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INTRODUCTION

R lan Perry and Patricia L|V|ngston

Pacific Biological Station, Fisheries and Oceans Canada, Nanaimo, B.C., Canada VIR 5K6. E-mail:

Perryl@pac.dfo-mpo.gc.ca

2 Alaska Fisheries Science Center, 7600 Sand Point Way NE, Seattle, WA 98115, U.S.A. E-mail:

Pat.Livingston@noaa.gov

The North Pacific Marine Science Organization
(PICES) celebrated its tenth anniversary in 2001.
To mark this occasion, the Science Board topic
was chosen as “Ten years of PICES science:
Decadal-scale scientific progress and prognosis for
a regime shift in scientific approach”. This
symposium was held on October 8, 2001, at the
opening of the Tenth Annual Meeting of PICES,
in Victoria, Canada. Nine papers were presented
during this session, eight of which are included in
this volume.

The symposium was designed as a celebration and
reflection on the first ten years of scientific
progress by PICES, and to provide a look to the
future of the marine sciences in the North Pacific.
Current or recent Chairmen of the Scientific
Committees of PICES (see Figure 1 for a diagram
of the organizational structure of PICES) were

accomplishments of their Committees, and to look
forward to critical issues and concerns for the
future. Each of these “disciplinary” presentations
was followed by an invited presentation, often by
someone not normally associated with PICES,
which took a broad view of the grand themes,
issues and challenges facing that discipline. This
format provides an interesting dialogue between
where PICES is now and how it got here, and
where it could/should go in the future.

In the first paper Warren S. Wooster, as one of the
principal founders of PICES and its first
Chairman, provides an overall history of the
events leading to the formation of the organization
and its major accomplishments. He also suggests
future extensions of PICES’ role in the North
Pacific, including possibly providing more specific
information or advice to policy makers on the state

invited to review the history and major  of the North Pacific Ocean.
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Paul H. LeBlond reviews the history of the
Physical Oceanography and Climate Committee
(POC), and comments on POC’s potential role in
developing marine operational modelling. D. E.
Harrison and Neville Smith provide a
complementary view on the significance and
importance of the future of ocean prediction and
forecasts.

Tsutomu Ikeda and Patricia A. Wheeler review the
history of the Biological Oceanography
Committee (BIO). They distil three primary
themes from the past ten years of PICES activities
in biological oceanography: (1) regional and
basin-scale comparisons of lower and upper
trophic levels; (2) the importance of life history
strategies, alternate food webs, and understudied
groups of organisms; and (3) the roles of trace
metals and biogeochemical cycling. The
“independent” broad overview is presented by
Timothy R. Parsons, who provides a critical and
thought-provoking commentary on the maturity of
biological oceanography as a branch of the marine
sciences, and what is needed to help it to mature.

Douglas E. Hay et al. have written a critical
review of the role played by the Fishery Science
Committee (FIS) in helping to understand changes
in fish populations in the North Pacific. They
conclude that while the FIS Committee has done
an excellent job at facilitating communication of
fisheries science around the Pacific, its
contribution to initiating collaborative scientific
projects regarding the health of fisheries and
mechanisms affecting the abundance of living
marine resources has been more marginal. Hay et
al. discuss a theme that is repeated in a number of
the presentations from the Scientific Committees:
that some committees have concentrated on
enhancing communication of science (for example
through symposia at the PICES Annual Meetings),
whereas others have also emphasized developing
new collaborative scientific activities.

One committee, which has focussed on the latter
aspect (while not ignoring the former), is the
Marine Environmental Quality Committee (MEQ).
Richard F. Addison et al. describe the events
leading to their hosting of a practical workshop on
comparisons and development of common
assessment methodologies for marine

environmental quality problems. This paper is
followed by Macdonald et al., who present a very
thorough review of the stresses on the North
Pacific marine system, how these should be
studied, and how PICES might contribute to their
study and to understanding their significance.

The final paper in this symposium (and in this
volume) is by Perry et al., who examine the
history, objectives, accomplishments and problems
of the primary inter-disciplinary program of
PICES, the Climate Change and Carrying
Capacity (CCCC) Program. This program was
designed and implemented to bridge across the
four “disciplinary” committees of PICES, and to
specifically engage and consciously involve
physical and biological oceanographers, fishery
scientists and, though to a lesser extent, marine
environmental quality scientists in an integrated
program to study one of the major drivers of
change in the North Pacific: climate change.

A map of the PICES area (Fig. 2) identifies key
geographic features and locations mentioned in the
papers included in this volume. In addition, an
Appendix at the end of the volume deciphers the
numerous acronyms referred to in these papers.

Fig.2  Sub-regions in the PICES area (north of
30°N and including the marginal seas) of the
North Pacific Ocean. ASK - Gulf of Alaska
Continental Shelf; BSC - Bering Sea Continental
Shelf, BSP - Bering Sea Pelagic; CAN -
California Current North; CAS - California
Current South; ECS - East China Sea; ESA -
Eastern Subarctic; ETZ - Eastern Tropical Zone;
KM/KL - Kurile Islands Region; KR/OY -
Kuroshio/Oyashio Region; OKH - Sea of Okhotsk;
JP - Sea of Japan; WSA - Western Subarctic;
WTZ - Western Tropical Zone.



The accomplishments and products from PICES
research activities are still being produced, and
many more have yet to appear. PICES has
recently been very successful at publishing the
papers presented in the many symposia and
sessions during its Annual Meetings in special
volumes or sections of established scientific
journals. This has greatly helped the
dissemination of “PICES science”, and the marine
sciences generally, in the North Pacific. Over the
first ten years, scientists of the PICES member
nations have learnt to work together productively,

as evidenced by the many reports of PICES
Working Groups and multi-authored papers cited
in the reviews in this volume. The challenge for
PICES in the next decade is to move beyond a
focus on scientific communications into a defining
role of the principal scientific issues in the North
Pacific, and perhaps into providing consensus
scientific advice on critical marine problems
facing the nations of the North Pacific. If the past
can be used to predict the future, it should be a
very active and exciting next ten years for PICES.






PICES - thefirst decade, and beyond

Warren S. Wooster

School of Marine Affairs, University of Washington, 3707 Brooklyn Ave. NE, Seattle, WA 98105-6715,

U.S.A. E-mail: Wooster@u.washington.edu

While PICES celebrates its tenth anniversary, its
origins can be traced back more than 25 years.
Early informal discussions of the need for such an
organization took place at an FAO Technical
Conference on Fishery Management in Vancouver
in 1973. More active consideration began at the
University of Washington in 1976, and the first
informal meeting on the subject occurred in 1978.
Between then and March 1992, when the PICES
Convention was signed, there were 8 other
informal and formal reunions, involving
participants from most of the present member
countries. While some time was required to
develop mutual understanding of what such an
organization could accomplish, the long gestation
period was mostly due to the shifting political
relations among the countries concerned.

Early in the discussions, it became clear that
interests of the proposed organization would not
overlap with those of international organizations
operating in the region. These were either global
and broad in scope, or regional and specialized, in
most cases for fishery management. PICES was
envisioned as a regional organization, similar in
many ways to the International Council for the
Exploration of the Sea, ICES, in the North
Atlantic, and was to be devoted to marine science
in its broad aspects, and particularly to the
interactions  between the physical ocean
environment and the ecosystems that function
therein. This focus became particularly relevant as
the impact of climate variations and the threat of
climate change became apparent.

In its first decade, PICES considered a wide array
of problems, including those of specific regions,
such as the Okhotsk Sea and Oyashio region, the
Bering Sea, the subarctic gyre, and the Japan/East
Sea; circulation modeling, carbon dioxide, and the
iron fertilization experiment; monitoring, data
exchange and quality control; pollution
assessment methodology; coastal pelagic
fisheries, marine birds and mammals, crabs and

shrimps, and harmful algal blooms. The major
program on Climate Change and Carrying
Capacity incorporates an interdisciplinary,
integrative, and comparative approach,
encompasses estimations of ecosystem carrying
capacity and will shed light on the implications of
climate changes for fisheries management. These
efforts continue as the problems evolve and new
ones arise.

The coming decade may include more cooperative
operational efforts, for example, in establishing an
effective ecosystem monitoring system, and in
data and information exchange and analysis in
order to generate regular and timely ecosystem
status reports, and to provide scientific assessment
and advice to its members and to interested
regional organizations. The goal of PICES should
be to continue and enhance services to its
members and to their scientists.

This may be the first PICES meeting for some,
while others can trace their connection back to the
dim past when PICES was struggling to be born.
While we speak of the first decade, the actual
history, from the first gleam in its parents’ eyes to
the present, covers more than 25 years. If I outline
some of that history, it may help to understand the
present personality of the Organization and to
foretell where it might be going.

Marine research is accomplished in large part by
marine scientists whose specialties reflect the
broad and interwoven nature of the ocean, whose
approaches range from the abstract to the applied,
and whose sponsors include universities,
government agencies and private corporations.

