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Abstract
The status of the United States planning activities for the World Ocean
Circulation Experiment (WOCE) for 1988 is presented at length in this
article. The following six topics are emphasized: 1) Structure and
general planning activities; 2) Summary of projected 1988 meetings;
3) Numerical modeling; 4) Data management; 5) Technology development; and 6) Observation and analysis components. Part 6 is divided
into eight subsections that include: a) Satellite measurements; b) WOCE
Hydrographic Program (WHP); c) Global Sea-Level Program; d) WOCE
velocity measurements; e) Core Project 1 surface-layer studies; f) Global
atmospheric-ocean exchanges; g) Core Project 3 studies; and h) analysis
and interpretation projects.

1. Structure and general planning activities
In 1984, the United States World Ocean Circulation Experiment
(WOCE) Science Steering Committee was formed to plan and
implement the United States component of WOCE. Science
Steering Committee (SSC) members are appointed by a U.S.
interagency panel for WOCE, chaired by the National Science
Foundation (NSF) and including members representing the National Aeronautics and Space Administration (NASA), the National Oceanic and Atmospheric Administration (NOAA), and
the Office of Naval Research. The Ocean Climate Research
Committee (OCRC) of the NRC/Ocean Studies Board provides
scientific-community oversight for WOCE, as well as for several other large programs. The interagency panel and the OCRC
each advise on the membership of the SSC. The membership
terms are for three years, with a rotation established to provide
reasonable continuity. The SSC meets at least three times per
year; members are in frequent contact by telephone, electronic
mail, and post. The scientific planning and logistical planning
for the United States WOCE is carried out largely by the working groups and ad hoc committees of the SSC.
Members of the SSC are James Baker, Russ Davis, Dudley
Chelton, Terry Joyce, William Large, James Ledwell, James
McWilliams, Worth Nowlin (Chairman), James Price, Lynne
Talley, Ferris Webster, Ray Weiss, and Carl Wunsch. Working
Groups, with chairmen, are Geochemistry (Jorge Sarmiento),
Data Management (Ferris Webster), Ocean Surface Layer (Roland deSzoeke), Numerical Modeling (Dale Haidvogel), Ve-
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locity Program (Russ Davis and Don Olson), Atmosphere-Ocean
Exchanges (William Large), and Technology Development (Dale
Pillsbury). In addition, the SSC sponsors in large measure the
planning activities of the international Geochemistry Advisory
Group (Ray Weiss, Chairman) and the WOCE Hydrographic
Program Planning Committee (Terry Joyce, Chairman).
The day-to-day coordination, management, and support are
provided by the United States WOCE Planning Office, located
at Texas A&M University, under the direction of Worth Nowlin. The Planning Office is supported financially by a grant
from the NSF to the Texas A&M Research Foundation. Contributions are made by NSF, NASA, and NOAA, and coordinated by the NSF. The request for 1988 funding is to support
continued SSC planning efforts and to begin WOCE implementation through the encouragement of technical developments, the formation of projects that will eventually carry out
or support the WOCE field observations, and the establishment
of modeling efforts that will lead toward the WOCE goals.
During 1988, the SSC plans to request multi-year support
for a United States WOCE Project Office. The exact structure
for a Project Office has not yet been determined, in fact, there
are likely a number of models that would suffice. It is anticipated that during the remainder of 1987 and 1988 the SSC will
develop elements that will eventually become parts of the project office for the United States WOCE.
The description of United States WOCE planning activities
presented here emphasizes actions planned for 1988. An attempt has been made to relate the structure of the emerging
United States component to that of the international organization. (As review, the scientific planning and oversight of WOCE
at the international level is organized into three Core Projects:
Project 1, the Global Survey; Project 2, the Southern Ocean;
and Project 3, Gyre Dynamics Experiments.)

