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The journal Arctic Research of the United
States is for people and organizations interested in
learning about U.S. Government-financed Arctic
research activities. It is published by the National
Science Foundation on behalf of the Interagency
Arctic Research Policy Committee and the Arctic
Research Commission. Both the Interagency Com-
mittee and the Commission were authorized under
the Arctic Research and Policy Act 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. Govem-
ment-sponsored research in the Arctic;

« Reports of ARC and IARPC meetings;

» Summaries of other current and planned Arc-
tic research, including that of the State of
Alaska, local governments, the private sector
and other nations; and

* A calendar of forthcoming local, national and
international meetings.

Arctic 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 in-
tended to be comprehensible to a nontechnical au-
dience. Although the articles go through the nor-
mal editorial process, manuscripts are not refereed
for scientific content or merit since the journal is
not intended as a means of reporting scientific re-
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search. Articles are generally invited and are re-
viewed by agency staffs and others as appropriate.

As indicated in the United States Arctic Re-
search Plan, research is defined differently by dif-
ferent agencies. It may include basic and applied re-
search, monitoring efforts, and other information-
gathering activities. The definition of Arctic ac-
cording to the ARPA is “all United States and for-
eign territory north of the Arctic Circle and all
United States territory north and west of the boun-
dary formed by the Porcupine, Yukon, and Kusko-
kwim Rivers; all contiguous seas, including the
Arctic Ocean and the Beaufort, Bering, and Chuk-
chi Seas; and the Aleutian chain.” However, areas
outside of the boundary are 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 confer-
ences and workshops, university-based research and
activities of state and local governments and public,
private and resident organizations. Unsolicited non-
technical reports on research and related activities
are welcome.

Prior issues:

Volume 1, Fall 1987

Volume 2, Spring 1988

Volume 2, Fall 1988

Volume 3, Spring 1989

Volume 3, Fall 1989

Volume 4, Spring 1990

Volume 4, Fall 1990
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Icing on fishing trawler (photo by Arctic Alaska Fisheries Corporation).

Beringian archeological site (illustration by Richard Giamberdine, National Park Service).
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Polar bears on Chukchi Sea ice (photo by U.S. Fish and Wildlife Service).
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United States Arctic Research Plan

Biennial Revision: 1992-1993

NATIONAL SCIENCE FOUNDATION
WASHINGTON DC 20550

June 18, 1991

OFFICE OF THE
DIRECTOR

The President
The White House
washington, D.C. 20500

Dear Mr. President:

In response to the requirements of the Arctic Research and Policy
Act of 1984, and on behalf of the Interagency Arctic Research
Policy Committee (IARPC), I am pleased to transmit the second
piennial revision to the United States Arctic Research Plan.

This revision contains accomplishments and updates to agencies'
Arctic programs, and reflects current and ongoing U.S. activities

and national concerns for Arctic research. It includes
recommendations for several interagency Pprograms and the initial
results of an Arctic Social Science program. Tt describes the

status of cross-cutting activities including logistics and data,
which support and enhance U.S. capabilities for conducting an
integrated national program of Arctic research. These revisions
have been coordinated with and are responsive to guidance provided
by the Presidentially—appointed Arctic Research Commission.

The Act, through the Interagency committee and commission
activities, has stimulated increased awareness that the U.S. is an
Arctic nation. Implementation of the Plan can ensure that adequate
resources are m intained to address important related issues
including ocean research, which serves our Nation's economic
vitality and security interests. The Plan seeks to coordinate a
number of agency programs. As a major step in addressing this
challenge, the IARPC is undertaking an interagency jinitiative
concerned with the Western Arctic.

on behalf of the IARPC, I hope that this second biennial revision
to the Arctic Research Plan will provide a sound information basis
to assist the Administration and the Congress in the evaluation and

implementation of our Nation's commitment to and support for Arctic
research.

sincerely,

\hc&ﬁiw

wWwalter E. Massey
Director

Enclosure: Biennial Revision to United States Arctic Research Plan



Executive
Summary

1. Background

As required by the Arctic Research and Policy
Act of 1984 (Public Law 98-373),* a comprehen-
sive Arctic research plan was prepared by the In-
teragency Arctic Research Policy Committee
(IARPC 1987) and submitted to the President,
who transmitted it to Congress in July 1987. Sec-
tion 109(a) of the Act requires a biennial revision
to the Plan. The first revision was submitted on
August 1, 1989. This document, the second bien-
nial revision to the Arctic Research Plan, updates
the previous two documents and elaborates on re-
quirements of Section 109(a).

United States research in the Arctic and for this
biennial revision is governed by the goals and ob-
jectives agreed upon by the Interagency Commit-
tee on February 3, 1986, and by the guidance pro-
vided by the Arctic Research Commission (ARC
1991a). These include supporting research to im-
plement national policy for protecting national se-
curity interests, promoting rational development
while minimizing adverse effects, contributing to
the knowledge of the environment best studied in
the Arctic, and contributing to mutually beneficial
international cooperation.

The Act did not provide separate additional
funding for Arctic research. Agencies are expect-
ed to request and justify funds as part of their nor-
mal budgetary processes. It was anticipated in the
1987 Plan that agencies would provide levels of
funding consistent with the Plan’s recommenda-
tions and existing programs during the intervening
period. FY 1992 expenditures for Arctic research
in the twelve Federal agencies is estimated at
$146 million.

The Arctic Research and Policy Act requires
cooperation among agencies of the U.S. Govern-
ment that have missions and programs relevant to
the Arctic. The Interagency Committee is provid-
ing the mechanism for developing and coordinat-
ing overall U.S. Arctic research activities. This bi-
ennial revision to the U.S. Arctic Research Plan
serves as guidance for planning by individual
agencies and for coordinating and implementing
mutually beneficial national and intemational re-
search programs. The document includes two ma-
Jor sections: the Strategy for Integrated U.S. Arc-
tic Research Programs; and revisions to Research
Mission Components. The Strategy is new to the
Plan and provides another step in implementing
the intent of the Arctic Research and Policy Act. It
represents Federal agencies’ efforts to plan and

* Amended on November 16, 1990 (Public Law 101-609).

implement research involving a number of agen-
cies and to cooperate in the international scientific
arena on research related to the U.S. Arctic. The
Research Mission Components consist of six ma-
jor topics important to Arctic research and con-
ducted as part of individual missions of twelve
Federal agencies.

Over the past two years there has been an in-
creasing amount of international activity, both on
the governmental and nongovernmental levels. An
intergovernmental agreement on protecting the
Arctic environment was agreed to in June 1991 in
Finland. The nongovernmental International Arc-
tic Science Committee was agreed upon in 1990
and has begun its work on an international agenda
related to global change.

2. Strategy for Integrated
Research Programs

IARPC agencies agree to develop,
starting in 1992, an integrated
interagency program sufficient for
meeting national needs

The Interagency Committee, at its meeting on
June 28, 1990, agreed upon 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 nonrenew-

able resource development, environmental pro-
tection, and partnerships with the private sector
and residents of the Arctic. It will complement
other national and international scientific pro-
grams, such as Global Change. To this end the

IARPC agencies agree to develop, starting in

1992, an integrated interagency program suffi-

cient for meeting national needs.

Subsequently the IARPC agencies examined
Arctic research from an interagency perspective
and concluded that the following four programs
were ready for immediate attention as multiagency
focused efforts:

e Western Arctic Ocean Circulation and Pro-

ductivity

Goal: Understand the processes controlling
physical and biogeochemical variability and
productivity of the marine western Arctic.