Since the physical and biological processes that
operate in the ocean recognize no man-made
boundaries, marine research is inherently an
international as well as interdisciplinary
undertaking. In studying a complex system like
the ocean, cooperation among scientists of



different persuasions is always complicated, and
even more so when they come from different
countries and cultures with different languages.
The need for successful cooperative efforts has led
to the establishment of international organizations
to facilitate those efforts. Of those organizations
concerned to a significant degree with some aspect
of marine science, one can distinguish two
principal categories, that of non-governmental and
that of intergovernmental character, with each
having its special focus and motivation, e.d.,
science or resource management, and its
geographical scale, e.g., global or regional.

To come quickly to the bottom line, PICES is
regional and intergovernmental with a broad
interest in advancing scientific knowledge of the
ocean. In the course of its development, these
characteristics were all negotiated, and the
decisions drew upon the player's experience with
global organizations (e.g., Intergovernmental
Oceanographic Commission, IOC and the Food
and Agriculture Organization, FAO) and with
regional specialized bodies (e.g., International
North Pacific Fisheries Commission, INPFC).
Particular note was taken of the long success of an
analogous organization in the North Atlantic, the
International Council for the Exploration of the
Sea, ICES. While the designers drew heavily on
the ICES experience, they were also well aware of
the significant geographical and political
differences between the two regions.

When I moved to Seattle, in 1976, 1 was
challenged by two colleagues, Don McKernan and
Lee Alverson, to think about developing a new
international organization to support the scientific
investigation of the North Pacific, a sort of Pacific
ICES (hence the nickname PICES). The first
informal meeting to discuss the need for such an
organization, was held in early 1978 and involved
scientists from Canada and the United States. At
the second such meeting a year later, participants
from Japan and the USSR were included. Then
there was a long delay, for a variety of reasons that
reflected the international politics of the time.

Not until April 1986, were the next international
discussions held, when participants from the four
countries were joined by observers from China.
The pace then quickened. Not only were

discussions more frequent, but they were more
formal and among governments rather than just
among interested individuals. By December 1989,
the convention was drafted and a year later was
accepted. Following an intergovernmental
organizational meeting in March 1992, PICES was
ready to hold its first Annual Meeting ten years
ago, in Victoria, B.C., in October of that year.
Russia replaced the USSR, and Korea soon
became the sixth member state.

Rather than regaling readers with anecdotes from
this long gestation period, I think it would be more
useful to examine early aspirations, to compare
them with accomplishments to date and to
speculate on where this might all lead.

When the first informal meeting occurred, the Law
of the Sea (LOS) negotiations were still underway
and coastal states were preparing to assume
jurisdiction over coastal waters, both for resource
exploitation and for research. These
circumstances flavored the questions addressed,
such as the following:

e Who are the participants in marine scientific
research in the North Pacific, and how do they
interact politically and scientifically? What
are their objectives in seeking cooperation
and/or coordination of marine scientific
research in the region?

e What are appropriate functions for the
proposed scientific organization? How should
the region of interest be defined? Should
membership in the proposed organization be
restricted to countries bordering the region?
Are there existing international organizations
that could carry out the functions proposed for
the new organization?

e What international  arrangements  for
consultation on fishery matters are likely to
survive the LOS negotiations, and to what
extent are they likely to carry out the functions
of the proposed organization? What should be
the role of the proposed organization with
regard to the formulation of advice to member
governments or to appropriate regional
organizations? Can such advice be responsive
to the collective requirements of members and
yet be effectively insulated from political
influence?



It seems curious now that so much concern was
expressed at the meeting over consultation on
fishery matters and on providing advice to
member governments when the original impetus
had centered mostly on cooperative scientific
investigation.  But the purpose of the new
organization as proposed then will not sound
strange to you:

e To promote the development of cooperative
research activities and the exchange of
information concerning (1) the North Pacific
marine environment and its interactions with
land and atmosphere, (2) uses of the North
Pacific and its living and non-living resources,
and (3) the effects of man’s activities on the
quality of the marine environment,

These goals would be achieved through exchange
of data and information; review of research plans,
programs, and progress; identification of critical
research problems and of methods appropriate for
their solution; planning, development, and
coordination of cooperative investigations of
problems of common interest; and evaluation and
interpretation of available data and information
from the scientific point of view.

When, after eleven years, a meeting was held to
draft the PICES Convention, a spokesman for the
United States Delegation opened discussion on the
continuing need for the organization:

The need for a PICES has not diminished in the
last year. Potential conflicts and uncertainties in
how to respond to contentious questions in the
northern North Pacific have arisen in large part
from lack of scientific understanding of the issues
involved. These issues are difficult and complex.
Their consideration often requires data not
generally available as well as the exchange and
pooling of ideas among scientists that is now
difficult to achieve, in part because some existing
scientific ingtitutions are tied to management
responsibilities so that relevant data are not
exchanged freely nor analysed objectively.
Existing organizations tend to be narrowly
conceived so that all dimensions of problems
cannot be examined (i.e., they are mono- rather
than multi-disciplinary), or they are so broad in
membership and scope that their attention to a

single region, especially one in high northern
latitudes, is only transitory at best.

The general characteristics of PICES were soon
agreed, and the draft Convention was accepted in
late 1990. A few months before the organizational
meeting, in early 1992, a scientific workshop was
held in Seattle to review the state of knowledge in
selected fields, to list relevant ongoing research, to
identify research gaps and priorities, and to
consider joint action that might be developed
through PICES. Several Working Groups (WG)
were set up to consider selected topics.

The climate change group sought a description of
the changing climate that would elucidate the
processes involved and allow for prediction of the
evolution of the physical and biological system.
The Bering Sea group proposed studies of the
relationships and variability among components of
the physical and biological environment with
regard to circulation, productivity, and biological
interactions. The fishery oceanography group
asked what governs fish resources, species,
composition, and biomass in the North Pacific and
Bering Sea and emphasized the importance of
interactions among organisms and between them
and the physical environment.  Finally, the
environmental quality group discussed problems
of nutrient loading and eutrophication, the fate of
chronic and persistent chemical pollutants, and the
role of the North Pacific in waste disposal, in
terms of environmental changes and ecosystem
responses.

These discussions all converged on a common
scientific problem:

e What is the nature of the subarctic Pacific
ecosystem (or ecosystems) and how is it
affected over periods of months to centuries
by changes in the physical environment, by
interactions among components of the
ecosystem, and by human activities?

e So what is an appropriate way to assess PICES
accomplishments in respect to the scientific
questions mapped out nearly ten years ago?

One approach is to identify specific activities and
products. From the beginning, there have been
four standing Scientific Committees, in biological



oceanography (BIO), fishery science (FIS), marine
environmental quality (MEQ), and physical
oceanography and climate (POC). From these
have arisen temporary Working Groups that are
disbanded when their tasks are completed. The
sixteen established until now have looked at
various aspects of the problems identified in 1991
with topics ranging from a specific sub-region, the
Okhotsk Sea and Oyashio Region, to the broad
questions of climate change, shifts in fish
production, and fisheries management (Table 1).

Two major issues have been addressed by special,
more permanent bodies, both of them established
in 1994. Data exchange has always been seen as a
central and continuing issue in cooperative
research, especially that on very large systems
where pooling of information is essential. The
incorporation of biological data, ranging from tiny
plankton to enormous whales, presents particular
problems. An early Working Group has evolved
into a standing Technical Committee on Data
Exchange, TCODE. In addition to reviewing
technical aspects of data exchange, TCODE has
identified and made available on the PICES web
site an inventory of the major ocean databases in
the subarctic Pacific.

The second continuing body arose during
discussions on the possibility that more juvenile
salmon were being pumped into the ocean from
hatcheries than could be sustained by the
ecosystem where they were feeding. In other
words, the carrying capacity of the system for
salmon was being challenged. In response, it was
decided to create what has become a major
research program on Climate Change and Carrying
Capacity, CCCC (a.k.a. the Four Seas), in
cooperation with the international GLOBEC
program (Global Ocean Ecosystem Dynamics).
CCCC has an Implementation Panel and Task
Teams on the basin scale component, regional
scale studies, and development of
conceptual/theoretical and modeling studies.
Subsequently a Task Team on monitoring was
added. The CCCC Program is a major effort to
wrestle with many of the scientific questions
identified back in 1991.

Another measure of PICES activity is the list of
subjects discussed in scientific sessions of the

Annual Meetings. These have steadily increased
in number, from the single major symposium on
climate change and northern fish populations at
the First Annual Meeting to the eleven symposia
and topic sessions at the present meeting. These
have covered all the topics of interest to the
standing Scientific Committees plus others of
broader scope identified by the Science Board.
From my count, some 60 topics will have been
highlighted by the end of PICES X (Table 2).

A major scientific conference in March 2000 was
entitled “Beyond El Nifio” and concerned climate
variability and marine ecosystem impacts, from
the tropics to the Arctic. This not only had the
interdisciplinary and ecosystem approach that has
characterized PICES from the beginning, but was
a first cooperative effort with four international
fishery commissions in the North Pacific, those
that deal with management of tropical (IATTC)
and extra-tropical tuna (ISCTNP), Pacific halibut
(IPHC), and high seas salmon (NPAFC).