2. Summary of projected 1988 meetings
The SSC holds three general meetings per year. The fall meeting of 1987 was held in Washington, D.C. The 1988 meetings
likely will be held in Seattle, Washington; Miami, Florida; and
Washington, D.C. Additional meetings may be needed.
Meetings of the working groups of the SSC scheduled for
1988 include the following: One meeting of the Technology
Development Working Group; Two meetings of the WOCE/
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TOGA Data Management Working Group; One meeting of the
Working Group on Numerical Modeling; Three meetings of the
Working Group on Geochemistry; One meeting of the WOCE
Velocity Program Working Group; One meeting of the Density
Profiler Subgroup; and One meeting of the Working Group on
the Ocean Surface Layer.
In March 1988, an international WOCE Implementation Plan
will be distributed internationally. Together with the international Scientific Plan for WOCE (WCRP Series No. 6, July
1986), this Plan will provide documentation for the International WOCE Scientific Conference that is being planned by
the Joint Scientific Committee/Committee on Climatic Changes
and the Ocean (JSC/CCCO) Scientific Steering Group for WOCE
(SSG). The objectives of the conference are to review and
explain the scientific purposes of WOCE; to outline the plan
for implementation of WOCE, to identify means by which
member countries can contribute and benefit; to identify major
resource commitments, needs and requirements, including data
submission and distribution; and to examine the institutional
arrangements for WOCE. This Conference will be held in Paris
during October 1988.
A major activity of the United States WOCE planning office
is to prepare a United States Implementation Plan to be presented at the Scientific Conference. An expanded outline for
this plan is currently available, and a complete working draft
was circulated during the fall to the United States ocean science
community for comment.
July 1987 marked the first of a series of regional WOCE
meetings, the purpose of which is to disseminate WOCE plans
to scientists and managers in countries not now actively participating in planning. This first meeting, hosted by Brazil at
Sao Paulo, Brazil, included participants from seven South
American countries and WOCE planners from the United States
and Europe. Two more meetings are being planned; they will
be in the western Pacific area and on the east coast of Africa.
A summary of projected 1988 meetings for which United
States support has been requested is given in Table 1. This
meeting schedule will evolve in response to changing plans and
requirements.
Reports of the United States WOCE planning meetings are
prepared by meeting chairmen. Substantive reports may be
printed and distributed as United States WOCE Planning Reports. There is also a United States WOCE Technical Report
series. The Planning Office provides for technical editing, print-

TABLE 1.

Proposed United States participation in 1988
WOCE meetings

3 meetings of the United States WOCE Science Steering Committee
2 meetings of the WOCE/TOGA Data Management Working Group
1 meeting of the Working Group on Technology Development
1 meeting of the Density Profiler subgroup at Fall AGU meeting
Meetings of the Working Group on Numerical Modeling
3 meetings of the United States Working Group on Geochemistry
Meetings of Atmosphere-Ocean Exchange Working Group and
United States observers at meetings of JSC/CCCO Working
Group on Air-Sea Fluxes
4 meetings of the Velocity Project Working Group
Meetings to support the WOCE Hydrographic Program
1 meeting of the WOCE Volunteer Ship Program
International WOCE Scientific Conference
Activities of Core Projects 1,2, and 3 working groups
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ing, and distribution of reports in these two series. Short versions of meeting reports frequently are submitted to The
Oceanography Report of Eos and to the B U L L E T I N .
The Planning Office maintains a "WOCE.STATUS" board
as part of Omnet service on electronic mail. This information
also appears on the SONIC (SPAN: Ocean Network Information
Center) bulletin board on the NASA communications network
SPAN (Space Physics Analysis Network), maintained by Ferris
Webster at the University of Delaware. These boards contain
updated calendars of WOCE-related meetings, a guide to the
planning structure of the international and United States WOCE,
announcements of general interest (e.g., program announcements from the NSF or NASA), and informational items.

3. Numerical modeling
Within the United States, there are five principal classes of
activities ongoing or planned to encourage and carry out modeling.
1) A Community Modeling Effort (CME) has been initiated
to obtain benchmark calculations using eddy-resolving,
multi-layer, thermodynamic models. The first model will
be based on the (modified) code of Cox and Bryan as
applied to the North Atlantic Ocean. Computing resources
at the National Center for Atmospheric Research (NCAR)
have been allocated for the first year's work. At the end
of this period, a reassessment will be made of next steps
to be taken—which models and which computers. In addition to the model runs, the CME will include support
for analyses of the benchmark model calculations and
long-term support for the development of new codes for
global-circulation models.
2) Dale Haidvogel, chairman of the Working Group on Numerical Modeling (WGNM), will continue to coordinate
United States WOCE modeling activities with the SSC,
the SSG, and the JSC/CCCO WOCE Numerical Experimentation Group (NEG).
3) A workshop series, jointly planned and sponsored by the
NEG and the WGNM, will continue. Tentative 1988 plans
are for several small workshops. One will focus on the
use of inverse techniques in global-circulation models,
perhaps with emphasis on the constraints that might be
added by additional tracer measurements . These meetings
will involve as many as 35 people, two-thirds of whom
will be from the United States.
4) The University Corporation for Atmospheric Research
has been encouraged to submit a proposal to the NSF to
support postdoctoral investigators in numerical ocean
modeling. Support is needed to encourage new investigators and to ensure an adequate supply of researchers to
take advantage of the new data and modeling capabilities.
5) Based on recommendations of the WGNM, the SSC will
ask the NSF to issue a program announcement for modeling activities needed in support of WOCE. It is anticipated that the first such proposals will be submitted and
funded in 1988.
In addition to the Community Modeling Effort lead by United
States investigators, there are community modeling projects
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underway or being planned in several other countries, including
the Federal Republic of Germany (FRG), France, and the United
Kingdom (UK).

