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Preface

The 10-year Tropical Ocean and Global Atmosphere (TOGA) program  was
a major and successful element of the World Climate Research Programme
(WCRP), with participation by the United States and many other countries.
TOGA demonstrated, for the first time, that with improved observations of the
tropical Pacific Ocean and models that included interactions between the atmo-
sphere and the ocean, aspects of El Niño/Southern Oscillation (ENSO) were
predictable as much as a year or more in advance.  This understanding, which was
achieved around the mid-point of TOGA, led to the international TOGA field
experiment “Coupled Ocean–Atmosphere Response Experiment” (TOGA-
COARE)  during which detailed measurements of atmospheric and oceanic prop-
erties were obtained.  They are still being analyzed and used to improve the
parameterization of  processes in models.  In the United States, the TOGA pro-
gram also provided the initial impetus to establish a program on “Seasonal-to-
Interannual Prediction” using the data provided by the TOGA observing system.

A second important outcome of TOGA was the realization that the scientific
issues involved in seasonal-to-interannual prediction were more complex than
originally foreseen. Climate variations on seasonal-to-interannual time scales
seemed to be linked to other tropical oceans and regions, as well as variations in
extratropical sea surface temperatures and land surface properties.

Following a meeting between the TOGA Panel of the National Research
Council (NRC) and the WCRP Scientific Steering Group of the international
TOGA program in July 1990 (Kona, Hawaii), the TOGA Panel recommended
that, to take full advantage of the scientific progress made in understanding the
dynamics of the coupled atmosphere–ocean system, a follow-on program to

vii
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TOGA needed to be created to focus on global climate variability on seasonal-to-
interannual time scales.  Towards this end, the TOGA Panel organized a series of
study sessions covering the Asian–Australian monsoons, air–sea interaction in
the tropical Atlantic, and the role of extratropical sea surface temperature  varia-
tions.  Based on these study sessions, the TOGA Panel proposed to the NRC’s
Climate Research Committee (CRC) that a Global Ocean–Atmosphere–Land
System (GOALS) program be initiated.  GOALS was conceived as a program
that would support the international 15-year CLIVAR (Climate Variability and
Predictability Programme) program of the WCRP.  The CRC formed a GOALS
Steering Committee to explore the concept further and to involve a broader
community of scientists.  The GOALS Steering Committee planned the GOALS
Study Conference (March 1993, Honolulu, Hawaii), attended by 110 scientists,
to address a number of scientific questions.  Based on the conclusions of the
conference, the Steering Committee assisted the NRC in preparing the GOALS
Science Plan (NRC, 1994a).

The GOALS Science Plan called for a 15-year (1995-2010) research pro-
gram that builds on the success of TOGA.  The plan proposed an expansion of
observational, modeling, and process studies to include the possible influences of
the global upper ocean and the time-varying land moisture, vegetation, snow, and
sea-ice on seasonal-to-interannual climate variability and prediction.  The plan
also proposed an organizational structure for GOALS and its relationship with
CLIVAR.  It recommended a tripartite structure, with a project office (GOALS
Project Office), a scientific oversight body (NRC, with its CRC and the GOALS
Panel), and a group of participating federal agencies (NRC, 1994a).  The federal
agencies would be responsible for implementing GOALS through coordinated
funding of research grants.  An Interagency GOALS Project Office would serve
as a focal point for the implementation of the national research effort, and the
GOALS Panel (with oversight from the NRC’s CRC) would provide scientific
guidance and oversight for the program.  The plan also anticipated that principal
investigators and consortia of principal investigators would carry out much of the
actual implementation of the GOALS scientific plans.  As the needs of the pro-
gram dictate, the GOALS Project Office would invite groups to prepare coordi-
nated sets of research proposals designed to address specific objectives of
GOALS.  It was proposed that close coordination between GOALS and the
international CLIVAR program be maintained through a formal link between the
project offices for the two programs and an informal liaison between the GOALS
Panel and the International CLIVAR Scientific Steering Group.

In order to complete a retrospective assessment of TOGA, the CRC re-
quested the TOGA Panel to summarize the findings of TOGA, its accomplish-
ments, and its shortcomings with an emphasis on U.S. contributions (NRC, 1996).
The assessment involved a broad community of scientists.  This initial planning
for U.S. participation in the new GOALS program, an ambitious attempt to
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PREFACE ix

extend our knowledge of the El Niño/Southern Oscillation and other short-term
variations of climate, incorporates the conclusions of this assessment.

Following the development of the GOALS Science Plan, the GOALS Panel
was tasked by the CRC to develop a strategy for U.S. participation in GOALS/
CLIVAR.  This report, which is the outcome of that effort, represents the culmi-
nation of extensive discussions and reviews between many members of the scien-
tific community.

I wish to compliment the panel members in doing an outstanding job in
raising and addressing numerous scientific, observational, logistical, and man-
agement issues.  In addition to important sections on long-term observations,
process studies, empirical and diagnostic studies, modeling, and data manage-
ment, a section concerning the interaction between the physical science(s) com-
munities and those involved in applications and human dimensions has been
specifically incorporated, possibly for the first time in a science program.  Thus
the applications of climate forecasts and the manner in which climate impacts
humans is considered to be an integral part of GOALS.  The Executive Summary
of this report encapsulates the key scientific issues regarding U.S. participation in
GOALS/CLIVAR.  We have no question in our minds that GOALS will signifi-
cantly advance the state-of-science in seasonal-to-interannual climate prediction.

Peter J. Webster
Chairman, GOALS Panel
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The National Academy of Sciences is a private, nonprofit, self-perpetuating
society of distinguished scholars engaged in scientific and engineering research,
dedicated to the furtherance of science and technology and to their use for the
general welfare.  Upon the authority of the charter granted to it by the Congress in
1863, the Academy has a mandate that requires it to advise the federal govern-
ment on scientific and technical matters.  Dr. Bruce M. Alberts is president of the
National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the
charter of the National Academy of Sciences, as a parallel organization of out-
standing engineers.  It is autonomous in its administration and in the selection of
its members, sharing with the National Academy of Sciences the responsibility
for advising the federal government.  The National Academy of Engineering also
sponsors engineering programs aimed at meeting national needs, encourages
education and research, and recognizes the superior achievements of engineers.
Dr. William A. Wulf is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy
of Sciences to secure the services of eminent members of appropriate professions
in the examination of policy matters pertaining to the health of the public.  The
Institute acts under the responsibility given to the National Academy of Sciences
by its congressional charter to be an adviser to the federal government and, upon
its own initiative, to identify issues of medical care, research, and education.  Dr.
Kenneth I. Shine is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of
Sciences in 1916 to associate the broad community of science and technology
with the Academy’s purposes of furthering knowledge and advising the federal
government.  Functioning in accordance with general policies determined by the
Academy, the Council has become the principal operating agency of both the
National Academy of Sciences and the National Academy of Engineering in
providing services to the government, the public, and the scientific and engineer-
ing communities.  The Council is administered jointly by both Academies and the
Institute of Medicine.  Dr. Bruce M. Alberts and Dr. William A. Wulf are chair-
man and vice chairman, respectively, of the National Research Council.
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EXECUTIVE SUMMARY 1

1

Executive Summary

The National Research Council’s (NRC’s) study on the Global Ocean–At-
mosphere–Land System (GOALS) began in 1995 with the establishment of the
GOALS Panel, which was tasked by the Climate Research Committee (CRC) to
recommend a strategy for U.S. participation in the international GOALS/Climate
Variability and Predictability (CLIVAR) programme.

Specifically, under the oversight of the Board on Atmospheric Sciences and
Climate (BASC), through its CRC, the panel was charged to:

• Encourage the initiation of a U.S. GOALS Project Office and provide
overall scientific leadership and regular guidance on long-range scientific policy,
planning, progress, and priorities to that office as well as to involved agencies on
behalf of the CRC.

• Report regularly to inform the CRC on the Panel’s involvement in U.S.
GOALS plans and activities and to receive guidance from the CRC on GOALS
matters in the context of the overall U.S. climate research program.

• Advise on U.S. participation and provide U.S. inputs to the international
GOALS program planning.

The current document follows directly from the panel’s charge.  The princi-
pal purpose of the document is to provide a strategy for U.S. participation in
GOALS/CLIVAR, which should endure for the 15-year duration of the program.
At the same time, it is realized that during a program of such length, an evolution
of emphases and priorities will occur with advances of knowledge and new
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2 A SCIENTIFIC STRATEGY FOR U.S. PARTICIPATION IN GOALS/CLIVAR

discoveries.  This document emphasizes explicit and necessary first steps and
initial priorities.

The scientific objectives of GOALS are described in the GOALS Scientific
Plan (NRC, 1994a) and summarized in Section 2 of this report.  A key aspect of
GOALS is the identification of those characteristics of the global system that
would make significant improvements in climate prediction on seasonal-to-
interannual time scales possible.

The impetus for GOALS stemmed  from the success of TOGA, the Tropical
Oceans and Global Atmosphere program, which established the existence of
“predictability” on seasonal-to-interannual time scales in the Pacific Ocean for
equatorial sea surface temperature (SST) and for precipitation around the tropical
Pacific and in some regions far removed.  Much of this predictability is attributed
to ocean–atmosphere coupled processes in the Pacific Ocean basin.  More ex-
haustive research is considered necessary to explore the possibility of recogniz-
able interactive processes occurring within or between other components of the
Earth system.  For example, empirical studies have hinted that anomalous mon-
soon seasons are foreshadowed by coherent and robust signals in remote loca-
tions.  Though not fully investigated, linkages are also apparent between the
monsoons and El Niño/Southern Oscillation (ENSO), Eurasian snow cover, and
other climate system components.  If “climate memory” exists in the higher-
latitude systems, it is hypothesized to be in the ocean, sea-ice, and hydrological
and ground surface processes over the continents.

A fundamental objective of GOALS is to extend the domains of interest
outwards from the tropical Pacific basin, the region of primary attention during
TOGA.  A compelling reason for this expanded domain is the need to understand
and quantify the effect of fluctuations in other major heat sources and sinks of the
tropics and subtropics on the global general circulation and thereby improve
predictions of weather and climate in both local and remote regions—including
those in higher latitudes.  Thus, the GOALS Panel proposes extending the study
of ocean–atmosphere interaction on seasonal-to-interannual time scales to the
three tropical oceans.  To this end, three initial regional observational foci have
been identified in Section 3:  (1) the tropical Pacific Ocean, (2) the Americas and
surrounding oceans, and (3) the Indian Ocean and land masses that surround it.
In addition to these regional foci and their remote influences on higher latitudes,
the panel recommends that GOALS investigate predictability inherent to the
extratropics, as well as the interaction between land-surface hydrological pro-
cesses and the atmosphere at all latitudes.

The global extent of the program poses a considerable research and observa-
tional challenge.  Section 6 details the observational component, which will
require the full utilization of all available (and planned) resources in order to
achieve global coverage of key climate variables.  In this regard, it is emphasized
that although significant and increasing problems exist in monitoring the atmo-
sphere, far greater problems exist in monitoring the ocean.  The necessity for
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EXECUTIVE SUMMARY 3

continuous global observations of the ocean, land, ice, and atmosphere under-
scores the importance of a comprehensive satellite program for GOALS, in con-
junction with in situ measurements.  The key observational variables identified
by the panel are also detailed in Section 6.  Section 7 recommends a philosophy
for the establishment of special process studies aimed at elucidating specific
physical processes important for seasonal-to-interannual prediction.  The obser-
vations to be made within the GOALS program also underpin empirical and
diagnostic studies (Section 8) and provide the data for the initialization and
evaluation of models.  The program’s modeling component, described in Section
9, is hierarchical and inherently global even though the development and use of
“embedded” high-resolution models are also envisaged, particularly for the pre-
diction of regional and local climate variability and its impacts on society, indus-
try, and natural resources.

The GOALS Panel assigns very high priority to the maintenance and en-
hancement of the TOGA atmospheric and oceanic observing systems and contin-
ued investigation of ENSO, implemented under TOGA.  Equal priority is as-
signed to the study of atmosphere–ocean–land interaction in the Americas and
efforts to improve the understanding and prediction of the North and South
American monsoon systems.  This latter effort has been codified through the U.S.
Pan American Climate Studies (PACS) program and with international partners
as the Variability of the American Monsoon Systems (VAMOS) program.  Next
in order of priority is the study of the Asian–Australian monsoon system.  The
Asian–Australian monsoon system undergoes significant interannual variability,
whose impact is important to a large proportion of the population of the planet
and the global climate system.  To ensure a meaningful scientific investigation of
this component of GOALS, the panel recommends that the United States seek
international partners for the exploration of the Asian–Australian monsoon sys-
tem.  Just as the maintenance of the Pacific ocean–atmosphere observational
array and the PACS program are expected to require strong interagency support
in the United States, the global and far reaching totality of GOALS would require
a well-coordinated international effort.  To this end, the GOALS Panel should
work closely with the International CLIVAR Scientific Steering Group of the
World Climate Research Programme (WCRP).

Furthermore, the GOALS Panel recognizes that achieving the scientific ob-
jectives of GOALS requires that significant attention be paid to events and phe-
nomena of both shorter and longer time scales (i.e., time scales outside the sea-
sonal-to-interannual range).  Thus, ocean–atmosphere–land interactions on
intraseasonal (weeks to months) time scales are considered important and worthy
of serious investigation.  Correspondingly, the interdecadal modulation of the
interannual variability of the coupled system also needs to be clearly understood.
To address these concerns the panel proposes that the scientific development and
implementation of GOALS should be closely coordinated with the Global Energy
and Water Cycle Experiment (GEWEX) and the Climate Variability on Decade-
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to-Century Time Scales (Dec-Cen) programs, thereby contributing to a cohesive
and overarching structure consistent with the objectives of the U.S. Global Change
Research Program (USGCRP) and international CLIVAR.

The prospect of predicting seasonal-to-interannual variations in different
parts of the world brings with it considerable opportunities to benefit climate-
sensitive social and economic activities such as those involved in the planning
and management of agriculture, water, fisheries, energy, natural resources, public
health, and tourism, among others.  The panel believes strongly in the concept of
an “integrated” prediction system that includes the physical and social sciences as
active partners (Section 10).  To this end, the panel places high priority on the
establishment of an ongoing dialogue between the  physical scientists who make
climate observations and predictions, and the user community.  This dialogue is
likely to be most beneficial if commenced very early in the development of
GOALS.

Data management is viewed as an overarching activity that cuts across all the
other elements of GOALS (Section 11).  Internal linkages described in Section 12
refer to possible implementation aspects comprising a combination of individual
research investigators and consortia, the precise funding details of which should
be determined by the federal agencies responsible for and involved in GOALS.
The interactions necessary between GOALS and other national and international
research and observational programs are also summarized in Section 12, as are
other coordination mechanisms and implementation aspects.