Yet another measure of PICES scientific activity
has been its scientific publications, not only the 19
scientific reports arising mostly from Working
Groups but also several substantial monographs.
These include a large volume (739 pages) on
climate change and northern fish populations that
resulted from the 1992 PICES I symposium, a
major synopsis on the Bering Sea, and special
volumes of Progress in Oceanography on
ecosystem dynamics in the eastern and western
gyres of the subarctic Pacific, and on North Pacific
climate regime shifts. These will soon be joined
by papers from the “Beyond El Nifio” symposium
(Table 3).

I think it is reasonable to argue that the majority of
these activities and products arose or became
evident through the efforts of PICES. Of course,
there would likely have been some cooperative
and collective activities as there were in the past,
and the marine scientific world was already
moving towards ecosystem approaches and inter-
disciplinarity — we did not invent the idea back in
1978! But I have serious doubts that anything
close to the breadth of interest and involvement
displayed by PICES members in the last ten years
and evident at the present meeting could have
occurred had the Organization not existed.



What next? I understand that the government of
Mexico is seriously considering membership.
This will of course increase our geographical, but
more important, our intellectual coverage. The
coming decade is likely to see an expansion of
cooperative operational efforts, for example, in
establishing an effective ecosystem monitoring
system and in data and information exchange and
analysis. This could lead to the generation of
regular and timely ecosystem status reports that
could be provided to PICES members and to
interested regional organizations.

These reports would incorporate climate,
oceanographic, and fisheries data from national
and other sources and would include descriptions
of the current state of the ecosystem and recent
and longer-term changes therein, including the

abundance and distribution of various of its
biological components. To the extent possible,
now-casts and forecasts of probable future
conditions would be made and widely distributed.

Until now, PICES members, unlike those of ICES,
have shunned any sort of advisory capacity for
PICES, largely because of fishery politics in the
region. However, I believe that once PICES has
developed its periodic ecosystem status reports,
their availability will constitute a form of useful,
yet apolitical, advice that members will welcome.
This service could be a significant contribution to
member governments as PICES pursues its
continuing efforts “to promote and coordinate
marine scientific research in order to advance
scientific knowledge of the area concerned and of
its living resources”.

Tablel PICES Working Groups and CCCC Program.

No. | Working Group/CCCC Program Year
1. Okhotsk Sea and Oyashio Region POC 1992-1993
2. Development of common assessment methodology for marine pollution MEQ | 1992-1994
3. Dynamics of small pelagics in coastal ecosystems FIS 1992
e renamed WG on Coastal pelagic fish 1993-1995
4. Data collection and quality control SB 1992
e renamed WG on Data exchange 1993
e replaced with Technical Committee on Data Exchange, TCODE 1994
5. Bering Sea SB 1992-1996
6. Subarctic gyre SB 1992-1994
7. Modeling of the subarctic North Pacific circulation POC 1993-1995
8. Practical assessment methodology MEQ [ 1994-2000
9. Subarctic Pacific monitoring SB 1994-1997
Scientific Steering Committee for PICES-GLOBEC Climate Change and Carrying 1994
Capacity Program, CCCC
e renamed CCCC Implementation Panel 1995
e established Task Teams: BASS (basin scale component), REX (regional
scale studies), MODEL (development of conceptual/theoretical and
modeling studies) and MONITOR (development of PICES monitoring
program)
10. | Circulation and ventilation in the Japan/East Sea POC 1995-1999
11. | Consumption of marine resources by marine birds and mammals BIO 1995-1999
12. | Crabs and shrimps FIS 1995-2001
13. | Carbon dioxide in the North Pacific POC 1997-2002
14. | Effective sampling of micronekton to estimate ecosystem carrying capacity BIO 1997
15. | Ecology of harmful algal blooms in the North Pacific 1999
16. | Climate change, shifts in fish production, and fisheries management 1999




Table2 Scientific sessions at PICES Annual Meetings and selected symposia/workshops.

Year

Scientific Session

1992

Climate change and northern fish populations

1993

Long-term monitoring from platforms of opportunity (SB)

High resolution paleoecological studies in the subarctic Pacific (BIO)

Shifts in fish abundance and species dominance in coastal seas (FIS)

Priority chemical and biological contaminants in the North Pacific ecosystem (MEQ)
Ocean circulation and climate variability in the subarctic Pacific (POC)

1994

Structure, trophic linkages, and ecosystem dynamics of the subarctic Pacific (SB)

Structure and ecosystem dynamics of the subarctic transition zone North Pacific - is the east like the west? (B1O)

Recruitment variability of clupeoid fishes and mackerels (FIS)

Interdisciplinary methodology to better assess and predict the impact of pollutants on structure and function of marine ecosystems (MEQ)
Physical processes and modeling of the subarctic Pacific and its marginal seas (POC)

1995

Marine carrying capacity: fact or fiction? (SB)

Factors affecting the balance between alternative food web structures in coastal and oceanic ecosystems (BIO)
Density-dependent effects on fluctuations in the abundance of marine organisms (FIS)

Sources, transport and impact of chemical contaminants (MEQ)

Circulation in the subarctic North Pacific and its marginal seas, and its impacts on climate (POC)

1996

Methods and findings of retrospective analysis (SB)

Regional and interannual variations in life histories of key species (BIO)

Processes of contaminant cycling (MEQ)

Exchanges of water, organisms, and sediment between continental shelf waters and the nearby ocean (POC)

1997

Ecosystem dynamics in the eastern and western gyres of the subarctic Pacific (SB)
Micronekton of the North Pacific: Distribution, biology and trophic linkages (BIO/FIS)
Harmful algal blooms: Causes and consequences (BIO/MEQ)

Models for linking climate and fish (FIS/BIO)

Processes of contaminant cycling (MEQ)

Circulation and ventilation of North Pacific marginal and semi-enclosed seas (POC)

1998

The impacts of the 1997/98 El Nio event on the North Pacific Ocean and its marginal seas (SB)

Controlling factors for lower trophic levels (especially phytoplankton stocks) (BIO)

Climate change and carrying capacity of the North Pacific: Recent findings of GLOBEC and GLOBEC-like programs in the North Pacific
(FIS/CCCC)

Science and technology for environmentally-sustainable mariculture (MEQ)

Contaminants in high trophic level biota - linkages between individual and population responses (MEQ/BIO)

Decadal variability of the North Pacific climate (POC)

Carbon cycle in the North Pacific Ocean (POC/BIO)

1999

The nature and impacts of North Pacific climate regime shifts (SB)

Modeling and prediction of physical processes in the subarctic North Pacific: Progress since 1994 (POC)
Coastal eutrophication, phytoplankton dynamics, and harmful algal blooms (MEQ/BIO)

Ecological impacts of oil spills and exploration (MEQ)

GLOBEC and GLOBEC-like studies and application to fishery management (FIS)

Recent findings of GLOBEC and GLOBEC-like programs in the North Pacific (BIO/CCCC)

2000

"Beyond El Nifio": A conference on Pacific climate variability and marine ecosystem impacts, from the tropics to the Arctic (March 23-26)
Subarctic gyre processes and their interaction with coastal and transition zones: physical and biological relationships and ecosystem impacts (SB)
Prey consumption by higher level predators in PICES regions: implications for ecosystem studies (BIO)

Recent progress in zooplankton ecology study in PICES regions (BIO/CCCC)

Short life-span squid and fish as keystone species in North Pacific marine ecosystems (FIS)

Large-scale circulation in the North Pacific (POC)

North Pacific carbon cycling and ecosystem dynamics (POC/BIO/JGOFS)

Recent findings and comparisons of GLOBEC and GLOBEC-like programs in the North Pacific (CCCC/GLOBEC)

Environmental assessment of Vancouver Harbor: results of an international workshop (MEQ)

Science and technology for environmentally sustainable mariculture in coastal areas (MEQ)

2001

"Impact of climate variability on observation and prediction of ecosystem and biodiversity changes in the North Pacific" Workshop (March, 7-9)
Ten years of PICES science: Decadal-scale scientific progress and prognosis for a shift in scientific approach (SB)
Plankton size classes, functional groups and ecosystem dynamics: causes and consequences (BIO/JGOFS)
Migrations of key ecological species in the North Pacific Ocean (FIS)

Coastal ocean processes responsible for biological productivity and biological resource distribution (POC)

The physics and biology of eddies, meanders and rings in the PICES region (POC/BIO/FIS)

Sediment contamination - the science behind remediation standards (MEQ)

Physical oceanography to societal valuation: assessing the factors affecting coastal environments (MEQ)

Emerging issues for MEQ: a 10-year perspective (MEQ)

Physical, chemical, and biological interactions during harmful algal blooms (MEQ/BIO/POC)

A decade of variability in the physical and biological components of the Bering Sea ecosystem: 1991-2001 (CCCC)
Results of GLOBEC and GLOBEC-like programs (with emphasis on a possible 1999 regime shift) (CCCC)




Table3 PICES Scientific Reports.