4. Data management
The WOCE/TOGA Data Management Working Group
(WTDMWG) generally holds two meetings annually, scheduled to overlap with meetings of the Satellite Ocean Data Systems Scientific Working Group (SODSSWG), sponsored by
NASA.
a. WTDMWG activities to date
1) A draft Data-Mandgement Plan has been prepared that
serves to identify the WOCE approach to data management and to highlight areas in which additional information may be needed to implement a WOCE datamanagement system.
2) New data to be collected as part of WOCE have been
identified, though in some cases better definition is needed
to determine data needs.
3) Data bases needed for WOCE have been enumerated.
The first stage has been to identify work with existing
data bases that could be useful.
4) The working group has stimulated funding agencies to
work toward a unified policy for WOCE data submissions.
5) Under the working group guidance, developments have
begun to implement a WOCE data-management system;
some examples are as follows:
a) With NASA support, a number of oceanographic institutions involved with WOCE are developing distributed data-distribution capability, using the SPAN
as a vehicle.
b) At the University of Delaware, a pilot WOCE/TOGA
data-management unit is in operation, including an
interactive, online information center containing information on WOCE and TOGA program activities,
a primer on the use of distributed systems, directories
of data sets, and a library of shared oceanographic
software. This is now available over SPAN and through
TELEMAIL.
c) At the Scripps Institution of Oceanography (SIO), an
oceanic thermal-data center for TOGA has been established in cooperation with the National Oceanographic Data Center. SIO provides the "scientific
involvement" with the data set, and NODC does the
chores involved with data archiving and dissemination. In establishing this link, NODC was influenced
by the working group's approach to data management.
The working group believes "analogous" arrangements may be adopted for other WOCE data sets.
b. WTDMWG plans for 1988
The specific tasks that the working group will undertake in
1988 are difficult to anticipate, but some trends in WOCE data
management are evident.
WOCE data centers, located with groups of scientists actively
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working on the data sets will be established as part of a distributed WOCE data system. These probably will be tied to
distribution centers maintaining a central data directory and
disseminating data sets. Discussions are currently underway
concerning the establishment of WOCE data centers for oceanic
temperature data, current-meter data, sea-level measurements,
and acoustic-Doppler-current-profiler data. The working group
likely will advise on the growth of this system.
In parallel with WOCE, other systems will be established
for TOGA and Global Ocean Flux Study (GOFS). NASA probably will work to establish a general data-management system
for satellite data. The working group will have to coordinate
WOCE development of data centers, formats, catalogs, networks, and user interfaces with that of other groups so that the
overall national system is accessible and clear to the oceanographic user.

5. Technology development
Technical developments needed for WOCE have been identified
by the Working Group on Technology Development (WGTD)
and the SSC, and reviewed by the SSG. Some of these developments are being addressed by projects initiated in response
to the 1986-87 NSF program announcements for WOCE Longlead Time Activities; the last target date for long-lead-time
proposals was June 1987. It was anticipated that not all of the
desired developments would be initiated by these proposals.
The WGTD met in May 1987 and prepared a list of remaining
developments; they identified those that could be satisfied by
short-term studies and those that likely would require development projects. These are shown in Table 2.

TABLE 2.