To further develop more specific plans for the implementation of GOALS,
the panel proposes the establishment of working groups on observations and
modeling, in addition to the creation of a GOALS Project Office, and a coordi-
nated interagency federal mechanism to which the panel could be a scientific
advisory body.
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1

Introduction

A broad range of empirical and modeling evidence suggests that there may
be many predictable modes of fluctuation on seasonal-to-interannual time scales.
One such mode, ENSO, a strong interannual variation in climate centered in the
tropical Pacific, has been the subject of intensive research that has led to skillful
and useful predictions.  The NRC’s publication on “Learning to Predict Climate
Variations Associated with El Niño and the Southern Oscillation” elaborates, in
considerable detail, current understanding on this subject (NRC, 1996).  Once
other predictable modes are identified and modeled, the societal benefit from
improved forecasts utilizing information about these additional elements or modes
will be increased.

At present, our most advanced understanding of climate system variations on
seasonal-to-interannual time scales concerns the coupling between the ocean and
atmosphere of the tropical Pacific Ocean.  Consequently, it is coupled variations
in this region that we are most successful at forecasting on such time scales.  Over
the past decade, the WCRP TOGA program helped produce significant advances
in our understanding and ability to predict ENSO.  Building on the success of
TOGA, seasonal-to-interannual research and prediction efforts need to be ex-
panded to cover the global domain and should include a concerted study of
phenomena in addition to ENSO that impact short-term climate variability.  This
is the base objective of the GOALS program (NRC, 1994a).  TOGA concentrated
on the coupling between the tropical atmosphere and the ocean.  Expanding on
the scientific scope of TOGA, GOALS also considers the interactions between
the land and the atmosphere and between the midlatitude ocean and the atmo-
sphere, as well as interactions of snow cover over land, and oceanic ice fields

5



Copyright © National Academy of Sciences. All rights reserved.

A Scientific Strategy for U.S. Participation in the GOALS (Global Ocean-Atmosphere-Land System) Component of the CLIVAR (Climate Variability and Predictability) Programme 
http://www.nap.edu/catalog/6199.html

6 A SCIENTIFIC STRATEGY FOR U.S. PARTICIPATION IN GOALS/CLIVAR

with the atmosphere and the ocean.  Land surface processes, including vegetation
and the biosphere, are explicit elements of GOALS and are to be studied in
conjunction with GEWEX.

U.S. GOALS is a contribution to the international CLIVAR programme
(WCRP, 1995), comprising three major sub-programs:  (1) GOALS, (2) DecCen,
and (3) Anthropogenic Climate Change (ACC).  To facilitate a planning process
for research into climate variability on seasonal-to-interannual time scales, the
NRC established the GOALS Panel.  Under the oversight of BASC, through its
CRC, the panel was charged to:

• Provide overall scientific leadership and regular guidance on long-range
scientific policy, planning, progress, and priorities to the proposed U.S. GOALS
Project Office and involved agencies on behalf of the CRC.

• Report regularly to inform the CRC on the panel’s involvement in U.S.
GOALS plans and activities and to receive guidance from the CRC on GOALS
matters in the context of the overall U.S. climate research program.

• Advise on U.S. participation and providing the U.S. inputs to the interna-
tional GOALS program planning.

The current document follows directly from the panel’s charge.  The princi-
pal purpose of the document is to provide a strategy for U.S. participation in
GOALS/CLIVAR, which should endure for the 15-year duration of the program.
At the same time, it is realized that during a program of such length, an evolution
of emphases and priorities will occur as knowledge accumulates and new views
develop.  This document emphasizes explicit and necessary first steps and initial
priorities.

As part of the planning process for U.S. GOALS, this report presents a
strategy for pursuing the scientific objectives of the U.S. component of GOALS,
as described in a previous report (NRC, 1995).  Its purpose is to facilitate the
development of implementation plans for GOALS while encouraging innovative
strategies.  It does this by setting forth the scientific objectives and basis of
GOALS, clarifying the temporal and spatial focus of the program, and describing
the extent and type of work envisioned under the six elements of U.S. GOALS
described in Section 4.
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2

Scientific Objectives and Basis of GOALS

The scientific questions, objectives, and justification for the GOALS pro-
gram are discussed extensively in the U.S. GOALS Science Plan (NRC, 1995)
and the CLIVAR Science Plan (WCRP, 1995).  The scientific objectives of U.S.
GOALS are to:

1.  Understand global climate variability on seasonal-to-interannual time
scales.

2.  Determine the spatial and temporal extent to which this variability is
predictable.

3.  Develop the observational, theoretical, and computational means to pre-
dict seasonal-to-interannual variations.

4.  Make experimental climate predictions on seasonal-to-interannual time
scales.

These objectives build on the predictability that exists in the tropical Pacific
Ocean associated with the coupled ocean–atmosphere processes of ENSO.
Achieving them requires an enhanced understanding of seasonal-to-interannual
variability in other regions.  Improvements in exploiting predictability are ex-
pected as a result of developing new models that incorporate the knowledge
gained from diagnostic and empirical studies in regions outside the tropical Pa-
cific Ocean region.  In particular, incremental additions to seasonal-to-interannual
climate prediction skills are anticipated from the study of variations of other
major tropical heat sources and sinks (e.g., the monsoon systems, the western
Pacific warm pool, and the tropical American land masses) and determination of

7
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the impacts of these variations on other regions of the tropics, subtropics, and
higher latitudes.  In addition, the objectives call for assessment of the predictabil-
ity that may be inherent in the coupled ocean–atmosphere–land–ice system of the
extratropics and incorporation of these new elements into experimental predic-
tion schemes.  The ultimate aim of GOALS is to develop an operational global
climate prediction capability on seasonal-to-interannual time scales.  Progress
towards this aim is expected to evolve on the basis of experimental prediction
experience and by concerted efforts to produce better coupled ocean–atmosphere–
land models.

The underlying physical principle that guides the modeling, empirical stud-
ies, process studies, and monitoring activities of GOALS is that water, in its
various forms, provides thermal inertia and heat storage anomalies in the Earth’s
climate system and, through hydrological processes, defines the dominant inter-
action between components of the climate system.  In turn, water’s thermal
inertia, varying heat transport, and varying heat storage provide “memory” and,
therefore, predictability for the climate system.  Thus, GOALS focuses on the
coupled ocean–atmosphere–land–ice system, with particular emphasis on the
hydrological cycle, oceanic heat storage and transport variations, and land sur-
face processes as they pertain to the prediction of seasonal-to-interannual anoma-
lies.

Of particular interest for the U.S. program is the assessment of predictability
and development of skillful prediction methods for the North American sector,
while encouraging similar activities in other regions where research shows there
is potential predictive skill.
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3

Temporal and Spatial Foci for GOALS

The principal temporal focus of GOALS is seasonal-to-interannual, and the
breadth of its spatial interest is global.  However, to accomplish its scientific
objectives, the program also will have to consider temporal variability over a
broad range from diurnal to decadal time scales.  For the design and implementa-
tion of process studies, specific regions embedded in the global domain will
require special emphasis.

The range of time scales of interest is shown in Figure 3-1.  GOALS concen-
trates on phenomena that include the interannual (e.g., ENSO), biennial, and
annual variability of the coupled ocean–atmosphere–land system, as well as
intraseasonal fluctuations (e.g., monsoon break and active periods, and the Mad-
den-Julian Oscillation) that act to create patterns of weather and may conceivably
influence seasonal-to-interannual time scales.  At the higher-frequency end of the
spectrum and where land surface processes are more directly involved, GOALS
plans on specific interfaces with GEWEX.  Investigations on low-frequency
(long-time period) phenomena within the GOALS program include the decadal
modulation of and trends in ENSO, interannual variability of monsoon and rain-
fall patterns, and the seasonal and interannual variability of the North Atlantic
Oscillation and the Pacific North American Oscillation.  Of importance also are
the climate signals and their long time scale modulations found in ice cores, tree
rings, coastal corals, pollen, etc.  For these studies, GOALS will require an
interface with the DecCen program.

The GOALS program gives due recognition to the possibility that anthropo-
genic effects on climate may modulate seasonal-to-interannual variability of the
coupled ocean–atmosphere–land–ice system.  The consideration of the anthropo-

9
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genic effects on climate and climate impacts is primarily handled by DecCen and
ACC with which close coordination is planned.  Combining the focus of GOALS
(seasonal-to-interannual time scales) and those of GEWEX and DecCen, leads to
a complete program that addresses key issues concerning the predictability of
climate on all time scales—a primary concern of the USGCRP, and the interna-
tional CLIVAR program of the WCRP.

The spatial focus of GOALS is, in effect, one of nested domains.  The largest
scale, global, is the domain for global models.  At this scale, “global” observa-
tions are needed for the initialization of models and for quantifying and evaluat-
ing their prediction skills.  Empirical and diagnostic studies are proposed to
document the seasonal-to-interannual variability of the natural global system.
Both modeling and data analysis investigations should search for evidence of
relationships between sub-components of the Earth system and low-frequency
variability that may be exploited for improving prediction capabilities.  This last
activity is sometimes referred to as prospecting for predictability and will have a
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that the overlapping time scales of interest between the GOALS program and those of
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bearing on which parts of the global domain are chosen for concentrated GOALS
subprograms and projects.

Within the global domain, there are several regions in the tropics that will
become foci of GOALS research.  Within these regions process studies, long-
term observations, and modeling efforts will target specific elements of predict-
ability.  The recommended strategy for U.S. GOALS for choosing the regional
foci is defined below:

• The predictability found in the Pacific Ocean through ENSO should be
followed to other regions of the tropics to determine how much of the variance
can be explained in terms of ENSO.

• The regional foci should encompass the major tropical heat sources and
sinks.  There is considerable evidence of interannual variability in other regions
of the tropics (e.g., the Asian–Australian monsoon system) together with predic-
tive skill illustrated using empirical methods.  Although there appears to be
coupling between ENSO and variability in the other major heat sources and sinks,
there also appears to be evidence of independent variability.

• The predictable elements found in the tropics from ENSO, or associated
with the other heat sources and sinks in the tropics, should be projected to higher
latitudes to see if they imply extratropical predictability.  There is some evidence
that the extratropics may not possess significant inherent predictability.  How-
ever, this conclusion is based on limited observational studies and on coupled
model experiments of relatively crude formulation, especially the oceanic com-
ponent that has often been represented by fixed SST distributions.  Investigations
are needed to determine whether predictability on seasonal-to-interannual time
scales, wherever it exists, has roots within the tropical system or whether there
are predictable modes in the higher latitudes.  To isolate predictable elements of
higher latitudes (if they exist) it will be necessary to include more sophisticated
land surface and sea ice processes than currently exist in climate models.

Figure 3-2 displays the regional foci now thought to be important for the
attainment of the scientific objectives of GOALS.  These are: (A) the tropical
Pacific Ocean; (B) the Pan-American region extending from the eastern Pacific
Ocean to Africa—the focus of the PACS program; and (C) the Asian–Australian
monsoon system that encompasses the Indian Ocean, the western Pacific warm
pool and the oceanic regions to its northwest and southwest, the oceanic
throughflow through the Indonesian Archipelago that connects the Pacific and
Indian Oceans, and the land masses of Australia, South Asia, and East Africa.

It is recommended that the initial emphasis for U.S. GOALS should be
placed on the Pacific basin and the Pan–American region because of their signifi-
cant and direct effects on North American climate.  It is noted, however, that as
our understanding of the global climate system develops, priorities may be ex-
pected to change and new regional foci identified.
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The panel suggests that the extension of GOALS to the global domain and
the expansion of present observational capabilities beyond the tropical Pacific to
other regions should occur in an orderly manner and in parallel with a
regionalization of prediction problems.  Improvements in regional prediction
skills are particularly important for applications and interfaces with society, both
of which are high priorities of GOALS.

FIGURE 3-2  The three regional foci of GOALS: the tropical Pacific Ocean (A), the
Americas (B), and the Indian Ocean and surrounding continental regions (C).  Back-
ground shading represents the long-term August precipitation rates as estimated by the
MSU (units: millimeters per month).  Regional foci encompass major precipitation re-
gions of the tropics.
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4

The Six Elements of GOALS

GOALS is a complex program calling for investigations of interaction be-
tween several major components of the climate system, possibly for the first time.
Importantly, this interaction also implies the improvement of interfaces between
the specialized scientific disciplines that previously concentrated on individual
aspects of the global climate system.  The program also demands a seamless
interface between observing systems, models (and time integrated predictions),
applications, and so forth.  In recognition of the complexity of GOALS, the panel
proposes the following six key elements or activities that need to be supported  in
order to achieve the objectives of the program:

1.  long-term observations and analyses;
2.  process studies;
3.  empirical and diagnostic studies;
4.  modeling;
5.  applications and human dimensions; and
6.  data management.

The first four elements, along with the last, were identified in the GOALS
Science Plan (NRC, 1995).  Because of the direct impact of seasonal-to-
interannual climate prediction on society, applications and human dimensions
have been added as an element of GOALS.  The specific reason for this addition
by the GOALS Panel is to support the concept of an end-to-end predictive capa-

13
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bility that provides an interactive interface between the physical scientists who
produce the forecasts and the user community.

The six elements of GOALS are highly interrelated, and each element has the
potential to make an impact on the program’s full geographical and phenomeno-
logical range.  Thus, the program needs to be balanced with strong efforts in all
six areas. Prioritization in each of these elements will be based on the objectives
outlined at the end of Section 2.

Sustained long-term observations of key variables of the climate system
form the backbone of GOALS.  They are required in order to provide both a
robust description of seasonal-to-interannual variability and its context relative to
longer and shorter time scales.  The data requirements for model initialization and
verification often help in defining the observations and observing systems needed.
Comprehensive analyses of these global data are required with the aim of produc-
ing global syntheses of climate and its variations in useful gridded format.

Empirical and diagnostic studies often rely on the long-term observations
program element and analyzed data sets.  They are invaluable in defining the
areas in which model improvements are required.  They also help assess which
process studies are needed and help identify physical relationships which suggest
aspects of the climate system that are potentially predictable.

Process studies are required to improve the predictive capability of coupled
models by obtaining the data necessary for analyses, which can lead to explana-
tions of the physical processes that need to be represented by new parameteriza-
tion schemes.  They need to have a sampling density sufficient to resolve time
and space scales of variability in the region of interest.  They are expected to lead
to an explanation of the physical links that can extend predictable signals to
remote locations.  They are necessary to test hypotheses regarding the dynamics
of interactive sub-components of complex systems.  Process studies can also
provide a physical linkage between the more widely spaced observations ob-
tained in new long-term data sampling arrays and networks.

