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About
the
Journal

The journal drctic Research of the United
States is for people and organizations interested
in learning about U.S. Government-financed
Arctic research activities. It is published semi-
annually (spring and fall) by the National Science
Foundation on behalf of the Interagency Arctic
Research Policy Committee (IARPC) and the
Arctic Research Commission (ARC). Both the
Interagency Committee and the Commission were
authorized under the Arctic Research and Policy
Act (ARPA) of 1984 (PL 98-373) and established
by Executive Order 12501 (January 28, 1985).
Publication of the journal has been approved by
the Office of Management and Budget.

Arctic Research contains

* Reports on current and planned U.S. Govern-

ment-sponsored research in the Arctic;

» Reports of ARC and TARPC meetings; and

» Summaries of other current and planned

Arctic research, including that of the State of
Alaska, local governments, the private sector,
and other nations.

Aretic Research is aimed at national and inter-
national audiences of government officials, scien-
tists, engineers, educators, private and public
groups, and residents of the Arctic. The emphasis
is on summary and survey articles covering U.S.
Government-sponsored or -funded research rather
than on technical reports, and the articles are
intended to be comprehensible to a nontechnical
audience. Although the articles go through the
normal editorial process, manuscripts are not

refereed for scientific content or merit since the
journal is not intended as a means of reporting
scientific research. Articles are generally invited
and are reviewed by agency staffs and others as
appropriate.

As indicated in the U.S. Arctic Research Plan,
research is defined differently by different agencies.
It may include basic and applied research, moni-
toring efforts, and other information-gathering
activities. The definition of Arctic according to
the ARPA is “all United States and foreign terri-
tory north of the Arctic Circle and all United
States territory north and west of the boundary
formed by the Porcupine, Yukon, and Kuskokwim
Rivers; all contiguous seas, including the Arctic
Ocean and the Beaufort, Bering, and Chukchi
Seas; and the Aleutian chain.” Areas outside of
the boundary dre discussed in the journal when
considered relevant to the broader scope of Arctic
research.

Issues of the journal will report on Arctic
topics and activities. Included will be reports of
conferences and workshops, university-based
research and activities of state and local govern-
ments and public, private and resident organiza-
tions. Unsolicited nontechnical reports on
research and related activities are welcome.

Address correspondence to Editor, Arctic
Research, Arctic Research and Policy Staff,
Office of Polar Programs, National Science
Foundation, 4201 Wilson Boulevard, Arlington,
VA 22230.

Cover Dall ram at Denali National Park. (Copyright 2000 by Tony Reynolds; used by permission.)
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United States Arctic Research Plan
Biennial Revision: 2002-2006

Introduction

The United States Arctic Research Plan was
prepared by the Interagency Arctic Research
Policy Committee (IARPC). The Plan is a consen-
sus document that reflects the views of twelve
IARPC agencies. It responds to recommendations
of the U.S. Arctic Research Commission and to
recommendations of scientists who provided
advice to the IARPC agencies.

The Plan includes three special focus multi-
agency research programs agreed to by the
Federal agencies and includes multiagency

cross-cutting issues such as research support
and logistics, facilities, international activities,
and data and information. The Plan describes
high-priority research needs of the agencies but
does not include every possible Arctic research
idea that might be suggested. The Plan also
responds to environmental and strategic objec-
tives of U.S. Arctic policy.

The Plan is a living document. In accordance
with the Arctic Research and Policy Act, it is
revised every two years.



Executive Summary

Background

The United States has substantial economic,
scientific, strategic, and environmental interests in
the Arctic. As required by the Arctic Research and
Policy Act of 1984 (Public Law 98-373),* a com-
prehensive Arctic Research Plan is prepared by
the Interagency Arctic Research Policy Commit-
tee and submitted to the President, who transmits
it to Congress. Section 109(a) of the Act requires
a biennial revision to the Plan. This document
updates the Plan and elaborates on the require-
ments of Section 109(a).

United States research in the Arctic and this
biennial revision are governed by U.S. national
policy on the Arctic, research goals and objectives
agreed upon by the Interagency Committee, and
guidance provided by the Arctic Research Com-
mission.

It is in the national interest of the United States
to support scientific and engineering research to
implement its national policy objectives, includ-
ing:

* Protecting the Arctic environment and

conserving its living resources;

* Promoting environmentally sustainable
natural resource management and economic
development in the region;

* Strengthening institutions for cooperation
among the eight Arctic nations;

« Involving the indigenous people of the Arctic
in decisions that affect them;

« Enhancing scientific monitoring and research
on local, regional, and environmental issues
(including their assessment); and

» Meeting post-Cold-War national security and
defense needs.

The Arctic Research and Policy Act requires
cooperation among agencies of the U.S. Govern-
ment having missions and programs relevant to
the Arctic. It established the Interagency Arctic
Research Policy Committee to “promote Federal
interagency coordination of all Arctic research
activities” [Section 108(a)(9)]. The Interagency
Committee, chaired by the National Science Foun-

* Amended on November 16, 1990 (Public Law 101-
609); See Appendix E.

dation (NSF), continues to provide the mechanism
for developing and coordinating U.S. Arctic
research activities.

Revision to the Plan

This revision to the United States Arctic
Research Plan includes two major sections. The
first of these presents the Special Focus Inter-
agency Research Programs. For this biennial
revision of the Plan, agencies agreed that the fol-
lowing three programs are ready for immediate
attention as interagency focused efforts:

* Study of Environmental Arctic Change

(SEARCH)

» Bering Seca Research

* Arctic Health Research.

The second major section is the Agency Pro-
grams, which represent the objectives of Federal
agencies, focusing on the period covered by this
revision (2002-2006). They are presented in sev-
en major categories, and where common activities
exist they are presented as collective programs:

+ Arctic Ocean and Marginal Seas

» Atmosphere and Climate

» Land and Offshore Resources

 Land—Atmosphere—Water Interactions

* Engineering and Technology

» Social Sciences

* Health.

Since the passage of the Act, the Interagency
Committee, the Arctic Research Commission, and
the State of Alaska have addressed issues related to
logistics support for Arctic research. This revision
considers issues related to surface ships and ice plat-
forms; land-based and atmospheric facilities and
platforms; coordination; and data facilities.

Budgetary Consideration

Appendix C presents a summary of each agen-
¢y’s funding for the 2000-2002 period. The total
interagency Arctic budget estimate for FY 01 is
$240 million; for FY 02 it is $233 million. Pro-
gram descriptions may be assumed to reflect the
general direction of agency programs.



1. Introduction

1.1 National Needs, Goals, and Objectives

United States research in the Arctic and this
biennial revision are governed by U.S. national
policy on the Arctic (announced by the U.S.
Department of State), the Declaration on Estab-
lishment of the Arctic Council (announced by the
U.S. Department of State), research goals and
objectives agreed upon by the Interagency Com-
mittee, and guidance provided by the Arctic
Research Commission.

1.1.1 National Needs and Problems

The national interest of the United States
requires support of scientific and engineering
research to implement its national policy objec-
tives, including:

« Protecting the Arctic environment and con-

serving its biological resources;

+ Assuring that natural resource management
and economic development in the region are
environmentally sustainable;

» Strengthening institutions for cooperation
among the eight Arctic nations;

« Involving the Arctic’s indigenous people in
decisions that affect them,;

+ Enhancing scientific monitoring and research
on, and assessment of, local, regional, and
global environmental issues on Earth and in
near-Earth space; and

» Meceting post-Cold-War national security and
defense needs.

U.S. Arctic research uses the northern polar
region as a natural laboratory to study processes
that also occur at lower latitudes. Where appropri-
ate, this research should be coordinated with the
efforts of state and local governments and the pri-
vate sector. The research should be carried outin a
manner that benefits from and contributes to inter-
national cooperation. Arctic research policy is sub-
ject to periodic review and revision. The role of
the Arctic in meeting national needs and address-
ing key policy issues is further highlighted below.

1.1.2 Nonrenewable Resources

The U.S. imports approximately 50% of its
petroleum needs. About 17% of our domestic oil
production comes via the Trans-Alaska Pipeline

System from the Prudhoe Bay region in Arctic
Alaska. The Department of the Interior (USGS
and MMS) estimates that at least 36% of the
Nation’s future reserves (undiscovered resources)
of oil and natural gas liquids lie beneath northern
Alaskan and the adjacent offshore areas. The State
of Alaska reports that northern Alaska contains
known gas reserves of 30.9 trillion cubic feet (tcf),
which is about 18% of the Nation’s gas reserve;
currently plans are being discussed for a gas pipe-
line to transport this resource south. Additionally
the Department of the Interior reports that there
are approximately 160 tcf of undiscovered natural
gas in northern Alaska and offshore, which is
approximately 30% of the Nation’s undiscovered
natural gas. Gas hydrate resources of Arctic Alas-
ka have been estimated by the USGS to range
from 0 to 119,000 tcf (at 95 and 5% probabili-
ties), with a mean estimate of 32,894 tcf. The
USGS estimates that 98% of these resources occur
under Federal waters in the Beaufort Sea.

In addition to oil and gas, the Arctic has large
coal and peat resources. The U.S. Arctic has been
estimated to contain about as much coal as the
remainder of the U.S. However, U.S. Arctic coal
production will be limited until the energy needs
of Alaska grow substantially or the Pacific Rim
countries provide sufficient impetus for further
coal development.

Minerals are also important Arctic resources.
The Red Dog lead—zinc—silver mine, north of the
Arctic Circle, is one of the largest zinc-producing
mines in the world, producing 60% of the U.S.
zinc output. The Arctic shelves also contain min-
eral deposits. At least one offshore tin mine has
been brought into production in Russia. Dredging
for sand and gravel on the Arctic Ocean shelves
supports hydrocarbon development and other
large coastal and offshore construction projects.

1.1.3 Renewable Resources

Arctic and Bering Sea waters support some of
the most productive fisheries in the world. The
Bering Sea supplies nearly 5% of the world’s fish-
ery products. An estimated 4 million metric tons
of 43 commercial species are caught every year by



fishing fleets from the United States, Russia,
Japan, and other nations. Since the passage of the
Magnuson Fishery Conservation and Management
Act in 1976, American groundfish operations in
Alaska have developed into an industry with an
annual product value estimated at $2.2 billion.
Dutch Harbor—Unalaska, Alaska, is the leading
U.S. port in the quantity of commercial fish land-
ings. Alaska leads all states in both total volume
and total value of fish landings.