Potential WOCE technical developments

Call for
Proposals

Need for
Study

Relative to WOCE Hydrographic Program:
Develop reliable oxygen sensor for CTD
Improve "discrete" oxygenmeasurement techniques
Improve "discrete" nutrientmeasurement techniques
Large-volume-sampler development
Improve measurement techniques for
noble gases (39Ar/85Kr)

X
X
X
X

Relative to velocity measurements:
Surface-drifter evaluations
Low-cost mooring system development
Acoustic-Doppler current-profiler
improvements

X
X

Regarding sensors:
Improve long-term stability of in situ
sensors
Relative to ship-of-opportunity programs:
Evaluation of "autonomous"
meteorological packages
Develop underway systems to measure
sea-surface salinity and temperature
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The United States Planning Office issued a letter describing
the problems for which technical-development projects are
thought desirable and requested expressions of interest in working on those problems from the ocean science and engineering
community. Thbse developments will be included in a program
announcement for WOCE technical developments from NSF.
The target dates for acceptance of proposals by NSF will be
in February and June of 1988.
Some developments have been judged so critical that they
were solicited by Requests for Proposals (RFPs) from NSF in
1987 (e.g., an improved water sampler and an accelerator mass
spectrometer for small-volume radiocarbon analyses). Remaining RFPs may be issued in 1988, if there is no satisfactory
community response to the forthcoming program announcement.
Dale Pillsbury, chairman of the WGTD, maintains a data
base on WOCE-related technology under development. As he
updates the technical information base, it is distributed periodically to United States WOCE players, and exchanged with
other national SSCs for analogous information.
In addition, the Working Group on Technology Development
is prepared to track the progress of, and offer advice to, investigators with NSF grants for WOCE technical developments.

