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1. Introduction

It seemed appropriate to submit this manuscript to
the Bulletin of the American Meteorological Society
For many years I have participated in research ef- for several reasons. One reason is the Bulletin's broad
forts of the Global Atmospheric Research Programme readership by ocean and atmospheric scientists and by
and the World Climate Research Programme, and over users of products based on sustained environmental
the last decade in the development of the Global Ocean observations. Another is the clear need for improved
Observing System (GOOS) and the Global Climate communication and cooperation among the ocean and
Observing System (GCOS). Within the ocean science atmospheric communities if we are to achieve comcommunity one observes many differences of opinion, bined global observing systems (e.g., GCOS).
and consequently of approach, as to how to implement
and sustain long-term observations needed for research
2. Needs for long-term ocean
and for societal needs.
Based on such observations, I have considered elobservations
ements that may, in aggregate, constitute the basis of
a strategy for implementing and sustaining ocean obThere is now much documented evidence of the
servations. Those elements of a strategy, together with need for long-term ocean observations. Uses for sussome opinions and general discussions, are offered tained ocean observations include those shown in
here. Though most of the specifics offered here per- Table 1. Some are for research; others are for infortain to the United States, the concepts are international mation needed to protect and manage the environment;
in scope.
still others are for economic benefits or hazard/disasI believe that we must have a strategy (though per- ter mitigation. Broadly, these cover the needs of
haps not the one outlined here) if we are to have a sys- GCOS, GOOS, and the Climate Variability and Pretem for sustained ocean observations. For this reason, dictability Programme. Rationale for and status of susa strategy is of considerable benefit, if not a necessity, tained ocean observations are summarized in the
to scientists studying long-period phenomena and document "The GOOS 1998" (Intergovernmental
other users of information and products derived from Oceanographic Commission 1998).
sustained ocean observations. Moreover, those concerned with relatively short-period phenomena also
will benefit by sustained observations; they can be 3. Some general considerations
used to describe the background against which shorter
Our institutional infrastructures for financial supperiod events are viewed and understood.
port and implementation are generally designed to
support ocean observing systems meeting a single use
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system components that harmoniously combine
measurements of multiple variables for multiple
uses.

TABLE 1. Uses for long-term ocean observations.
Provide data for numerical weather prediction.
Describe and predict marine meteorological and ocean
surface conditions to facilitate safe and efficient marine
operations.

My second point is
•

there currently is a lack of identified financial support for sustainable ocean observing initiatives.

Ensure national security.
Describe and understand the energetic variability and
predictability of the physical climate system on timescales
of seasons to centuries through analyses of observations and
modeling.
Monitor and predict, as feasible, climate variability.
Detect and assess importance of the effects of climate
change on ocean conditions.
Preserve and restore healthy marine ecosystems.
Manage living marine resources for sustainable use.
Assist in the mitigation of natural coastal hazards.
Ensure public health.

and 3) there are both research and operational uses (and
a range of uses between) that require sustained observations. I offer three key points as background when
contemplating the implementation of sustained ocean
observations.
In many cases a particular sustained ocean observation is required for multiple uses. For example, satellite altimeter observations support monitoring of
regional sea level changes, monitoring and predicting
El Nino-Southern Oscillation variability, monitoring
ocean currents, and basic research into energetic variability. One can think of many other examples, starting with sea surface temperature and surface wind
stress. Moreover, the need for an observation in support of a single use may not provide compelling justification for the support of a sustained measurement
program. However, in those cases for which support
is justified (e.g., fisheries, tsunami warning, or oil spill
response), costs may be even better justified when
multiple uses are made of the observations. Thus, my
first background point is
•

there are multiple needs for sustained ocean observations, but there are few initiatives for observing
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Some readers may have tried to sustain observations for research purposes; if so, you probably have
experienced difficulty and frustration in attempting to
maintain observations over periods longer than a very
few years. I submit that there are severe difficulties
inherent in supporting long-term, systematic observations under our current mode of conducting and financing ocean research. This leads to my third point.
•

Quasi-operational ocean observing systems are the
primary way forward for long-term, systematic
observations.

