vanocouver Island (e.g. Freeland,
Crawford, and Thomson 1984), In addition to these large, intensive field pro-
grams, thexre have been several long series of less extensive measurements,
such as the Department of Energy studies in‘the Southoern California Bight
(e.g. Eppley, Renger, and Harrison 1979) and off the Washington ocoast (e.g.
Hickey eand Hamilton_1980). Finally, tﬁere have been numercus single expedi-
tions to various regions in the California Current System (e.g, Simpson, Kob-
linsky, Haury, and Dickey 1984). Tkis is certainly not a ocomplete list of the
research programs that have teen conducted in the California Current System in
the past decade; however, it demonstrates that there has been a mixture of

intensive regional studies, long term, less extensive regional studies, and
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very long torm, large—socale studies.

Time series of (ZCS and AVIIRR imagery have boen wged fou studying many of
those mesosonle phonomena, partioularly emergoetic procosses that are diffiocuit
to sampl# with ships and buoys. For example, Kelly (1983) uped AVIRR imsgos
to study oconstal dynamics during CODE; Rienccker et al. (1985) used AVIRR
imagory to identify and track a ocool jot during a ship survey; Ikedr and
Emery (1984) used time series of AVHRR images to describe and model meanders;
Bernstein, Breaker, and Whritnor (1977) studied an ocddy in the California
Current OSystem using several data scts, including satellite imagery; Tra-
ganza, Silva, Austin, Hanson, and Bronsink (1983) inforred nutrient distribu-
tions from SST imnges off the confiral California coast. Abbott and Zinn
(1985) studied the kinematics of an vpwoelling event during CODE using CZCS and
AVHRR imagery. Further progress in the understanding of the mesoscale dynam-
ios is expected from continued studies combining in situ and satellite meas-
uremeats. Rogional scele satellite imagery has also beon applied to a number

of fishery studies in the California Current domain (e.g. Laurs ot al, 1584),

2.2 Large-Scale studies

The study of the California Current System as & complete system will
require satellite imagery to avoid the obvious problems of synopticity of sam-
pling., Figure 1 ghows a synoptic view of the California Cnrrent Syétem with a
large portion of the system in view of the satellites, The inhereat variabil-
ity and oxtent of the system make it unlikely that combining previous regional
stuﬁies will provide the necessary data to study large-scale processes. Even
the ColCOFI program (among the largest field programs we can imagine) has boen

limited in its temporal and spatial sampling such that many issues of large-



Figure 1.

Sea surfaco temporature {(derived from NOAA-6 AVIRR)
and near-surface phytoplankton pigment concentrations
(dorived from Nimbus 7 CZCS) from 7 July 1981, Tho
38T image was colleoted edight hours after tho plgment
image. White and black arcas in tho SST image aro
clouds; white arens in the plgment lmage are e¢louds,
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scule dynﬁmioa (both biological and physical) cannot be resolved (e.g. Chel-
ton 1982, 1984). Wo will noed the unique ability of satollites to provide
nearly synoptic, high-rosolution images (using both single imsges and mosalck-
ing soveral olear images) of large areal extent. Combined with existing in
situ data sets, such satellite time sories will allow = number of important
. questions pertaining to the dynamics of the California Current System as a

whole to be addressed.

Development of laxge—scalo satellite time series has been hindered by
data acquisition and processing problems, rather than by any lack of scien-
tific interest. These problems are now sutmuuﬁtnble; data from the Soripps
Satellite Oceanography Facility (SSOF) are relatively complete and ars
surrently being duplicated and archived at the Jet Propulsion Laboratory;
several locations for data processing have been developed on the west coast in
recent years so that processing ﬁf lerge data sets is feasible. It is essen-
tial that these resources be expioited and the time series be developed so
that cooperative scientific investigations of the large-scale biological and
physical dynamics of <+the California Current System may begin. Failure to
develop the time series would represent a missed opportunity for the first

adequately sampled study of large—soale processes in oceanography.