Modeling involves the development and application of improved complex
coupled ocean–atmosphere and ocean–atmosphere–sea–ice–land–surface mod-
els.  Modeling is considered the unifying theme underlying GOALS because of
the ability of models to integrate or encapsulate knowledge derived from process
studies, observations, and so forth, and to generate the products required to sup-
port the applications of relevance to societal problems.  The results of studies
with less complex models can suggest physical processes that should be incorpo-
rated into comprehensive coupled models; they should help the development of
parameterization schemes for processes not explicitly resolved in complex mod-
els.  Simplified models are also necessary to better understand the behavior of
complex models.  They can suggest regions and phenomena where predictability
exists.
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Applications and human dimensions studies enhance the utility of forecasts
by taking into account user needs.

Data management is considered a critical element that cuts across the totality
of GOALS.  It should be designed to provide a fluid interaction with the scientific
community at large.  A carefully configured data management plan will provide
a legacy for GOALS.  The coordination of a GOALS data management plan with
the international CLIVAR data management plan is essential.

Figure 4-1 provides a composite description of the GOALS program.  The
six elements are grouped into four components, to simplify their schematic repre-
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FIGURE 4-1  Composite description of the GOALS program.  Three major components
are described within the shaded boxes:  (1) long-term observations and diagnostic, empir-
ical, and process studies; (2) modeling and prediction; and (3) applications and human
dimensions.  Within each component, the arrows indicate a research sequence consistent
with the scientific method, including feedbacks among various steps.  Each of the compo-
nents is connected through the provision of products (heavy arrows).  However, there are
feedbacks between the components (heavy arrows on right hand side).  For example,
models can be used to guide the improvement of observational networks.  Models also
will require specific observations to improve certain parameterizations and thus may
promote observational process studies.  Furthermore, the user community may require
greater specificity in terms of model products or observations.  Data management is seen
as embracing all three components.
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sentation.  The first is associated with observation systems and their iterative
development.  The second refers to modeling and prediction, while the third
concentrates on applications and human dimensions.  The fourth, data manage-
ment, is seen as an overarching element.  Within each class of elements, a proce-
dure for research and development is described.  Depicted between the classes of
elements are a series of interactions that signify the feedbacks considered neces-
sary for the development of each component of GOALS.
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5

Context for the U.S. GOALS Strategy

The U.S. GOALS strategy focuses on the improvement of seasonal-to-
interannual climate prediction, especially over North America.  Several other
operational and research programs that have the capacity to assist in attaining this
objective are also planned or are already in place.  In developing the strategy for
the U.S. participation in GOALS, the panel recognizes that it is important to
coordinate with these other efforts and establish links with them.  One of the most
important institutions on which GOALS will rely is the operational system devel-
oped for weather monitoring and prediction.  During TOGA, a skeletal, quasi-
operational framework for supporting short-term climate predictions was con-
structed by enhancing key operational activities.  This included the TOGA
observing system, TOGA data centers, climate diagnostics bulletins, climate pre-
dictions, and others.  GOALS needs to build further upon this existing frame-
work.

The panel recognizes that it is important to coordinate GOALS activities
with other operational and research activities of U.S. federal government agen-
cies involved in supporting efforts to improve seasonal-to-interannual prediction.
These include fundamental research into processes, observing systems, model-
ing, diagnostic analyses, data assimilation, data and information management,
and applications. Several of these activities are also carried out at operational and
research centers, as well as the observational programs of various agencies.  Many
are organized as part of the activity known as the Seasonal-to-interannual Cli-
mate Prediction Program (SCPP).  The latter has grown out of the TOGA pro-
gram and includes a number of components, as indicated in Figure 5-1 and 12-1.
Many national, regional, and international programs strongly supported by the
United States are involved in SCPP.

17
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The International Research Institute for Seasonal-to-interannual Climate Pre-
diction (IRI), has been established together with associated research and applica-
tions centers.  The United States  hosts the IRI as a U.S. contribution to GOALS/
CLIVAR.  The National Centers for Environmental Prediction (NCEP), operated
by the National Oceanic and Atmospheric Administration (NOAA) and the Na-
tional Weather Service, cover climate prediction, environmental modeling, avia-
tion prediction, and human dimensions aspects.  The Climate Dynamics and
Experimental Prediction (CDEP) program is a major element of the NOAA-
OGP’s (Office of Global Programs) climate program.  NOAA’s Pacific Marine
Environmental Laboratory is primarily responsible for the development, deploy-
ment, and maintenance of the Tropical Atmosphere Ocean (TAO) buoy array in
the Pacific Ocean.

The proposed GOALS research strategy is built on this rapidly developing
infrastructure and the operational activities in various centers.  Currently, the
situation is markedly different from the research program established under
TOGA, for which little infrastructure was in place during its early stages.

Linkages between the GOALS research strategy, and the operational activi-
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FIGURE 5-1  GOALS program architecture, showing interrelated components of the
program.  Data management is an activity in all components.
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ties mentioned above, should be seamless and symbiotic.  GOALS will depend
heavily on the various products and infrastructure provided by existing or planned
operational efforts.  On the other hand, GOALS research efforts will provide the
knowledge, tools, and technical advances that will help accelerate the develop-
ment of operational systems.  To this end, the GOALS Panel strongly recom-
mends that the following activities be initiated as a part of U.S. participation in
international GOALS/CLIVAR:

1.  Provide the basic research infrastructure to prospect for predictability
within the global ocean–atmosphere–land–ice system in order to incrementally
improve seasonal-to-interannual prediction skill.

2.  Describe, analyze, and diagnose the physical processes that determine the
variability in the observed fields and the spatial and temporal links among vari-
ables.

3.  Develop pilot long-term monitoring systems of seasonal-to-interannual
variability for the coupled ocean–atmosphere system.

4.  Conduct process studies in select oceanic regions  to improve the under-
standing of ocean–atmosphere coupling.

5.  Develop, improve, and evaluate models of the coupled ocean–atmo-
sphere–land system to be used for prediction.

6.  Provide ongoing evaluation of climate monitoring systems and prediction
products from IRI, NCEP, CDEP, and other operational systems.

7.  Advise on the need for new products for multiple applications and help
develop products addressing the applications and human dimensions aspects of
the program.

The strategy proposed by the panel for U.S. participation in GOALS includes
the appreciation that there is a critical need to establish mutual relationships with
other national and international research programs involved in the study of short-
term climate fluctuations.  GOALS should explicitly take into account the activi-
ties of these other programs when developing its own strategies so as to minimize
redundancies.  For example, it is important to note that GOALS emphasizes
process studies, empirical studies, and observations focused on ocean-atmosphere
coupling.  This emphasis is proposed because another component of the WCRP,
GEWEX, is a complementary climate research program that focuses on the role
of land in the coupled ocean–atmosphere–land system.  Therefore, the panel
recommends that GOALS should actively pursue collaborative research with
GEWEX as the means of conducting process studies in select land areas.  Close
collaboration with GEWEX is also envisaged to develop pilot long-term monitor-
ing systems covering the role of the land and land-surface processes in climate
variability.  Such joint activities are important to help achieve the global data
coverage necessary to initialize and validate the complex coupled models devel-
oped by GOALS.
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Long-Term Observations and Analyses

Sustained, accurate, long-term global observations of key variables in the
climate system are essential to achieving the objectives of GOALS.  A robust
description of seasonal-to-interannual variations and the decadal modulation of
these variations can be built up only from such an observational base.  Diagnosis
of the causes of these variations is impossible without long, accurate records.
Continued global observations are also necessary to initialize and evaluate the
global and regional coupled models envisaged under GOALS.  These observa-
tions need to be assimilated into climate prediction models in much the same way
that observations presently are assimilated into operational weather forecast mod-
els.  The manner in which the observed fields are used to provide a description of
climate and to develop hypotheses is illustrated in Figure 4-1.  Observations to
test specific hypotheses are gained through process studies.  The conclusions
reached from these data may be used to redefine the long-term observational
strategy in order to describe the climate system more completely.

To be useful, measurements of seasonal-to-interannual climate variability
must be consistent, continuous in duration, and of sufficient accuracy and resolu-
tion that the climate signals can be distinguished from instrumental noise and
from high-frequency geophysical signals unrelated to climate variability.  Be-
cause the phenomena being studied are generally of a large scale and influenced
by processes in distant regions and because the intent is to improve climate
predictions in locations remote from phenomena such as ENSO, long-term global
coverage is essential for many aspects of GOALS.  Thus, a principal component
of the global monitoring of the state of the ocean, atmosphere, land, and ice

20
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variability must be a comprehensive satellite system.  For other potentially pre-
dictable elements, where the intent is to use oceanic variability in one region to
predict climate variability on a global basis, additional long-term observational
needs may be specific to particular regions.  As an example, SSTs and winds in
the tropical Pacific are essential as initialization data for models used to predict
El Niño and its impacts.  ENSO model predictions can also be evaluated from
surface air temperature and precipitation data at specific locations remote from
the tropical Pacific.

During TOGA, a core in situ, regionally focused, long-term observing sys-
tem was established in a research mode, for monitoring and forecasting seasonal-
to-interannual variability of equatorial central Pacific SST (NRC, 1994b).  This
observing system provides a starting point for the in situ oceanic component of an
observational system for GOALS.  In conjunction with a comprehensive satellite
observational program, the expansion of long-term oceanic observations under
GOALS from the tropical Pacific to the tropical Indian and Atlantic Oceans and
to higher latitudes is believed to be necessary to achieve additional improvements
in seasonal-to-interannual predictability.  This, of course, imposes significantly
increased demands on observing systems as well as data management and data
exchange systems.

An important consideration is that the viability of some existing operational
systems is seriously threatened by internationally imposed restrictions on data
exchange.  An internationally agreed upon policy for the free exchange of and
access to scientific data for research purposes is critical to the success of GOALS,
and indeed all other research endeavors.

The deterioration of existing operational observing systems is of serious
concern to the GOALS Panel.  During TOGA, enhancements important to the
monitoring and prediction of ENSO were implemented under the World Meteo-
rological Organization (WMO) World Weather Watch (WWW) program.  How-
ever the upper-air sounding system has continued to degrade since the First
GARP Global Experiment (FGGE) in 1979.  Currently, there are about a third
fewer upper-air soundings per day because of reductions from two to one per day
in many countries (including the United States), determined in some cases by the
increasing cost of expendables.  The viability of the upper-air sounding system is
also threatened by external factors.  While the quality of rawinsondes has im-
proved in the past 15 years, the decommissioning of the Omega navigation sys-
tem in 1997 has led to the loss of some wind soundings.  Some systems that
depend on Omega have transitioned to the use of the Global Positioning System,
but rawinsondes using this technique are much more expensive. Notwithstanding
the above situation, the greater long-term threat is the assigning of frequencies
used for transmitting rawinsonde signals for the use of cellular phones.  This
means narrower available frequencies and, thus, more expensive transmitters.
These issues are of concern because changes in the type(s) of upper-air rawin-
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sondes or in their total number or frequency of deployment can alter the climate
record as seen through analyses and reanalyses.

Of special importance are the existing operational observational and data
exchange systems. For the atmosphere, the WWW should be maintained and
improved.  WWW, a part of the operational system developed for weather moni-
toring and prediction, is composed of the Global Observing System (GOS), Glo-
bal Telecommunication System (GTS), and Global Data Processing System.  The
WWW involves national, regional, and world centers.  The International Oceano-
graphic Commission (IOC) of the United Nations Educational, Scientific, and
Cultural Organization jointly with the WMO, coordinates the exchange of real-
time and near-real-time oceanographic data via GTS.  Delayed-mode exchange is
managed directly by  IOC’s International Oceanographic Data Exchange system,
which includes national, regional, and world centers.

Enhancements to observing systems, and the collection and exchange of data
for climate purposes are being planned by the Global Climate Observing System
(GCOS) (WMO, 1995a), which includes a significant array of oceanographic and
land surface measurements.  The full set of data required for oceanography is
handled by the Global Ocean Observing System (GOOS).  Both GCOS and
GOOS rely heavily on existing operational systems and mechanisms.

In contrast to the systems already in place for atmospheric and oceanic data,
the international infrastructure does not fully exist for the collection and ex-
change of data to characterize the land surface (and vegetation) and land pro-
cesses pertaining to climate variability.  The promotion and establishment of such
an infrastructure are being discussed under the Global Terrestrial Observing Sys-
tem (GTOS) (WMO, 1995b).  Efforts to coordinate the requirements stemming
from GCOS, GOOS, and GTOS are being undertaken under the Integrated Glo-
bal Observing Strategy (IGOS) in order to identify, without redundancy to the
extent possible, key enhancements to the GOS that serves the multiple needs of
these programs.  The panel feels strongly that GOALS should collaborate and
coordinate with all of these programs.

Another important consideration is that the data from operational observing
systems (both space and surface based) suffer from various problems, among
them accuracy, representativeness, calibration, and continuity over time, as well
as inadequately documented changes in instrumentation, observing practices, and
data processing procedures or algorithms.  Although these problems are espe-
cially important for decade-to-century time scales, they are also important for
seasonal-to-interannual time scale research such as represented by GOALS.

Although the problems summarized above are serious concerns, the greatest
observational challenge for GOALS involves the ocean variables that typically
have a very short length of record, poor spatial coverage, and poor resolution in
time.  The fundamental problem is that many of the in situ oceanic observations
(e.g., the TOGA-TAO array and surface-drifter observations of SST), as well as
many of the satellite ocean observations that are crucial to GOALS (e.g., altim-
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etry), have been developed and maintained largely in research modes.  At present,
no federal agency has committed to a comprehensive operational ocean observ-
ing program specific to the needs of seasonal-to-interannual climate forecasting,
and more generally, to climate research.  One of the objectives of GOALS must,
therefore, be to promote the transition of observations from a research framework
to an operational framework in order to ensure long-term continuity of the obser-
vations.  Note that the term operational in this context does not necessarily mean
the transitioning of a system to an operating agency (within the United States, a
NOAA line organization such as the NWS or the National Ocean Service), but
rather a commitment to both the infrastructure necessary to sustain observations
and to maintain the quality of the observations.  An example is the TOGA observ-
ing system and, in particular, the TOGA-TAO array of buoys moored in the
tropical Pacific.  The latter is maintained in a quasi-operational mode by a multi-
national research group spearheaded in the United States by the NOAA Pacific
Marine Environmental Laboratory (PMEL).