« Geodynamics of the Arctic Basin and its
Margins
Goal: Determine the climatic, paleo-oceano-
graphic and tectonic evolution of the Arctic
and their effects on global change.

« Arctic Monitoring

Goal: Establish baseline values and monitor
trends in key environmental variables across a
national and international network of sites.

» Bering Land Bridge

Goal: Determine human responses and ad-
aptations to changing climate and environ-
ment.

The FY 1991 funding for these four programs
across eleven agencies is estirnated at $51.3 mil-
lion. The FY 1992 budget is proposed at a level of
$57.3 million.

Another area of cooperation already underway
involves data and information. Interagency activi-
ties have been initiated to develop an Arctic Envi-
ronmental Data Directory and to automate, inte-
grate and exchange Arctic bibliographic referenc-
es. An interagency effort is underway to facilitate
the exchange of Arctic data and published litera-
ture, not only within the U.S. but on an interna-
tional basis. The initial products are the Arctic En-
vironmental Data Directory and several CD-

ROM, including prototypes of the Arctic Data In-
teractive and bibliographic citations.

3. Research Mission
Components

Under this section of the Plan, recent accom-
plishments and ongoing and planned activities of
Federal agencies (1992—-1993) are briefly de-
scribed under the following subjects and scopes.
To focus attention on recent accomplishments and
plans within each agency, a Federal Arctic Re-
search Workshop was held in Alaska in March
1991. All Federal agencies involved in the follow-
ing activities participated or were represented.

Arctic Ocean and Marginal Seas

Ice Dynamics and Oceanography

Research in this area is important to advance
our understanding of Arctic Ocean dynamics and
air-sea heat and gas exchange. A systematic pro-
gram of oceanographic measurements is urgently
needed to support the objectives of interagency
and individual agency programs.

Integrated: Programs

Waestern Arctic
Ocean Circulation
and Productivity

Geodynamics of the
Arctic Basin and
its Margins

Bering Land Bridge

Research Mission Components Overall Themes
Arctic Ocean and Marginal Seas
Arctic
Monitoring
Atmosphere and Climate
Arctic Data
and
Land and Offshore Resources Information
Land—Atmosphere Interactions International
Collaboration
Engineering and Technology
Logistics
Coordination
Social Sciences and Health




Ocean and Coastal Ecosystems and
Living Resources

Arctic marine ecosystems are dominated by sea
ice, and coastal ecosystems are influenced by
freshwater input and seasonal sediment loads.
There is a need to quantify the influence of physi-
cal processes on the variability of marine living re-
sources through long-term and well-designed in-
terdisciplinary research.

Marine Geology and Geophysics

The Arctic continental margin and deep ocean
basin constitute one of the world’s least under-
stood geological regions. A better understanding
of the tectonic history, geologic structure, sedi-
ment processes and distribution, and climatic and
glacial history of the deeper basins will require ex-
tensive geophysical and geological research and
the integration of newly collected data on an inter-
national scale.

Atmosphere and Climate

Upper Atmosphere and Near-Earth Space Physics

The goal of this research is to trace the flow of
energy, momentum and mass from the sun to the
Earth, and to understand their interaction. Arctic-
based studies of this energy flow are necessary to
help develop and verify theoretical models needed
for future predictions.

Climate and Weather

The Arctic climate has global implications as
well as local and regional importance. Research is
needed to address Arctic weather problems occur-
ring on a variety of spatial and temporal scales
that range from microscale to global. There is a
need to relate Arctic atmospheric circulation to
midlatitude weather and to measure and under-
stand phenomena that may be linked to potential
global warming.

Tropospheric and Stratospheric Chemistry

The chemistry of the Arctic atmosphere is dy-
namic, changing in response to natural and man-
induced disturbances. Ozone depletion is a bipolar
process. Expected warming trends could have a
significant influence on biosphere—atmosphere in-
teractions, trace gas emissions and retention, and
atmospheric photochemical processes.

Land and Offshore Resources

Energy and Minerals

The geologic framework of the Arctic is poorly
known because of its complexity, its remoteness
and its relative lack of exploration. Information is

necessary for discovery, assessment and mapping
of new and dependable sources of oil, gas, coal and
strategic minerals.

Coastal and Shelf Processes

Erosion rates are extremely high along the Alas-
kan Arctic coast, where sea ice and permafrost
degradation are dominant geomorphic agents. Spe-
cific questions about where to locate causeways,
man-made islands and other structures require
studies of coastal erosion and sediment transport
and an understanding of the long-term history of
coastal areas.

Terrestrial and Freshwater Species and Habitats

The Arctic supports many unique species of
birds, mammals, fish and plants that are important
resources to the Nation, as well as to Alaskan Na-
tives. To assure that biological resources are pro-
tected for future generations, management agencies
must have adequate data and information on the bi-
ology and ecology of these species, as well as on
environmental factors of importance to vital pro-
cesses (e.g. feeding, breeding).

Forestry, Agriculture and Grazing

Increased knowledge of the current and poten-
tial productivity of Arctic and Subarctic forests and
soils will lead to improved management practices
for increased productivity of renewable resources.

Land—-Atmosphere Interactions

Glaciology and Hydrology

Documentation of seasonal, interannual and
long-term trends in the physical environment of the
Arctic requires attention to the special features of
seasonal and perennial snow and ice covers and
glaciers, especially as they relate to and record cli-
matic change. Reliable long-term information is
needed on surface water quality and quantity.

Permafrost, Landscape and Paleoclimate

Geologic processes that are responsible for the
present morphology and land surface are to a large
degree a function of the underlying permafrost.
Additional knowledge is needed about the temper-
ature, distribution, thickness and depth of perma-
frost throughout all geomorphic provinces of the
Arctic, including the continental shelf.

Ecosystem Structure, Function
and Response

Global Circulation Models (GCMs) indicate
that the Arctic will be sensitive to the effects of
possible climatic changes resulting from green-



house warming. Research is needed to improve
understanding of the influence of climate on land
and freshwater processes, including heat balance
relationships and landscape alteration. This should
include the identification of biological indicators
of change, long-term trends in biological diversity,
and management strategies for living resources.

Engineering and Technology

Further development of Alaskan resources eco-
nomically and in an environmentally sound man-
ner requires improved designs and new technolo-
gies. Research is required to improve methods and
systems for protecting the environment, including
oil spill prevention technology and innovative
containment and cleanup operations for ice-infest-
ed waters and permafrost terrain. Research is also
needed for improving human habitability, includ-
ing waste disposal and air pollution control, power
generation and energy storage, and transportation
systems.

Social Sciences and Health

Cultural Resources and Historical Processes
Long records of cultural and environmental
change, when combined with the proxy records of
ethnography and history, make the study of Arctic
cultures critical for modeling human responses to
global climatic and environmental change. Addi-
tional research is needed on the prehistory and his-
tory of Arctic cultures, on their interactions with
other Native and Western peoples, and on their re-
lationships with past and present environments.

Social Change
Rapid economic, social and political changes
have resulted in the emergence of human prob-

lems that, while not unique to the Arctic, are never-
theless accentuated by economic development in
this environment. Most prominent among them are
human—environmental relationships, community vi-
ability and social reorientation. Unprecedented op-
portunities exist for basic and applied social and
behavioral science research in Arctic regions.

Health

The Arctic is a region where health research has
broad implications and applications. Key concerns
in health and health research include social and be-
havioral problems, disease trends and transmission,
nutrition, bioaccumulation, and human adaptation
to extreme environmental and occupational chal-
lenges. The health—culture—socioeconomic compo-
nent is important in the attempt to address the com-
plex issues being faced in the Arctic.