There are many questions concorning the large—scale biological and physi-
cel dynamics of eastern boundary currents. These studicp fall into two basic
catagories. First, there are descriptive questions that relate to the charac-
terization of the California Current System. For example, we are unable to
tell whether the obse:ved‘patterns in Figure 1 are persistent from season—to—
scason or from year—to-year. Second, there are questions that relate to

dynamics which will require the answers to the descriptive questions and the

PRECEDING PAGE BLANK NOT FILMED
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integration of satellite and surface dats as well as theorotical and modeling

studios. For oxample, the dynamics of the offshore filaments in Figure 1 are

only beginning to bs investigated. The following questions were identified at

tho meoting:

0

What are the sezsonal statisties of large~scale variability?
Such information will be extremely valuuble to modeling efforts.
¥hile such a question seems straightforward, it c¢annot be answerod

with prosent in situ measurements,

What is the role of seasonal forcing in maintaining the obsexrved
featumes? For example, the large cross-shore jets in Figure 1
uppear to be related to the spring upwelling seacon, Analysis
and modeling by Ikeda, Mysak, and Emery (1984) and Xkeda and
Emery (1984) suggests that there is a definite seasonal signal

in the observed patterns of sea surface temperature.

¥hat is the relative impuctance of persistent offshore eddies and
jets in tho energetics and dynamics of the California Current System?
How persistent are some of these ''persistent” features? What are
typical periods of these features? For example, obs;rvations of

an eddy by Simpson and co-workers showed that some eddies

persist for at least several months (Simpson et al, 1984);

Ikeda et al. (1984) showed varying time scales for some

of fshore jets. Do similar features exist west of the California

Current System?

What is the relationship between persistent features and coastal

topography? The large, offshore jets are related to variations

- 12 -
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in the comstline topography (Kelly 1983) and have been desoribed

by Ikeda ot al. {(1984),

What are the longshoro coherenco and phase relationships of
variability? Freeland and Denman (1982) presented evidence that
the spin-up of a topographicaily-trapped eddy on the shelf off
Vancouver Jsland may be rolated to the spring transition in surface
winds off Cape Mendocino (Huyer 1983). Such relationships

will give extremely useful information on the dynamics of the

California Current System.

What are the cohexence and phase relationships between variability
in the Californis Current System and other areas of the Pacific
Ocean? Enfield and Allen (1980) and Chelton and Davis (1982)
showed systematic varistions in sea level along the west coast

of North Amerioca that were related to variations in the eastern
tropical Pacific. Other data sets, such as Station P, might show
fluctuations that are occherent with fluctuations in the California
Current System. Another interesting question is whether any

of fshore phase propagation can be detected {ac suggested from
wodels which show westward propagation of coastal signals in the

form of Rossby waves).

Are there detectable surface manifestations of a poleward undercurrent?
If so, what role do undercurrents play in maintaining seemingly
persistent features? Localized high productivity on the Vansouver
Island shelf is related to the upwelliﬁg of the California Undercurrent
{Freoland and Denrman 1982), for example. The interaction of bottom

topography and the undercurrent may lead to surface viariability

- 13 -
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(Ikoda ot al. 1984),

o Can pigment and SST isopleths satellite imagery be used to show
large—scale flow patterns? Kelly (1983) demonstrated that a reasonable
plicture of the velocity field can be derived from SST images. Such
information on the flow field will be valusble for mesoscale and

iarge—-scale circulation models.

o What is the relationship between the the coastal region and the
of fshore open ocvan? Mooers and Robinson (1984) inferred
1arge oross—shore transports of matorials, heat and momentum of:
Point Arena; Traganza et al, (1983) also showed large

exchanges between coastal and open ocean waters.

o ¥hat is the large—scale coherence between SST and pigmont? Since
these are two different (but related), nonconservative tracers,
we expect that their patterns of variability should differ

(Denman 1983; Bennett and Demman 1985).

0 What is the relstionship between wind stress, longshore transport,
pigment, and zooplankton distributions? This question will require
ancillary surface measurements, particularly those from CalCOFI.
Chelton et al., (1982) demonstrated a relationship between .
zooplankton abundance and longshore trensport; we need to understand

the phytoplankton pigment component as well.

0 What is the relationship of physical forcing to fluctuations in
large—scale primary productivity? The Cz)COFI sampling surveys are
an attempt to understand this question as it pertains to fish yields,

although sampling limitations have restricted its inveétisntion.