These points deserve consideration because, as I
see it, they point to the need for some fundamental
changes in the way business is done within the ocean
science communities of many nations (specifically
those nations in which ocean observations are mainly
by individuals rather than by institutions, including the
United States). In the broadest terms, we need evolution of our infrastructure to ensure common use of
multiple-data systems by multiple users, so as to capitalize on potential synergy between components and
to help justify the collection of sustained observations.
To do this, we must entrain into the observing systems
those operational users (private and governmental)
who require sustained observations for specific single
uses, while ensuring that the resulting common-use
systems meet the multiple needs of the global observing systems and the research communities for sustained observations.
4. Elements of a strategy
Shown in Table 2 are some strategic elements
(structures, mechanisms, and policies) that I believe
assist in the implementation of sustained ocean observations. In fact, it can be argued that they are required
for such observations.
These elements are elaborated on in the remainder of this section. It should be noted that the strateVol. 80,, No. 4, April
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gic elements in Table 2 are not sequential. They must
be considered in parallel to achieve the synergy necessary to implement sustained ocean observing systems.
a. Implement operational observing systems for
different environments
The ocean, atmospheric, and terrestrial communities are organizing three new global observing systems: GOOS, the Global Terrestrial Observing System
(GTOS), and GCOS. In some ways they are modeled
on the World Weather Watch and Global Atmospheric
Watch of the World Meteorological Organization
(WMO). Already there are initial observing system
designs for the GCOS and for those portions of GOOS
focused on climate and the health of the oceans.
Implementation is under way, though proceeding
slowly—but that is expected. The remaining parts of
GOOS and most of GTOS are still in the design phases
but are developing rapidly.

ing observing systems is to determine the needs of potential users. The GOOS, GCOS, and GTOS are being designed on that basis. It is expected that
government, private, and academic sectors will contribute to system designs based on needs. Within the
United States, a GOOS Steering Committee has been
established with interagency support and representation from all sectors to relate user needs to observations and products; the committee also will consider
priorities for implementation.
Only by basing sustained ocean observations and
products on user needs can long-term support by private and public sectors be ensured. Because the availability of ocean observations, and products and
information derived therefrom, will be new to many
classes of potential users, user needs are often unclear
as observing systems are being designed. Designs will
evolve to better meet needs as users become involved
in the use of resulting products and information.

b. Determine user needs and design sustained
observing systems to meet requirements
The observing systems are intended to address
economic, social, and environmental needs, as well as
those of researchers. Therefore, the first step in design-

c. Coordinate observing systems via an integrated
global observing strategy
The need to coordinate the major global observing systems is clear and has been realized at the international level by the space agencies and by major