No. | Year Title

1. 1993 | Part 1. Coastal Pelagic Fishes (Report of WG 3)
Part 2. Subarctic Gyre (Report of WG 6)

2. 1995 | The Okhotsk Sea and Oyashio Region (Report of WG 1)

3. 1995 | Monitoring Subarctic North Pacific Variability (Report of PICES -STA Workshop)

4. 1996 | Science Plan, Implementation Plan (Report of the PICES-GLOBEC International Program on
Climate Change and Carrying Capacity, CCCC)

5. 1996 | Modelling of the Subarctic North Pacific Circulation (Report of WG 7)

6. 1996 | Proceedings of the Workshop on the Okhotsk Sea and Adjacent Areas

7. 1997 | Summary of the Workshop on Conceptual/Theoretical Studies and Model Development and the
1996 MODEL, BASS and REX Task Team Reports (CCCC)

8. 1998 | Multilingual Nomenclature of Place and Oceanographic Names in the Region of the Okhotsk Sea

9. 1998 | PICES Climate Change and carring Capacity Workshop on the Development of Cooperative
Research in Coastal Regions of the North Pacific

10. | 1999 | Proceedings of the 1998 Science Board Symposium on the Impacts of the 1997/98 El Niflo Event on
the North Pacific Ocean and its Marginal Seas

11. | 1999 | PICES-GLOBEC International Program on Climate Change and Carring capacity. Summary of the
1998 MODEL, MONITOR and REX Workshops, and Task Team Reports

12. | 1999 | Proceedings of the Second PICES Workshop on the Okhotsk Sea and Adjacent Areas

13. | 2000 | Bibliography of the Oceanography of the Japan/East Sea

14. | 2000 | Predation by Marine Birds and Mammals in the Subarctic North Pacific Ocean (Report of WG 11)

15. | 2000 | Report on the 1999 MONITOR and REX Workshops, and the 2000 MODEL Workshop on Lower
Trophic Level Modeling (CCCC)

16. | 2001 | Enviromental Assessment of Vancouver Harbor Data Report for the PICES Practical Workshop
(WG B)

17. | 2001 | PICES-GLOBEC International Program on Climate Change and Carring Capacity. Report of the
2000 BASS, MODEL, MONITOR and REX Workshops, and the 2001 BASS/MODEL Workshop

18. | 2001 | Proceedings of the PICES/CoML/IPRC Workshop on “Impact of Climate Variability on Observation
and Prediction of Ecosystem and Biodiversity Changes in the North Pacific

19. | 2001 | Commercially Important Crabs, Shrimps and Lobsters of the North Pacific Ocean (WG 12)

Other publications resulting from PICES activities:

Beamish, R.J. (Ed.). 1995. Climate change and northern fish populations. Canadian Special Publication
of Fisheries and Aquatic Sciences 121. 739 p.

Beamish, R.J., Kim, S., Terazaki, M., Wooster, W.S. (Eds.). 1999. Ecosystem dynamics in the eastern
and western gyres of the subarctic Pacific. Progress in Oceanography 43 (2-1).

Loughlin, T.R. and Ohtani, K. (Eds.). 1999. Dynamics of the Bering Sea. University of Alaska Sea
Grant. 825 p.

Hare, S.R., Minobe, S., Wooster, W.S. (Eds.). 2000. North Pacific climate regime shifts. Progress in
Oceanography 47 (2-4).

McKinnell, S., Brodeur, R., Hanawa, K., Hollowed, A., Polovina, J. and Zhang, C.-1. (Eds.). 2001.
Pacific climate variability and marine ecosystem impacts. Progress in Oceanography 49 (1-4).







The Physical Oceanography and Climate Committee: Thefirst decade

Paul H. LeBlond

S42, C7, RR#2, Galiano Island, B.C., Canada VON 1P0. E-mail: leblond@gulfislands.com

The birth of POC

International scientific organizations have a long
gestation period; they are eventually carried to a
successful birth by repeated emphasis on the need
for their existence. Discussions leading to the
creation of PICES lasted over fifteen years (W. S.
Wooster, PICES Press 1(1), 1992). Before the
first formal PICES Annual Meeting, before the
Convention for a North Pacific Marine Science
Organization entered into force on March 24,
1992, a Scientific Workshop was convened in
Seattle at the invitation of the United States
(December 11-13, 1991). The purpose of the
workshop was to review the state of knowledge, to
identify gaps and priorities, and to consider where
joint action under the new PICES convention
would be most appropriate.

Four topics were selected for discussion at the
workshop:  climate change, the Bering Sea,
environmental quality and fisheries oceanography.
It is easy to recognize in these topics, with some
modification, the origin of the four Scientific
Committees of PICES. The issues debated by the
Climate Change working group are clearly
reflected in future concerns of the Physical
Oceanography and Climate Committee (POC).
The principal scientific question identified then
was “to obtain a description of the climate change
in such a way that the processes involved in
climate change can be understood”. Participants
emphasized the need for easier and freer data
exchange among North Pacific Rim countries, and
also concluded that the “present exchange of ideas
is not adequate”. Participants also stressed the
need for joint investigations and collaboration
within existing international programs (e.g.,
WOCE, JGOEFS).

The existing Scientific Committees of PICES
(BIO, FIS, MEQ, POC) emerged from the
workshop discussion groups and were first
provisionally established at the organizational
meetings in March 1992, and confirmed as

permanent committees at PICES II, in October
1993. In the words of our first Chairman: “These
committees are more disciplinary-oriented than the
discussion topics were, and reflected the
experience of ICES which had found that
committees centered on specific disciplines
provided a home for specialists in those
disciplines. = The trick then was to get the
committees to work together on interdisciplinary
topics of common interest, leading to joint
sessions and symposia. This is certainly the
current practice in PICES. “ (W. Wooster, priv.
com. June 12, 2001).

It did not take long for POC to begin its work in
earnest. At the First Annual Meeting (PICES I,
Victoria, October 1992), Dr. Yutaka Nagata
(Japan) was elected Chairman of the Committee.
That meeting set the tone for POC’s work in the
years to come: an open and friendly forum, where
ideas were welcome and seriously debated, and
where exploration and understanding of the ocean
was always the primary goal. Members agreed
that one of POC’s most important roles should be
to facilitate collaboration in international scientific
programs. They also identified four important
topics to be addressed through the formation of
Working Groups: ocean circulation and climate
variability in the Subarctic Pacific; the Okhotsk
Sea and the Oyashio Region; new technologies
and observing strategies; and data collection and
quality control. These topics have provided the
main focus for POC’s deliberations over the years.

Circulation of the North Pacific

Understanding the circulation of North Pacific
waters as well as the nature of its variability is
clearly a theme of common interest and great
importance to all PICES members. At the very
first PICES Annual Meeting, the Science Board
created an interdisciplinary, inter-committee
Working Group (WG 6) on the Subarctic Gyre,
with the task of reviewing current description and
understanding of ocean circulation and climate



variability in the subarctic North Pacific,
identifying gaps, reviewing information on the
biomass of major trophic levels - with special
reference to carrying capacity for salmon - as well
as reviewing the state of understanding of
processes affecting primary and secondary
production. Quite a task!

In addition, WG 6 was to identify key scientific
questions and propose collaborative programs to
advance knowledge and test major hypotheses. As
much of the above was also the realm of interest of
the international GLOBEC program, the Working
Group was to advise which PICES and GLOBEC
objectives could be linked.

The work of WG 6 gave rise to a variety of
questions about the functioning of the subarctic
Pacific ecosystem. It stimulated further interest on
the part of POC, which convened a scientific
session on “Ocean circulation and climate
variability” at PICES II and launched a Working
Group (WG 7) on Modelling of the subarctic
North Pacific circulation at the same meeting.
WG 7 was to review the state of the art in physical
modelling, identify gaps as well as the kind of
information required to improve circulation
models. This Working Group, co-chaired by Drs.
Paul LeBlond (Canada) and Masahiro Endoh
(Japan), brought together leading ocean modelers
in meetings in Vancouver (June 1994) and at
PICES III in Nemuro (October 1994). A final
report was presented to POC at PICES IV in 1995,
and published as PICES Scientific Report No. 5.

A number of conclusions and recommendations
were made by WG 7 to improve the results of
numerical modeling. The unavailability of high
resolution bathymetric data, especially in
strategically sensitive coastal areas, was found to
be a limitation on the accuracy of coastal
circulation models. More comprehensive ocean
property atlases were felt to be needed and better
quality and availability of meteorological
information was deemed crucial to ocean
modeling. The Working Group also expressed
strong support for satellite-based ocean observing
missions. Workshops on modeling, to familiarize
the PICES community with model results and their
limitations as well as the improvement of
visualization techniques, were strongly advocated.

This latter suggestion was eventually implemented
by the PICES Technical Committee on Data
Exchange (TCODE) through a Workshop on Data
Visualization at PICES VIII in Vladivostok.