6. Observation and analysis components
a. Satellite measurements
At the heart of a global research program such as WOCE is
the requirement to collect data of global nature. Satellites provide the only potential for the quasi-synoptic collection of data
on a nearly global basis. For estimation of global ocean-forcing
fields and for numerical modeling, WOCE researchers will need
data from many operational satellite missions. Examples include Advanced Very High Resolution Radiometer (AVHRR),
for sea-surface temperature (SST), Special Sensor Microwave/
Imager (SSM/I) for humidity and ice cover, and imagery from
geostationary satellites for cloud winds.
New research-satellite missions are very important to the
scientific success of WOCE. Critical are data from the TOPEX/
POSEIDON mission and from a mission carrying the scatterometer NSC AT. From the ERS-1, the scatterometry, altimetry,
and ancillary data are important in their own right, for use in
intercalibrating and extending the coverage of the forementioned missions, and as possible backup data should failures
occur on either the TOPEX/POSEIDON mission or with the
NSCAT. In order to achieve the best possible descriptions of
the time-averaged ocean circulation from altimetry data, a mission such as European Gravity Satellite (GRADIO) or Geopotential Research Mission (GRM) to improve our knowledge
of the geoid is required. Finally, a rainfall-determining mission,
such as Tropical Rainfall Measurement Mission (TRMM), would
be of great assistance in determining the large-scale patterns
of freshwater flux between ocean and atmosphere.
b. WOCE Hydrographic Program (WHP)
The WOCE Hydrographic Program (WHP) is primarily a global
survey of classical hydrographic variables and chemical tracers
contributing to Core Projects 1 and 2. However, it is anticipated
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that repeated sections or stations, which support Core Project
3 objectives, also will be included.
During 1985, four ocean-sector meetings were sponsored by
United States WOCE to initiate detailed planning for a global
survey of density and tracers in the ocean (United States WOCE
Planning Report No. 2). These were followed in early 1986
with four United States WOCE sponsored meetings to discuss
and recommend studies of specific subjects: interbasin exchanges and marginal-sea outflows; deep circulation and its
relation to topography; oceanic heat transport; and gyre interactions (United States WOCE Planning Report No. 5). The
SSG convened a workshop in November 1986 to draft plans
for the Core Project 1, including the WHP. Participants at that
workshop drew upon the results of the United States sector
meetings and subject meetings in recommending a global set
of tracklines along which sampling is to be carried out by the
WHP.
Meanwhile, in 1985 the international WOCE SSG appointed
a committee to draft a plan for the WHP (then known as R/V
WOCE). That plan, as refined by many discussions, is still
evolving. In January 1987, United States WOCE sponsored a
meeting to begin detailed United States planning for the WHP,
including sampling requirements, ship requirements, standards,
and data release policy. (United States Planning Report No. 7
is based on that meeting.)
The SSG has appointed a WHP Planning Committee, chaired
by Terry Joyce, to guide further scientific planning of the program. The first meeting of that committee was in April 1987;
the next was in October 1987.
The SSG also requested that the NSF advise on, and take
steps toward requesting from the United States institutions and
institutions in other nations, the resources that will be needed
to implement the WHP and to set up a structure for fiscal
management. The NSF organized a discussion of the WHP at
a meeting of the Ocean Drilling Program Council in April 1987.
A possible management structure for the WHP was suggested.
It was proposed that the NSF convene a meeting in late summer
1987 for representatives of resource agencies from countries
that might participate in the WHP.
The Resource Council might be constituted of high-level
representatives of "resource" agencies in various countries that
make significant contributions in cash or in kind to the WHP.
The functions of the Resource Council might be 1) to garner
resources and 2) to maintain accountability for them. A WHP
Planning Committee would be appointed by the Resource Council with advice from the SSG. The interim WHP Planning
Committee of the SSG would form the nucleus of the planning
committee. The planning committee members are to be scientists who will have responsibility for continued scientific
planning and for the use of resources to implement the program.
A chairman with a staff to oversee the implementation was
envisioned.
The United States WOCE Planning Office will assist with
the further definition of a management structure for the WHP
and with the staffing of offices within that structure. It is anticipated that NOAA will second an individual to work within
the Ocean Sciences Division of the NSF as the focal point for
the WHP.
c. Global Sea Level Program
WOCE requires sea level measurements for two major purUnauthenticated | Downloaded 01/09/23 04:26 AM UTC
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poses: 1) Calibration of altimetric satellite missions; and 2)
Monitoring at straits and pairs (specific circulation studies).
In general, at least hourly observations are required. For
locations at mid- and high-latitudes, tide-gauge measurements
must be supplemented with sea-level atmospheric-pressure data.
It is highly desirable that redundant tide-gauge sensors be used.
Sea level measurements are needed to reduce time variable,
random errors in altimetric satellite orbits and for absolute
altimetric calibration. All hourly sea level measurements simultaneous with the satellite missions ultimately are potentially
useful. Data received within 12 to 18 months would be extremely valuable.
Therefore, WOCE should assemble hourly data with a target
delay time of not more than one year from a global set (Al)
of tide-gauge locations. This set is not yet completely specified,
nor is it unique. However, it is clear that set Al must include
gauges in addition to those already in operation. There is also
a set (A2) of locations from which, for altimetric calibrations,
hourly values should be sought with not more than a two-month
delay. Set A2 could be a relatively small subset of A l , which
would include most of the global sea level network proposed
as part of the international plan for the Global Sea Level Observing System (GLOSS), now being implemented with oversight by the Intergovernmental Oceanographic Commission.
In the Pacific and much of the Indian Ocean, gauges needed
in set A2 are (or soon will be) in place and are reporting via
data centers in Honolulu. As a part of the TOGA Sea-Level
Data Center program, 25 Pacific stations report via satellite
every three hours; approximately 10 more are to be added
during the next three years. In the Indian Ocean, Klaus Wyrtki
plans to collect hourly data from a broad network, though it is
not planned that these stations necessarily report hourly values
within two months after measurement. It may be necessary to
install satellite transmitters on a subset of these stations, if such
rapid reporting is needed.
In the Atlantic Ocean some of the stations required as set
A2 already exist, but others must be installed. WOCE should
immediately begin work with appropriate institutions within
nations owning the locations to install or upgrade their stations
to WOCE A2 standards.
The high-latitude Southern Ocean stations pose special problems because of the ice conditions and the infrequency of visitations to most of the sites. Needed are further study of the