Dramatic and unexplained fluctuations have
occurred in the catch of groundfish and shellfish and
the stocks of marine mammals. There is considerable
concern that the walleye pollock population will
“crash” as others have in the past. Managing for sus-
tainable yields requires further research. A number
of other important fish and non-fish species are
declining in North Pacific and Bering Sea coastal
systems as well. For example, Pacific salmon runs
have been at all-time lows in several major west-
ern Alaska watersheds over the past few years. Sea
otters in the western Aleutians have declined dramat-
ically. There are concerns that walruses may be
experiencing population changes because of shifts in
ice distribution. Populations of terrestrial and marine
birds exhibiting significant declines include loons;
sea ducks such as the threatened Steller’s and specta-
cled eiders, and at-risk species such as black scoter,
long-tailed duck, and common eider; seabirds such
as red-legged kittiwakes and common murres; and
several shorebirds including bristle-thighed curlews
and buff-breasted sandpipers. Importantly, for most
of these species there is little known about their life
history, population dynamics, and habitat require-
ments, thus complicating the identification of factors
that may be limiting their recovery to former levels
of abundance. Additionally, Alaska Natives living in
many coastal villages near the North Pacific and
Bering Sea depend on these species for subsistence.
Changes in their distribution and abundance would
be devastating to the villages.

The impact on the coastal economy of Alaska
and other northwestern U.S. states is magnified by
substantial capitalization in vessels, port facilities,
and processing plants and related income to a
broad sector of the economy. A sustainable, pre-
dictable fishery stock is fundamental to the viabil-
ity of this sector of the U.S. economy. Research
on Arctic marine ecosystems is essential for
understanding and managing their resources.

1.1.4 Global Change

High latitudes may experience the earliest
onset of global warming if a “greenhouse effect”

occurs on Earth. Global climate models suggest
that the amount of warming may be significantly
greater in northern high-latitude regions than in
lower latitudes, but the models do not agree on
the amount of warming to be expected at high
latitudes.

Furthermore, there is growing evidence that the
polar regions play a key role in the physical pro-
cesses responsible for global climate fluctuations
and in some circumstances may be a prime agent
of such fluctuations. For example, North Atlantic
deep water formation may be affected by a deli-
cate balancing in the amount of fresh water that is
exported from the Arctic Basin and that flows
from the East Greenland Current into the region of
deep vertical convection in the North Atlantic.
Heat flux through the variable ice cover of the
Arctic Ocean may have a profound effect on the
surface heat budget and the global climate.

Arctic biological processes can also affect glo-
bal processes and result in positive feedback on
CO, increase and warming. It remains unclear
whether Arctic ecosystems are functioning as
sources or sinks for excess CO,. For example, a
shift in vegetation from tundra to trees could have
significant effects on regional climate.

High-latitude warming may disturb the equilib-
rium of Arctic ice masses and hence global sea
levels. Such events are preserved in the geologic
record, and polar regions are a natural repository
of information about past climatic fluctuations.

The Arctic ozone layer has exhibited significant
changes—concentrations are decreasing. These are
expected to deepen over the next decade, as atmo-
spheric chlorine and bromine reach high levels
because of previous releases. Their causes and
implications will continue to be a subject of
research. Additional data may shed light on the
causes and effects of both catastrophic and evolu-
tionary global change. Arctic research provides a
critical component of virtually every science element
in the U.S. Global Change Research Program.

1.1.5 Social and
Environmental Issues

Arctic populations live in close contact with their
environment and are highly dependent on marine
and terrestrial ecosystems. Contaminants pose a
potential threat to the health of Arctic residents who
rely on subsistence foods (fish, marine mammals,
moose, and caribou). Heavy metals, organochlo-
rines, soot, and other pollutants accumulate at high
latitudes because of atmospheric and oceanic circu-
lation patterns and subsequent concentration in food



chains and organic soils. The effects of environmen-
tal change, including climate changes, can have
enormous impacts on Arctic ecosystems, on the
response of wildlife to ecosystem productivity, and
on the human use of wildlife.

Other issues of importance to Arctic residents
include social and economic changes such as those
resulting from large-scale development and popula-
tion influx. Many of these changes are positive, such
as increased educational and employment opportuni-
ties, better medical care, and the use of modern
technology. Other changes, such as social and cul-
tural disruption, have been a cause for concern.
Research addressing the phenomena of rapid social
change, human—environment interactions, and the
viability of small subsistence-dependent communi-
ties sheds light on the complex relationships between
environment, economy, culture, and society.

Recent studies have found that concentrations
of carbon dioxide and methane in Arctic haze lay-
ers are elevated with respect to background levels.
Concentrations of these two gases are correlated,
suggesting a common anthropogenic source (fossil
fuel combustion) and subsequent transport into
the Arctic. Soot carbon has been traced for thou-
sands of kilometers across the Arctic, where it
remains suspended in a dry, stable atmosphere.
Ozone depletion in the polar vortex has enormous
health implications to the people of the entire
Northern Hemisphere.

High latitudes are also particularly susceptible
to adverse conditions in the space environment,
which can disrupt satellite operations, communi-
cations, navigation, and electric power distribu-
tion grids, leading to a variety of socioeconomic
losses. These space environment effects, generally
referred to as “space weather,” are often associat-
ed with transient phenomena on the sun that may
cause geomagnetic storms on Earth, which bring
bright, dynamic auroral displays and intense iono-
spheric currents. These induced currents can cause
massive network failures in electric power distribu-
tion systems and permanent damage to multi-mil-
lion-dollar equipment in power generation plants.

1.1.6 U.S. Goals and Objectives
for Arctic Research

Arctic research is aimed at resolving scientific,
sociological, and technological problems concern-
ing the physical and biological components of the
Arctic and the interactive processes that govern
the behavior of these components. The objectives
include addressing the needs for increased knowl-
edge on such issues as using the Arctic as a natu-

ral laboratory, national defense, natural hazards,
global climate and weather, energy and minerals,
transportation, communications, renewable
resources, contaminants, environmental protec-
tion, health, adaptation, and Native cultures.

More specific long-term goals have been
developed by the Interagency Committee to fur-
ther guide the revision of the Plan:

+ Pursue integrated, interagency, and interna-
tional research and risk assessment programs
for the purpose of managing Arctic risks;

» Continue to develop and maintain U.S. scien-
tific and operational capabilities to perform
research in the Arctic;

* Promote the improvement of environmental
protection and mitigation technology and the
enhancement of ecologically compatible
resource use technology;

+ Develop an understanding of the role of the
Arctic in predicting global environmental
changes and perform research to reveal early
signals of global changes in the Arctic and
determine their significance;

* Develop the scientific basis for responding to
social changes and the health needs of Arctic
people;

+ Contribute to the understanding of the rela-
tionship between Arctic residents and their
use of wildlife and how this relationship
might be affected by global climate change
and transported contaminants;

» Engage Arctic residents, scientists, and engi-
neers in planning and conducting the research
and report results to these individuals and the
public;

+ Continue to document and understand the
role of permafrost in environmental activities;

« Advance knowledge of the Arctic geologic
framework and paleoenvironments;

+ Contribute to the understanding of upper
atmospheric and outer space phenomena, par-
ticularly their effects on space-borne and
ground-based technological systems;

*» Develop and maintain databases and data and
information networks; and

* Develop and maintain a strong technological
base to support national security needs in the
Arctic.

In addition to these goals and objectives for
Arctic research developed by the Interagency
Committee, the Arctic Research Commission has
provided further guidance for U.S. Arctic
research. This revision of the Plan is consistent
with these Commission recommendations.



1.2 Budgetary Considerations

The Act does not provide separate additional
funding for Arctic research. Agencies are expect-
ed to request and justify funds for these activities
as part of the budget process. Table 1 presents a
summary of each agency’s Arctic research funding
for the 2000-2002 period. The total interagency
Arctic expenditure for FY 00 was $242 million;
for FY 01 it is $240 million. Appendix C contains
a detailed listing of existing Federal agency pro-
grams and budgets, divided by major subelements.
The Plan contains the detailed agency budgets
through FY 02. Program descriptions may be
assumed to reflect the general direction of agency
programs.

Table 1. Arctic research budgets by individual
Federal agencies (in millions of dollars).

FY 00 FY 01 FY 02
Agency Actual Actual Proposed
DOD 23.3 20.4 8.6
DOI 43.9 43.9 43.0
NSF 67.5 74.2 76.6
NASA 46.6 34.2 38.5
NOAA 29.7 30.7 32.8
DOE 4.7 4.2 4.0
DHHS 13.8 15.9 16.0
Sl 0.5 0.5 0.5
DOT 6.3 10.9 7.9
EPA 0.7 0.7 0.4
DA 4.8 4.9 4.9
DOS 0.0 0.0 0.0
Total 241.9 240.4 233.3

1.3 Interagency Coordination

The Arctic Research and Policy Act (Appendix
E) requires cooperation among agencies of the
U.S. Government having missions and programs
relevant to the Arctic. It established the Interagen-
cy Arctic Research Policy Committee to “promote
Federal interagency coordination of all Arctic
research activities” [Section 108(a)(9)]. The Inter-
agency Committee, chaired by the National Sci-
ence Foundation (NSF), continues to provide the
mechanism for guiding and coordinating U.S.
Arctic research activities. The biennial revisions
of the U.S. Arctic Research Plan serve as guid-
ance for planning by individual agencies and for
coordinating and implementing mutually benefi-
cial national and international research programs.

Since the last revision of the Plan, significant
progress in implementing recommendations has
been made, and accomplishments continue to be
identified. These include activities of the Inter-
agency Committee and the Arctic Research Com-
mission. Additional information can be found in
the journal Arctic Research of the United States
(Volume 14, Spring/Summer 2000), published by
NSF on behalf of the IARPC.

The Act mandates coordination of U.S. Arctic
research programs. Mechanisms for appropriate
levels of coordination continue to evolve. Three
levels of coordination and cooperation are needed
for an effective national Arctic research program:

« Individual agency, and independent investiga-

tor, research programs;

» National coordination; and

« International collaboration.

Each element requires a mechanism for internal
program development, review, and implementa-
tion, and each needs to be linked to the other two.
The national effort is performed through the Inter-
agency Committee. A staff oversight group of the
Interagency Committee provides coordination,
assisted by working groups representing specific
agency programs. These are reported in the subse-
quent sections.

Many interagency agreements and planning and
coordinating activities already exist. Coordination
with global change programs is an integral part of
Arctic program development and implementation.
Improved communication at all levels through
existing newsletters and journals is encouraged.

1.4 International Cooperation

On October 13, 2000, in Barrow, Alaska, the
U.S. Department of State completed its two-year
chairmanship of the Arctic Council and handed

the gavel to Finland for the 20002002 period.
The Arctic Council is an eight-nation forum estab-
lished in 1996 to bring together in a senior policy



setting the environmental conservation elements
of the Arctic Environmental Protection Strategy
(AEPS) and issues of common concern related to
sustainable development. In addition to the eight
nations (Canada, Denmark/Greenland, Finland,
Iceland, Norway, the Russian Federation, Sweden,
and the United States), many of the Arctic’s indig-
enous communities are recognized as Permanent
Participants of the Arctic Council.

The Arctic Council is entirely consistent with
the objectives articulated in the U.S. Arctic Policy
Statement of 1994 and offers an important vehicle
for pursuing them. These policy objectives
include:

« Protecting the Arctic environment and con-

serving its living resources;

* Promoting environmentally sustainable natu-
ral resource management and economic
development in the region;

« Strengthening institutions for cooperation
among the eight Arctic nations;

» Involving the indigenous people of the Arctic
in decisions that affect them;

+ Enhancing scientific monitoring and research
on local, regional, and environmental issues;
and

* Meeting post-Cold-War national security and
defense needs.