Modeling of the North Pacific circulation has
remained a central concern of POC over the years.
PICES scientists were invited to present their
results in scientific sessions on “Physical
processes and modeling of the subarctic North
Pacific and its marginal seas” at PICES III
(Nemuro, 1994) and on “Modeling and prediction
of physical processes in the subarctic North
Pacific:  Progress since 1994” at PICES VIII
(Vladivostok, 1999). Members of POC interested
in ocean modeling have also played an important
role in the MODEL Task Team of the Climate
Change and Carrying Capacity (CCCC) Program.
Given the ever growing importance of numerical
models in exploring and describing ocean
circulation as well as their emerging operational
role in marine forecasting, POC is likely to
continue to be keenly interested in ocean
modeling.

Okhotsk Sea and Oyashio

At PICES 1, the Science Board gave its blessing to
a POC Working Group (WG 1) on the Okhotsk
Sea and the Oyashio, an area of great
oceanographic importance which would also hold
POC’s interest for a number years. WG 1 was to
review the present level of knowledge of the
oceanic circulation and water mass modification in
the area of interest, identify gaps, review studies
relating chemical, biological and geological
regimes, and encourage planning of observations
and interdisciplinary experiments. The group,
under the chairmanship of Dr. Lynne D. Talley
(U.S.A.)), met in Nemuro, Japan, in September
1993, and prepared an extensive review (published
as PICES Scientific Report No. 2: The Okhotsk
Sea and Oyashio Region), identifying deficiencies
in current understanding and recommending
studies which would address these weaknesses.
WG 1 also recommended that a follow-up meeting
be held in Russia so as to fully engage Russian
experts.

At its following meeting (PICES II, Seattle, 1993)
POC devoted half its session to reviewing and



discussing WG 1’s report, which it enthusiastically
endorsed. POC supported the Working Group’s
recommendation that a follow-up meeting be held
in Vladivostok, so that more extensive Russian
contributions could be incorporated in the review
of the Sea of Okhotsk and Kuril region.

Subsequently, an extensive workshop was held in
Vladivostok (June 19-24, 1995), under the co-
chairmanship of Vyacheslav B. Lobanov (Russia),
Yutaka Nagata and Lynne D.Talley; 97 papers
were presented on all aspects of ocean sciences in
the area of interest. = Workshop participants
reviewed oceanographic and fisheries information
and discussed data exchange (to be improved) and
possible joint investigations (to be encouraged).
Proceedings of the Vladivostok workshop on the
Okhotsk Sea and adjacent areas were published as
PICES Scientific Report No. 6. POC agreed that
PICES should maintain a continuing interest in the
region and suggested that another workshop be
held a few years hence to assess progress.

A second Okhotsk Sea workshop was held in
Nemuro, in the fall of 1998, under the direction of
the same three convenors. Participants focused on
recent advances in the physical oceanography of
the Sea of Okhotsk, discussed research activities
of mutual interest, and recommended that PICES
endorse and support international cooperative
projects in the Sea of Okhotsk, the Kuril Islands
region and the Western Pacific Gyre. Proceedings
of the Nemuro workshop are available as PICES
Scientific Report No. 12.

One of the recommendations of the first
Vladivostok workshop was that PICES prepare a
multilingual nomenclature of geographical and
oceanographic features of the Sea of Okhotsk and
its surroundings, so as to ensure clarity and
eliminate ambiguity in reporting place names. The
nomenclature,  establishing  correspondences
between names of land and marine features in
Russian, Japanese and English, was completed in
1998 and published jointly by PICES (PICES
Scientific Report No. 8) and the Marine
Information Research Center of Japan (MIRC).

Japan/East Sea

Another marginal sea of great interest, especially
to western Pacific PICES members, is the Sea of
Japan or East Sea (as it is called in Korea). A
Working Group on the Circulation and ventilation
of the Japan/East Sea (WG 10) was created at
PICES IV (Qingdao, 1995), with Co-Chairmen
Drs. Sang-Kyung Byun (Korea) and Christopher
N. K. Mooers (U.S.A.). Terms of reference were
very similar to those assigned to the Okhotsk Sea
Working Group (WG 1), however with a different
geographical focus and a stronger emphasis on
physical oceanography. Members of the Working
Group met in Fukuoka, Japan, in February 1997,
and again just before the PICES VI in Pusan
(October 1997), where POC devoted a special
scientific session to papers on the Japan/East Sea.

Among its findings, WG 10 noted that the level of
regional scientific communication and cooperation
was excellent, but that scientific access by
researchers to the EEZs of the surrounding
countries remained “the greatest limitation to
international cooperative studies”. A strong
recommendation to PICES was that it should
foster and encourage international scientific
programs in the area, helping smooth the path to
data exchange and access to EEZs.

WG 10 also provided a valuable forum for joint
studies of the Japan/East Sea through support of,
and collaboration with, the CREAMS program
(Circulation Research of East Asian Marginal
Seas). A CREAMS workshop, held jointly with
PICES at PICES VII (Fairbanks, 1998), extended
the discussion beyond the traditional physical
oceanography core of CREAMS to include
ecosystem studies.  Follow-up workshops, in
Seoul, in April 1998, and in Vladivostok, in May
2000, have contributed to strenghtening the
PICES-CREAMS collaboration. In the wake of
these discussions, the October-November 2000
“PICES Cruise” of R/V Professor Gagarinskiy, so
called because it took Russian scientists from
Vladivostok to PICES IX in Hakodate, made
multidisciplary observations towards a
comprehensive study of the ecosystem structure of
the northern Japan/East Sea.



An extensive annotated bibliography of the
oceanography of the Japan/East Sea prepared by
Dr. Mikhail A. Danchenkov (Russia) was
published as PICES Scientific Report No. 13.
POC has continued to emphasize its support for
the CREAMS and Japan/East Sea Office of Naval
Research (U.S.A.) program as a working example
of effective international collaboration. Additional
workshops jointly sponsored by PICES are
planned.

The Bering Sea

At PICES 1, the Science Board created an
interdisciplinary Working Group (WG 5) on the
Bering Sea, with the mandate to review knowledge
of the circulation, ocean properties and their
variability, and the ecosystem and its response to
environmental variability. Although POC was not
formally responsible for WG 5, it took a keen
interest in its progress and supported its work.
POC also supported the efforts of NOAA to bring
together the Bering Sea Ecosystem Biophysical
Metadatabase.

CO, in the North Pacific

The North Pacific is recognized as an important
sink for atmospheric CO, in the ocean, and plays
an important role in controlling long-term climate
change. POC turned in earnest to the “Climate”
part of its mandate and, jointly with the Biological
Oceanography Committee (BIO), recommended at
PICES VI (Pusan, 1997) the creation of a Working
Group on CO; in the North Pacific. This Working
Group (WG 13), under co-chairmanship of Drs.
Yukihiro Nojiri (Japan) and Richard A. Feely
(U.S.A.), first met at a two-day workshop at
PICES VII (Fairbanks, 1998), where members
reviewed the state of knowledge of air-sea CO,
exchange and the mechanisms controlling it, and
planned their future work.

Among the first priorities identified was the need
to carry out comparisons of measurement
techniques between various laboratories, in order
to establish quantitative standards in estimating
dissolved inorganic carbon, total alkalinity and
BC/12C of inorganic carbon in sea water. A first
PICES-sponsored  intercomparison  (technical
workshop) brought together participants in

Tsukuba (April 1999); a second exercise focused
on improving the quality of alkalinity
measurements and led to a second meeting, also in
Tsukuba (October 2000). A joint BIO/POC
scientific session at PICES IX (Hakodate, 2000)
gathered physicists, chemists and biologists, on the
topic of “North Pacific carbon cycling and
ecosystem dynamics”.

Having addressed measurement standards, WG 13
turned its attention to the task of data integration
and synthesis, a topic first explored at a workshop
held jointly with the PICES Technical Committee
on Data Exchange (TCODE) in Sidney, B.C.,
Canada, in January 2001. Workshop participants
recommended (among other things) that PICES
work together with international data centers to
compile an International North Pacific Data
Inventory for CO, and CO,-related data (Dickson
2001). A follow-up workshop, again co-sponsored
by WG 13 and TCODE, was held in Tokyo on
July 31-August 2, 2001, to discuss the
implementation of the data integration proposals
made at the Sidney workshop.

Oceanographic processes

Most scientific sessions sponsored by POC, as
well as those held under joint sponsorship with the
Science Board and other scientific committees,
focused on themes already selected for the
attention of Working Groups. For example, the
“Ocean circulation and climate variability in the
subarctic Pacific” theme of PICES II and the
“Physical processes and modeling of the subarctic
North Pacific and its marginal seas” theme of
PICES I supported the activities of WG 6 and
WG 7. The theme of circulation and its variability
was addressed again at the PICES IX session on
“Large-scale circulation in the North Pacific”.
The important modeling theme was also returned
to at PICES VIII, where a session was devoted to
“Modeling and prediction of physical processes in
the subarctic North Pacific: Progress since 1994”.