4. Operational Support

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. In 1988 the In-
teragency Committee established a working group
on Arctic logistics to deal with Arctic operational
needs and to compile information on Federal Arctic
logistics capabilities. This interagency effort pro-
duced an electronic directory of Federal Arctic lo-
gistics capabilities. In September 1989 a workshop
was convened to address new technologies avail-
able to facilitate Arctic operations and logistics.
The Interagency Committee continues to endorse
the need for an icebreaker fleet for logistics and re-
search and a more centralized approach for Federal
logistics information and scheduling.



1. Introduction

As required by the Arctic Research and Policy
Act of 1984 (Public Law 98-373),* a comprehen-
sive Arctic Research Plan was prepared by the In-
teragency Arctic Research Policy Committee
(IARPC 1987) and submitted to the President,
who transmitted it to Congress in July 1987, Sec-
tion 109(a) of the Act requires a biennial revision
to the Plan. The first revision was submitted on
August 1, 1989 (TARPC 1989). This document,
the second biennial revision to the Arctic Research
Plan, updates the previous two documents and
elaborates on requirements of Section 109(a) (see
Appendix F).

The Plan presented a detailed agenda for Unit-
ed States Arctic research and was the result of an
extensive process of planning, consultation and re-
vision. The biennial revisions build on the pub-
lished Plan but are more restricted in scope, and
they focus on what might be accomplished in the
succeeding two-year periods (1990-91, 1992-93
etc.). In addition to the individual agency research
activities (described in Section 3), this revision
presents several integrated, interagency research
programs (Section 2) as requested by the Inter-
agency Committee at its June 1990 meeting. These
cooperative efforts should be initiated in the
1992-93 period, and continue into 1994 and be-
yond. Each represents ongoing or planned pro-
grams of more than three Federal departments and
has direct relation t¢ economic, social and interna-
tional developments in the Arctic and scientific
questions related to regional and global processes.

This revision to the Plan was provided for re-
view to all the groups identified in the Act (the
Arciic Research Commission, the State of Alaska,
residents of the Arctic, the private sector and pub-
lic interest groups), as well as the participating
Federal agencies, the Polar Research Board of the
U.S. National Academy of Sciences, and individu-
al scientists and engineers.

1.1 Goals and Objectives

United States research in the Arctic and this bi-
ennial revision are govemed by national interests
and Arctic research goals and objectives agreed
upon by the Interagency Committee on February
3, 1986, and guidance provided by the Arctic Re-
search Commission (ARC 1991a).

* Amended on Movember 16, 1990 (Public Law 101-609); see
Appeandix F.

U.JS. Interests

It is in the national interest of the Uniied States
to support scientific and engineering research to
implement its national policy of protecting essen-
tial security interests, promoting rational develop-
ment of the Arctic region while minimizing ad-
verse environmental effects, and contributing to
the knowledge of the Arctic environment or to as-
pects of science that are most advantageously
studied in the Arctic. Where appropriate this re-
search should be coordinated with the efforts of
state and local government and the private secior.
The research should be carried out in a manner
that benefits from and contributes to international
cooperation. Arctic research policy is subject to
periodic review and revision.

U.S. Goals and Objectives
in Arctic Research

Arctic research shall be aimed at resolving sci-
entific and technological problems concerning the
physical and biological components of the Arctic
and the interactive processes that govern the be-
havior of these components. The objectives in-
clude addressing the needs for increased knowl-
edge in such issues as the Arctic as a natural labo-
ratory, national defense, natural hazards, global
climate and weather, energy and minerals, trans-
portation, communications, renewable rescurces,
pollution, environmental protection, health, adap-
tation and Native cultures.

More specific long-term goals have been devel
oped by the Interagency Committee to further
guide the revision of the Plan:

« Pursue integrated, interagency research pro-
grams;

» 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 re-
source exploitation technology;

> Develop an undersianding of the role of the
Arctic in predicting global environmenial
changes and perform research io reveal early
signals and to deiermine the significance of
global changes in the Arciic;

» Coniribute to the understanding of the rela-
tionship betwesen Arctic residents and subsis-



tence use of wildlife and how this relationship
might be affected by global climate change
and transported contaminants;

« Include Arctic residents in planning and con-
ducting the research and report results to the
individuals and communities involved in the
research;

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

« Advance knowledge of the Arctic geologic
framework and palecenvironments;

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

« Contribute to the understanding of upper atmo-
spheric and outer space phenomena;

» Develop and maintain data bases and data and
information networks;

« Promote mutually beneficial international re-
search programs and cooperation; 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 Com-
mittee, the Arctic Research Commission has pro-
vided further guidance for U.S. Arctic research
(ARC 1991a) and recommendations for improve-
ments in logistics for support of Arctic research
(ARC 1988b) and for focused research on the Ber-
ing Sea as an Arctic marine ecosystem (ARC
1988a), on data and information (ARC 1989) and
on engineering (ARC 1990a). This revision of the
Plan is consistent with many of these Commission
recommendations.

1.2 Budgetary
Considerations

The Act did not provide separate additional
funding for Arctic research. Agencies were expect-
ed to request and justify funds for these activities
as part of their normal budgetary processes. It was
anticipated in the 1987 Plan (p. 17) that agencies
would provide levels of funding consistent with the
Plan’s recommendations and existing programs.
Table 1 presents a summary of each agency’s fund-
ing for the period of the Act (1985-1991). The to-
tal interagency Arctic budget estimate for FY 1991
is $128 million; for FY 1992 it is $146 million. In
Table 2 Arctic funding is presented organized ac-
cording to the three major policy objectives de-
scribed above, and as reported for 1992 in the Pres-
ident’s budget request. Categories on resource de-
velopment and the Arctic as a laboratory include

Table 1. Arctic research budgets by indi-
vidual Federal agencies (in thousands of
dollars).*

FY 8589  FY90 FY 91 FY 92
Agency  Average Actual  Estimated Proposed
NSF 21,503 24,088 27,567 29,805
DOI 24,497 25,213 27,693 30,465
DOD 23,109 24,540 25,200 28,090
NASA 12,232 17,350 18,030 23,315
DOC 4,894 8,528 12,866 15,614
DHHS 1,311 8,001 9,268 9,561
DA 689 3,962 4,152 4,183
DOE 3.271 2,429 2,082 1,884
SI 568 630 705 705
EPA 225 500 500 1,250
DOT 472 305 305 735
DOS 10 20 60 60
Total 92,781 115,566 128,428 145,667

* Capital facilities are not included in these estimates.

Table 2. Arctic research by major categories (in
millions of dollars).*

1991 1992  Dollar Percent
enacted proposed change change

Resource developmentt 49 56 +7  +l4
Arctic as laboratory** 43 50 +2 +4
National security'’ 25 28 +3  +12
Total 122 134 +12 +10

*# As published in the President’s FY 1992 budget (see Appen-
dix D).
t Includes DOI, DOC, DA, DOE, DOT, DOS and EPA.
#% Includes DHHS, NASA, NSF and SI.
1 Includes DOD.

activities directly related to environmental protec-
tion and monitoring. See Sections 2 and 3 for de-
tails. Early increases in the national security and
resource development funding were in part due to
modifications in reporting procedures within some
agencies as the programs became better defined.
The estimated increases between the sums in Ta-
bles 1 and 2 represent changes in agency budgets
made subsequent to publication of the President’s
FY 1992 budget. Appendix E contains agency
budgets broken down by major sub-elements and
cross referenced to the policy objectives. The Arc-
tic Research Commission analysis of funding
trends in U.S. Arctic research suggests that in
terms of constant 1986 dollars, the total funding
has remained nearly level at about $90 million
(ARC 1991a).