The United States has been an Arctic nation,
with important interests in the region, since the
purchase of Alaska in 1867. National security,
economic development, human rights, and scien-
tific research remain cornerstones of these inter-
ests. At the same time the pace of change in the
region—yparticularly political and technological
developments—continues to accelerate, creating
interdependent challenges and opportunities for
policy makers in Arctic regions.

U.S. Arctic policy reflects these elements of
continuity and change. It emphasizes environmen-
tal protection, sustainable development, and the
role of indigenous people, while recognizing U.S.
national security requirements in a post-Cold-War
world. It also is concerned with the need for sci-
entific research—particularly in understanding the
role of the Arctic in global environmental pro-
cesses—and the importance of international coop-
eration in achieving Arctic objectives.

The Department of State works in close consul-
tation with the State of Alaska, Alaskan indige-
nous people, and Alaskan nongovernmental orga-
nizations (NGOs) on Arctic issues and policy
making. Federal agencies continue to give careful
consideration to local Alaskan needs, including

the unique health, social, cultural, and environ-
mental concerns of indigenous communities, when
developing Arctic programs and policies. Alas-
kans will continue to be included as appropriate
on U.S. delegations to Arctic-related meetings.
U.S. Inuit, Aleut, Gwich’in, and Athabaskan pop-
ulations are now represented as Permanent Partic-
ipants on the Arctic Council, the Gwich’in and
Athabaskans as a result of a ministerial decision in
October 2000 in Barrow, Alaska. The Council
now has six Permanent Participants.

The Arctic Council today includes five observ-
er nations (Germany, France, the Netherlands,
Poland, and the United Kingdom) with Arctic
research and environmental interests. These
nations have contributed to the environmental
working groups of the Council and, at the Barrow
Ministerial meeting, stated that they were inter-
ested in taking a more active role in the Council’s
work. The U.S. welcomed the offer by the United
Kingdom to host a preparatory meeting of the
Senior Arctic Officials in London prior to the
Ministerial meeting in Barrow.

1.4.1 Environmental Protection

The U.S. expanded its international coopera-
tion during the U.S. Chairmanship beyond the
scope of the Arctic Environmental Protection
Strategy (AEPS).

The United States is fully engaged in the Arctic
Council Action Plan to Eliminate Pollution in the
Arctic (ACAP). The Environmental Protection
Agency has provided leadership for an ACAP
program to prevent production and remediate the
effects of persistent organic pollutants in the Rus-
sian Federation. The U.S. also supports imple-
mentation of other projects to eliminate dioxins
and obsolete pesticides from the Arctic.

The National Science Foundation and NOAA
provide crucial leadership for the Arctic Cli-
mate Impact Assessment (ACIA), in coopera-
tion with the Arctic Monitoring and Assessment
Program, and for the Conservation of Arctic
Flora and Fauna (CAFF) Working Group, in
cooperation with the International Arctic
Science Committee. The U.S. is financing a
substantial portion of the ACIA Secretariat,
among other contributions.

U.S. engagement in prevention and remedia-
tion activities follows a decade of international
cooperation to monitor and assess the levels of
environmental pollution. Beginning in 1989 the
eight Arctic countries first discussed the need for
international cooperation to address environmen-



tal protection. In 1991 in Rovaniemi, Finland,
they reached agreement on AEPS. In 1996 in
Ottawa, Canada, the Arctic Council was created to
address issues of sustainable development in the
Arctic and to oversee and coordinate the programs
established under AEPS. This nonbinding effort
has primarily operated through four working
groups to address environmental issues relevant to
the circumpolar area:

* Arctic Monitoring and Assessment Program
(AMAP): Assesses the health and ecological
risks associated with contamination from
radioactive waste, heavy metals, persistent
organics, and other contaminants. Recom-
mends targeted monitoring to collect current
data from areas of special concern.

* Conservation of Arctic Flora and Fauna
(CAFF): Studies the adequacy of habitat pro-
tection and ways to strengthen wildlife pro-
tection through an international network of
protected areas and more effective conserva-
tion practices.

* Protection of the Arctic Marine Environment
(PAME): Creates international guidelines for
offshore oil and gas development in the
Arctic, organizes and promotes the drafting
of a regional action plan for control of land-
based sources of Arctic marine pollution,
and collects information on Arctic shipping
activities.

» Emergency Preparedness and Response
(EPPR): Provides a forum in which partici-
pants work to better prevent, prepare for, and
respond to the threat of environmental emer-
gencies in the Arctic. Activities include risk
assessment and recommendation of response
measures.

Arctic Council Ministers approved the recom-
mendation that the Senior Arctic Officials, under
the leadership of the Finnish Chair, review the
allocation of environmental work among the four
working groups (AMAP, CAFF, PAME, EPPR) to
remedy gaps and duplication, if any.

1.4.2 Sustainable Development

The Arctic Council Declaration describes sus-
tainable development as “including economic and
social development, improved health conditions,
and cultural well-being.” Further, the concept of
sustainability is reflected in the description of
environmental protection, which refers to “the
health of the Arctic ecosystems, maintenance of
biodiversity in the Arctic region, and conservation
and sustainable use of natural resources.”

At the Barrow Ministerial meeting in October
2000, Ministers endorsed and adopted the Arctic
Council’s Sustainable Development Framework
Document, which forms a basis for continuing
cooperation on sustainable development in the
Arctic. The Framework Document, consistent
with the Terms of Reference and Igaluit Minis-
terial Declaration, identifies sustainable develop-
ment projects, cooperative activities, and prioti-
ties for the Council’s consideration.

In 1998, Ministers approved several sustain-
able development project proposals. In Barrow,
Ministers welcomed the work accomplished dur-
ing the 1998-2000 period. The U.S., with leader-
ship from the Institute for Circumpolar Health
Studies at the University of Alaska Anchorage,
completed its report on Arctic telemedicine. Alas-
ka’s Department of Community and Economic
Development has a network of private, nongov-
ernmental, and Arctic Council member states in
support of its Arctic ecological and cultural tour-
ism project. Ministers at Barrow approved a
project of the Arctic Investigations Program of the
U.S. Centers for Disease Control and Prevention
(CDC) to establish an integrated infectious
disease—International Circumpolar Surveillance
(ICS) system through a network of hospital and
public health laboratory authorities in the Arctic.

1.4.3 Scientific Research

The United States continues to plan to further
international scientific research through develop-
ment of an increasingly integrated national Arctic
research program. During the U.S. Chairmanship
the U.S. took steps to support international coop-
eration in monitoring, assessment, and environ-
mental research, as well as social science research
related to sustainable development. U.S. support
for the Arctic Climate Impact Assessment is a key
example of promoting international collaborative
research in the environmental sciences and in
social science related to sustainable development.

The Interagency Arctic Research Policy Com-
mittee, with advice from the U.S. Arctic Research
Commission, coordinates Federal efforts to pro-
duce an integrated national program of research,
monitoring, assessments, and priority setting that
most effectively uses available resources. U.S.
Arctic policy recognizes that cooperation among
Arctic nations, including coordination of priori-
ties, can make essential contributions to research
in the region. To this end the Framework Docu-
ment on Sustainable Development, support for the
Survey of Living Conditions in the Arctic, and the
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AMARP assessment on the state of the Arctic envi-
ronment provide an important tool in influencing
future research priorities.

1.4.4 Conservation

The United States works both nationally and
internationally to improve efforts to conserve Arc-
tic wildlife and protect habitat, with particular
attention to polar bears, walruses, seals, caribou,
migratory birds, and boreal forests.

Consistent with the Agreement on Conserva-
tion of Polar Bears, the U.S. and Russia signed an
agreement in October 2000 to improve conserva-
tion of their shared population of polar bears. Sev-
eral official studies are ongoing, including a study
of pollution contamination of seals around two
villages in northern Alaska. The U.S. also works
to better implement existing measures, such as the
1916 Migratory Bird Treaty and other conserva-
tion measures, to mitigate seabird bycatch by
commercial fishing vessels.

1.4.5 Cooperation with the Russian
Federation and Other Nations

Via the Department of State’s Environmental
Diplomacy Funds (EDF), the U.S. is supporting
international projects that assess pollutants in
Russia for the benefit of the entire Arctic region.
In FY 00, EDF contributed to an Arctic-Council-
led project on Persistent Toxic Substances, Food
Security, and Indigenous Peoples of the Russian
Far North. The project will establish an air quality
monitoring station in the Russian Far East to
gather high-quality, comprehensive data on pollut-
ants in the Russian Arctic. This project will also
assess local pollution sources that affect the tradi-
tional foods of Natives in Russia. In FY 01, EDF
will help support the Swedish-led Evaluation of
Dioxins and Furans in the Russian Federation.

The findings of these projects will have relevance
not only in Russia, but in the entire Arctic region.
U.S. financial and resource contributions to these
projects ensure a strong international presence on
issues that ultimately affect our own Arctic inhab-
itants and ecosystems.

In addition to the broad-based cooperation
within the Arctic Council, which, among other
things, aids in establishing a more effective envi-
ronmental regulatory infrastructure in Russia,
other multilateral forums now exist to address
specialized concerns. Through NATO, we engage
the Russian military on defense-related environ-
mental issues. On a trilateral basis, with Norway,
we focus on the cleanup and consolidation of
waste generated from military activities through
the Arctic Military Environmental Cooperation
(AMEC) process. Our support of the International
Atomic Energy Agency’s International Arctic Seas
Assessment Program also has provided a conduit
for monitoring and assessing radioactive contami-
nants in the seas adjacent to the Russian Arctic.

The former Soviet Union (FSU) had an exten-
sive nuclear power program with numerous sup-
porting waste management activities that involved
ad hoc storage of low- and intermediate-level
radioactive wastes by shallow land burial and in
surface water impoundments, as well as storage of
high-level wastes. The Mayak, Tomsk, and Kras-
noyarsk sites all lie within a few kilometers of the
edge of the West Siberian Plain and Basin. Past
and continuing disposal of wastes at Mayak,
Tomsk, and Krasnoyarsk to surface waters (for
example, the Ob and Yenisey Rivers) and surface
water impoundments, and by deep well injections
at Tomsk and Krasnoyarsk, have the potential for
contaminating the Arctic Ocean, the western Sibe-
rian oil and gas fields, and the regional water
resources.

1.5 Revision to the Plan

This sixth revision to the United States Arctic
Research Plan includes two major sections:

» Section 2. Special Focus Interagency

Research Programs; and

* Section 3. Agency Programs.

The Agency Programs represent the objectives
of Federal agencies, focusing on the period cov-
ered by this revision (2002-2006). They are pre-
sented in eight major categories, and where
common activities exist they are presented as

collective activities. Individual agency mission
accomplishments were discussed in the Spring/
Summer 2000 issue of Arctic Research of the
United States and will be updated in 2002.
Several overall themes transcend essentially all
integrated and research mission components.