- 14 -



The availability of satellito time series will complement these
field atudies so that some answors to this question may be
possible, In particular, is there a porsistent band of high primary

produativity 200km offshore as speculated by Chelton (1982)7

Along with field data, can long time series of pigment images improve
our understanding of the rolationship between pigment and primary
productivity? Eppley, Stewart, Abbott, and Heyman (1985) showed
that the relutionship varied oonaiderabiy over time and from rsgion
to region; continued work in this area will be important to
understanding large-scale productivity in the California Current

System.

What is the temporal distribution of phytoplankton bicmass? How

does varisbility in this distribution affeot success of lLarval

fish olasses? On a small scale, Lasker (1975) showed a direct
re;atiOnship between survival suoccess and phytoplankton variability.
Extension of this work to the large—scale productivity of the Californie
Current System is crumeial to understanding biological dynamiocs in

this region,

What is the relationship of the near—surface patterns observed
by satellites with processes occuring at depth? Kelly (1983) showed

that SS8T imagery was representative of the surface mixed layer.

What ie the degree of coupling between large—scale, mososcale,
and small scale events? What is the relationship between large-
scale eddy variability and California Current meanders to the

smaller scale squirts and jets? DPavis (1985a,b) proposed that

_15...



small-scale coastal circulation is strongly influonced by eddy

processes,

¢ What are the large—scale similarities and differonces betweon the
California Current System and other eastern boundarxy currvents?
While the answers to this question will be speculative as a result
of the relatively limited data sets avallable from other ecastern

boundary ourrents, arcas of future research may be delineated.

o Is the historical satellite data set sufficient to begin to create
a consistent ploture of interannual variability? It is unlikely
that any statistically reliable relationships can be inferred from
the relatively short time series; however, the AVHRR and CZCS
data sets do cover pefiods of significant ohanges in the California
Current System so.that some interannual variability can be described.
These data sets also form a building block on which long time series
can be built (nsing OCI and AVHRR) so that, eventually, interannual

varigbility can be studied.

2.3 Continued mesoscale studies

The relationship of mesoscale processes to larger scale dynamics is an
area of much research at present (Wunsch 1981; Rohinson 1983). The separation
of research areas into large and mesoscale studies in this report is somewhat
artificial; complete understanding of processes at boéh scales is required.
However, most ship ﬁnd satellite studies have been regional in extent. In
regards - to satellite studies, usually areas of 500km x 500km are considered.
A specific event or geographic region is studied, such as an upwelling center,

or a ship cruise study area. Such reglonsi data sets are ocasier to process as

- 16 -



a rosult of their limited extent, Although satellite imagery may not have the
absolute accuracies nor the necessary high frequency sampling required to
address all questions of mesoscale processes, it has boen shown thet ¢time |
series of rogionanl scale images can be oxtremely vzéful (e.g. Kelly 1983).
Long time series of regional scale imagexry can provide a sufficient quantity
of data to porform many quantitative statistical analyses, despite the prob-
lems of gapvy coverage and small~scale variability that result from errors in
procossing algorithms, Studies of the following mesoscale questions should be

included in any large-scale study.

0 What is the relativo importance of open ocean wind stress curl-
induced upwellirg, coastal (Ekman divergence) upwelling, bottom
topography, and coastline shape in upwelling zones? For example,
Kelly (1983) showed that ocoastline shape was important in the
location of upwelling centers; Chelton (1982) proposed that wind
stress curl was more important than coastal wind-driven upwelling

to large-scale variations in the California Current.

o What is the "1ife histoxry" of upwelling centers? What are the
typical pigment, SST rolationships in such centers? Can such
information be used to improve models of upwelling? Jones
et al. (1983) presentéa a model for the development of
temperature-nutrient—pigment concentrations in an uvpwelling center;
Abbott and Zion (1985) showed that such centers develop too

rapidly for ship sampling.

o VYhat is the life history of mesoscale eddies? What are the
decorrelation length and time scales for mesoscale variability

in the SST and pigment fields? How do thesc.decorrelation scales

- 17 -




affect ship measuremonts? Such scale information will help in
the development of models of tracer dispersal in mesoscale
turbulenco (e.g. Bonnett and Denman 1985) and the design of

superior in situ sampling strategios,

0 Can the differont spatial-temporal distributions of SST and pigment
be used to undecrstand the flow characteristics and phytoplankton
growth rates? Although both SST and pigment are nonconservative
tracors, pigment is & passive scalar, Differences in the belavior
of these two tracers in moesoscale flow may allow us to separate
the effects of phytoplankton growth and fluid flow, First attempts
2t modeling these processes have been made by Bennott and Denman

(1985) .