While it is crucial to maintain and enhance existing observing systems,
GOALS will inevitably have to rely on and utilize the observations planned by
the next generation of Earth observing satellites and programs.  Space-based
satellite observations will play an important role in providing global data cover-
age for many of the key variables required by GOALS with a spatial and temporal
resolution, which cannot be matched by in situ measurements alone.  In addition
to providing much of the information necessary for coupled climate models,
satellite observations of seasonal-to-interannual variability of ocean, atmosphere,
and land variables will be used to assess and refine the models.  Importantly,
these observations will also play a vital role in monitoring the interactive pro-
cesses within the purview of GOALS on a global basis.

Space-based observations are already used as a powerful and complementary
adjunct to in situ observing systems with the latter providing absolute calibration
and satellites providing global coverage.  Global scale fields of SST are best
constructed through a well conceived combination of in situ and satellite data—
a process that maximizes the advantages of satellite observations (e.g., global
scale coverage and relatively accurate gradient information) while simultaneously
compensating for deficiencies in in situ observing networks even though they
provide direct absolute value measurements.

Continuous, uninterrupted satellite observations are required for at least the
15-year duration of GOALS, if the program is to achieve its objective of deter-
mining the predictability of climate (especially precipitation) over North America
and other regions on seasonal-to-interannual time scales.  Such long, continuous
time series, exceeding the lifetime of individual satellite missions or instruments,
are extremely difficult to acquire outside of operational programs.  While many
of the needed satellite-based observations of key atmospheric and solar forcing
variables are already incorporated into U.S. and international operational meteo-
rological satellite programs, few of the key oceanographic or land variables are
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observed from operational satellites.  Lacking an operational framework for these
important satellite observations, the research community has worked hard over
the past decade to maintain the satellite observational systems in a research mode.
These satellite systems have been supported financially by the National Aeronau-
tics and Space Administration (NASA) in highly successful collaborations with
international partners (primarily the French space agency CNES and the Japanese
space agency NASDA).

Because of the long lead time required to build and launch dedicated satel-
lites, firm commitments must be established in the near future to ensure continu-
ous observations from these research satellites over the full duration of GOALS.
The NASA Office of Earth Science sponsors the Earth Observing System (EOS)
designed to observe atmospheric, oceanographic, and land variables of impor-
tance to climate change issues.  The Office of Earth Science has provided a
framework within which individual research-mode missions will be launched to
provide high-quality measurements on a mission-by-mission basis with no assur-
ance of continuity of measurements of any specific variable.  The GOALS objec-
tives require continuous time series through at least 2010. NASA’s charter to
demonstrate and extend technology and the budgetary pressures facing the agency
raise questions about NASA’s ability to continue to provide quasi-operational
data for all of the important satellite instruments over the duration of GOALS.

Given the importance of the satellite measurements for studies of seasonal-
to-interannual variability of the ocean and atmosphere, as well as the requirement
for high-quality satellite data for decadal and longer time-scale climate change,
steps should be initiated now to incorporate mature satellite technology into U.S.
and international operational satellite programs.  In the United States, present
plans are to merge the Department of Defense and NOAA operational satellites
into the National Polar-Orbiting Environmental Satellite System (NPOESS).  The
first of the NPOESS satellites is not planned for launch until 2007.  Since the lead
time to achieve operational status of a satellite sensor is a decade or longer, a
coordinated long-range plan must be developed at the earliest possible opportu-
nity in order to provide benefit to the latter stages of the GOALS program and
any future research programs that evolve from GOALS.

KEY VARIABLES

The challenging combination of accuracy, spatial and temporal coverage and
resolution, and duration requirements of the observational component of GOALS
is compounded by the range of variables needed  to address the scientific objec-
tives of the program.  At this early stage of GOALS, all of the relevant variables
and processes have probably not yet been identified.  Expanding on the TOGA
experience and other experimental programs that took place during the last de-
cade and a half as well as recommendations made in reports such as NRC (1994b)
and WMO (1995a,b), a list has been compiled of priority variables considered
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essential for a sustained, long-term observational system to support seasonal-to-
interannual climate variability research and prediction.

Table 6-1 summarizes the variables presently considered necessary for  each
of the three components of the coupled ocean–atmosphere–land system.  The
proposed list is divided into state variables and external (or forcing) variables.
State variables are defined as variables necessary to monitor the “state” of the
physical system or subsystem, while “external” or “forcing” variables are defined
as those variables that define the degree of interaction between system compo-
nents.  Though from an Earth-system standpoint, the partitioning of the system
into subsystems and into state and forcing variables is somewhat arbitrary, for
many purposes, such categorization is conceptually useful. Within each group,
variables are listed in approximate order of importance to the program.  Some
variables could appear under more than one category.

It is also worthy of mention that GOALS’s data sampling requirements have
not yet been completely established.  The spatial and temporal resolution require-
ments for a global in situ observational system for research on short-term climate
variability and prediction have not been reassessed in light of the knowledge
gained from TOGA, the World Ocean Circulation Experiment (WOCE), and
more than 5 years of TOPEX/POSEIDON altimeter data.  Moreover, it is not
apparent at present whether the expansion of moored ocean arrays such as TAO
to mid-latitudes is the best way to obtain long-term, extratropical ocean observa-
tions.  As mentioned above, observations from satellites presently in orbit or soon
to be launched will, therefore, play a key role in achieving the global require-
ments of the observational component of GOALS, at least in the early stages of
the program.  However, satellites alone cannot meet the observational needs of
GOALS.  In situ observations such as the TOGA-TAO array, temperature and
salinity profiles from buoyancy-adjustable subsurface floats, drifter observations,
island-based tide gauge measurements, and Volunteer Observing Ships (VOS)
observations of upper-ocean thermal structure and the overlying atmosphere also
must be maintained to validate and calibrate satellite observations and to provide
measurements of vertical structure and surface properties that cannot be obtained
from satellite observations alone.

An important and overriding principle for the GOALS observing system is
that individual components should not be developed in isolation which, histori-
cally, has often been the case.  Priority should be placed on obtaining fields of
variables especially useful for model initialization and evaluation.  The specific
platforms used to obtain the required measurements could be of secondary con-
sideration, although they are important from the standpoint of implementing
specific enhancements to existing observing technology.  It should be clear from
the list of key variables tentatively identified in Table 6-1 that a composite GOS
comprising both space-based and in situ measurements is required by GOALS.
In the design and implementation of the GOALS observing system, the stringent
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Ocean

State Variables                    External  Variables

Land

State Variables                    External  Variables

• upper ocean temperature
• upper ocean currents
• sea level
• upper ocean salinity
• optical absorption
• sea ice extent, concentration, and 
   thickness

• wind stress
• net surface  solar radiation
• downwelling longwave radiation
• surface air temperature
• surface humidity
• precipitation 

Atmosphere

State Variables                    External  Variables

• wind structure
• thermal structure
• surface air temperature 
• sea level pressure
• water vapor structure
• columnar water vapor and liquid
   water content
• precipitation
• cloud cover and height

• sea surface temperature
• net radiation at top of the 
  atmosphere
• land surface variables (listed
   below)

• soil moisture
• snow cover and depth
• vegetation type, biomass, and
   vigor
• water runoff
• ground temperature

• precipitation
• net surface longwave and shortwave
   radiation
• surface wind
• surface air temperature
• surface humidity
• evaporation
• evapotranspiration 

TABLE 6-1  Key “State” and “External (or Forcing)” Variables Necessary for
the GOALS Program.  Variables Are Listed in Order of Priority.
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sampling requirements of some variables of interest must be recognized explic-
itly.

One of the major objectives of GOALS (especially its observational compo-
nent) is to contribute to the development of IGOS being developed by the Com-
mittee on Environment and Natural Resources (CENR) of the White House Of-
fice of Science and Technology Policy (OSTP), within the framework of a
comprehensive system of analysis to ensure that global-scale coverage of priority
variables and calibrated products for research and applications can be provided to
the scientific community.  The GOALS Panel feels that the scientists participat-
ing in GOALS research programs should be involved actively in providing ad-
vice on various aspects of the long-term observing system for climate research
and prediction as IGOS evolves.

Some of the issues surrounding observational requirements are likely to be
resolvable through statistical analyses or numerical experimentation.  Limitations
in the quality and quantity of previous observations and in the physics of numeri-
cal models will almost certainly stall the satisfactory resolution of some ques-
tions.  The research agenda of GOALS should be able to make a strong contribu-
tion to the future development of global climate observing systems by conducting
appropriate process studies (see Section 7), and by making specific recommenda-
tions on enhancements needed for observing systems.  Through process studies in
the regions selected for focused experiments by GOALS, even more specific
recommendations are likely for enhancements needed to regional observational
networks.  Of course, the research conducted under GOALS would specifically
target the data and observing system needs to support seasonal-to-interannual
climate prediction.

Notwithstanding the above, the observational responsibilities of GOALS
should not be limited merely to the measurement of the variables for the duration
of the GOALS program.  As mentioned earlier, the seasonal-to-interannual focus
of GOALS overlaps significantly with programs pertaining to both shorter and
longer time scales.  To be useful to other components of WCRP/CLIVAR and the
USGCRP, long-term observations must be quality controlled, organized, and
ultimately processed into gridded fields for use by scientists involved in GOALS
research, as well as other programs such as DecCen and GEWEX.  The GOALS
program should, therefore, be active in the construction of data sets as well as in
objective analysis and data assimilation.  A close cooperation between the scien-
tists involved in GOALS’s model development effort and those involved in the
development of observational data assimilation models is highly recommended
by the GOALS Panel, because numerical models are an integral part of state-of-
the-art assimilation procedures.

MEASUREMENTS AND OBSERVING SYSTEMS

The priority state and external observations identified in Table 6-1 will be
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obtained from a combination of current and new observing systems.  In support
of these, observation facilities need to be developed for transmitting the data to
regional and international data centers.

The panel highlights several issues that need to be considered seriously in the
implementation of the observing systems and networks supporting the scientific
objectives of GOALS.  They are also important for the programs complementary
to GOALS such as GEWEX and DecCen.

Critical elements of existing observing systems should be maintained in
order to obtain long, continuous, and consistent time series.  In this regard,
continuous and consistent in situ time series of key field variables should be
given high priority.  As noted previously, they are needed for model evaluation,
empirical studies, ongoing calibration and validation of remotely sensed observa-
tions, and information that cannot be obtained from satellites.  There may also be
a need for new, long-term observational technologies to be developed and incor-
porated into operational systems following the findings of future process studies
directed at improving models and their prediction skills.  It is important that all
measurements within observational programs are accompanied by sufficient
“meta-data” in order to document changes in location, observing practices, satel-
lite retrieval algorithms, instrumentation, and other characteristics such as expo-
sure, space/time coverage, and accuracy.  Where possible, use should be made of
observational products from other programs, such as cloud and radiation products
from the International Satellite Cloud Climatology Project (ISCCP) and precipi-
tation estimates from the Global Precipitation Climatology Project (GPCP) and
the Tropical Rainfall Measuring Mission (TRMM) (the NASA/NASDA satellite
launched in November 1997 to measure tropical rainfall more accurately than
ever before from a space-based system).

To help define and develop appropriate ocean, atmosphere, and land observ-
ing elements for incorporation into the GCOS, the GOALS Panel recommends
that close coordination should be maintained with the DecCen component of
CLIVAR and other WCRP programs such as GEWEX and ACSYS (Arctic Cli-
mate System Study).  Among other activities, this coordination between pro-
grams should include the evaluation and prioritization of observed fields and the
articulation of resolution and accuracy requirements.

Advantage should be taken of emerging new methods for real-time data
transmission to enhance real-time data return and reduce the cost of transmission
relative to the cost of making observations.

Also, the GOALS Panel considers several other issues to be of importance.
These are the:

1. maintenance of the network of in situ sea-level observations;
2. calibration and validation of paleoclimate records relevant to seasonal-to-

interannual climate variability;
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3. calibration of global water vapor fields;
4. continuity of accurate satellite altimetry;
5. continuity of accurate satellite scatterometers; and
6. maintenance of the rawinsonde network throughout the tropics and the

tropical Pacific, in particular.

In addition, there are other important issues that need to be addressed by the
international community.  These are the:

1. Reduction of costs of using the ARGOS system for transmission of re-
motely located in situ data; and

2. Reduction of the high cost of obtaining observations and analyzed fields
from international data centers outside the United States.

For the coordination and implementation of the above issues, among other
activities of importance to GOALS, the panel strongly recommends the establish-
ment of a GOALS Interagency Project Office (discussed in Section 12).

DATA ANALYSIS AND ASSIMILATION; DATA REANALYSIS

GOALS requires the capacity to observe and use multi-disciplinary data
covering the atmosphere, the oceans, the land surface, and snow and ice fields,
among others.  For observations from the combination of space-based and in situ
platforms to be of most value to the modeling component of GOALS, they should
be transformed to gridded fields.  Consequently, methods to effectively combine
the output from different measurement systems and platforms should continue to
be developed.  The combined use of altimeter sea-level data with thermal struc-
ture information to estimate the basin-scale field of upper-ocean thermal struc-
ture is an example of such a consolidation.  New objective analysis and assimila-
tion techniques should also be developed, especially for ocean and land surface
variables to determine land surface processes, ocean–atmosphere interactive pro-
cesses, and the hydrological cycle.

Historical data analysis warrants special mention.  Because GOALS is con-
cerned with seasonal and interannual time scales, it is important to compile a data
record as long as possible so that many samples of seasonal and interannual
phenomena may be examined.  To this end the panel recommends that continued
efforts should be made to improve the quality and volume of the historical data
base through data archaeology and support for the development and evaluation of
data sets.  Typically, there is a need to correct and adjust historical data in various
ways to compensate for changes in the manner in which measurements were
made in the past.  These data are used to determine the historical climate record,
which provides estimates of the variability on interannual and longer time scales.
Such variability includes the impact or influence of both natural and anthropo-
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genic forcing components.  Where possible, a systematic and periodic inter-
comparison of historical data sets should be carried out.

The reanalysis of the data available from operational data assimilation
schemes is an extremely important task for GOALS and currently an area of
considerable activity.  Much of the global gridded data fields used for research
are based on past operational analyses techniques that are not ideal for climate
studies.  This is because the gridded fields contain inhomogeneities resulting
from shifts in model and data assimilation/analysis methodology that have been
tuned for operational weather forecasting purposes.  These data fields have
changed and will continue to change in time as forecast models and their corre-
sponding data assimilation schemes are improved.  For this reason efforts to
reanalyze historical data should continue and should be applied to operational
atmospheric analyses, all oceanographic data and analyses, and satellite-based
products.

The panel underscores that reanalysis needs to be a periodic and ongoing
effort.  That is, the reanalysis system cannot be frozen in time, because data
assimilation and modeling sophistication will certainly improve and change with
time.  Even the present reanalysis efforts, while highly commendable, have been
found to contain several problems principally resulting from assimilation schemes
and the state of models, both of which are still developing.  In summary, the panel
suggests that data reanalysis should become a routine activity that is repeated at
regular intervals of time, conceivably every 5 to 10 years, in order to take advan-
tage of the latest state-of-the-art systems and techniques available.