Section 4 presents current activities related to
field operational support necessary for implemen-
tation of the proposed interagency programs and
research mission activities.



2. Special Focus
Interagency Research Programs

In 1990 the Interagency Committee agreed on
the following policy:

The IARPC agrees that a more comprehensive
approach to funding of research and baseline pro-
grams is required to ensure a long-term, viable
research and development presence in the Arctic.
This presence will ensure support of the national
needs, which include renewable and nonrenewable
resource development, environmental protection,
and partnerships with the private sector and residents
of the Arctic. It will complement other national and
international scientific programs, such as Global
Change. To this end the IARPC agencies agree to
develop, starting in 1992, an integrated interagency
program sufficient for meeting national needs.

Subsequently the IARPC agencies examined Arc-
tic research from an interagency perspective. For
this biennial revision of the plan, agencies agreed
that the following three programs are ready for
immediate attention as multiagency focused
efforts:

» Study of Environmental Arctic Change
(SEARCH)

* Bering Sea Research

» Arctic Health Research.

These coordinated, multiagency programs are
being designed to:

» Focus research activities in concert with
national policy;

* Build on individual agency efforts in recon-
naissance, monitoring, process studies, and
modeling;

» Facilitate research and logistics coordination
through regionally focused programs;

» Take maximum advantage of remote sensing

and new technologies;

» Strengthen interagency data and information
management;

+ Draw on the strengths of the academic, indus-
trial, and government research communities
in planning and implementing programs;

+ Support and enhance programs to acquire
long-term measurements of key parameters
and environments; and

+ Enhance international research collaboration.

The U.S. has a substantial economic, strategic,

and environmental stake in the Arctic. Domestic
energy reserves and the explosive growth in Ber-
ing Sea fisheries harvests are two examples of our
dependence on Arctic resources. Sound manage-
ment decisions for sustainable development of
Arctic resources hinge on enhanced understanding
of the environment, leading to better forecasts. In
addition, there is a strong international commit-
ment to collaborate.

Benefits to the Nation from Arctic research

include improvements in:

» Knowledge of fishery resources and control-
ling dynamics;

« Models and data for assessing past climates
and global change and their effects;

« International cooperation in a strategic
region;

« Forecasts of weather, ice, and ocean condi-
tions;

* Protection of the Arctic environment;

» Understanding of the causes, effects, and lim-
its of air and water pollution; and

» Protection and understanding of cultures and
cultural resources.

2.1 The Study of Environmental Arctic Change (SEARCH)

The Arctic Ocean and the surrounding lands
and seas are seemingly remote areas for most of
us, yet ongoing changes in this area may have
profound impacts not only on the people and
economies of the region, but also on residents

throughout the Northern Hemisphere and beyond.
Native subsistence hunters and others with a keen
sense of observation have noted substantive
changes in the physical environment and in the
behavior of wildlife.

11
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“Last spring we only got six walrus because of the
weather and ice moving out too quick. I talked to
elders about the weather. A long time ago it used to
be real nice for weeks and even sometimes for
months. Now we only have a day or two of good
weather. And a lot of times it is real windy now. They
don’t know what is causing that either. And the hunt-
ers that I talked with about the ice conditions say it
is getting a lot thinner. It is going out too quick.
Maybe it is because of the weather. Maybe it is
because of that global warming.”

Herman Toolie, Savoonga, St Lawrence Island, 2000

“My people hunted beaver in Hay Slough for over
100 years, and in one house we had 32 beaver.
Because a lot of our lakes don't freeze as deep. We
are having more warmer winters than usual on a
consecutive basis. What's happening is that because
the winters are warmer, the lakes don't freeze all the
way down and more of the young beavers survive.
We now have more beaver than ever in this slough
because of warm winters that give the beaver the
most favorable conditions to survive. The beaver
then proceed to dam and tier off the sloughs so resi-
dent species of fish, which again provides the Indi-
ans with a very viable source of food, cannot reach
their spawning ground to provide the next genera-
tion of food for the Indians of the Interior.”

Paul Erhart, Fairbanks, 2000

Scientists are documenting concurrent large-
scale changes in the Arctic,* of which these local
fluctuations are a reflection. There is strong obser-
vational evidence consistent with thinning of the
Arctic ice pack and a decrease over time of the
maximum extent of the sea ice cover. The state of
the Arctic atmosphere has changed over the past
few decades, changing temperature and wind pat-
terns and causing ice to circulate differently in the
Arctic Ocean. Warm Atlantic water has intruded
unusually far into the eastern Arctic Ocean. Sur-
face air temperatures throughout much of the Arc-
tic are increasing, especially in winter and spring,
leading to thawing of permafrost and earlier ice
melting. Stratospheric ozone over the Arctic is
diminishing in the spring, leading to elevated UV
levels reaching the surface.

These physical changes are leading to changes
in the biosphere. Canadian studies demonstrated
that polar bears are malnourished because of a

* The areal extent of the “Arctic” for the Study of Envi-
ronmental Arctic Change includes not only all areas
north of the Arctic Circle, but also the entire Bering
Sea, the Labrador Sea, the far North Atlantic, the entire
permafrost zone on land, and watersheds that drain into
the Arctic Ocean.

shortened hunting season caused by earlier retreat
of shorefast ice. Walrus are finding fewer sturdy
ice floes to serve as haulout areas. The tree line is
advancing, consistent with the milder winters.
Beavers are flourishing in the milder climate,
causing increased damming of rivers that reduces
the return of salmon to spawning grounds.

In the Arctic itself, these physical and biologi-
cal changes have social and cultural consequences
for the Native communities and lifestyle and eco-
nomic consequences for all Arctic residents.
Because these changes in the Arctic environment
make it difficult to predict what tomorrow may
bring, the entire complex of changes has been
given the name “Onami,” which is derived from
the Yup’ik word for “tomorrow.”

The dramatic environmental changes seen in
the Arctic over the past few decades will almost
certainly create daunting environmental and
socioeconomic challenges (or, perhaps, new eco-
nomic or social opportunities?) in the Arctic
region itself, but can these changes affect a much
larger portion of the earth? For the most part, the
observed changes relate to the physical environ-
ment and are thought to be linked to climate vari-
ability or change. Whether the processes at work
are entirely natural or are being caused or
strengthened by human activities, impacts to a
much larger area can occur in at least two major
ways: via the atmosphere and via the oceans.

Evidence is mounting that the state of the Arc-
tic atmosphere, as characterized by the Arctic
Oscillation index,! strongly influences seasonal
weather patterns over the U.S. The Arctic Oscilla-
tion was only recently described, and our under-
standing of its influence on weather and climate is
at an early stage. In a preliminary finding the
National Weather Service has stated that for the
eastern third of the U.S., “the AO is the single
most important factor in wintertime seasonal tem-
perature variability.” They also stated that at this
time it is the most difficult factor to forecast sea-
sonally with skill.

While connections through the atmosphere can
influence weather and climate outside the Arctic
on seasonal and interannual scales, connections
through the oceans operate over time scales of up

T The Arctic Oscillation index is defined as the first
empirical orthogonal function of the Northern Hemi-
sphere winter sea level pressure field. The AO can be
thought of as the difference between the weighted
average of sea level pressure over the entire midlatitude
belt centered near 45°N and the weighted average of sea
level over the entire Arctic basin. The AO has been in a
strong positive state for the past decade.



to several decades. The global thermohaline circu-
lation (THC), in concert with the Gulf Stream,
carries a significant amount of heat north and east
across the North Atlantic to northern Europe and
Scandinavia. Processes in the North Atlantic and
Arctic strongly influence the rate at which the
THC transports water. It is theoretically possible
that increases in the flux of fresh water from the
Aurctic can decrease the rate of the THC and cause
a significant cooling effect in Northern Europe
and Scandinavia and perhaps even trigger an
increase in glaciation over much of the Northern
Hemisphere. There is evidence that such changes
have occurred in the past, perhaps even over short
time scales of about 10 years. The National Acad-
emy of Sciences has begun a study of “abrupt
climate change” that will consider the scientific
evidence regarding the causes and probabilities of
such events.

The U.S. agencies that conduct or sponsor sci-
entific activities in the Arctic have agreed that
greater attention must be given to Arctic environ-
mental processes and their potential impacts on
the biosphere, including human social and eco-
nomic well being. Many of these agencies have
joined together to support the Study of Environ-
mental Arctic Change (SEARCH). The SEARCH
program will consist of research, monitoring, and
analysis activities to track and quantify environ-
mental changes in the Arctic, distinguish causative
factors, assess environmental and socioeconomic
impacts, provide an analysis of the changes that
may be expected in the future, and provide out-
reach to policy makers and the public.

2.1.1 Evidence for Climate
Variability and Change in the Arctic

The earth’s climate is not constant. There are cli-
mate cycles that vary over seasonal to centennial
scales, and sudden climate changes can be induced
by rare events (such as meteor impacts or volcan-
ism). Now there is a new worry—that human activi-
ties may cause climate change. The primary cause of
this worry is the undeniable build-up of carbon diox-
ide in the atmosphere as a result of a century of
accelerating combustion of fossil fuels. Most worti-
some is the recognition that the use of fossil fuels
will continue to increase for decades to come, result-
ing in concentrations of carbon dioxide in the atmo-
sphere that may exceed the pre-industrial level by
four times or more. Already, there is solid evidence
of significant increase of surface temperatures on a
global basis and of increased storage of heat in the
global oceans.

In the Arctic the increase in surface tempera-
ture has been quite dramatic over the past 30
years, leading to changes in a number of environ-
mental parameters sensitive to temperature. The
temperature changes seen in the Arctic are consis-
tent with the output of global climate models
forced with increasing concentrations of atmo-
spheric carbon dioxide. Many studies have been
reported over the past decade that argue that the
Arctic may be a sensitive indicator of global
change. Models show that under a representative
global warming scenario, temperature increases
will be amplified in the Arctic, and the upper Arc-
tic Ocean salinity will decrease because of
enhanced precipitation at high latitudes. Archaeo-
logical studies have shown that human cultures
have been drastically affected by such terrestrial
and ocean-based changes. For example, studies
have demonstrated a dramatic expansion of
Vikings across the North Atlantic and their settle-
ment of Iceland and Greenland during a warm
climatic period, followed by their subsequent
extinction from Greenland during the early part of
the Little Ice Age. Similar human impacts have
been documented in the archaeological records for
virtually every area of the circumpolar region and
are especially well known in Labrador and the
eastern North American Arctic.

Recent Changes

Even though science cannot at present provide
irrefutable arguments regarding the cause(s) of the
recent observed global and Arctic warming, stud-
ies have proven that these changes are unprece-
dented over at least the last 400 years, although
the Arctic has experienced more significant
changes during the past 8000 years. The rapid
changes that have occurred in the last decades
provide the motivation for SEARCH, and it is
useful to review a few of these key findings.