The above list is by no means a complete set of potential areas of inves-
tigation, Rather, long time series of satellite images will provide a suffi-
cient quantity of data for quantitative statistical analyses in o number of
regionnl studies. They also form the basis upon whioch continued time serics

can be built with future satellite missions.

3.0 Programmatic Rationale

The unique capabilitios of satellite image data —— long time series of
repeatable, synoptic, high~resolution coverage —— allpw previously intractable
problems to be studied, The AVHRR series will continue and be improved in the
noxt decade. As the (ZCS is expected to bo operational for only a few more
years, the Ocean Color Science Working Group (1982) has proposed that an Ocean
Color Imager (OCY) be flown in the next decade. The continued study of the

historical CZCS data set will aid the OCI in four ways. First, it will

- 18 ~
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demonstrate the foasibility of using satollite data for scientific studios
such as those outlined in Section 2, Second, it will provide additioual
experience in data analysis techmniques. Third, the data processing experience
giinod botween now and the OCI launch will benofit the design of tho process—
ing and analysis effort for OCI data, Yourth, such a CZCS time series will bo
added to tho OCI west coast time series, thus extending the length of the

serios,

Sinoe the thrust of the OCI will be global measurements of pigment ocon—
contration, the expoeriecnce gained in accomplishing the proposed large—scale
west coast studies will bo invaluable. This wdrk is an essential step, moving
from the mesoscale and regional processing of today toward the global process-—
ing required for tho OCI effort, BSuch problems as distributed data process—
ing, data base management, and dsta distribution for a large data set must be
overcome for the west coast series, as well as consistent processing for data
covering a long time period. Most importantly, the west coast time series
effort will focus scientific attention on large—scale phenomena and develop

and refine adequate data processing and analysis tools to cope with questions

of this soale.

4.0 Requirements
4.1 Statement of the problem

Only a small fraction of west coast oceanographers wishing to use CZCS
and AVHRR data have direct mccess to registered, geophysical data products
{either pigment oxr SST). Those without such access arc effectively precluded
from using these data sets. The only useful archives at present are level 1

(digital, raw satellite data). The effort required to set up a facility ¢to

- 19 -~



oonvert these data to level 3 (rogistered, geophysical uanits) requires much
time and money. Level conversion roquires a superminicomputer plus image
display hardware and & scftware system that 1s at least the funotionsl
equivalent of the 0.,B, Brown -~ R,H, Evans systom at the University of Miami,
This i3 clearly out of the reach of most resoarch budgets, One alternntive is
to recoive processed level 3 date from one of the small number of sitoes with
conversion oapability. Despite the cbvious drawback thet an investigator can-
not solect the data to be processed, this is taking place on a limited, iafor-
mal basis, Little data are distributed because the "producer” facility is
established on a single—investigator scale. At this level of effort, it is
unreasonable to oxpect that "consumors’ can be provided with much more than
tape copies of preprocessed data. Clearly, any iancrease in processing demand
would overwhelm thie network., Simply stated, the processing bottleneck for
west coast data is now at the geophysical conversion step, rather than at the

level 1 data acquisition step {for which an adequate level 1 archive oxists).

4.2 Scientific requirements

The primary requirement is to develop and make available complete, ocon-
sistently processed level 3 pigment and SST time series from the west coast of
North America. There are five steps in this process: acquisition, produc-
tion, wvalidation, distribution, and archiving., Analysis of these time series

will be considered zeparately.