1.3 Interagency
Coordination

The Arctic Research and Policy Act (Appendix
F) requires cooperation among agencies of the U.S.
Government having missions and programs rele-
vant to the Arctic. It established the Interagency
Arctic Research Policy Committee to “promote
Federal interagency coordination of all Arctic re-
search activities” [Section 108(a)(9)]. The Inter-
agency Committee, under the chairmanship of the
Director of the National Science Foundation
(NSF), continues to provide the mechanism for de-
veloping and coordinating U.S. Arctic research ac-
tivities. The biennial revisions of the U.S. Arctic
Research Plan serve as guidance for planning by
individual agencies and for coordinating and im-
plementing mutually beneficial national and inter-
national research programs.

A workshop on Federal research information
exchange was held in Anchorage, Alaska, in March
1991 1o facilitate coordination and the exchange
of information

Although the two-year period since the last re-
vision of the Plan was submitted has not been long
enough to fully organize and implement all its rec-
ommendations, significant progress has been made
and accomplishments continue to be identified.
These include activities of the Interagency Com-
mittee and the Arctic Research Commission, the
formation of the IARPC Social Science Task
Force, the development by IARPC of a statement
on principles for the conduct of research in the
Arctic (Appendix G), and interagency data activi-
ties and the development of a related data directory
and products. Selected accomplishments over the
past two years for Federal agencies are summa-
rized under each of the appropriate research mis-
sion components in Section 3. Additional informa-
tion can be found in the journal Arctic Research of
the United States (Volumes 2-4), published by
NSF on behalf of the IARPC.

The Act mandates specific requirements for im-
plementing a coordinated U.S. Arctic research pro-
gram. Mechanisms for appropriate levels of coor-
dination are still evolving. Three levels of coordi-
nation and cooperation are needed for an effective
national Arctic research program:

» Specific research conducted in the Alaskan

Arctic;

» 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, as-
sisted by working groups representing specific
agency programs. The Working Group on Arctic
Ocean/Atmosphere has developed specific pro-
gram strategies, as has the recently formed Social
Science Task Force. Data, information and logis-
tics groups are pursuing a number of interagency
activities. These are reported in the subsequent
sections.

Many interagency agreements and planning and
coordinating activities already exist in Alaska. A
workshop on Federal research information ex-
change was held in Anchorage, Alaska, in March
1991 to facilitate coordination and the exchange of
information. This activity will continue in Alaska
under the direction of an ad hoc coordinating
group. 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
will be encouraged.

1.4 International
Collaboration

The Arctic is becoming an arena for scientific
research that transcends national boundaries and
interests. Over the past two years there has been
an increasing amount of activity involving interna-
tional cooperation in the Arctic. Prior to this time,
Arctic cooperation was confined to bilateral or re-
gional arrangements. The growing willingness of
the Soviet Union to cooperate in international fo-
rums has facilitated these discussions on circum-
arctic cooperation.

In August 1990 the International Arctic Science
Committee (IASC) was formalized (Arctic Re-
search of the United States, Fall 1990, p- 65). This
nongovernmental body includes representatives of
all eight Arctic rim nations and other nations with
a significant capability in Arctic research (recent
members are France, Germany, the United King-
dom, Japan, Poland and the Netherlands). The
functioning of the IASC will facilitate cooperative
regional research, unprecedented access to Arctic
Ocean continental shelves, and the use of plat-
forms and logistical bases not possible in unilater-



al efforts. The National Academy of Sciences is
the designated U.S. representative. An Internation-
al Arctic Social Sciences Association was also
formed in August 1990 (Arctic Research of the
United States, Fall 1990, p. 75).

Environmental concems in the Arctic are being
addressed at the intergovernmental level as a result
of the Arctic Environmental Protection Strategy. A
series of meetings were held in preparation for the
full ministerial meeting held in Rovaniemi, Fin-
land, in June 1991. Among the results are a state-
ment of Arctic environmental principles, a strategy
for Arctic environmental protection, elaboration of
an international Arctic monitoring program, mea-
sures on the protection of the Arctic marine envi-
ronment and on emergency response, and ex-
change of information on the conservation of Arc-
tic flora and fauna.

Environmental concerns in the Arctic are being
addressed at the intergovernmental level as a result
of the Arctic Environmental Protection Strategy
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The U.S. Man and the Biosphere (MAB) Pro-
gram, through its High Latitudes Directorate, is
participating in the UNESCO MAB Northern Sci-
ences Network, located at the Arctic Center, Ro-
vaniemi, Finland. The NSN focuses on protected
areas, sustainable development and subarctic birch
forests. US-MAB is supporting a senior fellowship
to work with the Network secretariat in developing
and implementing international plans. MAB also
contributed to the development of an International
Tundra Experiment (ITEX) to monitor the impact
of global change on specific flora and fauna.

Among several bilateral efforts, the new US-—-
U.S.S.R. Oceans Studies Agreement has identified
a number of Arctic scientific research proposals
that may be developed into joint projects and
thereby offer access to the Arctic Ocean region.
The U.S.~U.S.S.R. Agreement on Cooperation in
the Field of Environmental Protection continues
several major Arctic activities related to climate,
flora, fauna, ecosystems and pollution. The in-
creasing pace of Arctic research sponsored by the
European community is evident in the proposed In-
ternational Arctic Ocean Expedition-1991 (IAOE-
1991), the Nansen Arctic Drilling (NAD) program
and the Norwegian Nansen Drift Program. Japan is
also expanding its Arctic research efforts in a num-
ber of areas, including buoy technology.

The Arctic Ocean Sciences Board (AOSB), a
nongovernmental body that coordinates selected

Arctic ocean research, has been successful in defin-
ing and organizing intemnational research efforts
such as the Greenland Sea Project. AOSB attention
is now directed at an International Arctic Polynya
Program, proposing comparative investigations of
polynyas in the Bering Sea, the Greenland Sea and
Baffin Bay.

The North Pacific Marine Science Organizations
(known as PICES) was established in December
1990 to promote and coordinate marine scientific
knowledge in the subarctic region of the north Pa-
cific Ocean, including the Bering Sea. Studies of
the ocean environment and its role in and response
to global weather and climate change, uses and re-
sources, and impacts from human activities are all
envisioned as projects PICES will undertake.

The governor of Alaska convened the Northern
Forum in September 1990 to agree upon regional
approaches to economic and environmental coop-
eration (State of Alaska 1990). Plans to house a
permanent secretariat in Anchorage are well under-
way.

1.5 Revision to the Plan

This second revision to the 1987 United States
Arctic Research Plan includes two major sections:

« Section 2. Strategy for Integrated Research

Plans

« Section 3. Research Mission Components

As an initial step an interagency program and
budget crosscut for the proposed Arctic Ocean Re-
search Strategy program was released in January
1990 at the time of the President’s FY 1991 budget
submission to Congress (IARPC 1990). The Strat-
egy for Integrated U S. Arctic Research Programs,
published in February 1991, builds on earlier sug-
gestions for proposed interagency programs and the
Arctic Oceans strategy presented in the 1990-1991
revision. They represent another step in implement-
ing the intent of the Arctic Research and Policy
Act. The programs present Federal agency interests
in coordinating Arctic programs that involve sev-
eral agencies and furthering cooperation in the in-
ternational scientific arena. These cooperative ef-
forts build on existing programs, funding and ac-
tivities; contribute to the emerging global change
programs; and include interagency data and infor-
mation activities (CEES 1991).