In the ocean the warming influence of Atlantic
water appears to have started in the late 1980s and
has persisted through the 1990s. Data collected
during several cruises in 1993—-1995 indicate that
the boundary between the eastern and western
halocline types has shifted from over the Lomono-
sov Ridge to roughly parallel to the Alpha and
Mendeleyev Ridges. In terms of longitudinal
coverage, this means that the area occupied by the
eastern, Atlantic water types is nearly 20% greater
than previously observed. This distribution has
persisted well into 1999, although the Atlantic
water temperature appears to have ceased to
increase in 1998.

13
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The observed shift in ocean frontal positions is
associated with changes in ice drift and atmo-
spheric pressure patterns. The ice drift and pres-
sure fields for the 1990s are shifted counterclock-
wise 40°—60° from the 1979-1992 pattern, just as
the upper ocean circulation pattern derived from
the hydrographic data is shifted relative to clima-
tology. This change is consistent with the findings
that the annual mean sea level atmospheric pres-
sure over the central Arctic basin is decreasing
and has been below the 1970-1995 mean in every
year since 1988. This change in atmospheric pres-
sure is part of the recent large change in atmo-
spheric circulation of the Northern Hemisphere as
captured by the AO index.

There have been changes in terrestrial variables
as well. Increased air temperature has been attended
by reductions in spring snow cover since the mid-
1980s. Arctic glaciers have exhibited negative mass
balances, paralleling a global tendency. Other studies
point to increased plant growth, northward advances
of the tree line, increased fire frequency, and thawing
and warming of permafrost.

Long-Term Trends

There is evidence for multi-decadal and longer
trends in several key Arctic variables. There has
been pronounced warming over northern Eurasian
and North American land areas since the early
1970s, particularly during winter and spring, partly
compensated for by cooling over northeastern North
America. Temperatures have also increased over the
Arctic Ocean in spring and summer. These changes
are in general agreement with those depicted in
model anthropogenic change experiments. Recon-
structions based on proxy sources indicate that late-
20th-century Arctic temperatures are the highest in
at least the past 400 years. Statistical analysis of this
time series against records of known forcing mecha-
nisms suggests that the recent warming has an
anthropogenic component. Available observations
point to long-term and recently augmented reduc-
tions in sea ice cover.

These physical changes coincide with a shift in
the Arctic budget for biogenic carbon. Recent data
suggest that past carbon accumulation in Arctic
tundra has changed to a pattern of net loss, with
growing season releases of up to 150 g m=2 yr'.
The Arctic has been an overall significant sink for
carbon over historic and recent geologic time
scales, resulting in large stores of soil carbon of
perhaps 300 gigatons. Present conditions appear
to represent significant deviations from historic
and Holocene carbon fluxes and indicate the

potential for a positive feedback on global change
through losses of CO, to the atmosphere of up to
0.7 Gt C yr! (about 12% of the total emission
from fossi! fuel use). These soil emissions aug-
ment the anthropogenic impact.

Links between the Arctic and the Global System

The Arctic is one of two primary sinks for solar
energy, which enters the earth climate system most
strongly in the equatorial regions; the other sink is
the Antarctic. The observed changes impact the effi-
ciency with which the Arctic can act as a heat sink.
First, the Arctic Ocean’s stratification and ice cover
provide a control on the surface heat and mass bud-
gets of the north polar region and thereby on the glo-
bal heat sink. If the distribution of Arctic sea ice
were to continue its present decrease, the altered sur-
face fluxes would affect both the atmosphere and the
ocean and would likely have significant conse-
quences for regional and global climate.

Second, the export of low-salinity waters,
whether liquid or in the form of desalinated sea
ice, has the potential to influence the overturning
cell of the global ocean through control of con-
vection in the subpolar gyres. For example, recent
suggestions that North Atlantic and Eurasian
climate variability may be predictable on decadal
time scales rest in part on the variability of such
upstream forcing in the Greenland Sea.

Third, sea ice, nutrient availability, and water
density condition Arctic marine life. Changes in
these factors may impact marine ecosystems and
biogeochemical cycling of essential nutrients and
dissolved organic matter. Changes in the terres-
trial hydrologic cycle may alter soil moisture,
impacting plant communities and their grazers.

If Arctic soils have shifted from a sink to a source
of carbon dioxide and methane as indicated
earlier, this would be a strong connection between
Axctic processes and global climate.

Finally, the atmospheric circulation of the
Northern Hemisphere has been changing as part
of a pole-centered pattern, termed the Arctic
Oscillation (AO). Recent modeling studies sug-
gest that the AQO is a fundamental mode of atmo-
spheric change that has impact well beyond the
Arctic. Other studies suggest that the positive
trend seen in recent decades may be symptomatic
of anthropogenic climate change.

2.1.2 The Human Dimension

There is a strong human dimension to the envi-
ronmental changes of recent years. These have
direct effects on the residents of the Arctic



because many of them live so close to the environ-
ment. Moreover, the changes seem to be having
farther-reaching effects that touch society in sub-
Arctic and even temperate regions through fisher-
ies and transportation. For example, Canadian
grain is being shipped through Churchill, on Hud-
son Bay, for the first time because of decreased
ice cover in the Canadian Arctic.

Local and Regional Effects

The environmental changes discussed above
affect the residents of the Arctic that subsist whol-
ly or in part on Arctic flora or fauna. Indeed, the
hunters and fishers of the north have made many
of the observations of environmental change.
They have recounted recent declines in abundance
of a variety of fish species as well as marine mam-
mals and seabirds. They have reported changes in
the terrestrial environment, such as drying of lakes
and wetlands, drying of summer vegetation, and
thawing of discontinuous permafrost. Indigenous
people are uniquely prepared to note the increased
variability and decreased predictability of the
physical environment. Examples of their reports
of sea ice conditions, storm patterns, sea level,
weather changes, snow, rain, and water tempera-
tures and their effects on plant and animal food
sources show remarkable connections to the
changes cited in the scientific literature.

Changes in the physical and biotic environment
have impacts beyond the local village and com-
munity scales. Changes in the duration and extent
of pack ice cover influence the abundance of polar
bears and seals; changes in seawater temperature
in Baffin Bay have a profound impact on the West
Greenland and Baffin cod and halibut fisheries;
and changes in temperature and snow cover influ-
ence the population sizes of caribou, muskox, and
small fur-bearers that northern residents depend
on for food, clothing, and income. The presence
or absence of polynias and open ice leads influ-
ences the availability of sea mammals to hunters,
and the amount of stormy weather can determine
whether hunters can reach their prey even when
game is present. Modern Arctic residents confirm
these and many other climatic and environmental
changes that influence the distribution of Arctic
resources important to humans in the north.

Large-Scale Effects

There is growing concern that the Arctic is a
final destination for airborne contamination from
the rest of the Northern Hemisphere. This is a
major concern of the indigenous population. Fur-

ther, the recent changes in the Arctic environment
seem to have a connection with changes in the
fisheries of the North Atlantic, the Bering Sea, the
Barents Sea, and the Yukon River. These have
resulted in regional economic change and a redis-
tribution of income in many areas.

It is a mistake to think of the Arctic Ocean as
being pristine. The recent report of the Arctic Moni-
toring and Assessment Program makes this abun-
dantly clear. One reason is the atmospheric transport
of semivolatile organic pollutants (DDT, PCBs, etc.)
and mercury that enter the atmosphere in lower lati-
tude regions and condense in the Arctic. Through
this mechanism, we find concentrations of pollutants
such as PCBs in Arctic fauna. In addition, there is
local atmospheric pollution. The largest Arctic rivers
drain some heavily industrialized zones, including
portions of the former Soviet Union that were used
heavily for the production and processing of radio-
nuclides. Finally, there has been direct dumping of
pollutants into the Arctic Ocean and toxic chemicals
left behind after closure of former defense sites. It is
difficult to predict what the future holds for the
transport of pollutants into the Arctic, except to say
that it is likely to change and that for some pollutants
such as organochlorines and mercury there is legiti-
mate concern. There is also concern that, just as the
rising AO enhanced the northward heat flux, it may
also be responsible for an increase in the northward
flux of contaminants. These concerns have given rise
to a lack of confidence in the safety of Native foods.

Over the past decade, large-scale ecological
changes have impacted fishery-dependent societ-
ies around the world. Fishing pressure has been
one driver for these changes, but often the changes
have coincided with climatic variations as well.
Economically critical groundfish populations, for
example, exhibited steep declines or collapses off
Norway, the Faeroe Islands, Iceland, West Green-
land, Newfoundland, and New England during the
late 1980s or early 1990s. The collapse of New-
foundland’s northern cod fishery in 1991-92
occurred in conjunction with unusual ice condi-
tions and a broadening of the cold intermediate
layer of the Labrador Current during a Northwest
Atlantic cooling phase of the NAO. Norway’s cod
fishery was partially recovering from its own cri-
ses (1989) during the same years, assisted by a
Northeast Atlantic warming phase. West Green-
land’s cod fishery first developed as the warm
Irminger Current extended northwards around
1920 but later declined and eventually collapsed
(1992) as fishing increased and waters cooled.

Climate and ocean circulation variations direct-
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ly affect commercial fish populations (particularly
their reproduction, larvae, and food webs) through
variables such as water temperature, salinity
anomalies, vertical mixing, and currents. More-
over, fishing itself can increase the vulnerability
of target populations to climatic change by alter-
ing age structure (for example, removing most of
the robust and high-fertility older individuals) and
densities among predatory fish populations and
reducing the populations of food fish. Human
adaptive efforts, in response to these ecological
changes, include technological intensification,
shifts to alternative species, economic diversifica-
tion, government subsidies, and out-migration.
Fishery-dependent communities throughout the
northern Atlai.ic have experienced population
losses during the past decade.

In the North Pacific a physical regime shift
took place in the mid-1970s with an intensifica-
tion of the Aleutian low-pressure system. Among
the many changes associated with that shift were
increased Alaskan salmon catches and a change
from shrimp to groundfish dominance in the Gulf
of Alaska. Similarities have been observed among
the effects on fisheries of ecological changes in
the Bering Sea, along the Newfoundland coast,
and in the Barents Sea. The groundfish stocks
associated with these areas have historically con-
tributed to relatively stable fisheries over fairly
long periods of time until recently. The cod and
pollock fisheries seem to be drawing down mature
age classes at rates that exceed recruitment in
most years. Periodically, however, a good year
provides exceptional juvenile survival, which
builds the fishable stocks back up several years
later as the young fish mature. We are uncertain of
the ecosystem changes that are causing this. Both
the Barents Sea fishery and the Canadian Atlantic
fisheries saw a rapid increase in the industrial
fishery in the 1950s and 1960s, combined with
boundary disputes that frustrated fishery manag-
ers. It seems that when the natural fluctuations in
productivity of the marine ecosystem are large,
“normal fishing pressure” can be enough to
deplete stocks beyond recovery in just a few years
if oceanographic changes cause the good years to
become less frequent. These fisheries, which are
among the world’s largest, may be extremely vul-
nerable to climate change.