Yt is essential that these time series be developed under olose scien—
tific guidance. The large amount of data requires that prcocessing not be dome
solely on the basis of investigator jaterest; rathor, data should be processed

gimply on the basis of available processing ocapability. However, scientific

manegement is necessary sco that the series are comsistent over time and to
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I ensuro tho sclentific integrity of the time series. Within roasouable limits,

time series prodaction should strive for the highest lovel of accuracy and

reliabliity.
4.3 unisitio
. The west coast of North Amerfioa is probably the best sampled area in the

world in terms of (ZCS and AVIRR data, Many of the data tapes are physically
i looated on the west coast, simplifying data scquisition, The first step iz to
assess the holdings of the two largest west coast archives., Thoese are, in
order of priority, SSOF and the Visibility Laboratory (VISLAB). There are
soveral advantages of SSOF bvor VISLAB: presenco of both CZCS and AVHRR data;
data in swath format (about ton minutes per pass rather than two minute
scenes); ocontinuously updated, machine-readable inventory; simple procedures
for data copying and processing at JPL; virtuilly all date are from the west
onast. Currently, up to 50 tapes per week are being copied at JPL from the
SSOF arcliive . Another level 1 archive, the NOAA/NESDIS facility at Redwood
City, California, is a viable alternative for near-reanl time AVHRR data. This
facility captures AVHRR data farther north than SSOF (but with considerable
overlap) and is an operational facility that captures &1l passes (and will
continue to cupture such satellite passes). Disadvantages are a lack of his~
torical data and reduced radiomeiric resoluntion for the data collected there.

However, full radiometric roesolution data are presently being scquired at Red-

wood City under the guidance of R.L. Bornstein. Another limited facility
oxists at the University of British Columbia under the direction of W.JT.

Emery. It can ocollect AVHRR data as far north as the Beaufort Sea.

As clouds and gaps in initial data acquisition offectively reduce the

avajilable data to about 50% of the theoretical maximum (all clear scenes,
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always acquired and available), it is ossential that all possible data be
entorod into the time serics, This will ensure adequate data for tho study of

mesoscale processes and to ensure at least minimal coverage for larger arcas,

4.4 Levyel 3 production

Production is the goneration of lovel 3 geophysical, carth~gridded pro-
ducts from lovel 1 data. Lovel 3 data should be tho final, universally avail-
able product, as those data will be the starting point for analysis, This
will minimize duplication of computation and pocsible divergence of dif-
ferontly genorated level 3 data at the earlier procossing stages, In addi-
tion, the lovel 3 products should have a cloud and land mask available. Cloud

masking with the AVIIRR data must be clearly defined (e.g. Kelly 1985).

The level conversion and data exchange formats must bo well-documented.
Procedures and formats should be standardized to the maximum extent possible.
Resolution of data format and procezsing compatibility issues requires further
discussion by the level 3 producers. Issues to be discussed include: oom—
parisons of geophysical processing alporithms, definition of uniform grid
sizes and projections, resource estimates for data format standardization,
roguirements and resource ostimates for further pre-analysis processing (v.g.
compositing images for large-scalé studies), data aoquisition and distribution

plans, and content and format of documentation,

Some form of distributed processing betweoen these various level 3  '"pro-
ducers” is desirable.  While this ensures that there is scientific supexvision
during the level 3 production stage, it will be necessary to coordinate pro-
cosging so0 a8 to avoid duplication and incongistencies. A data base manage-

mont system is required so that the various nodes in thiz processing system
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can eonsily determine what processing has been done to any particular picoce of
the timo sories, Within this distributed procossing network, it is ossontial
that thoro bo a contral or coordinating node so that a complete time sories is

produced with as fow gaps in coverage as posgible.

4.5 Yalidation

The geophysiosl algorithms are currently undexr development, particularly
for the CZCS, However, substantial progres: has besn made in the past two
years. Algorithm developers have agreed on n period for which the CZCS degra-
dation 1is well~understood (e.g. Gordom, Brown, Brown, Evans, and Clarlk 1983b;
Musller 1985), aslthough recont work suggests the possibility of interannual
instability 4o those algorithms as & result of changes in phytoplankton
species assemblages. In general, processing of these data iz standardized.
However, algorithm intorcomparison is roquired before distribution of lovel 3
products can bogin, This will achieve two purposcs: processing will be doou~-
monted as part of the intercomparison, and estimates of variance as & result
of differences in processing will be oalculated, Such information 1is essen—
tial for the study of large-scale variability; natural variability must not be

mistaken for processing variability or variability in cenztix calibration,

Similar statements can be made for the AVHRR glthough the algorithms are
perhaps better understood, However, it appears that algorithms must be
developed on a regional basis, or at least account for varying air mass types
(Kelly and Davis 1985)., Also, variation between the five AVHRR sensors that
have thus far been flown needs to be accounted for in processing. As the Cal-
ifornia Corrent System is a region of intense upwelling, the possible effects
of low level stratus clouds and fog must also be nunderstood, Accuracivs of

about 19C are probably obtainable; this will probably suit the needs of most
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Inrgo~sonle studies,