The Research Mission Components represent
the individual agency programs and responsibili-
ties. They are presented in six major categories and
where common activities exist they are presented as
collective activities. The listing does not include
every program or project of each agency but repre-
sents the major activities and directions. The com-



plementarity of the integrated programs and the tation of the proposed interagency programs and

research missions is shown in the following figure. research mission activities.

Several overall themes transcend essentially all in- At its meeting on June 5, 1991, the Interagency

tegrated and research mission components. Committee agreed to specific implementation tasks
Section 4 presents current activities related to for this Revision to the U.S. Arctic Research Plan

field operational support necessary for implemen-  (see p. 91, summary of IARPC meeting for details).

Major Components of the Second Biennial Revision éf the U.S. Aréﬁc"i{ésegrcii Plan

Integrated Programs Research Mission Components Overall Themes

- 3.1 Arctic Ocean and Marginal Seas
2.1 Western Arctic : 3.1.1 Ice Dynamics and Oceanography

Ocean Circulation 3.1.2 Ocean and Coastal Ecosystems and Living
and Productivity Resources

3.1.3 Marine Geology and Geophysics 2.3 Arctic

Monitoring

3.2 Atmosphere and Climate
3.2.1 Upper Amosphere and Near-Earth Space
Physics
3.2.2 Climate and Weather
3.2.3 Tropospheric and Stratospheric Chemistry

2.5 Arctic Data
3.3 Land and Offshore Resources | and Information

2.2 Geodynamics of 3.3.1 Energy and Minerals
the Arctic Basin and 3.3.2 Coastal 'and Shelf Processes .
its Margins 333 Terres'tnal and Freshwater Species and
Habitats
3.3.4 Forestry, Agriculture and Grazing

: |1.4 International
3.4 Land-Atmosphere Interactions Collaboration

3.4.1 Glaciology and Hydrology

3.4.2 Permafrost, Landscape and Paleoclimate

3.4.3 Ecosystem Structure, Function and Response

4.0 Logistics

3.5 Engineering and Technology Coordinati
rdination

3.6 Social Sciences and Health !
3.6.1 Cultural Resources and Historical Processes |
3.6.2 Social Change
3.6.3 Health

2.4 Bering Land
Bridge
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2. Strategy for Integrated Research Plans
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During its meeting of June 28, 1990, the Inter-
agency 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 nonrenew-

able resource development, environmental pro-

tection, and partnerships with the private sector

and residents of the Arctic. It will complement

other national and international scientific pro-

grams, such as Global Change. To this end the

IARPC agencies agree to develop, starting in

1992, an integrated interagency program suffi-

cient for meeting national needs.

Subsequently the IARPC agencies examined
Arctic research from an interagency perspective
and concluded that the following four programs
were ready for immediate attention as multiagency
focused efforts:

« Western Arctic Ocean Circulation and Pro-

ductivity;

« Geodynamics of the Arctic Basin and its Mar-

gins;

« Arctic Monitoring; and

« Bering Land Bridge.

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 safe development of Arctic re-
sources hinge on enhanced understanding of the
environment, leading to better forecasts. In addi-
tion, there is a strong international commitment to
collaborate.

Benefits to the Nation from Arctic research in-
cludes improved:

« Knowledge of fishery resources and control-

ling dynamics;

« Models and data for assessing global change

and its effects;

« Understanding of past climates;

« International cooperation in a strategic region;

« Forecasts of weather, ice and ocean condi-

tions;

« Protection of the Arctic environment;

« Understanding of causes and effects of air and

water pollution; and

« Protection and understanding of historic cul-
tural resources.
These coordinated, multiagency programs are

being designed to:

« Focus research activities in concert with na-
tional needs and Global Change Research Pro-
gram1 plans;

« 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 role of the Arctic in meeting national needs
and addressing key policy issues is further high-
lighted below.

Nonrenewable Resources

Currently the U.S. imports approximately 50%
of its hydrocarbon needs. Twenty-five percent of
our domestic production comes via the Trans-
Alaska Pipeline System from Prudhoe Bay, Alaska.
The best estimates are that at least 20% of the Na-
tion’s future reserves lie on the northern Alaskan
coastal plain and adjacent continental shelf. Also,
129% of the Nation’s gas reserves lie in the same re-
gion, and there are plans for a gas pipeline to trans-
port this resource south. Gas hydrate reserves have
been estimated to range from 10! to 10# cubic
meters in Alaska and its offshore region.

The Arctic shelves also contain mineral depos-
its. At least one offshore tin placer has been
brought into production in the Soviet Union. Gold
placers are being commercially mined near Nome.
Dredging for sand and gravel on the Arctic Ocean
shelves supports hydrocarbon development and
other large coastal and offshore construction
projects.



Renewable Resources

Arctic waters support some of the most produc-
tive fisheries in the world. The Bering Sea sup-
plies nearly one-tenth of the world’s fishery prod-
ucts. An estimated 7 million metric tons of 43
commercial species are caught every year by fish-
ermen from the United States, the Soviet Union,
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. In
1989, Alaska pollock, with landings of 1.1 million
metric tons, was the most important U.S. fish in
quantity, amounting to 28% of the U.S. commer-
cial landings. This amount is an 88% increase over
landings in 1988 and more than a five-fold in-
crease over the 1984—1988 five-year average.
Dutch Harbor-Unalaska, Alaska, was 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 oc-
curred in the catch of groundfish and shellfish and
the stocks of marine mammals. There is consider-
able concern that walleye pollock population will
“crash” as others have in the past. Managing sus-
tainable yields requires further research.

The impact on the coastal economy of Alaska
and other northwestern U.S. states is magnified by
substantial capitalization in vessels and processing
plants and related income to a broad sector of the
economy. A sustainable, predictable fishery stock
is fundamental to the viability of this sector of the
U.S. economy. Research on this marine ecosystem
is essential for understanding and managing the
Tesources.

Global climate models suggest that the amount of
warming may be significantly greater in northern
high-latitude regions than in lower latitudes

Global Change

High latitudes may experience the earliest un-
ambiguous onset of global warming if a “green-
house 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 well on the relative 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 delicate bal-
ancing 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.

High-latitude warming may disturb the equilibri-
um of Arctic ice masses and hence global sea lev-
els. Such events are well preserved in the geologic
record, and polar regions are a natural repository of
information about past climatic fluctuations. Addi-
tional data may shed light on the causes and effects
of both catastrophic and evolutionary global
change. Arctic research applies to virtually every
science element in the U.S. Global Change Re-
search Program Priority Framework.

Social and Environmental Issues

Arctic culture is part of, and highly dependent
on, terrestrial and marine ecosystems. Northern in-
digenous communities numbering over 100 in the
Alaskan Arctic, with a total population of 50,000,
depend on hunting, trapping and fishing. Evidence
increases of exposure to contaminants from lower
latitudes. Samples of fish tissue and sediments thus
far do not show contamination levels as high as in
seriously contaminated urban areas in the lower
forty-eight states, but they are not as pristine as
might have been expected. Recent studies have
found that concentrations of carbon dioxide and
methane in Arctic haze layers are elevated with re-
spect to background levels. Concentrations of these
two gases are correlated, suggesting a common an-
thropogenic source (fossil fuel combustion) and
subsequent transport into the Arctic. Soot carbon
has been traced for thousands of kilometers across
the Arctic, where it remains suspended in a dry, sta-
ble atmosphere. Ozone depletion in the polar vortex
has enormous health implications to the people of
the Northem Hemisphere.