TABLE 2. Strategic elements needed for sustained ocean observations.
Implement operational observing systems for different environments.
Determine user needs and design sustained observing systems to meet requirements.
Coordinate observing systems via an integrated global observing strategy.
Develop mechanisms to involve researchers in the planning and oversight of observing system components.
Establish formal relationships between ocean and atmosphere communities for purposes of data collection, communication, and
analyses.
Ensure timely release of data for intended uses.
Implement data and information management systems, supplementary to existing systems, that are attuned to the multiple
sources of data and their multiple uses.
Develop and implement enhanced capabilities for the production of products—Syntheses of different data types; gridded,
interpolated fields; nowcasts; forecasts; and assessments and warnings, among others.
Establish the coordination and agreements between agencies within nations necessary to integrate observing system activities.
Devise arrangements to provide stable, long-term support for required observing system elements.
Develop and use new technologies.
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research funding agencies in general. This coordination is referred to as the Integrated Global Observing
Strategy. Several activities are under way. These include, among others, 1) the assembly, coordination,
and joint presentation to the space agencies of spacebased measurements required by the combined observing systems; 2) the initiation of a data inventory
center jointly between the systems; and 3) closer relationships between the ocean and atmosphere communities regarding sustained observations in the
atmospheric marine boundary and the ocean.
Although an Integrated Global Observing Strategy
may at first seem a superfluous layer of bureaucracy,
it is in fact a necessity if we are to ensure that all requirements are properly considered, properly documented, and jointly presented for possible financial
support. This strategy must be utilized by both the operational and research communities to identify generally agreed-upon observations that will be sustained
for long periods of time. Conceptually, the long-term
observations needed by the World Climate Research
Programme, the International Geosphere-Biosphere
Programme, and the Human Dimensions Programme
would be included.
To achieve a truly integrated global ocean observing system, it is necessary that contributing nations
integrate their sustained ocean observing systems. In
response to a request from the U.S. Congress, the
National Oceanographic Partnership Program is preparing plans for an integrated national system for sustained ocean observations.
d. Develop mechanisms to involve researchers in
the planning and oversight of observing system
components
Successful sustained observations have been initiated and overseen by dedicated research scientists;
for the United States, examples include the Panularis
station off Bermuda, the carbon dioxide record from
Hawaii, the Tropical Atmosphere Ocean (TAO) array,
and the California Cooperative Oceanic Fisheries Investigations records. While it is true that navies do operational oceanography—though for very specific
purposes—and that countries such as Japan have significant sustained observational programs, the fact is
that oceanography is not yet operational in most countries, and much (perhaps most) expertise resides within
the scientific community.
Therefore, a major challenge is to devise mechanisms whereby this expertise can be utilized in the design, implementation, data quality control, data
624

analysis, and general oversight of operational subsystems. As examples, the World Ocean Circulation
Experiment and Tropical Ocean Global Atmosphere
programs have used researchers to assemble and quality control their datasets. Without utilizing such talent, it will be difficult or impossible to implement
sustained ocean observing systems producing quality
observations. Another such mechanism is building
capacity for making, quality controlling, and utilizing
observations in less developed nations using the best
local expertise.
We might consider distributed networks with
nodes composed of research laboratories coupled with
national agency partners, each node being responsible
for maintaining specific sustained observations. I
do not imply that operational oceanography should
not be done by operational agencies. I am suggesting
and seeking mechanisms for cooperation between
the research community and operational agencies
that 1) fully utilize talent, expertise, and interest, and
2) remove competition between the two.
When involving the research community in the
implementation of ocean observing systems several
problems should be recognized and considered. First,
sustained observing efforts by the research community likely will remain closely linked to scientific problems. Second is the problem of perceived ownership
of such data by scientists—a problem addressed later
in considering timely release of data. Third, at present
there is no reward to researchers for their involvement
in sustained observing systems; needed are mechanisms for evaluation and reward of such efforts.
e. Establish formal relationships between the
ocean and atmosphere communities for purposes
of data collection, communication, and analyses
A growing number of ocean observations are used
by the meteorological community for research,
weather forecasting, extended weather prediction, and
climate forecasts. Likewise, many marine meteorological observations are of growing value to the ocean
community. And various datasets from ocean and
marine atmosphere are collected or transmitted via the
same platforms and systems.
It is only logical then to build relationships between these two communities whereby common systems can be used where feasible for data collection,
communication, and analyses. Likewise, these two
communities should have joint mechanisms for obtaining commitments from nations for the financial resources necessary for these actions. An important new
Vol.80,,No. 4, April
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mechanism is now being considered jointly by the
WMO and the Intergovernmental Oceanographic
Commission (IOC). Proposed is a combination of the
WMO Commission for Marine Meteorology and the
IOC-WMO Integrated Global Ocean Services System
with its Ship-of-Opportunity Programme Implementation Panel into a new WMO-IOC Joint Commission
for Oceanography and Marine Meteorology. Affiliated with this committee would be the Global Temperature and Salinity Profile Program of IGOSS, the
IOC Global Sea-Level Observing System, the TAO
Implementation Panel, and the WMO-IOC Data Buoy
Coordination Panel. Also related would be the International Oceanographic Data and Information Exchange. Under the guidance of the relevant scientific
and operational programs for IOC and WMO, this
body would coordinate the definition, development,
and operation of the global marine meteorological and
oceanographic observing systems and supporting
communications facilities to meet the needs of IOC
and WMO programs, particularly those of the World
Weather Watch, GCOS, and GOOS.