Connections between ocean variability and climate
change was the focus of PICES IV scientific
presentations on “Circulation in the subarctic
North Pacific and its marginal seas and its impact
on climate” and PICES VII, with papers
addressing “Decadal variability of the North



Pacific climate”. A joint session with BIO at
PICES IX on “North Pacific carbon cycling and
ecosystem dynamics” supported the work of
WG 13. Closer inter-disciplinary presentations
were planned for PICES X with topic sessions on
“Coastal ocean physical processes responsible for
biological productivity and biological resource
distribution” and on “The physics and biology of
eddies, meanders and rings in the PICES region”
(jointly with BIO and FIS).

In some cases, scientific papers were solicited on
more specific themes. For example, presentations
on “Exchanges between continental shelf waters
and the nearby ocean” of PICES V addressed
coastal processes which were further explored in
PICES VI in a session devoted to the “Circulation
and ventilation of North Pacific marginal and
semi-enclosed seas”, which also supported the
work of WG 10.

Input to inter-disciplinary programs

A number of Working Groups, special committees
and Task Teams created by PICES have also
attracted the interest and participation of the
Physical Oceanography and Climate Committee.
POC was a strong supporter of the creation of
WG 9 on Monitoring of the Subarctic Pacific, and
kept itself appraised of its progress. POC has
supported and encouraged the work of TCODE.
POC members have also been influential
participants in the development of the CCCC
Program and especially of its MODEL and
MONITOR Task Teams.

Other concerns

While the work of POC is most clearly manifested
through the activities of its Working Groups and
the selection of topics for scientific sessions at
PICES Annual Meetings, a number of other issues
have repeatedly been raised at POC meetings,
some of them with specific impacts on PICES
business.

As in many inter-governmental organizations,
there is a tendency for PICES meetings to be
dominated by scientists working for government
agencies. FEarly on, POC advocated increased

participation by non-government researchers,
particularly from universities, who have much to
offer in ocean sciences. POC also strongly
supported initiatives to increase participation by
younger scientists in PICES meetings.

Research funding is often preferentially directed
towards new ideas, sometimes at the detriment of
long-term monitoring programs. POC emphasized
the importance of maintaining a balance between
routine monitoring and directed observational
programs in support of specific scientific
objectives.

At one of its early meetings, POC advocated the
idea of “State-of-the-Ocean” reports, describing
conditions in various parts of the subarctic North
Pacific. Thanks to official encouragement and the
enthusiasm of a few volunteers, the idea
germinated into the regional overviews now
regularly appearing in PICES Press.

As a means of handling the many requests for
special publications or translations put to them by
scientists from member countries, POC and other
committees suggested the creation of a
Publications Committee, which has since
developed procedures to consider such issues.

Every year, POC has re-affirmed the need for
international collaboration in ocean studies, and
the role which PICES, as a treaty organization, can
play in facilitating exchanges and access to
national EEZs for scientific investigations. The
support of CREAMS, mentioned earlier, and
recommendations for continuation of the La
Perouse/Soya Project implemented by Russian and
Japanese laboratories, are examples of the positive
role which PICES can play.

New technologies

Technological improvements play an important
role in ocean exploration. From its very
beginning, POC has recognized the importance of
new technologies and observing strategies, as well
as data collection and management, for the
progress of oceanographic studies. POC
recommended to PICES a closer collaboration
with CLIVAR and GOOS programs.



At its meetings in 1998, 1999 and 2000, POC
emphasized and endorsed a closer collaboration of
PICES member countries to develop and
implement the Argo program and co-sponsored an
Argo meeting in Sidney, B.C., Canada, in March
2001.

POC also initiated contacts with NEAR-GOOS
(the North East Asian Regional component of the
Global Ocean Observing System) project, under
development by the Intergovernmental
Oceanographic Commission (IOC/WESTPAC) for
the Japan, East China Sea and Yellow Sea area.
As a result, a closer cooperation has developed
between PICES and NEAR-GOOS in the form of
an exchange of expertise in developing
international ~ observing  systems and a
multidisciplinary ecosystem approach to ocean
studies. ~ PICES experts and representatives
attended the NEAR-GOOS meetings in September
1999 and August 2001. Conversely, NEAR-
GOOS representatives attended the PICES Annual
Meetings in Vladivostok (1999) and Hakodate
(2000).

A continuing rolefor POC

In the formative decade of PICES, the Physical
Oceanography and Climate Committee has acted
as a focus for scientific discussions of the
oceanography of the subarctic North Pacific and
its marginal seas; it has brought together in
friendly and mutually beneficial collaboration
scientists from member countries; and it has
actively enhanced participation of physical
oceanographers and climatologists in
interdisciplinary programs.

As PICES refines its purpose of advancing
“scientific =~ knowledge about the ocean
environment, global weather and climate change,
living resources and their ecosystems, and the
impact of human activities”, the Physical
Oceanography and Climate Committee will
continue to be a preferred forum for exchange of
ideas and information on issues of common
interest to signatories.

Marine issues facing PICES members are both
local and basin-scale. Local issues, while affected
by local circumstances, have a great degree of
commonality:  coastal management, pollution,
aquaculture, marine tourism, near-shore fisheries.
Within the next decade, one should expect
significant advances in operational modeling of
the coastal environment. Ocean scientists and
engineers from PICES member countries will
strongly benefit from the exchange of ideas and
technology on this issue. POC could play a useful
role in creating a Working Group which would
review the state of the art and the practical
prospects of marine operational modeling.

Basin-scale issues such as climate change and
regime shifts affect all parties. Characterization,
recognition and eventually prediction of oceanic
regime shifts is the central problem in
understanding the long-term variability of the
North Pacific. POC can continue to provide
leadership by focusing the efforts of PICES
scientists on this issue.

An understanding of the physics of the ocean and
of its interaction with the atmosphere is an
essential and basic component of all these issues.
This is where POC comes in. POC members will
continue to explore and suggest means of
collaboration to enhance and accelerate
understanding of ocean circulation properties and
interactions with the atmosphere. = Combining
focused topic sessions, Working Groups with
well-defined mandates, and interdisciplinary tasks
(within the Climate Change and Carrying Capacity
Program, for example) has provided an attractive
and fruitful formula to engage physical
oceanographers, modelers and climate scientists.
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Toward a new era of oceanogr aphy

The twentieth century was a remarkable period for
oceanography.  We learned much about the
fundamental distribution of properties of the seas
and the balances that govern our ocean. We now
know, among other things, why the ocean surface
currents do not follow the wind; why the
circulation in the Oceans is dominated by large
basin-wide gyres; why there are swift currents in
the west; why the tropical circulation is different
from that at high latitudes; why coastal regimes
differ from open ocean regimes; why the water
properties in the Southern Ocean are intimately
connected to conditions in the North Atlantic;
why the temperature of the tropical Pacific Ocean
matters to climates in the United States, South
Africa and Australia; and why human activities
now may change sea level toward the end of this
century. The advances in knowledge have been
great.

If we were to characterize the last century, it might
be in terms of science and discovery and the
building of knowledge and understanding (Smith
2001). The advances have required innovation in
observations, in theoretical research, and in the
development and construction of numerical
models.  Technological innovation has been
critical, first to construct instruments that could
measure, with accuracy and precision, in the harsh
environment of the ocean, and more recently, to
enable remote and autonomous measurements; to
paralle code, run and analyze ocean models; and
to provide rapid exchange and analysis of data via
the Internet.

Other speakers will have to summarize the many
accomplishments from the many individual and
collaborative scientific and technical endeavors of
recent decades. As we look forward to the next
decade, we see opportunities to exploit our ocean
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knowledge and our growing technological
capabilities for the betterment of humankind and
the advance of our understanding of how the ocean
affects the physical, chemical and biological state
of our planet.

In this paper we place particular focus on the
possibilities of a global ocean observing system
and the gradual move toward oceanography as a
more operational activity.  In several ways
oceanography is following the path developed by
meteorology, implementing operational
observation and forecast systems, yet in other
ways there are significant differences.  For
meteorology, forecast skill is the dominant
paradigm, an exemplar that seems equally
applicable to climate forecasting, particularly that
associated with El Nifio. However, the rich living
and non-living resources of the ocean, the critical
importance attached to the coastal and marine
environment, and the rich biodiversity of the
oceans, among other things, make quantitative
knowledge of the ocean state important in its own
right. The market for ocean state estimates and
forecasts (“marine services”) exists now and we
will attempt to show that we have the knowledge,
technology and community “spirit” to develop a
robust, sustained system of ocean observations,
products and services that will serve us for this
decade and beyond.

For the most part we focus on physical
oceanography, and systems that have been
developed with a view toward operational
oceanography. There are of course many aspects
that we ignore within this discipline, and even
more from related disciplines.