Opportunities for Arctic
Research in the 1990s

Remote Sensing
High-latitude satellite coverage and related data
processing will reach a new level of capability in

13
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the 1990s, For example, gridded microwave
brightness temperatures from both the Nimbus and
DMSP satellites, providing low-resolution (50-
km) information on sea ice type and distribution,
will be available on CD-ROMs through the Na-
tional Snow and Ice Data Center (NSIDC).

Other satellite data that will be available in the
1990s include ocean color from SeaWiFsS (U.S.)
and ADEOS (Japan), surface topography from al-
timeters on ERS-1 (ESA) and TOPEX/Poseidon
(U.S. and France), and low-resolution sea ice type
and distribution from advanced microwave sound-
ing units on NOAA K, L and M satellites (U.S.).
High-resolution (30-m) synthetic aperture radar
(SAR) imagery from ERS-1, JERS-1 and
RADARSAT satellites (Europe, Japan and
Canada), providing ice motion as well as detailed
ice type and distribution, will be available from
the Alaska SAR Facility (ASF) beginning in 1991.
Use of the planned SAR satellites demonstrates
the important international dimension of the pro-
jected activities. Over the longer term, this capa-
bility may be sustained by sensors aboard the
planned Earth Observing System (EOS) space-
craft. The prospect of systematic, regional satellite
coverage makes major, basin-wide investigations
in the Arctic feasible for the first time.

In-situ Sensing

Air—ice-ocean sampling is being revolutionized
by emerging new technologies. Precision naviga-
tion from portable, low-power receivers will soon
be possible continuously from the satellite-based
Global Positioning System now being deployed. A
number of options for data telemetry arc evolving,
including specialized communication micro-satel-
lites, an ionospheric-path HF radio frequency with
digital packet switching, and a ground-plane MF
radio frequency over ice. Advances in low-power
microprocessors and mass storage media (optical
disk, digital audio tape, video tape) have provided
a new generation of programmable, high-capacity
data loggers for field experiments. [nnovative sen-
sors and signal processing techniques based on
acoustic and optical propagation have opened up
new dimensions in probing the structure of the at-
mosphere, ice and ocean. New materials and high-
density energy sources have spawned a new gen-
eration of remote platforms such as buoys and au-
tonomous undersea vehicles. [nstruments based on
such new technology will enable radically new
adaptable and interactive observational strategies
for process studies, as well as provide the means
for long-term, real-time monitoring of primary
variables at remote sites.

Fisheries Management

Bering Sea stocks cannot be fished indiscrimi-
nately without irreversible changes in the popula-
tion structure and yield. Agreements between the
Presidents of the U.S. and the U.S.S.R. reflect the
heightened consciousness regarding the rich fish-
ery, wildlife, mineral and heritage resources of the
Bering Sea region.

Representatives of the State of Alaska have
called for a study of the Bering Sea aimed at under-
standing the fisheries dynamics and devising

Bering Sea stocks cannot be
fished indiscriminately without
irreversible changes in the
population structure and yield

appropriate management options. The Arctic Re-
search Commission has concurred with these con-
cerns and has recommended a multiagency study of
the Bering Sea as an ecosystem (U.S. Arctic Re-
search Commission 1991). The existence of long-
term fishery and climatic records for this region
also helps in investigating fluctuations. PICES (see
Section 1.4) is beginning its international activities.

Cultural Exchange

The June 1990 Bush-Gorbachev summit meet-
ing reached a historic agreement on the feasibility
of establishing a Soviet—United States International
Park in the region of the Bering Strait. At the sign-
ing ceremony, President Bush said,

This park will preserve the unique natural, envi-

ronmental and cultural heritage of the Bering Sea

region of Alaska and Siberia. Just as a bridge of

land once joined our two continents, SO let a bridge

of hope now reach across the water 10 join our two

peoples in this spirit of peaceful cooperation.
Planning for the International Park is proceeding
based on a reconnaissance study prepared by the
two nations in 1989 (Arctic Research of the United
States, Fall 1990, p. 13) and a series of joint meet-
ings and planning activities in 1990 and 1991.

Data

Common to all programs is the need for a data
management program within the Federal agencies.
An Arctic Environmental Data Directory (AEDD)
is currently under development. The National Snow
and Ice Data Center (NSIDC) in Boulder, Colo-
rado, has a long history of archiving cryospheric
data and has recently produced several CD-ROM
products of satellite and large experiment data sets.
Other national archives hold a variety of data sets.



Estimated funds allocated to the integrated re-
search programs™* for the interagency Arctic
programs (in millions of dollars).

Agency FY 1990 FY 1991 FY 1992
DOC/NOAA 6.9 9.9 (0.3 121 (0.5
NASA 5.7 9.0 (9.0) 105 (10.5)
NSF 7.0 90 (1.5 11.0 (2.5)
DOD 6.8 65 (0) 73 (4.2)
DOI 8.0 10.0 (2.0 100 (2.0
EPA 0.5 05 (0.2) 1.3 (0.3)
DOE 2.3 1.9  (0.4) 1.7 0.4
USDA 1.7 1.8  (0.2) 1.9 (0.2)
SI 0.6 07 (03 07 (0.3
DOT 0.3 1.9 O 0.7 O
DOS 0.06 0.06 (0) 0.06 (@)
Total 39.9 51.3 (13.9) 57.3 (20.9)

* Includes Western Arctic Ocean Circulation, Geodynamics,
Monitoring, Bering Land Bridge and Data. These funds are
contained in the line items presented in Appendix E. Estimates
for the global change contributions to the total budget in the FY
1991 and 1992 totals are shown in parentheses.

A plan to integrate data archiving activities into an
effective and coordinated activity will be devel-
oped and implemented over several years. A major
Alaska-based bibliographic project (Polar PAC) is
producing and updating a CD-ROM that includes
listings of all Federal agencies’ Arctic reports.
Both the data and bibliographic activities will be a

continuing effort to support the U.S. participation
in an international Arctic Monitoring and Assess-
ment Program.

Budget Analysis

As indicated earlier (Section 1.2), Arctic re-
search budgets within most agencies are not de-
fined as discrete programs or on a regional basis.
The same is true for logistics support. The present
budget analysis for the integrated programs is sub-
ject to the same uncertainties, and it takes into ac-
count regional allocations within given programs
and the emerging global change programs appli-
cable to the Arctic.

The FY 1991 estimate of $51.3 million for the
four programs described in this report represents
approximately 40% of the total anticipated inter-
agency Arctic research and logistics budget. In-
cluded in this total is approximately $6.5 million
in FY 1991 (USCG, NOAA and NSF) for large lo-
gistics support (ship support) and for data and in-
formation. The FY 1992 estimate is $57.3 million.
Approximately 27% and 36% in FY 1991 and FY
1992, respectively, are estimated from global
change programs. Descriptions of individual and
multiagency activities are provided in the follow-
ing sections.
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2.1 Western Arctic Ocean
Circulation and
Productivity

Goal: To understand the processes controlling the
physical and biogeochemical variability and the pro-
ductivity of the marine western Arctic and thus
improve both short- and long-term environmental
forecasting capabilities.

Background

Both the physical and biological characteristics
of the Arctic marine environment are determined
by balances between local processes and exchang-
es with the Atlantic and Pacific oceans. Within the
western Arctic region, the Bering Sea, the North-
em Bering/Chukchi Shelf and the Arctic Ocean
(extending from the shelf approximately to the Lo-
monosov Ridge) are three coupled yet distinct
physical and biogeochemical regimes.