An example of the potential interaction of cli-
mate and fisheries management is the recent col-
lapse of some western Alaska salmon stocks and
the curtailment of groundfish operations in the
Bering Sea because of declines in the western

populations of the Steller sea lion and northern fur
seal. These are significant current management
issues. The basic science problem with resource
management is that fisheries agencies with
responsibility over stocks important for human
harvest are driven toward solving narrowly
focused, short-term problems. For productive fish-
eries management, we need to understand how the
whole system works, from climate influences to
ocean circulation to ecosystem productivity to
specific species that are important to humans.
These recent changes in sea ice conditions and
weather have impacted local transportation. The
changes may be most far reaching for their effect on
the Northern Sea Route (NSR) along the Russian
Axctic coast. The NSR has been a primary concern
of Russian polar scientists for many years. Much of
their research was done with the aim of improving
predictions of shipping conditions along their Arctic
Ocean coast. Now several nations, notably Japan and
Russia (there are Alaskan interests as well), are
examining the new potential of the NSR for trade.
If the Arctic change affects navigability, this may
change shipping patterns between Asia and northern
Europe, altering the world economic significance of
the Arctic Ocean. Impacts are likely, as well, on the
use of the Northwest Passage through the Canadian
Archipelago and on shipping into the Alaskan and
Canadian North Slope. As noted above, light ice
conditions in Hudson Bay now allow the use of
Churchill as a shipping port.

2.1.3 Science Hypotheses

A complex suite of related atmospheric,
oceanic, and terrestrial changes have dominated
the Arctic in the last several decades. Because
they have made it harder for those who live in the
north to predict what the future may bring, this
complex of recent changes has been termed
“Onami,” derived from the Yup’ik for “tomor-
row.” Onami is characterized among other things
by:

* A decline in central Arctic sea level atmo-
spheric pressure;

» Increased surface air temperatures in North-
ern Europe, the Russian Arctic, and western
North America, with cooling over eastern
North America and Greenland;

« Alterations in tetrestrial precipitation and
changes in vegetation;

« Cyclonic ocean circulation and rising coastal
sea level;

« Increased temperature of Atlantic waters in
the Arctic;



* Decreased sea ice cover; and

* Decreased Beaufort Sea surface salinity.

Learning the full scope of Onami will be an
ongoing goal of SEARCH. However, a working
definition based on present knowledge is useful.
For this we define Onami as the recent and ongo-
ing, decadal (3-50 year), pan-Arctic complex of
intertwined changes in the Arctic system. These
changes encompass the physical processes listed
above, as well as resultant changes in ecosystems
and living resources and consequent impacts to
the human population. Four key working hypothe-
ses have been developed to help guide SEARCH.

The first hypothesis is that Onami is related to
the Arctic Oscillation. Associations between the
AO and changes in many environmental para-
meters, such as air temperature and ocean circula-
tion, have been documented. A key goal of
SEARCH is to test this hypothesis by quantita-
tively assessing the interactions among the
atmosphere, ocean, and land. It will tell us much
about how Onami is tied to the global atmospheric
system.

A second hypothesis is that Onami may be a
component of anthropogenic climate change. The
AO is a fundamental mode of atmospheric vari-
ability, and the increasing dominance of its posi-
tive mode may be tied to the anthropogenic com-
ponent of climate change. Thus, Onami may be
tied to climate change through the AO as well as
through other large-scale patterns of atmospheric
variability. Testing this hypothesis bears directly
on the goal of understanding how Onami fits into
the larger picture of global climate change.

A third hypothesis is that feedbacks among the
ocean, land, ice, and atmosphere are critical to
Onami. These feedbacks could determine whether
the Onami, and therefore the Arctic, play critical
roles in global climate change. For example, a
decrease in sea ice and snow cover forced by
higher temperatures could lead to further warming
because of the reduction in albedo (the well-
known ice—albedo feedback). This could in turn
alter patterns of atmospheric circulation, further
impacting Onami and snow and sea ice. A second
example is albedo and sensible heat flux feedback
through reductions or expansion in sea ice extent
in marginal seas. The Barents, East Siberian, and
Labrador Seas are especially sensitive to such
change.

The final hypothesis is that the physical chang-
es of Onami have large impacts on the Arctic eco-
systems and society. This is true whether Onami is
tied to either natural or anthropogenic climate

change or is the result of other factors, including
human activity. The key issues growing from this
idea are that we must describe (and ultimately
attempt to predict) the ecosystem and societal
impacts of Onami, and we must distinguish
between the changes associated with the large-
scale physical Onami phenomenon and the
changes caused by other human activity. Archaeo-
logical and paleoenvironmental studies can assist
such investigations by presenting data sets from
before periods of modern human impacts.

2.1.4 Objectives

The overarching goal of SEARCH is to under-
stand Onami. This requires that we address the
following objectives:

* Determining if Onami has happened before;

* Determining if Onami is continuing; and

 Understanding the forcing mechanisms and
feedbacks that control Onami.

From this understanding the SEARCH Program
will derive the ability to:

+ Assess the predictability of Onami and, to the
extent possible, develop a capability to pre-
dict the course of Onami;

* Assess and predict the impact of Onami on
ecosystems and society; and

* Provide information of societal relevance in a
timely way.

These objectives must be approached differ-
ently when dealing with different components of
the Arctic system. For example, Onami relation-
ships are perhaps most readily apparent in atmo-
spheric and oceanographic data, such that
research to understand processes and feedbacks
can proceed without delay. Initial assessment is
still needed in the biological realm, and in the
human dimension the separation of effects of
environmental change from those of society’s
actions remains a challenge.

2.1.5 SEARCH Organization and
Interagency and International

Coordination

SEARCH was conceived initially as a physical
oceanography program, because recent changes in
the Arctic environment were most readily appar-
ent in the ocean and sea ice. It has rapidly become
clear, however, that recent Arctic changes go well
beyond the marine environment into the terrestrial
environment and the atmosphere. Consequently
SEARCH has been broadened into a thematic pro-
gram extending across many scientific disciplines.
It has become apparent that SEARCH must
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include a long-term observation program, an inter-
national dimension, and a remote-sensing compo-
nent. Because of this breadth, SEARCH requires
support by multiple U.S. agencies, as well as
international collaboration. Organizational efforts
have been directed, to date, at developing an
interagency effort for SEARCH and for making
SEARCH part of the World Climate Research
Program’s International Program on Climate Vari-
ability and Predictability (CLIVAR).

IARPC and the Interagency Working Group
for SEARCH

In the previous edition of the U.S. Arctic
Research Plan (drctic Research of the United
States, Fall/Winter 1999), Arctic Environmental
Change was one of the proposed research initia-
tives. In March 2000 the full IARPC met and,
after a discussion of the SEARCH goals, formally
established the Interagency Working Group for
SEARCH and directed that it prepare an Inter-
agency Research Plan for SEARCH. An initial
interagency implementation plan was prepared in
June 2000 to cover FY 01 activities related to
SEARCH. In April 2001 the working group was
given direction by the full IARPC to prepare simi-
lar implementation plans for FY 02 and FY 03.

SEARCH Organization
in the Scientific Community

The SEARCH program will obtain scientific
guidance through a Science Steering Committee
(SSC) supported through a Project Office struc-
ture. The membership of the SSC consists prima-
rily of scientists from U.S. academic institutions
but includes representatives from government and
international organizations. The present SEARCH
SSC was formed to write the initial Science Plan.
A new committee will be formed for the imple-
mentation phase of SEARCH and will have the
responsibility for interpretation and implementa-
tion of the Science Plan in the principal investiga-
tor community.

Data archival will be a major task for
SEARCH because of the heavy emphasis on long-
term observations. Here, various data archival
facilities with experience editing, storing, and dis-
playing the wide variety of data types might be
used, but their data must be centrally available. It
should be possible with the use of the World Wide
Web to create a distributed data bank that appears
to the user as a centralized site. A similar para-
digm should work to some extent for information
dissemination.

National and International Coordination
of SEARCH

The organizers of the SEARCH Program are
taking steps to ensure proper coordination with
Arctic science activities conducted by other
groups and countries. The World Climate
Research Program (WCRP) is the primary interna-
tional activity for global climate research. It is the
parent of two activities of relevance to SEARCH:
CLIVAR and CLIC.

The Climate Variability and Predictability
(CLIVAR) program is a major driver for U.S.
research on climate. “Panels” represent the main
efforts within the U.S. CLIVAR program. There are
three CLIVAR panels: the Atlantic Panel, the Pacific
Panel, and the Pan-American Panel. The panels are
equally represented on the CLIVAR Science Steer-
ing Committee (SSC), which is also responsible for
providing oversight of the panels. An interagency
team representing NSF, NOAA, DOE, and NASA
set up the SSC. These panels enable the program to
provide a critical mass of resources, ensure coordi-
nation and communication between climate research
activities (both within the U.S. and internationally),
ensure a proper program balance by identifying and
filling crucial gaps in the program, and strengthen
the multiagency support for high-priority climate
research in the U.S. In November 1999, SEARCH
was proposed to the U.S. CLIVAR Scientific Steer-
ing Committee as a component of the U.S. CLIVAR
program. The CLIVAR SSC response was positive,
and SEARCH is now recognized as a component of
CLIVAR.

The SEARCH SSC has been encouraged to
establish close ties with other international pro-
grams, such as the Climate and Cryosphere
(CLIC) program. Like CLIVAR, such programs
operate under the WCRP and have received sig-
nificant support in Europe. Other interactions are
developing with the Norway—U.K. joint climate
program, activities supported by the European
Union, and activities supported by the Japanese
Frontier program in the Arctic.

2.1.6 Recommendations for the
Future

The SEARCH SSC needs to ensure that its sci-
ence plan is comprehensive and has been generally
accepted by the scientific community. Further, the
SSC should develop a set of science-based priorities
within each subset of the science plan. SEARCH
must move forward in all areas and not be limited to
only the “most comfortable” areas, while leaving the
complex issues for an undefined future time.



2.2 Integrated Assessment for a Sustainable Bering Sea

The Bering Sea, located between the Aleutian
Archipelago and Bering Strait, is a marginal sea
that connects the North Pacific and Arctic Oceans.
It is the world’s third-largest semi-enclosed sea
and includes a wide eastern shelf encompassing
about half its total area.

The Bering Sea region supports one of the
world’s richest assemblages of seabirds and
marine mammals and large stocks of commer-
cially valuable fish and shellfish. Its multiple hab-
itats are ideal as homes to a rich variety of biolog-
ical resources, including the world’s most
extensive eelgrass beds; at least 450 species of
fish, crustaceans, and mollusks; 50 species of sea-
birds; and 25 species of marine mammals.