OBSERVATIONS WORKING GROUP

To carry out a thorough investigation of various issues dealing with long-
term observations and analysis, the panel recommends that a GOALS Observa-
tion Working Group (GOWG) be established.  This group should develop the
scientific basis for GOALS observations.  The activity is considered crucial
because the scientific basis for observational requirements for climate studies and
model evaluation is continually evolving.  Furthermore, during the past decade
and a half, our knowledge of the climate system has improved, resulting in
changes in resolution and data type requirements.  In addition, other forms of
data, especially satellite, are now available.  An important role of the GOWG will
be to provide guidance in the prioritization of satellite-based measurements to be
incorporated in the operational satellite program.  Furthermore, an observations
working group, working in conjunction with GEWEX, DecCen, GCOS, and the
CLIVAR Upper Ocean Panel, would be well placed to make specific recommen-
dations about future satellite instruments and products.  Fuller community par-
ticipation should be encouraged by the organization of one or more workshops to
address data requirements for the support of GOALS objectives.
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Process Studies

Process studies involve highly focused special experiments conducted to
advance the understanding of specific physical processes.  GOALS process stud-
ies should be enunciated or designed with the practical aim of improving sea-
sonal-to-interannual climate predictions.

These special experiments often comprise a set of intensive measurements
that are limited in duration and geographic extent.  Usually, process studies
employ an ensemble of techniques involving observations, empirical studies, and
modeling to further the understanding of a process or processes.  They may be in
the form of experiments designed to test particular hypotheses or exploratory
efforts to gather statistical information on specific processes or phenomena for
use in developing and refining theoretical, mathematical, or conceptual construc-
tions of the dynamics of various interactions between Earth system sub-compo-
nents.  Process studies can serve as test-beds for new observing platforms that
may eventually contribute to the long-term observing system.  They can improve
our understanding of physical processes and help in the development of more
realistic parameterization schemes in models, thereby leading to improved pre-
diction skill.  They can also provide critical tests of these models.

GOALS places priority on the improved understanding of processes leading
to improvements in their representation or parameterization in coupled ocean–
atmosphere–land models.  Suggestions for specific process studies may emerge
from the modeling community in order to address specific problems of model
parameterization.  The context of process studies in the GOALS program is
shown in Figure 4-1.

Two basic categories of observational process studies can be defined:
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Single process studies look at a particular process such as vertical mixing in
the equatorial ocean, or near-equatorial atmospheric convection (e.g., as in
EMEX:  the Equatorial Mesoscale Experiment), or cloud-radiation feedback, and
so on.  They can, however, be quite complex in terms of the research and obser-
vations required for their investigation.  Single process studies are relatively easy
to plan, coordinate, and conduct because they often (but not always) fall within a
single scientific discipline.  Drawbacks of single process studies often include a
lack of concurrent data and information regarding other processes and events
occurring within the total system and thereby a lack of context relative to larger
scales and processes.

Combined observational process studies are essentially two or more single
process studies that are collocated or adjacent and are conducted contemporane-
ously.  Combined process studies can provide a multivariate data set that has the
critical mass needed to evaluate coupled model and satellite products.  Such field
programs can provide a facilitating framework for interdisciplinary studies, as
well as a better context and supporting information than single process studies.
Combined process studies are, however, usually more difficult to fund, organize,
and conduct.  They also require substantial collaboration among scientists from
the different disciplines involved and, correspondingly, collaboration between
the diverse funding sources, which are to this day oriented generally along disci-
plinary lines.  The situation is, admittedly, improving rapidly with the USGCRP
and federal agency emphasis on multi- and inter-disciplinary activities.  The
more complete picture that combined process studies provides makes them pref-
erable to several isolated single process studies and experiments.  Often, maxi-
mum benefit is obtained when single process studies are embedded within a
larger more comprehensive combined process study or experiment.  This strat-
egy, endorsed by the panel, is also in accord with the thinking of other scientific
groups and federal agencies in order to maximize the benefits from research
experiments and their applications.

Process studies are expected to play an important role in formulating and
testing hypotheses during GOALS, just as they have in earlier programs.  For
example, TOGA-COARE, the Coupled Ocean–Atmosphere Response Experi-
ment (COARE), was developed as a part of TOGA to address the general prob-
lem of accurately quantifying air–sea fluxes of heat, moisture, and momentum in
the warm-pool region of the western Pacific.  Experimental modifications made
to models covering the western tropical Pacific have led to the improved predic-
tion of the global scale impacts of ENSO, illustrating the very tight coupling of
the ocean and atmosphere in this region through the exceptional sensitivity of
both the atmosphere and the ocean to changes in the other.  COARE addressed a
suite of processes that are important for coupled models but went further in
conducting its observations in a key region for climate variations associated with
ENSO and the global climate.  The observations obtained in the experiment not
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only characterized the individual processes but also resulted in a benchmark data
set in a critical region for testing coupled models and remote sensing algorithms.
Thus, COARE was a combined process study that addressed both the prediction
and the monitoring goals of TOGA while providing data for a wide range of
physical processes relating to the heat balance of the tropical Pacific warm pool.

However, insufficient progress has been made during TOGA on achieving a
better understanding of the more complex processes that affect and control the
atmosphere–ocean exchange fluxes, which are intimately involved in the cou-
pling of the ocean and atmosphere on larger space and time scales than the
experimental region of TOGA-COARE.  The mean state and the variability within
the warm-pool region of the Pacific have been especially problematic for coupled
models (and even stand-alone models) to simulate correctly.  Thus, it is expected
that new process studies will be proposed in GOALS.

EXAMPLES OF ONGOING AND PROPOSED PROCESS STUDIES

Learning  from the experience of TOGA-COARE, the panel recommends
that GOALS coordinate the design and implementation of essential process stud-
ies to advance our knowledge of several facets of GOALS simultaneously.

At present, proposals for particular process studies in GOALS are at an early
stage of development.  However, under the auspices of the PACS program, a
number of process studies in the eastern Pacific Ocean dealing with ocean–
atmosphere interaction, precipitation processes, and the equatorial boundary layer
are already funded and currently under way.  Ocean cruises took place in Spring
1997 to study the local modification of the equatorial ocean cold-tongue during
the evolution of El Niño.  An ocean cruise with weather radar instrumentation is
occurring in Winter 1997/1998 and investigating changes in El Niño-related
convection in the eastern Pacific Ocean.  The Pilot Research Moored Array in the
Tropical Atlantic (PIRATA) is being developed to monitor ocean–atmosphere
interactions in the region of the Atlantic tropical SST anomaly dipole.  PIRATA
consists of an array of moored buoys that, among other objectives, will help
determine a strategy for long-term observations in the equatorial Atlantic Ocean.

Several other international activities under the auspices of GOALS are also
under way.  The planning for the Asian–Australian monsoon system experiment
(a GOALS regional focus) is proceeding with the implementation of the South
China Sea Monsoon Experiment (SCSMEX).  SCSMEX plans to study ocean–
atmosphere interaction during the onset of the East Asian summer monsoon.  A
significant extension of the TOGA-TAO array into the equatorial Indian Ocean
and northwest Pacific is being implemented by Japan.  Process studies are in the
planning stage to observe ocean–atmosphere interactions in the eastern Indian
Ocean during intraseasonal variations of the monsoon.  The expansion consists
primarily of deep ocean moorings called the Triangle Trans-Ocean buoy network
(TRITON) array.  The TRITON moorings are modeled after the NOAA TAO
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moorings and contribute seamlessly to the ENSO observing system data.  In order
to improve the understanding of Atlantic modes of variability, NOAA, together
with international partners, is expanding ocean/atmosphere observations into the
tropical Atlantic in pilot mode.  The Atlantic observing system is built from the
same proven technologies used in the ENSO observing system, namely, deep
ocean moorings (e.g., PIRATA), drifting buoys, tide gauges, and VOS.  Addi-
tionally, a fifth network of autonomous profiling floats will be added to the
system in order to measure better subsurface ocean currents, temperature, and
salinity.  The Atlantic observing system, together with the ENSO observing
system, and the Indo-Pacific TRITON expansion form a significant contribution
to the climate module of the GOOS.  A Joint Air–Sea Monsoon Interaction
Experiment (JASMINE) is being proposed for the Indian Ocean.  JASMINE aims
at studying ocean–atmosphere interaction in the eastern Indian Ocean during the
intraseasonal transition of the South Asian Monsoon.  In addition, extended
observations of the ocean–atmosphere interaction within the Indonesian Archi-
pelago and the Indonesian Throughflow are planned.

Complementary land process studies are being proposed under the frame-
work of GOALS, but their implementation will be coordinated with and under-
taken by GEWEX.  An example is the GEWEX Asian Monsoon Experiment
(GAME) under which land surface processes are being investigated in a variety
of climatic regimes ranging from tropical forests to tundra.

GUIDELINES FOR THE SELECTION OF PROCESS STUDIES

For the further development of process studies beyond those mentioned
above, the panel suggests that the following criteria and activities be kept in
mind:

1. Whenever feasible, single process experiments needed for GOALS should
be coordinated and combined, although it is realized that individual pilot studies
may be necessary at first.

2. Domains for GOALS process experiments should be chosen to include
oceanic regions where SST or heat content variations are likely to provide a
relevant atmospheric predictive capability.

3. Process experiments for GOALS should be designed to provide a critical
mass of ocean and atmosphere multivariate data from in situ and remotely sensed
observations to support adequate future model experimentation.  They should
also provide a basis for the development and evaluation of relevant remote sens-
ing techniques.

4. Combined process experiments should be undertaken in key regions for
seasonal-to-interannual climate variability, as demonstrated, for example, by
model sensitivity studies.

5. Process studies should be designed for use as test-beds for new observing



Copyright © National Academy of Sciences. All rights reserved.

A Scientific Strategy for U.S. Participation in the GOALS (Global Ocean-Atmosphere-Land System) Component of the CLIVAR (Climate Variability and Predictability) Programme 
http://www.nap.edu/catalog/6199.html

PROCESS STUDIES 35

techniques that provide enhanced monitoring of priority variables in limited but
important regions.

6. Long-term observations should be used to provide the context for limited-
duration intensive process studies.

7. Workshops should be held to enable scientists to develop consortium
proposals for necessary process studies.

The panel recommends that GOALS process experiments should be coordi-
nated either with GEWEX process studies, such as GAME and the GEWEX
Continental-Scale International Project (GCIP), or with DecCen process studies.
Close coordination is considered necessary with climate-related U.S. and interna-
tional programs to achieve mutual objectives.  This is important for producing a
critical mass of observations as well as for sharing the funding of process studies.

The TOGA investment in COARE and other relevant process studies should
be leveraged by continuing support of analysis and modeling activities that use
observations from associated field programs.
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Empirical and Diagnostic Studies

Empirical studies and diagnostic analyses are essential elements of GOALS.
Empirical studies describe phenomenological relationships within and among
fields of different variables, both temporally and spatially.  Diagnostic studies
include quantitative analyses of processes and budgets and extend beyond em-
pirical relationships.  Together they lead towards an ability to describe and under-
stand what is occurring in nature and how such knowledge can be used to im-
prove models.

Empirical studies proposed under GOALS should encompass a broad spec-
trum of activities ranging from investigations that search for empirical relation-
ships with predictive value to investigations intended to produce a better under-
standing of processes leading to improved parameterizations for prediction
models.  In keeping with the overall objectives of GOALS, priority is accorded to
diagnostics and systems studies pertaining to relationships and processes that
influence the seasonal-to-interannual predictability of climate variations, first
over North America and then globally.

The role of diagnostic and empirical studies in the composite structure of
GOALS is shown in Figure 4-1.

The basic strategy for GOALS calls for an extension of the TOGA emphasis
on the Pacific to the global tropics in order to encompass the major heat sources
and sinks associated with the tropical oceans and major land masses.  This ex-
panded scope should include the interaction between, for example, the monsoons
and ENSO, and between the tropics and the mid-latitudes.  The probable interac-
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tion of phenomena on a wide range of space and time scales will require very
careful empirical and diagnostic analyses.

STRUCTURES AND INTERRELATIONSHIPS

It is possible that hitherto unknown relationships between the major compo-
nents of the climate system will add to current estimates of its predictability.
Such relationships could suggest physical mechanisms that influence the system
and indicate possible sources of predictability that can be exploited.  Possible
candidates are the interaction between Intraseasonal Oscillations and ENSO, and
between ENSO and the Tropical Biennial Oscillation, and the Quasi-Biennial
Oscillation.

DIAGNOSTICS

Diagnostic studies are excellent tools for posing and testing hypotheses as
well as providing basic information about budgets, fluxes, and other parameters
not measured directly.  The climate system is so complex and interactive that a
wide range of diagnostic studies will be needed to investigate and test hypotheses
on the underpinning physical processes governing various interrelationships.
Examples of other specific products obtainable from diagnostic studies include
estimates of budgets of atmospheric mass and moisture and of atmospheric and
oceanic heat; fresh water and momentum fluxes and budgets; and the movement
and evolution of ocean heat content, and the surface heat balance.  The new ocean
data collected under GOALS, will enable the determination of the role of plan-
etary-scale ocean waves (including the “delayed oscillator” mechanism) in sea-
sonal-to-interannual climate variability.

FORCINGS—RESPONSE AND FEEDBACKS

Central to the understanding of seasonal-to-interannual climate variations is
the response of the atmosphere and oceans to external forcings.  Also important
are linkages between local and remote locations and the impact of various feed-
back mechanisms and processes between components of the ocean–atmosphere–
land system.  Several aspects of forcings and feedbacks are proposed below for
further study.

1.  The spatial and temporal distribution of atmospheric forcing should be
determined, with the aim of finding which aspects are most important for sea-
sonal-to-interannual variability and why such forcings change.  Among the most
easily observable symptoms of a forcing change are changes in the convection
zones in the tropics.  These changes provide two of the most important feedbacks
in the atmospheric system—latent heating and cloud–radiative interaction—and
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respond to changes in boundary conditions both locally and remotely.  Perhaps
the most important hypothesis to be tested is that changes in convection zones
provide the major pathway connecting seasonal-to-interannual atmospheric vari-
ability with forcing by the more slowly evolving parts of the climate system.
Convection anomalies are of interest both because of the importance of precipita-
tion to human activities and because of teleconnections to other parts of the
atmosphere.  Thus, identification of mechanisms by which boundary condition
forcing produces such changes in convection zones is a priority.