The Pacific source waters for the western Arc-
tic are derived from flow through the Bering Sea,
a large portion being nutrient-rich waters that up-
well onto the shelf. Upwelling is particularly ef-
fective in the northwestern Bering Sea, where it
fuels remarkably high biological productivity over
the shelf, extending northward to Bering Strait. In
contrast, the waters of lower salinity transiting the
Bering Shelf farther eastward carry reduced nutri-
ents with correspondingly lower productivity.

From the northern Bering Sea, the Pacific wa-
ters continue through Bering Strait into the Chuk-
chi Sea, where, aided by nutrients recycled in win-
ter, they support another extremely productive ec-
osystem. The carbon production in this region may

Freezing and melting of sea ice in the Bering Sea and
on the Arctic Ocean shelves are critical in the process
of water mass formation and biological productivity

supply 50% of the respiration demands within the
Arctic Basin. Hence, the variability in production
and the fate of the carbon are important inputs for
calculating the oceanic carbon budget as it per-
tains to global change. Both the western inflow
and the fresher waters entering through eastern
Bering Strait are significantly altered in the Chuk-
chi Sea by mixing and by interaction with the at-
mosphere, the ice cover and the sea floor as they
circulate on the shelf. Modified but distinct Pacific

waters eventually drain off the Chukchi Shelf into
the deep Arctic Ocean. Within the Arctic Ocean the
modified Pacific waters spread throughout the Can-
adian Basin, where they form a distinct layer be-
tween the surface ice cover and the warmer water
below derived from the Atlantic inflow in the east-
ern Arctic. In this way the Pacific inflow insulates
the enormous sea ice canopy of the western Arctic
from melting and at the same time fertilizes the up-
per ocean with nutrients originally upwelled across
the Bering slope. The stability of this system is
critical in maintaining the Arctic climate. There are
very few long-term current records for the Arctic
Ocean and no hydrographic transects from which
to understand the large-scale circulation or water
column structure.

Freezing and melting of sea ice in the Bering
Sea and on the Arctic Ocean shelves are critical in
the process of water mass formation and biological
productivity. Ice mechanics also plays a direct role
in the transport of energy between the atmosphere
and the ocean. Seasonal and interannual variability
is extremely large in this system, much of it associ-
ated with wind. This region could be critical for fu-
ture U.S. activity in offshore oil exploration and
production. Our ability to proceed with these com-
mercial activities is seriously constrained by the
lack of sufficiently accurate forecasts of weather
and the strength and movement of the pack ice.

Improving both short- and long-term environ-
mental forecasting capabilities for the western Arc-
tic requires understanding of the role of atmospher-
ic forcing, ice dynamics and the Pacific inflow.
‘What controls the ocean transport and pathways
from the deep Bering Sea onto the shelves? What
are the principal patterns and scales of the shelf cir-
culation? How does this circulation control produc-
tion? What are the principal interactions between
the variable ice cover and the shelf waters? How
are the chemical and biological properties of the
northward-moving waters redistributed? How are
these waters modified in crossing the vast Arctic
shelves? What controls the transport of the shelf-
modified waters into the Arctic Ocean and their
subsequent spreading? Recommendations con-
tained in Arctic System Science: Ocean—Atmo-
sphere—Ice Interactions (Joint Oceanographic Insti-
tutions Inc. 1990) and Priorities in Arctic Marine
Science (National Research Council 1988) will be
considered in implementing the program.

Objectives
» Define the principal pathways, rates and vari-

ability of Pacific waters through the western
Arctic and the dynamics governing the flow;
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» Define the distribution of discrete stocks of
important fish, shellfish and marine mam-
mals, and the relationship of these distribu-
tions to physical, chemical and biological fac-
tors;

« Determine biological production rates and dy-
namics on the shelves of the western Arctic
and assess their susceptibility to change;

« Relate sea ice dynamics to atmospheric forc-
ing and determine the consequences for ocean

« Define the mechanisms and time scales of
principal biogeochemical cycles in the west-
ern Arctic; and

« Determine the transfer of energy between tro-
phic levels and the sequestration or loss of
carbon from the shelf system.

Implementation

Implementation will proceed in phases de-

circulation and biological production; signed to build data bases and modeling capabili-
« Develop an accurate, high-resolution sea ice ties sufficient to guide the formulation and testing
forecasting system with defined limits of pre-  of hypotheses:

dictability; Phase I: Reconnaissance site surveys, synthesis

» Quantify the relative magnitude and sensitiv- of historical data bases, initial model development,
ity of fluxes contributing to the surface heat interagency and international linkages for collabo-
budget; rative efforts.

Summary of existing and planned contributions to the Western Arctic Ocean Circulation and Productivity program.

Bering Sea Chukchi Sea

Arctic Ocean

Atmospheric forcing

Sea ice processes

Qcean circulation
water mass structure

Nutrient distribution

Pollutant transport

Carbon cycling

Primary, secondary
production

Fish, mammal
dynamics

Instrument
development/
application
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Interannual variability (NOAA, NSF)

][ ELeadforcing (ONR,NOAA) ]

l

Interannual variability (NOAA, NSF)

Seasonal variability (NOAANSF)

Large-scale surface fluxes (NASA, ONR)
Lead fluxes and formation
processes (ONR, NOAA)

Seasonal surveys (NOAA, NSF, MMS, USSR,
Canada, Japan)

Point monitoring (NOAA, ONR, NSF, Canada)
Basin cross section (NOAA, ONR, Canada)

Data synthesis (NSF)
Seasonal surveys (NSF, MMS, NOAA)

I_ Seasonal surface trajectories (MMS) J

B Data synthesis (NSF)

Neritic, benthic processes (NSF)
Sequestration, export mechanisms (NOAA, NSF)

—

Seasonal surveys (NSF)

Polynya processes (NSF, NOAA}

Historical stock analysis (NOAA/NMFS)
Pollock recruitment and larvae
transport (NOAA/NMFS)

Marine mammal dynamics
(NOAA, FWS/MMS)

[ Polar bear ecology (FWS/MMS)

RNA probe (NOAA) |

Autonomous underwater vehicles and oceanographic sampling network {ONR)
Buoy systems (ONR)
Passive microwave, SAR algorithms (NASA):
SEAWIFS color sensor (NASA)




Phase II: Multidisciplinary field experiments
and process studies with interagency and interna-
tional collaboration, data assimilation into high-
resolution predictive models and long-term obser-
vational systems.

Most agencies are prepared to implement a lim-
ited Phase I effort with existing resources; several
studies were initiated in FY 1990. Phase II repre-
sents a significant enhancement with a higher level
of coordination. Programs listed under “Future Co-
operative Program Elements” have been identified
as critical needs that require additional funding for
implementation.

Appendix B contains descriptions of specific ex-
isting, planned and future cooperative interagency
program elements. Activities in Sections 3.1.1,
3.1.2 and 3.3.2 detail specific agency and multi-
agency plans that contribute to this integrated pro-
gram. The diagram on p. 18 is a summary of the
overall program.

Future Cooperative
Program Elements

Bering Sea

« Expansion of field surveys sufficient to define
the spatial and temporal variability in circula-
tion;

» Regional climatology to determine the princi-
pal atmospheric and oceanographic forcing of
the variable circulation in the Bering Sea;

» Primary and secondary production and its rela-
tionship to sea ice dynamics;

» Processes controlling the transfer of energy be-
tween trophic levels and the sequestration or
export of carbon from the Bering Shelf;

«» Coupled modeling of physical dynamics and
ecosystem interactions.