This rich, abundant, and ecologically diverse
system has attracted and supported aboriginal cul-
tures for millennia. Today, Bering Sea resources
continue to support the economic survival, subsis-
tence, and cultural foundation for a majority of the
227 federally recognized tribes of Alaska. In addi-
tion, the U.S. Bering Sea fishery contributes over
half of the nation’s fishery production, with an
annual product value estimated at $2.2 billion.
Walleye pollock comprise much of the fish land-
ings, Bristol Bay supports the world’s largest
sockeye salmon fishery, and snow crab landings
represent the largest crustacean fishery in the U.S.
In addition to supporting commercial fisheries, the
Bering Sea also supports 80% of the U.S. seabird
population, comprising 36 million birds. Many
unique and endemic species breed in the Bering
Sea. The importance of the region is reflected in a
variety of recent agreements, adopted by the U.S.,
other nations, and international organizations,
designed to protect Bering Sea marine mammals,
birds, and fish resources.

During the 1970s, 1980s, and 1990s, rapid
changes in the physical and biological characteris-
tics of the Bering Sea raised significant concern
among resource managers, Native communities,
commercial interests, and conservationists, among
many others. While change is a natural character-
istic of all ecosystems, and animal and plant com-
munities are adapted to natural environmental
rhythms, some natural changes or anthropogenic
pressures can be too great or too sudden for biota
to adjust, resulting in die-offs within species and
shifts in community composition. Observed
changes in the fish and mammal populations of
the Bering Sea region suggest that current envi-

ronmental and human pressures are too great. For
example, over the last 20 plus years, Bering Sea
Steller sea lion populations declined 50-80% and
are now listed as “endangered.” Northern fur seals
are listed as “depleted” under the Marine Mammal
Protection Act. Bering Sea populations of com-
mon murres, thick-billed murres, and red and
black-legged kittiwakes declined up to 90%. In
1999 the collapse of the salmon fishery in Bristol
Bay led the State of Alaska to consider the region
an economic disaster area. Natural and anthropo-
genic forces are likely combining to cause rapid
changes in the physical environment and biologi-
cal communities of the Bering Sea region.
Although considered among the most productive
of high-latitude seas in the world today, the Bering
Sea is at risk.

Significant changes occurring in the oceano-
graphic and atmospheric Arctic environment, tar-
geted under SEARCH (Study of Environmental
Arctic Change, see Section 2.1), are powerful
influences in the Bering Sea region. As in other
Axctic regions, the Bering Sea is likely responding
to these forces of change. The Bering Sea inte-
grated assessment will benefit from work com-
pleted under SEARCH. At the same time, work
completed as part of the Bering Sea integrated
assessment will contribute to SEARCH, serving
as a case study sub-ecosystem.

2.2.1 Arctic Research

Commission Charge

The Arctic Research Commission, in its 2001
Report to Congress, targeted integrated research
and assessment of the Bering Sea as a key
research priority. The Commission observed that
concern about the Bering Sea has engendered
large and intense research synthesis and planning
efforts with significant research and financial
investment. These efforts share a commitment by
scientists from diverse disciplines and organiza-
tions to come together to define the most impor-
tant research needs and share research results. The
quality of past and current research is unques-
tioned. However, while significant research efforts
have produced important results, our understand-
ing of how and why those changes are occurring
remains elusive. Based on meetings it held during
1999, the Commission concluded:

» There is insufficient integration among key

Bering Sea research programs.
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« Current research does not enable managers to
predict ecological responses to management
decisions implemented within the Bering Sea
region.

As the Commission noted, for example, connec-
tions must be made between research efforts on dif-
ferent populations of the same species to allow for
comparisons. Basic oceanographic data collection
and analyses should be integrated with studies of
population effects in species at higher trophic levels,
such as marine mammals, birds, and fish. Further,
scientists must process data in such a way that pre-
dictions about changes in the Bering Sea ecosystem
can be made, particularly on the population dynam-
ics of higher trophic organisms.

The Commission found that data analysis is now
post hoc, and management decisions are primarily
based on historical records of system behavior rather
than on predictions about ecological responses to
new management decisions. Managers need the type
of scientific information that will allow them to pre-
vent negative effects and avoid crisis management.
While there are ecological, social, and financial risks
associated with making incorrect predictions, predic-
tions with carefully stated confidence limits are
essential for effective resource management and
protection of the Bering Sea.

2.2.2 Building an Iterative Bering
Sea Research Strategy

While continued research is critical to better
elucidate the mechanisms and processes of change
in the Bering Sea as well as the Arctic, ensuring
that all essential scientific questions are well
directed and investigated to answer key manage-
ment concerns is a challenge. To meet the needs
for an integrated assessment in the Bering Sea,
Federal partners are implementing a strategic plan
to clarify and connect scientific questions to man-
agement needs, as well as identify key goals.
Since natural ecosystems, science, and manage-
ment are all dynamic systems, an iterative process
will be established to ensure linkages among
needed management decisions, research, and
ongoing system changes.

Components of Strategic Integrated Research
The Bering Sea Research Strategy will include
four key components, each of which influences
the others in an iterative framework. They
include:
» Common Vision and Goals: Based on dia-
logue among interested parties of the Bering
Sea, key concerns, common interests, and

desired outcomes from management actions
will be defined. In this process, diverse intet-
ests establish agreement on key ecological
and human values of concern to provide the
necessary framework around which to struc-
ture integrated assessments.

Conceptual Synthesis: Existing data will be
integrated to identify potential relationships
among forcing functions, ecosystems changes,
sources of stress, and ecological endpoints of
concern identified in the goals. The process is
interactive, iterative, and interdisciplinary,
transforming diverse data into a set of con-
ceptual models and predictive testable
hypotheses about the influences of multiple
natural and human stressors on ecological and
human systems. The purpose is to learn more
from existing data, generate multiple working
hypotheses about likely causal relationships,
and define essential research needs.

Research Plan: Based on the conceptual syn-
thesis and resulting conceptual models, a
research plan will be developed that identifies
key questions, information gaps, and concep-
tual links. A superimposed guiding frame-
work for integrating research and interpreting
results can then be used to generate an inte-
grated interagency research plan among Fed-
eral agencies and other research organizations
that capitalizes on existing research efforts
and encourages strategic new research.
Research Implementation: New research will
be initiated to evaluate predictive relation-
ships among natural and human influences on
key values of concern. The research will
investigate processes, trends, and effects, as
well as monitor the impacts of management
decisions. Information will be fed back into
goal setting, synthesis, and planning for re-
evaluation of goals, refinement of conceptual
models, and development of updated research
plans.

Goal development, conceptual synthesis,
research planning, and implementation each pro-
vide feedback to all other components. As a result
the strategy is inherently iterative, involving an
interplay among research findings and environ-
mental observations, desired management out-
comes, goal setting, and new insights that lead to
new research.

Chapter Organization
To provide background about the Bering Sea,
Section 2.2.3 describes some of the basic charac-



teristics of the region and the forces influencing it.
Section 2.2.4 provides an outline of recommended
research, giving priorities for current research
needs. To build a more comprehensive integrated
research strategy in the future, Section 2.2.5
describes the process planned to establish unified
goals, conceptual syntheses, and research plan-
ning to achieve strategic research of integrated
assessments.

2.2.3 The Bering Sea Region

The larger Bering Sea region includes the
waters and coastal regions of the Bering Sea situ-
ated between Alaska and Russia. The southern
extent includes cutrents from the North Pacific
flowing through the Aleutian Chain and waters
flowing north through the Bering Strait to the
Chukchi Sea and Arctic Ocean. A large terrestrial
component is part of the region that includes
watersheds in Alaska and Russia discharging into
the Bering Sea, such as the Yukon and Kusko-
kwim watersheds covering the majority of Alaska.

Characteristics

In the early 1980s, scientists working under the
Processes and Resources of the Bering Sea Shelf
(PROBES) project defined specific hydrographic
regimes for the southeastern Bering Sea: the
coastal or inner shelf domain, the middle shelf
domain, the outer shelf domain, the continental
slope, and the transitional areas or fronts between
them. Each of these domains represents a different
marine habitat.

Time series data collected in Bering Strait on
salinity and temperature confirm that Alaskan
coastal waters are relatively warm, have low salin-
ity, and flow through the eastern channel of the
strait. Bering Shelf water is of higher salinity. The
eastern Bering Sea consists of an oceanic and
shelf regime. Within the broad (>500 km) shelf
regime, three distinct domains exist, characterized
by contrasts in water column structure, currents,
and biota. The balance between mixing (tidal and
wind) and buoyancy flux (freshwater discharge,
ice melt, and solar radiation) generates the
domains. A system of three hydrological zones
exists over the western shelf that is somewhat
analogous to the system of hydrological zones on
the eastern shelf. The coastal, transition, and
oceanic zones are easily distinguished by their
temperature—salinity characteristics and vertical
structure. As with the eastern shelf, atmospheric
processes that regulate the heat balance and result
in the formation of ice are primary features of the

environment that dictate oceanographic conditions
of the western shelf. Ice typically covers the entire
western shelf in winter.

North of approximately 62°N, changes in
topography, tidal energy, and river discharge from
the Yukon modify boundaries between domains.
South of St. Lawrence Island, three water masses
exist across the shelf: Alaskan Coastal, Bering
Shelf, and Anadyr. North of St. Lawrence, all
three water masses are present and can be identi-
fied as they flow northward through Bering Strait.
Over the western shelf, the dominant circulation
feature is the Anadyr Current, a coastal flow
extending from the Gulf of Anadyr westward past
Cape Navarin.

The status of living marine resources in the
Bering Sea ecosystem is largely confined to com-
mercially important fish and invertebrates and
birds and mammals readily observed from land or
air. Data on forage fishes are largely confined to
the Pacific herring, which is dominated by the
Togiak stock. Knowledge of invertebrates is largely
restricted to crabs. Eastern Bering Sea salmon
abundance was generally high during the 1980s
and 1990s, although specific runs, such as chi-
nook and chum in western Alaska, have been
poor. Several marine mammal and seabird popula-
tions have undergone major changes in abun-
dance. Patterns of change for marine birds has
varied among species, locations, and decades over
the past 20-30 years. Changes in many bird and
mammal populations are most likely related to
prey abundance and availability. Changes in
oceanographic conditions can affect the geo-
graphic distribution and availability of species.
One of the more important anthropogenic influ-
ences on the Bering Sea ecosystem is commercial
fishing.

Forces of Change

Observations and historical analyses supported
by NOAA and NSF over the last six years show
that the Bering Sea ecosystem is influenced by
hemispheric processes that many believe explain
recent biotic declines. Observed changes in biota
have also been linked with a long history of natu-
ral resource exploitation that has spanned two
centuries but that has increased dramatically with-
in the last few decades. There is rising evidence of
increased loading of pollutants being transported
to and sequestered in Arctic oceanic, atmospheric,
and terrestrial environments and biota. Alterations
of the ocean floor from industrial fishing and
changes in terrestrial habitats caused by develop-
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ment activities have also occurred and cannot be
excluded as factors in these declines. The natural
changes and human influences are likely altering
the biocomplexity of the Bering Sea in ways not
yet understood. Quantifying the relative impor-
tance of natural and human-induced variations in
explaining upper-trophic-level ecosystem change
is a key management issue for the Bering Sea. The
cause of biotic fluctuations, while still unknown,
is likely a reflection of natural, climate-related,
and other human-induced pressures.