Thero is a trade—off botweon inocreased accuracy in goophysival proceasing
and oxpedient data availability, Ipo the interest of timeliness, data distri-
bution should bogin as soon as intoroomparisons are complete, with the proviso
that algorithm refinement may proceed in parallel. This in turn requires a
processing history for euch data product. Another possible solution ia to
procesr, data from years whore algorithm bohavior is woll understood, e.g. the
carly yoars of the CZCS, non-Il Chichén years for the AVHRR, The¢ inclusion of
accuracy limits with the level 3 data should help avoid propagation of spuri-
ous datn. Flags for specisl situations suoch as low sun angles, cdge of swath,
mixed aerosol types, eto. are also nceded. Validation efforts should continue
as users of the level 3 data can relay valuable in situ comparisons to algo-

rithm dovelopers.

4.6 Distribution and archival

There should be a central node on thoe west coast rosponsible for the dis—
tribution of the level 3 products. This central node will collect date from
the other level 3 "producers.” Data colleotion may be either level 1, with
conversion to take place at the central node, or, when standardization and
algorithm intercomparisons are successfully completed, level 3 products. The
central node should distribute both regionul &nd large—scale level 3 products
(see_S.O below). Therefore the central node will have the ability to acocept
both these products and to create iarge~scale pr-ducts (by mosaicking) when-
ever adequate data exist. This function will include data maintenance sex-
vices such as data catnlog, physical storage of data, and data retrieval capa-
bilities. Eventually, these data archiving and distribution tasks will be theo

responsibility of the JPL Pilot Ocean Data System (PCDS) or its smccessor.
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PODS will accopt and archive data, maintain on~lino catalog and search ocapa-
bilities, provide an on-lino mechanism for data requosts from remote sites,
and, data transmission technology permitting, provide ou-line access to the
arohived 1level 3 data, The central node will be responsibleo for processing
level 3 data, accepting data from other procecssing sites, and furnishing these

level 3 data to PODS.

It may be necossary for the central node to maintain an off-line data
catalog and rotrieval capability until PODS can assume these responsibilities,

This will be done on an informal investigator—to~investigator basis.

5.0 A Propnosed Strategy

We rocommend the following specific strategy to undertske the f£five—part
process describod above for the development and analysis of pigment-SST time

sories of the west coanct of North America, including the Californis Current

System.

Complets series of the available AVHRR-CZCS level 1 scenmes from 20°N to
60°N and from 105°W to 140°W should be obtained from the period 1 January 1979
until the demise of the CZCS, (At the current time, it appears that the CZCS
will function for at least one more year.) We support coﬁtinued acquisition of
west coast AVHERR data and west coast OCI date when they are available, with

acquisition et SSOF and other sites.

The older tapes from SSOF (1979 and 1980) should be copied as soon as
possible as they are near the end of their shelf life, About 5% of the older
tapes are unreadable. Data acquisition should continue in chronological order

so0 that loss of datn as a result of tape degradation is minimized.
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We recommend that the JPL pigmont/tempernturuvtime sexries project ocon-
tinue as the lead ocenter for level 1 data acqguisition from SSOF and other
archives. It should take the lend role in coordinating level 1 data acquisi-
tion and distribution with other processing facilities on a mutually agreocable
basis. As part of this ncquisition process, it is essentinl that a browse
file be created to identify swath coverape and quality. A browse image will
be produced for every uwath in the JPL time series catalog. Such a ‘browse
file should be readily reproducible for distribution. A continuvously updated
level 1 data catalog is also necessary, listing the level 1 holdings at the
various facilities. This ocatalog will be of the relaticonal data base type,
allowing searches by satellite and time. It is not required that this infor~-
mation be available on-line until PODS assumes responsibility for the catalog.
Thore should be provisions for informnl level 1 data distribution between the

level 3 producers,

The JPL time series project should undertake this acqui#ition process
because it has assembled many of the necessary resources: cperations person-
nel and procedures for tape copying, storage, and retrieval; data base systems
to inventory level 1 tapes and attributes; an engineer to maintain the dzta
base; and a continuvously updated photo file of all data awaths. The TPL. pro-
ject has the capacity to copy, store and inventory moderately large volumes of
tapes (1500/year). In addition, the time series project is co—located with
PODS so that it may take advantage of new data storage and distribution tech—

nologies being investigated by PODS, such as digitel optical disks.