proposed sites and design of the stations.
It is recommended that a separate WOCE sea-level-data
center (SLDC) be established to acquire and archive the corrected hourly sea level observations from locations A l . This
will be necessary because no center currently archives hourly
sea level data on a global basis—only daily or monthly means
are archived, though hourly observations are made and archived
by nations. The WOCE SLDC would have the responsibility
for obtaining these measurements, for data-quality control, and
for dissemination to WOCE users.
The planning office, in concert with NOAA and the TOPEX/
POSEIDON project office, is helping to formulate WOCE requirements for a sea-level network. Preliminary requirements
(summarized above) are being revised to include measurements
for monitoring current variability and for absolute calibration
of altimetric satellite orbits. Actions during 1988 should include: continuing review of the needed sea-level network, tracking of GLOSS progress, planning a Southern Ocean network,
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assistance with implementing Atlantic Ocean and Southern
Ocean networks, augmentation of an Indian Ocean network
with short reporting delay, and implementation of a data center
to acquire and process data from set A2.
d. WOCE velocity measurements
As part of Core Project 1, there are aspirations for a global
estimation of the velocity field and its first-order statistics in
the surface layer and at a mid-depth using Lagrangian instruments, perhaps on a rather-coarse grid of 500 km. Requirements
for surface-drifter estimates are mentioned also in the discussion
of the Core Project 1 surface-layer plans.
To date, the best estimates of numbers of floats and drifters
required are given in United States WOCE Planning Report
No. 3. It is estimated that 1,800 pop-up floats and 600 acoustically tracked floats will be needed for the mid-depth experiment; approximately 4,000 Lagrangian surface drifters are
called for.
Core Project 1 plans also call for a global reconnaissance of
the deep thermohaline-driven circulation. As part of the WHP,
hydrographic measurements will be made at strategic locations
where, based on the Stommel-Arons schema, abyssal currents
might be expected, and a large number of locations have been
identified at which long-term current-meter arrays should be
deployed for the study of the kinematics (and transport, if
possible) of the abyssal boundary currents and jets.
Eulerian current measurements, for use in calculating meridional heat transports, also are suggested at selected continental boundaries in order to estimate meridional transports by
upper-ocean boundary currents. Also under consideration are
moored arrays for estimating interbasin exchanges (particularly
in the Southern Ocean) and for eddy statistics at selected locations.
When one adds to these desires for moored current meters
some (yet unspecified) requirements for Core Project 3 studies,
the current-meter resources that WOCE might potentially utilize
are enormous. For that reason, the United States WOCE has
appointed a small Velocity Program Working Group, cochaired
by Russ Davis and Don Olson, to maintain oversight of WOCE
plans for Lagrangian and Eulerian current-measuring devices,
assess the United States capability for making such measurements, and recommend to the SSC early actions to correct
mismatches between scientific plans and operational capabilities. At a first meeting in March 1987, a workshop was planned
for late 1987 to discuss direct current measurements related to
abyssal circulation, western boundary currents, interbasin exchanges, and interior mapping.
This activity will continue into 1988—partly because Core
1 and 2 plans will likely change, but especially because Core
Project 3 plans will not be available before then.
e. Core Project 1 surface-layer studies
The United States WOCE Working Group on the Ocean Surface
Layer, under the direction of Roland deSzoeke, completed a
report recommending a course of action for WOCE surfacelayer measurements and analyses (published as United States
Planning Report No. 6). Some of the recommended studies
pertain to Core Projects 1 and 2, and some to Core Project 3;
it was decided to pursue planning for these two aspects separately. A small steering group for planning of global observations met at NCAR in April 1987, where it was decided to
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proceed with the identification of a manageable, coherent
"Global Surface-Layer Program" having three projects, with
specific objectives for each: Surface-layer velocity: surface circulation, surface-layer divergence, surface-layer-momentum
exchange. Surface-layer transport: heat and salt transports and
budgets, inter-gyre transports, vertical structure of surface
transports; Surface-layer heat flux and heat content: surfaceforcing functions, steric level and dynamic-height changes,
monitoring surface-layer physics.
The planning of these projects must include careful consideration of the needed resources, including the measurement
tools: surface-layer Lagrangian drifters with atmospheric-pressure sensors; satellite sea-surface-temperature measurements;
and surface salinity, surface temperature, Geomagnetic Electrokinetograph (GEK), Expendable Bathythermograph (XBT),
Expendable Temperature-Depth Instrument (XCTD), and
acoustic-Doppler current-profile measurements from ships. Estimates of the needed resources should begin now.
The steering committee for the Global Surface Layer Program, represented by William Large, has obtained WOCE SSG
endorsement and hopes to obtain TOGA endorsement for the
concept of such a program. An international workshop will be
held during the winter of 1987-88 to formulate the plan for a
global surface-layer program. Included will be consideration
of the in situ measurements necessary for global atmosphereocean-exchange estimates. It is possible that the WOCE volunteer-ship project, being planned under Dean Roemmich's
leadership, will be considered as part of this program.
f . Global atmosphere-ocean exchanges
Using fields of surface winds and sea-surface temperature together with estimates of other surface and near-surface parameters, global fields of air-sea exchanges of heat, moisture, and
momentum will be prepared in WOCE. The calculation of these
exchange fields may be done largely as by-products of ongoing,
real-time atmospheric analyses at the major centers in the United
States at the National Meteorological Center (NMC) or Europe
at the European Centre for Medium Range Weather Forecasting
(ECMWF), or as delayed analyses using Atmospheric Global
Circulation Models (AGCM). However, there may also be individuals and centers that will produce flux estimates directly
from observational data or from a combination of measurements
and analysis products. In either of these cases, it is important
that a uniform suite of algorithms be used.
A JSC/CCCO Working Group on Air-Sea Fluxes, chaired
by Klaus Hasselmann, is preparing for the best utilization of
in situ surface measurements and assimilation of ocean satellite
data by the AGCM of the ECMWF to produce improved fields
of air-sea fluxes. Two United States observers have been invited
to participate in the meetings of that working group, William
Large and Tim Liu. It is desirable that the NMC also agree to
assimilate data into their AGCM for the purpose of improving
air-sea fluxes as part of their ongoing, real-time analyses—as
the ECMWF has agreed to do.
The United States Working Group on Atmosphere-Ocean
Exchanges is organizing subcommittees to consider four classes
of activities: 1) Standardization of "bulk" parameterizations;