Oceanographic and Atmospheric Influences

The Bering Sea responds to two dominant cli-
mate patterns in the region: the Pacific Decadal
Oscillation (PDO) and the Arctic Oscillation
(AO). The PDO has a 40- to 50-year cycle with
principal impact on the southern Bering Sea. This
was reflected in lower sea surface temperatures in
the North Pacific from 1925 to 1947 and from
1977 to 1998, with reverse conditions occurring
in 1899--1924 and 1948-1976. The Arctic Oscil-
lation is associated with the spin-up of the polar
vortex and has influence from the sea surface to
the stratosphere and from the Arctic to mid-
latitudes.

The highly varying sea ice cover of the Bering
Sea has a profound influence on the physical and
biological ocean environment. Sea ice in its most
extensive years arrives in January and remains to
May, coincident with negative values of the PDO
(for example, in the early 1970s there was exten-
sive winter ice cover before the 1977 shift in the
PDO and, to some extent, the AO). The late 1970s
and 1980 were warmer years with reduced ice
cover. In the 1990s winter ice has again become
more common after a 1989 shift in the AO,
although not to the extent observed in the early
1970s. A key Arctic change that impacts the Ber~
ing Sea and Alaska is a shift toward higher tem-
peratures in April.

Resource Extraction

The Bering Sea ecosystem has been impacted
by significant human activity. Many believe that
the ecosystem has been damaged as a result of
these impacts. These beliefs are based on (1) sig-
nificant increases in levels of human activity,
especially commercial fishing, since the 1960s,
and (2) unexpected and unexplained changes in
important components of the ecosystem (for
example, some pinnipeds and seabirds). The
removal of biomass from the Bering Sea has been
very large (for example, more that a million tons

of pollock per year plus large landings of salmon,
crab, and other commercial species). Biomass
removal of this magnitude will likely cause both
direct and indirect effects on many other species
within the ecosystem, including predators, com-
petitors, and prey, as well as change in the propor-
tions of various species within the ecosystem.

Extraction of arsenic, lead, zinc, and oil within
the Bering Sea region may also be contributing to
the loadings of contaminants now increasingly
found within Bering Sea resources. Local sources
could be combining with long-range transport of
contaminants to play an important role in the
health and distribution of biological resources as
well as humans living in the region.

Contaminants

In 1998 the Arctic Monitoring and Assessment
Program (AMAP), under the Arctic Council, pub-
lished The AMAP Assessment Report.: Arctic Pol-
lution Issues. The principal conclusions in this
report were that in comparison with most other
areas of the world, the Arctic remains a relatively
clean environment. However, characteristics of
the Arctic environment place Arctic ecosystems at
risk:

*» The Arctic is a focus for major atmospheric,
riverine, and marine pathways, resulting in
long-range transport of contaminants to and
within the Arctic, where it enters the food
web and biomagnifies.

Low temperatures, extreme seasonal varia-
tions in light, and lack of nutrients are some
of the physical and chemical characteristics
that cause environmental stress to organisms,
limit productivity of Arctic ecosystems, and
make them potentially more vulnerable to
environmental contaminants.

Several groups of people in the Arctic are
highly exposed to environmental contami-
nants. Persistent contaminants, derived from
long-range transport and local sources, accu-
mulate in animals that are used as traditional
foods.

The combination of long-range transport pro-
cesses, climatic conditions, and physical,
chemical and biological properties results in
the accumulation of some contaminants in
traditional subsistence foods at levels higher
than found outside of the Arctic.

Habitat Alteration
Habitat is critical to all living organisms,
whether fish, invertebrates, mammals, birds, or



primary producers. Habitat characteristics influ-
ence survival, growth, and reproduction. Habitat
encompasses the physical, chemical, and biologi-
cal environment within which an organism lives.
At different life stages, habitat requirements may
differ significantly for a particular species at birth
or spawning, during early life stages, and as an
adult. Thus, to understanding the habitat require-
ments for a particular species requires a signifi-
cant understanding of its life history characteris-
tics. Unfortunately our understanding of the life
history and habitat requirements for most species
depending on Bering Seca ecosystems is limited at
best, making it a significant challenge to under-
stand the ramifications of activities causing habi-
tat alteration within watersheds, wetlands, coastal
regions, and the domains of the Bering Sea.

2.2.4 Bering Sea Research Plan

Interagency integrated Bering Sea research will
be implemented in stages. Ongoing research pro-
grams will continue to gather important informa-
tion and may benefit from the research recommen-
dations provided below, which outline research
topics of particular importance. Concurrent with
ongoing research, interagency efforts to develop
an integrated research strategy will begin and run
concurrently. Both efforts will revolve around four
questions central to ensuring future integration:

» What array of factors (stressors or forcing
functions) are influencing change in the Ber-
ing Sea, over what time scales and spatial
characteristics?

» How are these factors (anthropogenic and
natural) interacting to effect change on prior-
ity components and processes of Bering Sea
ecosystems?

» What feedback mechanisms are operating
within the Bering Sea systems that will
impact the course of change?

» What and where is change most likely to
occur within Bering Sea ecosystems, given
alternative scenarios of natural forces and
human influences?

The relative importance of natural cycles and
human factors in explaining variability in abun-
dance in the Bering Seca is a key management
issue. In addition to perturbations created by
human activities, environmental factors are
seldom stable and are subject to large-scale fluctu-
ations. It is clear that the production of new
organic matter, which provides the basis for
exploitable fish populations and all other higher-
trophic-level animals, is greatly affected by both

human actions and environmental factors. Ques-
tions remain, however, concerning the ecosystem
dynamics of the vast Bering Sea shelf that sup-
ports this high productivity. An integrated assess-
ment for the Bering Sea must include questions
that investigate the interplay of human and natural
processes.

Research Recommendations

To promote integrated interpretations of data,
studies in general should be collaborative and
multi-disciplinary and should include standard
physical and chemical measures as well as a suite
of biological measures. Biological measures rec-
ommended include primary production, zooplank-
ton biomass and production, zooplankton grazing,
grazing by larval and juvenile fishes and the abun-
dance of forage species, and the diets of marine
birds and mammals. Specific ongoing research
activities recommended include the following:

1. Maintain long-term time series data collec-
tion important for integrating and indicating eco-
system change in the eastern Bering Sea. These
include:

* Four biophysical moorings maintained by the
National Oceanic and Atmospheric Adminis-
tration (NOAA) to collect vital information
on winds, sea ice, water column structure,
currents, nutrients, and chlorophyll concen-
trations across the eastern shelf.

+ National Marine Fisheries Service (NMFS)
data on northern fur seal pup production and
diet samples in the Pribilof Islands and Bog-
oslof Island.

* NMES surveys of Steller sea lions in the
Aleutian Islands and Bering Sea.

+ U.S. Fish and Wildlife Service (UFWS) sur-
veys of seabird population dynamics and diet
samples from colonies around the Bering Sea
and Pribilof Islands.

2. Conduct comprehensive research on the con-
nections between climate change and ecosystem
function to evaluate and predict the effects of cli-
mate change on the structure and function of bio-
tic communities in the eastern Bering Sea, asking
questions such as:

* What is the influence of the timing and mag-
nitude of spring primary production on the
characteristics and ecological relationships
within the biotic community? How has sum-
mertime warming of waters over the shelf
during the past three decades impacted or cre-
ated a northward shift in ecosystem properties
required for successful pollock production?
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» How have changes in the timing of the spring
bloom altered the transfer of energy from
phytoplankton to zooplankton, and what are
the implications for the food web?

» What similarities and differences in physical
properties exist between the southeastern and
northeastern Bering Sea now, and how has the
southeastern Bering Sea changed since the
region was evaluated under PROBES?

» How does wind stress and heating of the
upper mixed layer during summer influence
summertime primary production? How does
this summertime production influence zoo-
plankton biomass and lipid content (food val-
ue) in the upper water column? How does
zooplankton abundance and quality affect the
condition of small forage fish in late summer
and the survival of juvenile fish during the
following winter?

3. Conduct studies to evaluate the effect of
spring and summertime cross-shelf flux in deter-
mining ecosystem function and trophic transfer of
energy to apex predators. A key question to ask is:

« What is the influence of the interannual var-
iation of on-shelf flow of nutrient- and
zooplankton-rich slope water on new produc-
tion and zooplankton populations on the outer
shelf?

4. Evaluate how decreased cross-shelf flux may
lead to decreased production in zooplankton for
planktivorous birds, and in small fishes for pisciv-
orous birds and mammals. Hypotheses to evaluate
include:

» On-shelf transport of slope water advects oce-
anic copepods onto the shelf and supplies
nutrients that enhance new production, which
alters production and supports the zooplank-
ton on which forage fish feed.

Increases in forage fish would in turn influ-
ence seabird and fur seal foraging success on
the Pribilof Islands by virtue of variability in
the magnitude and pathways of on-shelf flow,
with enhanced reproductive success asso-
ciated with moderate to strong on-shelf flow
and lower success during weak on-shelf flow.
This enhanced reproductive success may
result from bottom-up processes caused by
the introduction of nutrient- and zooplankton-
rich slope waters.

On-shelf flow and tides create areas of con-
vergence at the shelf edge, where birds feed
on small fish attracted to concentrations of
neuston.

In addition, based on research recommenda-

tions made by the Bering Sea research community,
the following four categories of research are rec-
ommended.

Monitoring

» Maintain and enhance time series from
moored biophysical buoys and discrete ship-
board samples across the southeast Bering
Sea, Bering Strait, Aleutian North Slope cur-
rent, and Unimak Pass. This includes weather,
temperature, salinity, primary production, and
zooplankton sampling.

» Strengthen existing surveys of groundfish,
crabs, birds, and mammals and add informa-
tion on benthos, forage fish, and predator
species.

* Archive, in a geographically registered for-
mat, all available remote sensing for sea ice,
SST, and ocean color in near-real-time.

Retrospective Analyses

» Characterize the space/time structure of
climate forcing.

+ Establish baseline conditions, including vari-
ability, of key physical and biological indi-
cators.

« Survey archaeological middens and sediment
cores to look at species abundance and
change.

» Evaluate the relative impacts of anthropo-
genic versus natural factors on patterns of
biological change.

» Produce a unified database for the Bering
Sea.

Modeling

« Use downscaling techniques to relate the
results from global general circulation models
to changes forcing the Bering Sea.

» Implement high-resolution physical/biologi-
cal models that include zooplankton dynam-
ics and individual-based models for nodal and
commercially valuable species.

+ Conduct statistical and explicit model build-
ing to investigate changes in trophic-level
structure in response to physical changes.

» Model the effects of alternate natural resource
management strategies.

Process Studies
» Examine mechanisms of nutrient replenish-
ment onto the continental shelves.
» Determine the role of the physical environ-
ment on the critical life stages of key species.