PODS (or its successor) should maintain an up-to—date and accurate cata-
log of level 1 holdings at the main archives, including at least 5SOF, NESDIS,

and the JPL time series project. Through its cooporative effort with the JPL
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time series project, PODS has access to those level 1 tapes acquired by the
project. With the permission of ihe projoct, PODS should make these data
available to investigators interested in doing their own level 3 production.
PODS should also be able to load and satalog browse images as thoy arrive from
the JPL time sories project and from other inveetigators. Loading will
involve adding digital images of fixed size to an archive and creating catalog
entries. Browse images may be stored in other forms, such as photos. Access
requirements for these data, which are meant to be viewed as images, will
depend on the hardware available to the user. Somo cheap, easily reproducible
medjum such as microfilm rolls may be needed. For those with more sophisti-
cated image display capabilities, it is necessary that the browse images bhe

able to bte transmittoed as image files, preferably over telephone lines,

The production of level 3 data from level 1 data should take place on a
distributed basis, with the JFU pigment/temperature time series project acting
as the lead node or coordinator. In this system, the local nodes will con—
tinwe to process segments of the time zeries (subsets in both time and space)
as determined by investigator interest. These products will be collected at
JP1, after mgreement with the individual investigators. Areas not covered will
be processed at JPL. The JYPL time series project should undertake this
activity for the followiﬁg reasons, The processing at JPL, while under scien-
tific direction and supervision, will not be investigator—-driven. That is,
issues such as the order of data prucessing, processing standardization, and
others will be derived from the requirements of the community at large and not
from a single investigator. The goal will be to process the greatest amount
of data while maintaining the scientific integrity and value of the data set.
The JYPL oproject will provide adeguate computing and personnel resources to

undertake this 1level conversion for the benefit of all investigators,
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particularly those only interested in level 3 data who have had ljttle or no

acoess to such data in the past.

The suggested order of level 3 data production was determined by the
availability of concurrent fileld data and issues of extraordinary interest.
Considering the years 1979-1984, 1981 was selocted as the £first priority
because of the 1relative abundance of field data from CalCOFX, U.S, CODE,
Canadian CODE, OPUS, DOE studies in the Southern California Bight and off
Washington, as well as other field programs. Processing algorithms are also
well understood for this year. Availability of in situ data is & prime ocon-
sideration in the selection of satellite data to be processed, reflecting the
desire to coordinate satellite and field programs, Production of the level 72
should then continue in chronclogical order, beginning with 1979 data. How-
ever, as processing algorithms for data acquired since 1883 become better
understood, it may be useful to process data from 1983 at an earlier stage as

they overlap with the California El Niflo (McGowan 1983).

To address the regicnal and large—scale oceancgraphic research areas
described earlier, the IPL. time series project should produce two types of
level 3 data. One type will be the traditional regional data set, probably
512x512 pixels in extent (about 200,000km?), utilizing the fuli spatial reso-
lution of the CZCS and AVERR, The other type of level 3 data will be
reduced-resoluntion mosaics using dntn from an entire swath, The reduced-
resolution products will be on an 8km grid. The JPL. project should process

about 750 swaths per year in this manner,

It is probable that most of this "community” processing will be done by
the JPL time series oproject. Other producer sites do not have the surplus

computing capacity to undertake this effort in addition to their own research
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needs, It will be the responsibility of the JPL project to maintain adequate
computing rosources for this task, In addition, most other producer sites are
also algorithm development sites engaged in refinoment of level conversion
procedures., These sites are not necessarily oriented towards oconversion of
large numbers of swaths. Insteoad, they are actively pursuing greater accuracy
in algorithm results. This involves detailed analysis of a =relatively smull
amount of data. The JPL project will acoept the results of thoese developers

to keep its processing as accurate as possible, but it will concentrate on

distributing high-quality data gunickly.