2.  The response of the atmosphere and oceans to local and remote atmo-
spheric forcings, and remote responses in the oceans arising from atmospheric
teleconnections, should be assessed empirically.  Many questions concerning
wave propagation, interaction of quasi-stationary waves with transients, and so
forth, can be addressed empirically as well as with modeling studies.  These
questions are important because they lead to a physical understanding of the way
predictable features of the tropics are projected to other regions.

3.  The impacts of local and remote forcing on the hydrological cycle (espe-
cially over land) should be determined, and feedbacks to the atmosphere through
changes in ground hydrology and other land surface processes should be esti-
mated.  The role of snow cover and soil moisture over land in inducing anomalies
in large-scale circulations should likewise be determined.  It is important to
assess the extent to which land surface anomalies are stochastic or part of long-
term fluctuations.

4.  The importance of other feedbacks on the coupled system, such as changes
in storm tracks, interactions with sea ice, and effects of extratropical SST anoma-
lies, should be assessed.

PREDICTABILITY

A primary focus of GOALS is the investigation of predictability with empiri-
cal and diagnostic studies.  To this end it is recommended that analogues be used
to determine the rate of separation of initially similar states of the coupled sys-
tem.  But because of the limited time span of historical data record, innovative
approaches are needed to address the long time scales of interest in GOALS.
Empirical searches should also be made for regular behavior; very-low-frequency
phenomena; and spatial, temporal, or mechanistic links between elements of the
coupled system, in order to identify elements or features that may lead to im-
provements in prediction skill.
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Modeling

Modeling is an important means of understanding the physical structure of
the coupled climate system and assessing its predictability.  Modeling serves as a
means of synthesizing the long-term observations, process studies, and empirical
and diagnostic studies of GOALS and focusing them on the program’s central
objective—the development of skillful prediction of seasonal-to-interannual
variations of the coupled ocean–atmosphere–land system.  Therefore, a compre-
hensive modeling program is an essential component of GOALS.

To realize the full potential of models as an aid in achieving the scientific
objectives of GOALS, a complete hierarchy of models needs to be developed and
applied to various problems.  The panel feels that global General Circulation
Models (GCMs) and intermediate-scale models are the most appropriate models
for quantitative climate simulations and prediction experiments.  Intermediate
and mechanistic models are recommended to isolate fundamental processes.
Empirical models constructed on the basis of relationships found in the historical
record are thought to be best used in the explorations of predictability and to act
as a benchmark with which the performance of other models can be compared.

The panel suggests that the modeling efforts under TOGA, which dealt with
time and space scales similar to those addressed by GOALS, can serve as ex-
amples of the range of activities envisioned for GOALS and as the starting point
for modeling in the new program.  It is recalled that skillful forecasts by empirical
models identified some of the predictable components of the climate system.
Later, highly simplified models disclosed the fundamental processes that influ-
ence the components of the coupled system and provided insight into its predict-
ability.  These processes were studied more deeply with sophisticated stand-alone
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component models and in simplified coupled ocean–atmosphere models.  The
simplified coupled models were used with moderate success in prediction.  They
indicated the robustness of the predictability of the coupled system and demon-
strated the utility of deterministic models as climate prediction tools.  However,
the simplified coupled models used were usually of limited geographic extent and
depended on mimicking or approximating the physical processes involved in
ENSO.  The only product of many simplified models was a forecast of SST in the
tropical Pacific Ocean region.  They did not take into account other large-scale
circulation features (e.g., the monsoons), nor did they provide attendant forecasts
of precipitation, insolation, or circulation either local to the Pacific basin or
remote from it.

To address the scientific objectives of GOALS and seek forecasts for the
global domain, more complete modeling is thought to be necessary.  It is espe-
cially important to develop models that have the ability to simulate the annual
cycle and interannual variability and to predict seasonal-to-interannual variations
of circulation and rainfall, two significant benchmarks for GOALS modeling.

In addition to continuing the effort to understand better the coupled system
and develop more comprehensive models of it, modeling efforts in GOALS
should also be applied to tasks such as determination of the predictability of the
coupled system, experimental prediction, data assimilation, and observing sys-
tem design.

The GOALS modeling process and its relationships to the other elements of
GOALS are described in Figure 4-1.

Five principal types of activities are recommended for the GOALS modeling
components.  These are:

1. model development;
2. predictability and sensitivity studies;
3. experimental prediction;
4. development of data assimilation systems; and
5. observing system simulation.

MODEL DEVELOPMENT

In general terms, the panel believes that improvements are needed in all of
the component models of the climate system in order to increase prediction skill
in the seasonal-to-interannual time frame.  In particular, the interface fluxes of
various quantities such as heat, moisture, and momentum need to be represented
more accurately in the models.

Atmospheric General Circulation Models need to be improved to a stage
where, when driven with prescribed observed SST, they simulate realistically the
observed annual cycle and interannual variability of the surface wind stress and
heat flux, as well as the global atmospheric circulation and rainfall.  Better
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atmosphere and ocean models are expected to evolve from a systematic program
of diagnosing and evaluating models with improved parameterizations.  Simi-
larly, Oceanic General Circulation Models need to be improved to a stage where,
with prescribed surface stresses and heat fluxes, they simulate realistically the
observed annual cycle and interannual variability of SST, upwelling, upper-ocean
heat content, convection, and subduction.  The improvement of Land Surface
Process Models (LSPMs) to a stage where they represent adequately the interac-
tion between the land surface and vegetation and the atmosphere is necessary.
Serious consideration must be given to the incorporation of a dynamic land-
surface component to existing models such that the characteristics of the land
surface and the state of the biosphere evolve with changes in atmospheric circu-
lation, clouds, precipitation, radiation, and so forth.  On the large scale, LSPMs
should also be constructed to account for the significant time lags between winter
snow or ice and their melt in spring, leading to ground water recharge in spring.
The coupling of land surface processes with the oceans through river outflow
should also be examined.  On shorter time scales, especially in the tropics, LSPMs
should be able to characterize moisture recycling processes.  Evapotranspiration
through the vegetation canopy and albedo changes and feedbacks are important
processes that have to be modeled better.

In addition to improving the individual component models of the climate
system, the panel recommends an equally strong effort in coupling the compo-
nent models together so that they better approximate the natural system.  In this
connection, the composite models should be tested by assessing their ability to
simulate and predict key parameters and variables.  Significant improvements are
considered necessary in coupled ocean–atmosphere–land models so that they can
realistically simulate the observed annual climate cycle and its higher frequency
components, as well as the statistics of the observed interannual variability of
tropical SST, land surface temperature, the global atmospheric circulation, and
rainfall.  These models will need to take into account land-surface hydrology
processes, a requirement best met by close cooperation with GEWEX modeling
groups working on the parameterizations of these processes.

To minimize the complications that arise when linking component models
together, the panel recommends that coupled models should be developed with
modular “plug compatibility.”  This would enable a broader participation of the
scientific community in the development of models and also enable the exchange
of various parameterization schemes between models and between scientists.  If
possible, protocols for “plug-compatibility” standards should be developed.

Though somewhat simpler than GCMs, models of intermediate complexity
should also be constructed.  These models can be compared quantitatively to
observations for specific applications.  Their uses include isolating fundamental
processes, sensitivity studies, exploratory predictions, and ensemble predictions
where computational costs are important.  For GOALS applications, greater at-
tention to land processes, physical parameterizations, and consistent energy bud-
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gets and atmospheric eddy fluxes is highly recommended.  Simpler models should
be developed for the study of specific processes thought to be important in nature.
By making it possible to study processes in a controlled setting, such models can
lead to the identification and characterization of those mechanisms that affect
seasonal-to-interannual prediction.

With regard to applications and human dimensions, the panel recommends
that auxiliary models be designed to predict societally important quantities not
routinely produced by seasonal-to-interannual climate forecast models.  These
models can be based on both empirical and physical techniques and could involve
predictions of quantities including regional rainfall and storm track activity that
are not predicted by intermediate models or, for example, the likelihood of tropi-
cal storms or extreme events that are not predicted by coupled GCMs.  Auxiliary
models include those used to make projections of agricultural yield, water avail-
ability, fish productivity, energy demand, economic impact, and so on.

Improved strategies should be developed for nesting high-resolution regional
models and global climate models to infer detailed structures of regional climate
anomalies forced by global boundary conditions predicted by coupled ocean–
land–atmosphere models.  Furthermore, the systematic and periodic intercom-
parison of models should be continued in order that the physical sciences and the
user communities have available an ongoing assessment of the status of models.

PREDICTABILITY AND SENSITIVITY STUDIES

The determination of the limits of predictability on the seasonal-to-inter-
annual time scale includes not only traditional numerical experiments designed to
examine global assessments of the limits of predictability, but also investigations
of the geographical, seasonal, regime, and field dependence of model predictions.
Individual component and coupled models of a broad range of complexities will
be required to contribute to this task.  Whether ENSO predictability is sensitive to
high-frequency atmospheric forcing needs to be determined as well as the degree
to which ENSO irregularity and limits to predictability might result from chaotic
behavior in the slow components of the coupled system.

The panel recommends that the dynamic and physical mechanisms that con-
tribute to internal and forced variability on seasonal-to-interannual time scales
should be investigated.  The aim of the investigation is to enhance our under-
standing of the causes of internal and forced variability so that results from
comprehensive models and empirical studies can be interpreted.  For example,
what is the role of extratropical SST anomalies in climate variability?  What is the
predictability of the annual statistics of tropical storms?  In particular, quantita-
tive estimates need to be made of the range of time for which initial conditions of
the atmosphere are important.  This determination is crucial for the predictability
of midlatitude variations.  Another example is the determination of how the
probability distributions of planetary waves respond to tropical heating anoma-
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lies, interactions with the annual cycle, ENSO cycles, monsoon variability, and
climate change.

Other activities recommended by the panel include experiments to determine
the contributions of the upper-ocean heat content (tropical and extratropical) and
land surface moisture and heat content to the sources of memory for seasonal-to-
interannual variability.  Also recommended are assessments of the relative sensi-
tivity of climate system response (and its time evolution) to uncertainty in initial
conditions and boundary conditions.

 EXPERIMENTAL PREDICTION

Central to GOALS is the development and implementation of experimental
prediction projects directed at establishing the seasonal-to-interannual prediction
capabilities of models, and to enhance the information content of their forecasts
in regard to modeling applications.  For example, it is important to determine the
skill of state-of-the-art models in hindcasting past variations of the climate sys-
tem.  This should include an evaluation of component models with specified
boundary conditions in addition to the evaluation of the performance of coupled
models.  Techniques such as ensemble forecasting could be utilized effectively
for estimating the probability and distribution of future climate system states.
The panel also feels that improved statistical and dynamic techniques need to be
developed for assessing and predicting the skill of model forecasts.  To this end,
the panel recommends the establishment of standardized procedures and proto-
cols for the ongoing evaluation of experimental forecasts and the comparison of
these forecasts with empirical/statistical prediction methods.

Of particular importance is the identification of regions, circulation features,
or phenomena that have above-average predictability on seasonal time scales.
Moreover, real-time predictions of climate variations using different models and
techniques should be carried out in addition to retrospective and research mode
model experiments.

 DEVELOPMENT OF DATA ASSIMILATION SYSTEMS

Data assimilation, which is also discussed in Chapter 6 under “Data Analysis
and Assimilation; Data Reanalysis,” is an activity that cuts across more than one
GOALS element.  The improvement of data assimilation methods, especially for
the ocean and land components (and the coupled system), and demonstration of
the usefulness of these techniques for experimental prediction are important aims
of GOALS research.  The panel emphasizes that four-dimensional data assimila-
tion is essential for defining mutually consistent states of the atmosphere, the
ocean, and the land surface as required by global coupled models.  This should
also enhance the predictability of the coupled system.  The large cost of GCM
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data assimilation implies that this activity needs to be carefully coordinated with
the operational centers, including NCEP, the IRI, and NASA, among others.

 OBSERVING SYSTEM SIMULATION

Models are useful for estimating the utility of particular measurements.  To the
extent that models accurately simulate the statistics of the full spectrum of ener-
getic space and time scales that occur in nature, they can be used to set resolution
requirements that will avoid undersampling and aliasing.  Ocean models are just
approaching the point where they can contribute such assessments of observa-
tions for climate research purposes, but the empirical approach, where deliberate
attempts to oversample are made in order to check for aliasing, is still needed.
Atmospheric models, having been tested more thoroughly over the years, are
currently more reliable for this purpose.  Modeling experiments can also be used
to determine the minimum observational system needed to induce data assimila-
tion systems to generate the observed circulation fields to within acceptable
tolerances.  Scenarios for observations during the Global Weather Experiment
(GWE; also known as FGGE) were evaluated with atmospheric general circula-
tion models, for example.  A unique requirement for GOALS is to assess ele-
ments of the observing system in regard to their utility for supporting predictions
on seasonal-to-interannual time scales.  The most efficient mix of observing
techniques that will deliver the required accuracy and space–time resolution will
be sought.  The corresponding need for observing system simulation experiments
with both component models and coupled models is a particular challenge to
GOALS.

MODELING WORKING GROUP

The panel strongly recommends the establishment of a GOALS Modeling
Working Group (GMWG), in order to involve a broader cross-section of the
scientific community and to encourage and coordinate a program for model
intercomparison, climate system simulations, and experimental predictions.  The
GMWG should encourage a multi-model approach and, in particular, facilitate
the interchange of fully documented and fully accessible models and data sets.
The GMWG should also develop protocols for plug compatibility between mod-
els and standardized procedures for the ongoing evaluation of model simulations
and experimental predictions.  Other activities should include plans and estimates
for computing and communication needs and the coordination of specialized
numerical experiments.  Under CLIVAR, the international Numerical Experi-
mentation Group (NEG) is devoted to modeling issues on seasonal-to-interannual
time scales.  The GMWG, in consolidating the efforts of a broad group of U.S.
modelers, should coordinate closely with CLIVAR/NEG to optimize interna-
tional modeling efforts and cooperation.
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Applications and Human Dimensions

One of the fundamental objectives of GOALS is to assist in the development
of an integrated climate prediction system for a broad range of applications on
seasonal-to-interannual time scales.  To reach that goal, the panel recommends
that GOALS should encourage research activities in applications and human
dimensions.  The applications and human dimensions component of GOALS
represents those activities that need to be undertaken to assess the implications of
seasonal-to-interannual climate variability for human and natural systems.  Hu-
man activities encompass, for instance, social, industrial, agricultural, hydrologi-
cal, fishery, commodity, and various other economic activities.  Importantly, as
prediction skill improves as expected through the implementation of GOALS, it
is crucial that the predictive information provided be in a form that is useful for
practical applications in social, economic, industrial, and other resource manage-
ment activities.  In the past, the physical scientific community has grappled with
this problem, albeit with some lack of success on account of the rather substantial
gaps between the needs of the user for information and the products generated by
forecast models.  Often, there has been a significant deficiency in the lead time
provided by forecast guidance and in forecast accuracy.  These shortcomings
will, hopefully, be bridged through the implementation of GOALS.