The global ocean observing system

The history of widespread ocean observation
began in the middle of the nineteenth century,



when merchant sailing vessels started a systematic
effort to collect and exchange information on
weather and the state of the seas on their trade
routes. Well over a century passed before any
attempt was made to build on these pioneering
efforts a systematic system for ocean observation.
A major step forward in basin-scale observing
efforts was implemented during Tropical Ocean
Global Atmosphere (TOGA), for which a tropical
Pacific-wide research observing system was
designed, deployed and operated. In the last
decade of the twentieth century, it became clear
that a permanent observing system for the ocean
was viable and sustainable. It took many years of
planning and discussion before the ocean
community started to widely endorse such an
effort. The Ocean Observing System
Development Panel (OOSDP 1995) provided a
template for the global ocean observing system for
climate, and this template has been adapted and
modified by many as we move toward a sustained
observing system (Nowlin 1999; Nowlin et al.
2000).

At the First International Conference for Ocean
Observing Systems for Climate, agreement was
reached on the essential elements of the observing
system for the next decade and beyond (Smith and
Koblinsky 2001). The system would include:

e Sea surface temperature measurements from
satellites (visible, infrared, microwave) and in
situ platforms (surface drifters, moorings,
volunteer observing vessels);

e Surface vector winds from satellites and in Situ
Instruments;

e Sea surface height variability from satellite
altimeters and in Situ measurements from tide
gauges for the long-term climate record and
validation (also needs good sea surface level
pressure measurements);

e Upper ocean temperature and, where practical,
salinity measurements from a variety of
networks including the tropical moored buoys,
Argo, the ship of opportunity XBT network
(now principally in high-density and
frequently repeated modes), other moorings
and hydrography;

e Surface and upper ocean  current
measurements;

e Tracers and carbon measurements from
hydrography for transport and inventory

calculations; and

e Air-sea fluxes from ocean reference sites and
lines, and from operational met models.

Smith and Koblinsky (2001) and the other papers
in that volume provide a more comprehensive
account of the many different contributions of
which the above form just a part. The most
important message is that the technology for a
truly global ocean observing system exists now,
based on both satellite and in situ technologies.
There is also ample evidence that there is the
collective will to realize such a system. Indeed,
many nations have already made significant
commitments.

Ocean state estimation

An important complement to the ability to observe
the oceans is the ability to routinely assimilate this
information, and to provide methods for exploiting
this information for broader scientific and socio-
economic benefit. In many instances it is not
knowledge of the current state of the ocean at
some location and depth that matters, but rather
the inferences that can be drawn from this
information and that at many other locations.
These inferences are often applicable at locations
far removed from the source information and, in
many cases, involve fields and parameters not
connected with oceanography (for example,
rainfall estimates in North America or Indonesia).
It is not the intent here to discuss these many
applications in detail, but rather to provide a
description of the systems that are being built to
underpin synthesis and interpretation, and, in
particular, the process of using ocean models to
assimilate data, a procedure we refer to here as
ocean state estimation.

Ocean state estimation, or ocean data assimilation
is an optimization problem. Given a set of
dynamical equations with associated estimates of
model errors, and a set of ocean data with
associated estimates of observational errors, and



an error functional (“cost function”) that is to be
minimized, a variety of data assimilation
techniques exist for approximating the ocean state
that best satisfies the various constraints. Viewed
as a four-dimensional space-time problem, the
challenge is to blend measurements of the ocean
state distributed irregularly in both space and time
to produce regular (gridded) estimates of the ocean
state for the present and past, and as appropriate
for the future (forecasts).

These  procedures are commonplace in
meteorology and weather forecasting, and are
becoming more common in climate and ocean
applications. At present, ocean state estimation is
performed operationally by some government
efforts, and in research mode by an increasing
number of research efforts. Each of these is
limited to some extent by the available data, both
for making and evaluating the skill of the
operational estimates.

Many nations have agreed that a new push to
expand our ocean data asssimilation efforts is
needed and have begun to participate in the Global
Ocean Data Assimilation Experiment (GODAE;
Le Traon et al. 2001; IGST 2000), which is to
have its intensive work period between 2003 and
2005.

The operational meteorology community has been
making products with data assimilation for almost
half a century, and offers valuable experience for
the ocean community to draw upon. GODAE
sponsors workshops to ensure that the ocean
community benefits from the experiences of the
meteorology community.

Issues for ocean state estimation

In comparison with meteorology, operational
oceanography is immature. The observing
systems are not complete and those networks that
are established mostly have short records. The
models and data assimilation methods are also
immature. The models often display significant
biases relative to observations. The data
assimilation systems are limited by our ability to
measure and model skillfully the many of the
energetic scales of the ocean, including strong

currents and mesoscale eddies. Nevertheless,
considerable progress has been made in
operational ocean forecasting and in climate
forecasting, using a variety of methods.

The simplest form of data assimilation is objective
interpolation, which requires the specification of
the data errors and the covariance functions
between the variables. Optimal interpolation (OI)
has been widely used in oceanography since the
mid-1970s, and variants are still used in several
operational analysis and climate prediction
systems. The method offers valuable perspective,
because the utility of OI products is easily seen to
depend critically on the specified statements of
uncertainty. The OI product is only as good as the
data distribution and covariance and error
estimates.

Operational meteorology teaches us that we must
work hard to learn how best to specify the full
range of data and model errors, covariances and
cost functions, if we seek useful ocean products.
In many parts of the world ocean we do not have
enough data to make dependable estimates of
these quantities. Indeed, it is probably in the area
of knowledge of (parameterized) processes and
subgrid scale motions that we suffer most severely
from a data shortage. Is the community prepared
to invest in “local dynamics” experiments in these
regions? In their absence we must go forward
with assumptions of unclear utility, having unclear
impact on our product skill.

Research based on operational meteorology
products also teaches us that it can take some
years before such products have sufficient skill to
yield the desired insights into the kinematics and
dynamics of the atmosphere. Atmospheric science
research now depends heavily on operational
products and periodic “re-analyses” of the
historical atmospheric data set.

We must expect a learning period of increasing
skill with our operational ocean products, and not
be discouraged by early efforts. Having wide
community access to the ocean products and wide
community examination and feedback concerning
their utility, will be essential for rapid progress in
their skill and usefulness.



Data transmission, quality control (QC) and
dissemination issues

Getting ocean data back from the marine
environment promptly, effectively and cost-
efficiently is key for many marine services. There
appears to be a need in excess of what Service
ARGOS can provide. Access to these data and to
the products made from them is also necessary if
the ocean community is to benefit.

The meteorology community has considerable
infrasture dedicated to these tasks, e.g., the World
Weather Watch’s Global Telecommunications
System and the various national meteorological
service product distribution pipelines. The ocean
community needs capable Information Technology
infrastructure to meet its needs.

As “research quality” QC is done on the historical
data sets, there is also a need to be able to keep
track of what has been done, and make it possible
for researcher, policy-makers and re-analysis
efforts to find the version(s) of the data sets most
likely to be useful to them.

Based on our history, it is unlikely that there will
be a “definitive” QC data set for the ocean in the
foreseeable future; one group’s noise is another
group’s signal. Various national efforts are in
place and under development to address these
issues.

GODAE is taking the lead to provide interfaces to
the variety of different efforts that are in place and
under development. The United States is
supporting development and operation of a
GODAE real time data and ocean product server
sited at Fleet Numerical Meteorology
Oceanographic Centre (FNMOC) in Monterey,
CA, US.A.

The WMO’s Joint Commission on Oceanography
and Marine Meteorology (JCOMM) is also
devoting effort to a range of data set issues.
Technology for low power, low cost data
transmission and data sharing also exist.

Ocean forecasts

As noted earlier, it is the ability to draw inferences
from ocean measurements in regions and fields
remote from the data site, that is perhaps the most
valuable aspect of the global observing system
infrastructure. ~ However, the methodology of
ocean state estimation only takes us part of the
way. The most immediate way we can use such a
data set is as a basis for producing an ocean or
climate forecast, the so-called initial-value
problem. Given a faithful estimate of the state of
the ocean today, we can forecast the ocean state.
For some variables we can hope to have forecast
skill for several weeks, perhaps even months.

Our ability to do this is limited by several factors.
Firstly, we are limited in our ability to observe the
current state of the ocean and, secondly, the
methods and models we use to produce the
estimate have limitations, in many cases quite
severe. As the previous sections have indicated,
we have made considerable progress in addressing
both these issues but most accept that there is still
a long way to go (the challenge lies with GODAE
and the several operational oceanography centers
at the moment).

But more fundamentally the ocean is a chaotic
medium, with small perturbations growing over
time through non-linear interactions and
feedbacks. The growth of such errors places
natural limits on predictability, the degree to
which one can determine a future state of the
system. At present, our knowledge of ocean
predictability is scant, principally because there
has not been the need to determine predictability
limits up till this point. The other issue is that the
ocean is being continually forced by the
atmosphere, which itself is unpredictable over
certain time and space scales. So, while we
anticipate internal ocean circulation errors may
grow relatively slowly (perhaps 3-4 weeks at mid-
latitudes), we must also take account of far more
rapid error growth in surface forcing fields.