g. Implement data and information management
systems, supplementary to existing systems, that
are attuned to the multiple sources of data and
their multiple uses
Data and information management systems already exist for many, if not most, types of ocean data
that will be required. However, some of the systems
are not well tuned to the needs of the user communities and few of the systems are readily able to exchange data with each other. Moreover, end users or
product producers may need to acquire data from many
different data management systems and thus now must
deal with varying formats and access requirements.
The fundamental requirements are 1) an integration of existing data management systems, 2) more
attention to the needs of end users (especially including timeliness), 3) responsive and sufficient quality
control, 4) provision of adequate metadata, and 5) free
and open access.

h. Develop and implement enhanced capabilities
for the production ofproducts—Syntheses of
different data types; gridded, interpolated fields;
nowcasts; forecasts; and assessments and
f Ensure timely release of data for intended uses
warnings, among others
To use sustained observations for a multiplicity
As C. Wunsch has said to me, "an outsider (to ocean
of needs, or to use them in nowcast and forecast systems, it is necessary that the observations be transmit- science) would be entitled to say, 'You already have a
ted and released as required. In many cases the wealth of global-scale information and you aren't uscommunication of data must be essentially in real time ing it. Why should anyone pay you to get more?"' To
(e.g., by the Global Telecommunications System); some extent this criticism may be legitimate. But, on the
in other cases postsampling processing is necessary other hand, the ocean science community in most counand data communication must proceed as rapidly as tries does not have the computational/technical capapossible consistent with a quality controlled product. bility to make maximum use of the observations in hand.
The key point is that quasi-operational observing sysWe must set in place the capability to carry fortems are incompatible with the concept of data being ward massive modeling and assimilation projects if
proprietary to the individual(s) supervising the collec- we are to realize the potential from ocean observations
tion. However, data sharing does not preclude the use for research and societal goals. Different countries are
of data in traditional research ways for analyses and at different levels of capability; the United States is
publication in parallel with its real-time use in other not well positioned in this game because of limited
products.
computing and data assimilation capabilities available
If we are to involve scientists in the planning, to the ocean science community. The Global Ocean
implementation, and oversight of ocean observing Data Assimilation Experiment (GODAE) may prove
system components, the mind-set and rules related to to be a major impetus to the development of quasi"ownership" of data must evolve. Almost all data are operational data assimilation capability and the resultbeing collected with public funding. Agreements must ing production of products. That experiment, planned
be made and maintained to ensure timely release of by GCOS and GOOS for 2002-2005 as a demonstradata for specified purposes. This likely will require tion of the power of a global ocean observing system,
formulation and enforcement of new guidelines by will assemble and use in the best numerical ocean
agencies supporting observing system components. In models both satellite and in situ datasets. To achieve
the United States, most such guidelines are missing, its maximum potential, GODAE must be connected
to or embraced by existing operational activities.
dated, or loosely enforced.
Bulletin of the American Meteorological Society
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More generally, we must expand our capabilities
to produce the range of products required by the multiple users of ocean observations. This will involve
user feedback and long-term evolution.
i. Establish the coordination and agreements
between agencies within nations necessary to
integrate observing system activities
In most countries, there seems to be a disconnect
between the agencies providing space-based and in
situ observations. The fact that space-based observations offer the potential of relatively frequent, global
coverage and also offer some measurements that infer considerable subsurface information (e.g., altimetry) means that required in situ observations may be
reduced relative to those needed without the range of
satellite measurements. Of course, it is still true that
a very substantial in situ dataset is required to both
validate and supplement space-borne observations,
but the existence of satellite missions may make this
requirement within reach of the operational agencies.
So there are excellent reasons for cooperation, both
national and international, between satellite agencies
and agencies providing in situ observations.
Another key challenge is the common lack of coordination between agencies with fundamental responsibility for research and those with mandates for
specific socio-economic responsibilities. For example,
the level of data quality required by "nonresearch"
agencies is sometimes sacrificed to obtain data as
cheaply as possible. Given the synergy possible from
multiple data uses, quality should become a general
requirement. Each country potentially has the task of
integrating the activities of agencies responsible for
sustained ocean observations. This is a nontrivial task.
At present within the United States, the overlapping of efforts between agencies is substantial and
without obvious benefit to the community. (Each
agency is responding to opportunities as it sees them;
the rewards for coordination and cooperation must not
be clear or viewed as worthwhile.) Failings in coordination and cooperation extend to the highest levels
of government. The integration of activities composing a U.S. system of sustained ocean observations is
a necessity.
j. Devise arrangements to provide stable, longterm support for required observing system
elements
The way this is best accomplished is not clear;
surely it varies from nation to nation. Such arrange626