The activities envisaged under this component of GOALS will, by defini-
tion, be multidisciplinary and cross-sectoral.  The GOALS Panel recognizes that
the interfaces between the various communities involved in research and applica-
tions (particularly human dimensions) have not been explored before under any
other physical sciences research program.  As such, this aspect of GOALS poses
new challenges to the organization of the implementation of the program, hence
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the reason for the panel to highlight this element as a specific objective of
GOALS.

Close collaboration and coordination will be needed between physical scien-
tists, and their colleagues in the biological sciences, social science, economics,
hydrology, public policy, and others who participate in programs pertaining to
the  human dimensions of global change.  This involves, for example, the appli-
cations community (those interested in variations in rainfall and temperature as
they affect agriculture, fisheries, and water resources), the social science commu-
nity (those interested in understanding impacts on human systems and institu-
tional issues associated with the use of forecast information), and the physical
sciences community (those involved in producing climate information and the
development of forecast models and operational climate predictions).  For ex-
ample, for economists to determine the economic value of increased forecast skill
in a particular region, the physical science community should identify appropri-
ate regional climate variables, choose appropriate forecast representations related
to those variables, and characterize the skill level and limitations associated with
the probabilistic forecasts generated, typically, by models.  Conversely, for physi-
cal scientists to develop predictive information products tailored for specific
regions or sectors, the social science and economics research communities need
to provide insights into the information necessary to assess the impacts on vari-
ous sectors, the nature of potential users, and their specific forecast product
needs.

A two-pronged approach that is well coordinated is considered necessary
with a range of activities to be undertaken by the two communities.  At this stage,
it is felt premature to specify, with any great precision, the exact types of projects
that should be considered.  There are several issues involved in the interaction
between the different scientific communities, including rather vast differences in
terminology and importantly the specification of requirements for observations
and model output products.  These clarifications should be developed via an
ongoing dialogue between the communities under this component of GOALS.
Generally, two classes of efforts appear to be needed:  (1) research into human
dimensions and other applications such as those supported by the USGCRP and
the International Human Dimensions of Global Change Programme (IHDP) with
a focus on the seasonal-to-interannual time scale and (2) a specific effort by the
physical science community to provide practical applications of physical science
research that take into account needs identified by the human dimensions com-
munity.

The GOALS Panel has deliberated carefully on how to proceed in this some-
what unexplored area.  In the past, the research and applications products devel-
oped were primarily of interest only to the physical science community.  Other
applications sectors had to interpret these products the best they could.  More-
over, the requirements of the applications and human dimensions sectors were
not integrated into the planning of research experiments in climate prediction.
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The panel feels strongly that this situation needs to be rectified in order that
maximum benefit is obtained from improvements in studies on climate variabil-
ity and seasonal-to-interannual prediction.  The panel further recognizes that this
objective of GOALS cannot be realized without the direct participation of and
interaction with these other communities.

The proposed interaction between physical sciences and the user communi-
ties is illustrated in Figure 4-1.

DETERMINING VULNERABILITY AND
CHARACTERIZING IMPACTS

A considerable effort is needed for information to be gathered and analyses
to be performed by applications researchers to determine the economic sectors
within a region considered to be most vulnerable to climate variability and cli-
mate change.  A further dimension in complexity is introduced when attempts are
made to quantify and characterize the impacts of climate variability.  Good ex-
amples of the problems associated with determining vulnerability and the charac-
terization of social and economic impacts are the periodic assessments produced
by the Intergovernmental Panel on Climate Change (IPCC) under the auspices of
the United Nations (IPCC, 1990, 1996a).  While the time scale of interest to the
IPCC is long-term climate change, and that specifically induced by anthropo-
genic activity, the broad subject of applications and impact assessments contains
the very same ingredients that will need to be addressed by applications in the
seasonal-to-interannual time scale.  To an extent, the shorter time scale injects a
more serious challenge because of its relatively rapid verifiability.  In fact, the
credibility and accuracy of the forecast products, and the manner in which they
are put to use, is likely to determine their acceptance by the broader applications
communities where decisions are made on a daily basis that have a direct impact
on finances and resource allocations.

The activities recommended by the panel to be carried out to investigate
vulnerability and impacts of seasonal-to-interannual variability include determi-
nation of the following:

1. economic sectors in a given region most susceptible to seasonal-to-
interannual climate variability;

2. manner in which societies and social institutions have adapted or re-
sponded to climate variability in the past,  as well as identification of the insights
that historical experience can provide for new forecasting systems;

3. sectors of society that could most benefit from improved forecasts;
4. impact of seasonal-to-interannual variability on water resources and the

implications of this variability for flood control and conservation decisions;
5. impacts of different crop productions associated with seasonal-to-

interannual climate variability on other commodities and trade;
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6. impacts of climate variations on agricultural productivity and on the na-
tional economies of various countries;

7. human health impacts of ENSO and monsoon as well as their impact  on,
for example, natural resource management and socioeconomic activity;

8. impacts of ENSO and monsoon variability and other predictable elements
of the climate system on precipitation, wind, storm tracks, hurricanes, floods, and
so forth in key regions of the globe; and

9. impacts of other predictable modes of seasonal-to-interannual climate
variations on crop production, forestry resources, fisheries, water resources, and
others.

The need for “regional specificity” presents a particular challenge for
GOALS.  Both the applications and the social science communities require re-
gional information that is as detailed as possible.  Yet predictability inherently
becomes less accurate when applied to smaller scales where the natural variabil-
ity is larger.  To address this issue, the panel recommends that the GOALS
community should:

1. make special efforts to enhance regional forecasts where predictability
has been or can be demonstrated and develop prediction products tailored for
specific regions and sectors;

2. develop techniques to characterize the uncertainties associated with those
regions where large variability is unrelated or only partially related to predictable
large-scale forcing;

3. undertake investigations into the limits of regional predictability; and
4. develop predictive capabilities of the environmental quantities most use-

ful for applications in a particular region.

CHARACTERIZATION OF INFORMATION NEEDS

The panel recognizes that there are several important issues currently inhib-
iting the interaction between the physical science community and the applica-
tions communities to whom forecast products are made available.  Some result
from a lack of understanding of the needs of various applications sectors or due to
limitations in current forecasting skill, while others stem from difficulties in
transforming the typical probabilistic forecasts into informed decision making.
One major problem, namely the lack of lead time provided in forecasts, should be
substantially alleviated by the implementation of GOALS, given its primary
focus is the improvement of climate predictions in the seasonal-to-interannual
time scale.  Nevertheless, improved and more specific requirements for informa-
tion are required.  To this end, the GOALS Panel recommends that the applica-
tions sector and social scientists include the following in their activities:
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1. an assessment of decision-making frameworks and mechanisms currently
in place and how they can be adjusted to utilize forecast information more effec-
tively;

2. the evaluation of the value of improved forecasts and the cost impact of
forecast failures in various applications sectors; and

3. an assessment of the role of institutional responses to the impacts of
climate variability and climate change and the options available for adjustments
or adaptation.

Similarly, the panel recommends that the physical science community un-
dertake the following activities:

1. review the information and climate prediction products that can be pro-
vided in the seasonal-to-interannual time scale today, and suggest steps that can
be taken to address currently unmet requirements; and

2. work with the applications community to determine those variables that,
when predicted, will have optimal impact.

ASSESSMENT TECHNIQUES AND COMMUNICATIONS

In the past, environmental assessments have been conducted primarily within
individual sectors, and usually when confronted with a specific problem or issue.
Often, they are retrospective and provide little guidance on how management
decisions are to be made in the future, particularly in those regions susceptible to
seasonal-to-interannual climate variability.  The panel feels that this is an area
that requires serious attention as a part of the implementation of GOALS.  Even
today, there are several examples of where seasonal-to-interannual prediction
information can be used to help decision making in agriculture, water resource
management, the distribution of fuels for energy, and the mitigation or prevention
of vector-borne disease outbreaks.  Most of these examples derive from the
currently understood patterns of ENSO impact on global and regional tempera-
ture and precipitation distributions.

The expanded scope of the research that will be conducted under GOALS
should improve significantly the accuracy and lead time of climate predictions,
and their potential impact on various applications sectors.  The panel also feels
that a much broader multi-sectoral and multi-disciplinary approach is needed to
develop techniques in integrated assessments.  Furthermore, there is a need to
facilitate the communication of information and products to and between the
different scientific and user communities.

To pursue the above, the panel recommends that the applications and social
science communities include the following activities in their programs under
GOALS:
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1. an assessment of how probabilistic forecasts of climate variations could
be incorporated in resource management decision making (i.e., decision making
relative to the uncertainty of the forecast); and

2. the development and refinement of improved assessment techniques that
characterize and integrate the implications of seasonal-to-interannual climate vari-
ability.

Corresponding to the above, the physical science community should investi-
gate how prediction information, albeit with uncertainty, can be presented in
terms most useful for decision makers.

INSTITUTIONAL MECHANISMS

The execution of the applications and human dimensions aspect of GOALS
will need institutional mechanisms involving national and international programs
directed at transforming and using the results of scientific research.  The panel
recommends that close and formal links be established with existing and future
institutional structures involved in such activities.  The IRI, the Inter-American
Institute, the WMO Climate Information and Prediction System (CLIPS), the
IHDP, and the SCPP are highlighted as important initial programs for this activ-
ity.  There will most likely be others as GOALS is implemented.

To facilitate the above activities, close coordination is recommended be-
tween the GOALS Panel, and its working groups, and the NRC’s recently formed
Committee on the Human Dimensions of Global Change.
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Data Management

Data management is identified by the panel as a critical cross-cutting ele-
ment of GOALS.  This activity refers not only to the management of observa-
tional data obtained from various operational and research observing systems and
networks, but also to data output (and products) from empirical and diagnostic
studies, data assimilation systems, and climate prediction models as well as analy-
sis products and information from the applications and human dimensions sectors
involved in GOALS.

Each of the elements of GOALS will generate large multivariate data sets
that are potentially useful to a sizable community of researchers.  In developing a
management strategy for these data sets, the panel recommends that the follow-
ing principles be taken into consideration to maximize the utility of critical data
and information resources:

1.  free and open access to all GOALS observations, model products, and
model code.  This is a basic tenet of the GOALS program.

2.  a distributed data management system.  This model provides the most
efficient access to existing products and encourages the incorporation of new
products.

3.  The development and maintenance of a GOALS data catalog will be a
critical step towards the success of the distributed data base  system proposed for
GOALS.

4.  real-time data transmission to the extent possible or feasible.  Overcoming
the technical and financial barriers that limit real-time transmission of GOALS
data is a high priority of the GOALS program.
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5.  Adopt the FGGE classification system for data, data analyses, and infor-
mation products, namely:  Level 1 designating raw data, Level 2 for quality-
controlled data, Level 3 for analyzed fields, and Level 4 for model output and
data-information products.

6.  Metadata and documentation of data processing techniques and dataset
evaluation is essential and should be readily available.

Data management structures already exist under the auspices of WCRP on
the federal agencies that launch and operate satellites and that routinely process,
archive, and distribute the satellite data.  The panel recommends that GOALS
work with the USGCRP, the World Data Centers, federal satellite agencies, and
WCRP data management structures to minimize redundancies and costs and to
maximize data distribution in order to promote efficiency in data availability for
research and applications.

The management of data from GOALS process studies will require special
attention.  It is important for the respective project scientists and managers to
articulate data management requirements, develop a cohesive plan, and obtain
funding and institutional commitments for specialized data management needs.

Each data set should be accompanied by a comprehensive meta-data file that
documents information about the data, how they were collected, quality con-
trolled, and processed, and their characteristics, resolution, and so forth.  In
addition, special attention should be paid to:

1. changes in observation times;
2. changes in the exposure of instruments, station environment, and the

effects of urbanization;
3. changes in spatial distribution and aerial coverage; and
4. changes in methods of processing and analyzing observations.

A comprehensive data management program should also involve the resur-
rection of existing data sets (i.e., an effort aimed at the retrospective collection/
compilation of missing data in the historical data archives).  It is underscored that
the total extent and magnitude of the observations made over the past 100 years
far exceeds the data currently available for research purposes.  While there have
been commendable efforts to resurrect past observations from various national
and international archives, such efforts need to be continued with adequate fund-
ing.  These data are particularly important for the investigation of seasonal-to-
interannual climate variability.  They are even more important for studies on
longer time scales.  This task is usually underestimated by funding agencies.

Several of the above points and issues that have been proposed for establish-
ment by the panel (NRC, 1995) and reiterated throughout this document, are
elaborated in Bits of Power:  Issues in Global Access to Scientific Data (NRC,
1997).
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Coordination and
Implementation Considerations

The panel considers coordination with other programs, both nationally and
internationally, to be a crucial aspect for the successful implementation of GOALS
because of the overlapping time scales of interest in climate-related issues and
research, and importantly the interfaces that need to be built between the various
scientific communities involved.  Conceivably, for the first time, all of the physi-
cal scientific disciplines are involved.  Adding complexity, the social and human
dimensions disciplines (endorsed by the USGCRP) are also proposed as impor-
tant partners.  If these objectives are to be achieved by GOALS, extensive coor-
dination will be necessary.

 INTERNAL LINKAGES

The panel considers it extremely important for internal linkages to be estab-
lished between the six elements of GOALS.  That is, each element of GOALS
must be cognizant of activities in all other elements of the program.  In particular,
there is a need to forge strong links among those making observations, the re-
search and applications users of the observations, those responsible for the prepa-
ration and distribution of various derived products, and modelers, empirical and
physical alike.  Linkages are also necessary between the specialized research
areas even within each element of GOALS.  Achieving the linkages and coordi-
nation needed between the elements and sub–elements of GOALS may not be an
easy task.  The panel recommends the joint participation of scientists in GOALS
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projects and planning activities (including working groups and committees) to
address this issue.

For example, the Atmospheric Model Intercomparison Project carries quan-
titative diagnostic analysis of models and observations in parallel.  Similar activi-
ties should be encouraged for monsoon simulations and other major regional
components of the climate system.

Scientists using diagnostic and empirical techniques should be involved in
the planning of process studies and numerical experiments.  The results of em-
pirical and diagnostic studies should be used to help evaluate the accuracy and
representativeness of model forecast fields, and analysis products.  Furthermore,
as recommended earlier, a mechanism for an ongoing dialogue between physical
scientists (and institutions) who produce climate predictions and the community
of users and social scientists should be established.  Such activities should be
coordinated by a GOALS Project Office when established as proposed in NRC
(1995).