2) Recomputation of climatology of surface fields and exchanges; 3) Data assimilation into atmospheric global-circulation models (AGCM), and 4) design of an in situ measurement
program to improve global fields of air-sea-flux parameters.
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A Workshop on Atmospheric Forcing of the Ocean is being
planned for joint sponsorship by WOCE, TOGA, and the Institute of Naval Oceanography during the winter of 1987-88,
where each of these four areas will be addressed.
In conjunction with the Core Project 1 workshop on the
Global Surface Layer Program, planned for early 1988, a design
session will be held for an in situ observational network.
The specification of additional measurements needed, recommended analysis procedures, and allowable (or expected)
error fields are receiving the present attention of the working
group. Next the working group must recommend procedures
for funding the work. The details of announcements of opportunity, and the scope of analysis projects needed to obtain the
required surface fields and flux fields, must be determined as
soon as possible.
g. Core Project 3 studies
Jim McWilliams chairs the (international) WOCE Core Project
3 committee, whose other members are Allyn Clarke, Alain
Colin de Verdiere, Russ Davis, Andrew Watson, and Raymond
Pollard. Core Project 3 may be categorized as a collection of
studies with higher resolution and frequency (than Core 1 or
2) for: particular process studies, calibration and evaluation,
or high-resolution data sets for modeling.
The SSG convened a Core Project 3 workshop during October 1986. The workshop discussions were divided into three
areas: surface-layer-process studies, an abyssal-circulation experiment, and a mid-level gyre-dynamics experiment. Three
draft reports resulted from the workshop: a surface-layer report,
drafted by Mc Williams, a mid-level report, drafted by Mike
McCartney, and a deep-layer report, drafted by Russ Davis.
These will be combined and distributed as the meeting report
by the international WOCE Planning Office. Major recommendations of the draft-reports follow.
1. Surface-layer-report highlights
A subtropic subduction experiment probably will have occurred
in the North Atlantic before WOCE. WOCE should include a
subpolar subduction and formation experiment extending over
a season. WOCE should include a frontal experiment across
the Gulf Stream front extending over a season. Various calibration and evaluation experiments are proposed, including
especially, those scales that must be measured to detect Ekman
response? (strong relation to global observations of Core 1)
One basin will be measured with a resolution adequate for use
of the resulting air-sea exchanges in numerical models.
2. Deep-layer-report highlights
Proposed studies predicated on quantitative testing of AronStommel schema for deep thermohaline circulation are recommended. Brazil Basin tentatively recommended as area of
study. Purposeful tracer releases should be included in sampling
plan.
3. Mid-level-report highlights
Model-comparison data set from a subtropical gyre are recommended.
Following the workshop, four efforts to refine the plans
began:
1) Jim Price (WHOI) has the lead in developing a plan for
Core 3 surface-layer studies. Working closely with other
members of the Core 3 Working Group, he will draw on
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the report of the United States Surface-Layer Working
Group.
2) An experimental plan to obtain a well-measured abyssalbasin circulation will be developed under the leadership
of Nelson Hogg. Consideration will be given to what
constitutes an adequate model-comparison data set and
what information is needed from thermocline levels (i.e.,
relation to a subtropical-gyre study, as recommended in
the mid-level report).
3) A small study group under the leadership of William
Young is working to assess the utility, with regard to
instrumental technique and interpretation, of purposeful
tracer releases as part of the Core 3 studies.
4) Core 3 Planning Committee members have been asked
to recommend an approach for proceeding with a subtropical-gyre-circulation study. Attention as a possible
site should be given to areas in addition to the North
Atlantic (e.g., the South Atlantic that seems to be the
principal site of the national WOCE programs of the
Federal Republic of Germany and France). Consultation
with numerical modelers is particularly important.
It seems probable that definitive plans for Core 3 activities
will not emerge before mid-1988. At this time, it is not expected
that announcements of funding opportunities within the United
States for Core 3 activities will be forthcoming before the end
of 1988, because planning will not be sufficiently advanced.
h. Analysis and interpretation projects
Analysis and interpretation of the data are critical elements of
WOCE, and individuals or small groups likely will do most of
announcements (continued from page 1548)
The MSIS model was developed and updated by A. E. Hedin
(Goddard Space Flight Center, Code 614). It describes the
global and temporal variations of neutral densities and temperatures in the upper atmosphere. Its data sources include
measurements from several rockets, satellites, and incoherent
scatter radars. MSIS-86 will also constitute the upper part of
the COSPAR International Reference Atmosphere (CIRA)
following the decisions made at last year's COSPAR meeting
in Toulouse.
As a new service, each code, together with the necessary
data files, has been loaded on one diskette (5.25-inch, doublesided) that can be run on IBM-compatible XTs or ATs with at
least 150-K RAM (most PCs have 256-K RAM or more). A
hard disk is not necessary; only one floppy disk drive is
needed.
The modules were compiled with Ryan McFarland's RM/
FORTRAN and do not depend on the presence of a math
coprocessor (i.e., the / n option was used during compilation).
To initialize the programs, the user enters either IRI or MSIS
and is then asked for the necessary inputs: geodetic or geomagnetic latitude and longitude, solar activity, magnetic
activity (MSIS only), time of year and day, and altitude. Profiles
can be listed on the screen or can be stored in a data file. As
a profile variable the user can choose any of the above
parameters (e.g., latitude, solar activity, altitude). Several
options allow the user to switch particular model parts on or
off.
A typical profile calculation with 10 grid points requires
about one minute on an AT and five to seven minutes on an
XT. Compared with model calculations performed on a
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this work. It is anticipated that the major United States funding
will be provided by NSF; NASA will provide individual support
for satellite-data analysis. Funding for analysis of data contributing to the global data sets may be via formal programs
(e.g., WHP) or by individual grants or contracts. Funding for
analysis of process studies (Core 3) probably will be included
with the funding of the field elements.
It is likely that many funded, unsolicited projects will contribute directly to the objectives of WOCE. It is yet to be
decided how, or whether, these efforts might be coordinated
so as to achieve maximum benefit and prevent duplication of
effort. It seems possible that the program manager for WOCE
in the NSF could maintain surveillance of potentially related
proposals coming in to the Ocean Sciences Division; question
the proposers of relevant proposals as to their interest in participating in WOCE; and obtain program concurrence for the
inclusion of fundable projects with the investigators approval.
Funds for analysis must continue for at least 5 years after
the completion of the major field programs; synthesis of many
data sets will continue even longer.