The JPL time series project, under the scientific direction of Mark R,
Abbott and managed by Philip M. Zion, should coordinate these aotivities,
ensure data compatibility, and track progress in algorithm development, scien—
tific results, &and programmatioc objeotives. The lead node should also bo
responsible for mosaicking the variovs subsets, as well as other processing
activities as determined by discussions with the other processing facilitiew,
In pddition, the lead node should take responsibility for the development of a

data base management system for tracking the progress of a partioular plece of

date through the various processing stages.

Validation of the level 3 products will be the responsibility of the
level 3 producer. As part of the data base management system, surface data
should be available to assist in continuing algorithm development and verifi-
cation. Algoritkm intercomparisons shonld be continued between the various

level 3 producers, perhaps with this time series project providing a focal

point.

Level 3 data distzribution and archival should be done through PODS (or

its successor) with the advice of the JPL pigment/temperature time series
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project. PODS should be able to load and catslog level 3 data products as
they arrive from the JPL time series projoct and from other investigators.,
PODS pust also provide search and extract capability for these data. Distri-
bution of the data will depend in part on the requirements of the user. For
those users with image display ocapabilities, it should be possible to send the
lovel 3 data in the proper format. Although the regquired transmission times
are not prosently known, level 3 images need not be distributed as rapidly as
browse images. Investigators may wish to receive tapes or digital optical
disks for analysis and display on their local systems. As analysis of image
date is greatly onhanced by having photographic products as well as the digi-
tal data, PODS should also produce and distribute a photographic atlas of the

level 3 data as they are entered into the archive.

While this strategy includes all of the necessary steps for processiny
and distributing » wést coast time series, the analysis of image data will
require sttention as well, Computing requirements for such analysis could far
erceed the requirements for production, In addition, methods to handle data
gaps, large data sets, etc. require considerable sophistication. As level 3
production is the current bottleneck in the use of satellite imagery, anmalysis
and interpretation looms as the next bottleneck. Development of standalone
image workstations is ono valuable approach. Such workstations are within the
budget range of individual investigators, including an image display capabil-
ity. Transporteble software is also required., While it is impessible to
define specific software tools for analysis, it would be extremely valuable
for PODS to help coordinate informally such software development, particularly

in the ares of portability to variows computer systems.

In addition to software tools, it will also be necessary to have &access
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to field data sets. The year 1981 was selooted as the first year of the time
sories in large part due to the ;vailnbility of field data. The understanding
of large ocean systems will require measuremencs at a variety of space and
time sonles; surfacs and satellite data sets will be complementary. Thus, it
is ossonpial that surface data mlso be avallable, The inclusion of ship data
in the level 3 archive will depend on agreemonts hetween individual investiga-
tors and the JPL time sexies project. The project will assume rosponsibility
for providing such data to PODS for inclusion'in the level 3 archive. Contin-
ved analysis of fiold data sets is necessary for the understanding of tho

satellite data sets.
6.0 Summa

With the 1ncrea§ad availability of high gquality SST and plgmont images
obtained from satellites, the development of a large~scale time series of such
images from the west coast of North America appears feasibls. With such a
time series and associated surface measurements, investigators will be able to
characterize¢ the large—scale and mesoscale wvariability of the California
Current System. This will allow the investigation of the underlying physical

and biological processes responsible for the observed spatial and temporal

variability.

¥We propose a strategy for the acquisition, production, validation, dis-
tribution, and archiving of such a time series. This strategy involves a dis-
tributed processing network, with e¢ lead node at JPL to coordinate and manage
this effort. Investigators will be able to scoess high quality, level 3
(gridded, geophysicdl units) products for analysis and examination of a wide

. range of oceanographic questions.
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Such a strategy will dnvolve a large number of ocoannographers who
currontly have only limited access to lovel 3 satollite images. It will also
initiate the investigation of large—soale procosses that 1s only possible
through the use of satellite data., This effort will help prepare the oceano~
graphic community and NASA for the global data sets that will be obtained by
the OCI and other sensors, It will alsc address key Jdata processing and

analysis issues for global image data sets.
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