CONSORTIA AND PRINCIPAL INVESTIGATOR GROUPS

As one means of strengthening links among the six elements of GOALS, and
in conjunction with an intended focus on particular geographical regions, the
panel favors the development of consortia or groups of principal investigators
loosely or tightly coordinated but unified by some goal or project.  By combining
the efforts of investigators with various specialties, consortia provide the ability
to consider disparate but interlinked processes, to gather and analyze data that
relates to feedbacks between processes, and to move forward with modeling and
prediction of coupled phenomena.

For example, one consortium might focus on the suite of phenomena associ-
ated with short-term climate variations in the vicinity of Asia, Australia, the
Indian Ocean, and the far western Pacific, and their impacts on seasonal-to-
interannual climate over North America.  A focus for the consortium might
initially be on understanding coupled ocean–atmosphere variability in that re-
gion.  Activities include the organization of a series of coordinated studies of
monsoon heat sources and sinks and the underlying SST gradients, flows through
straits separating the two ocean basins and their effects on the reflection of waves
at the western boundaries, the role of boundary currents in the western Pacific
and Indian Oceans, and the heat balance between respective basins.  Improved
understanding of air–sea coupling in these basins would then be built into models
of global climate, with the intent of understanding the impact of the Asian–
Australian monsoon system on remote locations such as North America.  Another
consortium might focus on the suite of problems associated with atmosphere–
ocean interactions on the cold side of the tropical ocean basins.  Investigators in
this consortium could conduct process studies on the seasonal and temporal evo-
lution of the SST field in these regions, with the intent of correcting existing
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deficiencies in understanding that lead to poor predictions of the state of the
upper ocean and, in turn, of improving prediction over North America.  Still
another consortium might begin to consider the role of extratropical regions in
seasonal-to-interannual climate.  It could focus initially on the impact of meridi-
onal SST gradients on the atmosphere, conducting process studies on the local
heat balance in contrasting regions, and examining the sensitivity of models to
such gradients.

Activities organized and coordinated by consortia may involve any combina-
tion of empirical studies, process studies, and model simulations.  In some cases,
long-term observations or field experiments would be the emphasis.  In other
cases, modeling and consideration of applications might be the central theme.
GOALS considers consortia of a number of individual investigators a powerful
mechanism for achieving critical mass when addressing scientific objectives.  At
the same time, the efforts of individual principal investigators are a crucial com-
ponent, and a significant part of the resources need to be reserved to facilitate
individual research efforts.

 INTERACTION WITH OTHER PROGRAMS

In recent years it has become apparent that ENSO and the monsoon systems
show pronounced variability in the decadal and longer time scales.  In order to
investigate the modulation of seasonal-to-interannual events occurring in the
climate system by features of decadal and longer duration, the panel recommends
the establishment of strong links to the DecCen and ACC program components of
CLIVAR.  These two programs deal with natural variability on long time scales
involving the “slow physics” of the system, as well as changes that could occur
from increasing concentrations of atmospheric greenhouse gases and aerosols,
among others.

The panel also underscores that strong interfaces need to be sustained with
GEWEX because of the common interests in global energy and water cycles and
their role in seasonal-to-interannual variability.  This common interest of GOALS
and GEWEX includes overlapping objectives aimed at improving the under-
standing and modeling of processes and in interpreting predictions in terms of
terrestrial water resources.

Collectively, the programs discussed in this section offer a cohesive frame-
work for studying the predictability of climate on seasonal-to-interannual time
scales as envisioned by USGCRP.  The functional relationship between GOALS
and other important components of USGCRP are shown in Figure 12-1.

Specifically, the panel recommends partnerships between GOALS and the
following programs:

1.  GEWEX-GCIP, PACS, and its international program VAMOS—The
former process study focuses on energy and water exchange between the atmo-
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sphere and the land.  PACS, on the other hand, seeks linkages between variations
in the tropical oceans adjacent to the Americas and seasonal-to-interannual cli-
mate variability in the Americas.  Internationally, the VAMOS subprogram under
CLIVAR also focuses on the variability of the American monsoons.

2.  ACSYS—ACSYS oversees pilot studies, monitoring, and modeling of
ocean, sea ice, and hydrological processes in the Arctic.  It is important to deter-
mine the role these processes play in regional and global seasonal-to-interannual
climate variability.

3.  PAGES (Past Global Changes) and ARTS (Annual Records of Tropical
Systems)—A joint CLIVAR-PAGES project should reconstruct the past record
throughout the tropics, especially to extend the record of ENSO and monsoon
variability, with sub-annual and possibly higher frequency resolution using
samples from corals, tree rings, pollen, and tropical glaciers.  PAGES is an
International Geosphere–Biosphere Programme (IGBP) project.

4.  CLIVAR-DecCen—This program, which deals with climate variability
on decade-to-century time scales, should include a special emphasis from a
GOALS perspective on the decadal variability of ENSO and the monsoons.

FIGURE 12-1  Functional relationship between GOALS and the other components of the
U.S. Global Climate Research Program.  The GOALS program will serve as the principal
focus for basic research on seasonal-to-interannual time scales.  GCOS, GOOS, and GTOS
will provide observations on a global basis. IRI and NCEP, as well as other national and
regional centers, will provide experimental prediction and assessments of seasonal-to-
interannual climate variations.
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5.  CLIVAR/ACC—This program deals with anthropogenic climate change
and is of interest insofar as such climate change might alter shorter-term climate
variability.

6.  GCOS, GOOS, and GTOS—These programs are important for the orga-
nization of long-term observations involving space-based, surface, and in situ
platforms and networks.  Included should be coordination with the planning of
IGOS.

7.  WOCE—Collaboration is required, especially with reference to the up-
per-ocean and ocean–atmosphere interaction.

8.  DOE/ARM (Atmospheric Radiation Measurement program)—ARM has
three research sites located in the tropical western Pacific Ocean, in Oklahoma,
and on the North Slope of Alaska.  At each site, detailed radiation, cloud, and
turbulent heat flux measurements are made that are invaluable for model devel-
opment.  Of particular interest to GOALS is a tropical western Pacific Ocean site
where measurements pertain directly to processes in the warm pool.

9.  NOAA-OGP projects, ACCP, IRI, SCPP, IRI, COS, and CCDD—ACCP
(Atlantic Climate Change Program) is especially interested in interdecadal
changes in the circulation of the Atlantic.  Such changes are particularly relevant
to GOALS because of the manner in which they can modulate interannual vari-
ability and, thus, predictability.  The SCPP and the IRI provide predictions on
seasonal-to-interannual time scales.  The Climate Observing System and Climate
Change and Data Detection (CCDD) concentrate on climate observing systems.

10.  Other Programs—Other linkages may develop with IHDP under the
International Social Science Council.  They should be actively pursued within the
applications and human dimensions component of GOALS.

In the United States, the panel recommends that strong linkages should be
maintained between the GOALS Panel and other NRC panels and committees
dealing with climate research.  For applications and human dimensions, coordi-
nation is recommended with the NRC Committee on the Human Dimensions of
Global Change, and its panels and working groups.

 OTHER RESEARCH COORDINATION AND
IMPLEMENTATION ISSUES

In addition to the partnerships proposed in the previous section, the GOALS
Panel feels that there is a need to identify or establish functional mechanisms to
interface GOALS with other research programs.  This could include a combina-
tion of scientific workshops, meetings, and importantly joint research, model
development, and data projects.  The following are recommended as examples
that will facilitate the coordination necessary between GOALS and other pro-
grams:
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1. coordinated organization of scientific meetings (or workshops) and pro-
gram development meetings and announcements of opportunity, with a focus on
topics of common interest between programs, for example, a scientific meeting
sponsored jointly by GOALS and GEWEX (Joint NRC panel meetings have
proven useful in the past and should be encouraged.);

2. exchange of data between programs and coordinated development of data
sets of relevance and value to more than one program (For example, time series of
surface forcing variables for atmospheric models should be made universally
available for use in sensitivity and predictability tests.);

3. exchange, testing, or coordinated development of process sub-models that
are relevant to research undertaken in more than one program (For example,
land–atmosphere interaction sub-models might be involved in the case of GOALS
and GEWEX, and atmospheric radiation transfer sub-models in the case of
GOALS, ARM, and GEWEX.);

4. coordination of GOALS with other components of CLIVAR to optimize
the international effort on seasonal-to-interannual research (For example, process
studies and long-term observations need to be coordinated.);

5. coordination of the timing of complementary regional studies (For ex-
ample there might be simultaneous intensive observations such as between PACS
and GCIP, PACS and the Land-Biosphere-Atmosphere program, and the GOALS
JASMINE and other process studies, and GAME.);

6. coordination with DecCen in the development of observational efforts to
understand tropical–extratropical linkages, especially in the oceans, which may
be relevant to the decadal modulation of ENSO;

7. joint specification of observational systems to provide data series of value
to both GOALS and DecCen (For example, an appropriate balance could be
established between continuity and coverage for in situ ocean observations.);

8. coordination of the calibration and evaluation of remotely sensed vari-
ables of relevance and value to more than one program (Examples include the
calibration and evaluation of TRMM and EOS data by observations from in situ
monitoring under GOALS and GEWEX.);

9. interprogram support in the form of advice and guidance in the case of
activities that are properly fostered within one program but also address the
objectives of another program (For example, GOALS’s scientists could partici-
pate in workshops that address the development and testing of coupled land–
atmosphere sub-models under GEWEX or the development of atmospheric radia-
tion transfer sub-models under ARM.);

10. joint development of coupled ocean–atmosphere–land models (For ex-
ample, GOALS and GEWEX might undertake the joint development of global-
scale, coupled ocean–atmosphere models that include nested mesoscale models
in specific regions.);

11. joint activities addressing regional issues and the local application/inter-
pretation of the seasonal-to-interannual predictions fostered under GOALS (For
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example, GOALS and GCIP could work jointly to create a capability to predict
and interpret seasonal-to-interannual variability of meteorological fields cover-
ing North America.);

12. coordinated organization of scientific meetings between GOALS and
human dimensions groups to improve the use of seasonal-to-interannual predic-
tions and to reduce human vulnerability to climate variability (Included should be
the identification and provision of climate variables and products of most value to
decision makers.); and

13. joint development (GOALS, IHDP) and provision of guidance in the
incorporation of probabilistic climate forecasts into operational decision making
processes.

GOALS PROJECT OFFICE

To coordinate and carry out the various activities mentioned in this section,
the panel endorses fully the recommendations contained in the GOALS Science
Plan (NRC, 1994a), namely:  the establishment of a tripartite structure, with a
project office (GOALS Project Office), a scientific oversight body (NRC, with its
CRC, and the GOALS Panel), and a group of participating federal agencies.  The
federal agencies would be responsible for implementing GOALS through coordi-
nated funding of research grants.  An Interagency GOALS Project Office would
serve as a focal point for the implementation of the national research effort, and
the GOALS Panel (with oversight from the NRC’s CRC) would provide scien-
tific guidance for the program.  The Plan also anticipated that principal investiga-
tors and “consortia” would carry out much of the actual implementation of the
GOALS scientific plans.  As the needs of the program dictate, the GOALS
Project Office would invite groups to prepare coordinated sets of research pro-
posals designed to address specific objectives of GOALS.  The above are reiter-
ated in the proposals on a GOALS infrastructure for U.S. participation in GOALS
contained in NRC (1995).  Close coordination between GOALS and the interna-
tional CLIVAR is recommended by the panel through a formal link between the
project offices for the two programs and an informal liaison between the GOALS
Panel and the International CLIVAR Scientific Steering Group.
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Summary of Key Recommendations and
Conclusions

As a fundamental strategy, the GOALS Panel endorses the proposal con-
tained in the Science Plan for GOALS (NRC, 1994a) to extend the domain of
interest beyond the tropical Pacific Ocean (the region of primary attention during
TOGA) to include the other tropical oceans and neighboring continental land
masses, as well as the influence of these tropical regions on higher latitudes.
However, investigations of the Pacific region need to be continued and strength-
ened.  The panel also embraces specifically the inclusion of studies of interac-
tions of land surface hydrological processes with the atmosphere and the oceans.
To provide initial emphases for GOALS, three major regional foci are proposed:

1.  the tropical Pacific Ocean;
2.  the Americas and surrounding oceans; and
3.  the Indian Ocean and surrounding land masses.

Due attention must be given to the global aspects of seasonal-to-interannual
climate variability because of the connectivity through the atmosphere and the
ocean.

For the further development of implementation plans for GOALS, the panel
proposes that the program be structured around six major elements:

1.  long-term  observations and analyses;
2.  process studies;
3.  empirical and diagnostic studies;

60
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4.  modeling;
5.  applications and human dimensions; and
6.  data management.

A strong emphasis is placed on the maintenance and enhancement of existing
observing systems, the integration of “single” and “combined” process studies,
the improvement of component models of the atmosphere, the oceans, and land
surface processes as well as their coupling, and a cohesive data and information
management structure.

In order to involve a broader scientific community in the further planning of
GOALS, the panel recommends that two working groups be formed, one on
observations (GOWG) and one on modeling (GMWG).  GOWG shall develop
the scientific basis for a GOALS observation strategy especially with regards to
spatial and temporal resolution.  A key mission of the working group will be to
define a strategy for space-borne observations for the duration of the GOALS
program.  Furthermore, GOWG will act as an interface with GEWEX and DecCen
observation groups.  GMWG will work towards involving a broader cross-
section of the U.S. scientific community in GOALS modeling activities and
encourage and coordinate a program for model intercomparison, climate system
simulation, and experimental prediction.  It will also act as the interface with
international groups such as CLIVAR/NEG.

The panel also believes that strong interfaces are necessary between the
physical science(s) communities and those of the applications, biological, and
human dimensions sectors.  An early and ongoing dialogue between the respec-
tive communities is recommended.

Because of the overlapping time scales of interest between the GOALS
program and those of GEWEX and DecCen, strong and well coordinated inter-
faces are recommended between the scientists involved in the activities and
projects of these programs.  In order to achieve the necessary coordination be-
tween programs and between the scientific communities likely to be involved, the
establishment of a GOALS Project Office is highly recommended, as well as a
federal interagency coordinating mechanism.  Various other detailed proposals
and recommendations are also contained in the text of this report under the
respective subject sections.

The panel underscores that this strategic report is not intended to be defini-
tive or conclusive as regards the scope of GOALS.  Rather, the panel strongly
endorses the philosophy that the program should remain flexible to incorporate
new ideas and concepts as scientific knowledge, observational and modeling
technology, and so forth, improve over the duration of the 15-year program.
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