ments are inextricably connected with national policies regarding environmental, economic, and social
needs.
Within the United States, the congressional funding process for agencies supporting ocean observations involves many committees and staffs; this is a
major impediment to coordination and cooperation.
Perhaps an ocean caucus would improve communication and lead to less conflict.
To ensure the success of a long-term ocean observing system, governance must be set in place to ensure
long-term financial support for required elements.
Also, this governance must enable needed systems
that have been developed and proven with research
funds to be transitioned without loss of continuity to
operational support. The orderly transition of proven
ocean satellite systems from research and development support by the National Aeronautics and Space
Administration to operational support is an example
of the problem; analogous problems are encountered
in transitioning in situ observing elements developed
with the National Science Foundation support.
k. Develop and use new technologies
As part of WOCE, R. Davis directed the development and use of the profiling autonomous (PALACE)
float to the point that it may change the way in which
we observe the thermal, salinity, and density structure
of the upper ocean (as well as the horizontal velocity
field at some depth). It now seems possible to provide
global coverage of the upper ocean at relatively reasonable costs and to do this on a real-time data collection basis.
However, PALACE technology is only one
weapon in the arsenal we need. We require the capability to make long-term current (and temperature and
conductivity) measurements from fixed locations for
very long times; we require the capability to make
surface salinity measurements from satellite; we require the ability to economically monitor sea ice thickness; and there are many other requirements that may
be met by new technologies.
Finally, it is very important not to become complacent once an observing system is in place. New
technology must be considered and introduced in a
manner to ensure continuity of the required quality.
Moreover, it is very important to ensure the continued availability of measurements now being taken for
granted, including sea surface height, sea surface temperature, sea ice cover, and winds. For example, satellite systems have very long lead times and it
Vol.80,,No. 4, April 1 9 9 9
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behooves us to have a continuing activity to ensure
the next series of sensors.
5. Summary

ternational Geosphere-Biosphere Programme are
demonstrating the value of such cooperation in research, but this needs to be extended to operational
ocean observing activities.
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With the development of meteorological science and the continual refinement of the
technologies used in its practical application, the need to produce a new edition of the
International Meteorological Vocabulary (IMV) became evident (the original edition was
published in 1966). This volume is made up of a multilingual list of over 3500 terms
arranged in English alphabetical order, accompanied by definitions in each of the
languages (English, French, Russian, and Spanish) and an index for each language. This
new edition has been augmented with numerous concepts relating to new meteorological
knowledge, techniques, and concerns. It should help to standardize the terminology used in
this field, facilitate communication between specialists speaking different languages, and
aid translators in their work.
WMO No. 182, 784 pp., softbound, color-coded index, $95 (including
postage and handling). Please send prepaid orders to: WMO
Publications Center, American Meteorological Society, 45 Beacon St.,
Boston, MA 02108-3693. (Orders from U.S. and Canada only.)
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