Postscript
The plans set forth here certainly will change as further consideration is given to the Experiment. The foregoing representation is believed to be accurate as of this time, and is thought
to reflect the principal components of the United States WOCE
that will emerge.
•
VAX.8650, the densities agreed to better than 1 cm~3 and the
temperatures to better than 1.0E"3 K.
The master copies of IRI and MSIS are at NSSDC and are
updated in accordance with the principal authors. The models
are distributed on tape and on the Space Physics Analysis
Network (SPAN). Diskettes are available through the NSSDC
Request Coordinations Office, National Aeronautics and
Space Administration, Goddard Space Flight Center, Greenbelt, MD 20771. For more information on the models contact
NSSDCA: :BILITZA or telephone (301) 286-9536.

NSSDC to Implement Optical Disk Technology
What is the state of optical disk standards? At this time,
active work in standards is under way nationally and internationally, but all of the necessary consensus decisions have
not been made. The only standard agreed upon is to use the
floppy-disk footprints as standards. Thus, optical disk drives
may be mounted in racks designed for 3.5-inch, 5.25-inch, 8inch, 12-inch, or 14-inch floppy drives.
To date, the most promising additional standards activities
are for the 5.25-inch drives and media. The 5.25-inch disks in
the current generation can store 200 megabytes of data.
Cartridge and media standards have been developed and
submitted for Information Systems Office approval, and logical
recording standards are being discussed. Many manufacturers
are waiting for these standards before marketing 5.25-inch
drives and disks.
There is little hope for standards permitting interchangeaannouncements (continued on page 1567)
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