These issues notwithstanding, considerable
progress has been made in ocean and climate
forecasting with several centers routinely
producing forecasts of the ocean state.



In some cases, such as El Nifio, the oceans and
atmosphere interact in such a way as to introduce
modes of variability that seemingly have much
longer time scales of predictability. This is the
basis for several experimental and operational
climate forecast systems. The extent to which
other climate phenomena are predictable is
receiving intensive study now, through CLIVAR
and other programs.

As noted in the opening section, one of the
distinguishing aspects of oceanography is the fact
that many applications involve knowledge of the
ocean and marine environment, in some cases in
the past. We are not only interested in forecasts of
the future but also in “forecasts” of the ocean state
for locations and variables separated from the
measurements. For the oil and gas industry, this
might take the form of statistics for extreme
currents near the bottom at a specific location. For
the fishing industry it might be forecasts of
advection and vertical circulation for ocean
dispersal of larvae. For coastal management, it
might be boundary conditions for local coastal
management models. In all cases the challenge is
to extrapolate and infer fields that are not directly
measurable and, like forecasts in time, errors arise
from both the limitations of the methods and from
natural error growth (unpredictability).

GODAE is making considerable progress in
developing links to value-adding communities
where such activities take place. PICES may well
be one of those communities though we recognize
the immaturity of the endeavor at present. Such
connections will require experimentation and
much dialogue.

The coming decade

It does seem the ocean communities of the world

are willing to embrace the concept of:

e a sustained ocean observing system (satellite
and in situ);

e modern data transmission and data serving
infrastructure;

e dedicated ocean product development and
production efforts;

e wide community access and examination of
the ocean products;

e community feedback so that the OS and the
products will improve.

Given this acceptance, the coming decade will
provide many opportunities for innovative
applications and science.
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As one of the four core Scientific Committees of
PICES, the unique mission of the Biological
Oceanography Committee (BIO) is to promote and
coordinate  biological =~ oceanography  and
interdisciplinary research in the northern North
Pacific Ocean. BIO plays a key intermediary role
with respect to the other PICES Standing
Committees. For example, lower trophic levels
may be the most directly affected by processes
considered by the Physical Oceanography and
Climate Committee (POC). These lower trophic
levels then, affect and are affected by the upper
trophic levels. BIO interacts with the Fisheries
Science Committee (FIS) to provide scientific
advice on ecological roles of lower and higher
trophic level organisms on fisheries. BIO also
plays a central role in defining ‘“normal”
conditions against which changes of interest to
Marine Environmental Quality Committee (MEQ)
can be measured. At the same time, BIO is
responsible for developing scientific programs for
annual and inter-session meetings, for formation
of Working Groups on key areas of interest, for
participation in the CCCC Implementation Panel
and Task Teams, and for coordinating activities
with other international and national programs.
Here we summarize the 10-year record of the
progress of BIO toward these goals.

Member s and phases of development

The past and current BIO members are shown in
Table 1. During the initial phase (1992-1995),
BIO generated its own scientific programs for
Annual Meetings (Table 2). In the intermediate
phase (1996-1998), BIO organized joint sessions
with other Scientific Committees (Table 2) and
sponsored the formation of two Working Groups
(Table 3). In the third phase of development
(1999-2001), BIO further expanded efforts for
jointly sponsored sessions with other Scientific

Committees and the CCCC  Program
(Table 2), and developed interactions with other
relevant international organizations (Table 3).

Activities of Working Groups

Working Group 11: Consumption of marine
resources by marine birds and mammals in the
PICES region (Co-Chairmen: Hidehiro Kato of
Japan and George L. Hunt of U.S.A.). The
Working Group was formed to tabulate available
data on population sizes and diet composition of
marine birds and mammals, and to calculate their
seasonal and annual prey consumption to evaluate
their predation effects on intermediate and lower
trophic levels within the PICES region. To
facilitate comparison and summarization, the
PICES region (30°N to the Bering Strait) was
divided into 14 sub-regions (Introduction to this
volume, Fig. 2) based on oceanographic features.
While the quality and quantity of information was
not uniform across the sub-regions, the Working
Group revealed that at least 47 marine mammal
species and 135 seabird species inhabit the PICES
region. Estimates of abundance exceed
10,000,000 marine mammals and 200,000,000
seabirds.  Seabirds and marine mammals are
widely distributed throughout the PICES region.
The mean size of individuals ranges from 28 kg to
over 10,000 kg for marine mammals and from
20 g to 8,000 g for marine birds. Pooling available
estimates of the western PICES sub-regions
(approximately 49% of the total PICES region),
total prey consumption by marine mammals is
estimated to be 13 million tons during summer
(June-September, 122 days) per year. Estimates
for predation by seabirds are 1 million tons in sub-
region BSC, 0.5 million tons in sub-region ASK,
and 50 thousand tons in sub-region CAS. For the
estimates covering the entire PICES region, there
are still gaps of information to be filled (for details



Tablel  Biological Oceanography Committee members.

Chairmen

M. M. Mullin (1992-1995)
P. A. Wheeler (1996-1998)
T. Ikeda (1999-2001)

Members

Canada: Korea: China:

K. L. Denman (1992-2000) S. Y. Hong (1996-1998) Y. Q. Chen (1992-)
D. L. Mackas (1992-) J. U. Lee (1996-1997 R. Wang (1992-1998)
T. R. Parsons (1992-1997) S. K. Yi (1996-1997) B. L. Wu (1992-1995)
P. J. Harrison (1998-) J. H. Shim (1998-) M. Y. Zhu (1996-)

A. Pena (2001-)

S. Yoo (1998-)
W. S. Kim (1999-)

S. Son (1999-)

Russia:
B. N. Kotenev (1996-)
V. 1. Radchenko (1996-)

Japan:
T. Ikeda (1992-1995, 1997-)
T. Sugimoto (1993-2000)

Jones (1992-2000)

V. V. Sapozhnikov (1996-) A. Tsuda (1996-)

M. Kishi (2001-)

A. Wheeler (1992-)
D. Brodeur (2001-)
Dagg (2001-)

U.
L.
M. M. Mullin (1992-2000)
P.
R.
M.

see PICES Scientific Report No. 14 published in
2000). With recognition that information about
marine mammals and birds is important for the
research on ecosystem dynamics in the PICES
region, Working Group 11 was restructured and
reformed as Marine Birds and Mammals (MBM)
Advisory Panel since 1999 to fulfill its research
objective.

Working Group 14:  Effective sampling of
micronekton to estimate ecosystem carrying
capacity (Co-Chairmen: Richard D. Brodeur of
U.S.A. and Orio Yamamura of Japan). The major
objective of the Working Group is to obtain and
tabulate data on consumption and biomass of
micronekton in the PICES region, together with
improvement of its sampling gears.
“Micronekton” comprises adult euphausiids,
mesopelagic fish, mysids, pelagic shrimps and
cephalopods.

In addition to creating data inventories of
micronekton in the North Pacific, topics under
discussion are geographic zonation design (by
adapting the sub-region system used by Working
Group 11 mentioned above), reproduction, early
life history and demographic rates; prey-predator
relationships and rates (diet composition, food

consumption rates, predators and predation rates,
parasites and diseases); and sampling
considerations (net towing, acoustics, visual
design).

Review of BIO strategic plan

During its development, BIO set six goals for
coordinating biological oceanography within
PICES (Table 4). Here we state each goal and
progress towards its implementation. Overall,
BIO had great success in stimulating and
coordinating research in biological oceanography
within the PICES framework. Over the last
decade, the extent of this success is highlighted by
the international and interdisciplinary work
summarized above, that covers physical
oceanography and climate, upper and lower
trophic levels of the marine ecosystem, stimulation
of the long-term observational studies and
modeling efforts of the PICES-GLOBEC CCCC
Program, and expansion of coordinated
interdisciplinary harmful algal bloom studies into
the PICES region. Our recent efforts with the
marine mammals and birds, and micronekton, will
continue the facilitation of studies of ocean
impacts from the bottom of the food web to the top
in the North Pacific Ocean.




Table?2

BIO topic sessions at the PICES Annual Meetings.

Year

Sponsor

Title/Conveners

PICES 1I (1993)

BIO

Paleoecological studies in the subarctic Pacific. (Convener: M.
M. Mullin)

PICES 1II (1994)

BIO

Structure and ecosystem dynamics of the subarctic and transition
zone of the North Pacific. Is the east like the west? (Co-
Conveners: A. Taniguchi and R. D. Brodeur)

PICES IV (1995)

BIO

Factors affecting the balance between alternative food webs
structures in coastal and oceanic ecosystems. (Co-Conveners: R.
Wang and M. Omori)

PICES V (1996)

BIO

Regional and interannual variations in life histories of key species.
(Co-Conveners: D.L. Maskas and T. Ikeda)

PICES VI (1997)

BIO/FIS

BIO/MEQ

Mickonekton of the North Pacific: Distribution, biology and
trophic linkages. (Co-Conveners: R. D. B