Northern Bering/Chukchi Shelf

« Shelf-basin exchange, including plume dy-
namics, export of carbon and nutrients;

« Expansion of biological sampling and mea-
surements of primary production to define
spatial and temporal variability and off-shelf
components;

 Monitoring of ice thickness and ice deforma-
tion;

* Process studies of ice thermodynamics;

« Integration of SAR data into regional ice
models;

« Higher-trophic-level dynamics.

Arctic Ocean

» Proposed coordinated transpolar expedition in
the summer of 1993 with a U.S. Coast Guard
icebreaker and the Canadian icebreaker Louis
St. Laurent to obtain oceanographic and geo-
physical sections across the Arctic Ocean;

« Process studies of circulation dynamics on the
continental slope;

« Continuous ocean and ice monitoring for spa-
tial and temporal variability in ice thickness,
upper ocean structure, circulation and water
column sediment flux;

« Determination of the implications of Leads
process studies for the western Arctic (on a
regional scale), particularly the consequences
for mixed-layer, atmospheric circulation;

» Coupled air-ice—ocean circulation modeling
to look at coupling between higher and lower
latitudes.

Under the integrated program, agencies will
coordinate announcements of research opportuni-
ties and will align current research with the goals
of the interagency effort. An interagency science
steering committee will assure the continuity and
integrity of the overall program.
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2.2 Geodynamics of
the Arctic Basin and
Its Margins

Goal: Todetermine the climatic, paleo-oceanograph-
ic and tectonic evolution of the Arctic region and
their effects on global climate, the biosphere and the
dynamics of world oceans and atmosphere.

Background

The origin of the Arctic Basin is linked to the
evolution of adjacent ocean basins and continents.
Understanding past and present plate movements
in the Arctic is necessary before a complete model
of plate motions and paleogeography in the North-
ern Hemisphere can be constructed. The Cenozoic
tectonic history (the past 67 million years) of the
Eurasian Basin is relatively well known, since the
Eurasian Plate and the North American Plate have
been studied extensively to the south. The basin

ceous sediments. All other sediment cores from
the Arctic Basin contain younger sediment, depos-
ited in a cold, at least partially ice-covered, deep-
sea regime. The record documents periods when
iceberg-transported, terrigenous sediment was de-
posited on the basin floor. There are no marine
data from 5 to 40 million years ago when the Arc-
tic climate cooled, and thus no information is
available to decipher the forcing functions or time
of onset of glacial conditions. Today, dense, cold,
Arctic surface waters sink and flow southward,
filling the deep basins of the Atlantic and Pacific
oceans. This circulation in the past may have been
substantially different, with consequent climatic
implications. The Alpha and Lomonosov ridges in
the past were a greater barrier to circulation than
at present; their rates of subsidence are unknown.
Understanding the history of the ridges and the ba-
sins is critical for reconstructing past climate.
Sixty-five million years ago (late Cretaceous), Al-
pha Ridge may have been a volcanic oceanic pla-
teau. Lomonosov Ridge is probably a sliver of the
Barents Sea margin. The geodynamic forces re-
sponsible for the origin of the Alpha and Lomono-
sov slides are unknown.

Twenty-five percent of the Nation’s production

One of the major unsolved questions in earth sciences
is the paleo-oceanographic and paleoclimatic
evolution of the north polar deep-sea basins

of hydrocarbons comes from the Alaskan coastal
plain, and 20% of reserves are estimated to be
within the continental margin. Understanding the

also centains a well-documented and decipherable
magnetic lineation history. Little is known about
much of the rest of the Arctic Ocean margin sys-
tem. The evolution of the Amerasian Basin is a
major unresolved problem. Rotation of the Arctic-
Alaska Plate away from the Canadian NWT dur-
ing the Cretaceous (prior to 65 million years ago)
is consistent with geology of the Canadian Arctic
Islands and Alaska. However, interrelationships
with the Markarov Basin are unknown.

One of the major unsolved questions in earth
sciences is the paleo-oceanographic and paleocli-
matic evolution of the north polar deep-sea basins.
Identification of greenhouse warming within his-
torical records requires quantifying the magni-
tudes, frequencies and rates of natural climate
change. Of hundreds of samples collected in the
Arctic Ocean, only four contain sediments that
predate the onset of cold climatic conditions. The
oldest black muds (about 80 million years old—
Campanian age) and siliceous oozes (about 67
million years old—uppermost Cretaceous and ear-
liest Paleocene) indicate that at least part of the
Arctic Ocean was a relatively warm, productive,
deep-sea basin prior to 40 million years ago. Three
recent cores by the USGS may also record Creta-

geologic history and structure of the Arctic margin
is necessary for further development and manage-
ment of these nonrenewable resources. In perma-
frost regions in the Northern Hemisphere, both on-
shore and offshore, considerable quantities of
methane in the form of a hydrate are contained
within and beneath the permafrost layer. Because
global climate warming is postulated to be magni-
fied in the Arctic, accelerated thawing of perma-
frost may occur, possibly releasing methane into
the atmosphere. Continental shelves are poten-
tially rich in gas from suspected frozen methane
(clathrate) deposits.

Unlike temperate regions, where water is the
only medium of energy exchange with the sea
floor, the Arctic continental margin is a unique en-
vironmental domain involving not only the water
column but also the interaction of two solids: ice
and the sea floor. The surfaces of these solids are
variable in form, both temporally and spatially,
and the dynamics of their interaction results in
ever-changing conditions. Erosion rates are ex-
tremely high along the low-lying Arctic coastlines,
where sea ice and permafrost are common. Spe-
cific questions about where to build causeways,
man-made islands and other structures can only be
answered after basic process information is col-
lected and interpreted. Knowledge of erosion and
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sediment transport in the Arctic is essential for in-
telligently managing the coastal region.

The tectonic and paleoclimatic history of the
Arctic Ocean margin system needs to be addressed
at a minimum of six time ranges:

o The last few hundred years: How precisely do

the sediments record the history of the Little
Ice Age and the influence of man on the global
system?

« 12,000-18,000 years ago: What changes oc-
curred at the end of the Pleistocene that trig-
gered the decay of the major ice sheets?

+ 125,000 years ago: What were the conditions
during the last major interglacial period?

o The last 2 million years: What is the timing,
magnitude and periodicity of high-amplitude,
late-Cenozoic climate oscillations and result-
ant ice sheets, both continental and marine?

« About 25 million years ago: What conditions
triggered the initial Arctic climatic cooling, the
formation of sea-ice cover and the earliest gla-
ciations?

« About 67-85 million years ago: What was the
climate at the end of the Cretaceous? How can
we characterize the preglacial Arctic deep-sea
paleoenvironment?

A general question that can be asked for each
time range is: What were the paleo-oceanographic
and paleontologic (both faunal and floral) respons-
es to climate change, warm—cold oscillations and

changes in the depth and width of ocean corridors
linking the Arctic with the global ocean?

Objectives

« Determine the tectonic and geologic history of
major structural elements of the Arctic Ocean
margin system;

» Determine the climatic and paleo-oceano-
graphic evolution and their effects on global
climate;

« Understand coastal processes unique to high-
latitude shelves;

« Estimate the vqlume of methane in permafrost
regions and how rapidly it would be released
by various degrees of warming; and

« Establish the tectonics and sea level oscilla-
tions of the Bering land bridge in order to un-
derstand the fauna and flora migrations.

Implementation

Implementation is designed to take advantage of
planned and proposed international programs, in-

cluding those of the International Arctic Science
Committee and the Arctic Ocean Sciences Board.
The initial activities are primarily exploratory.
Multi-year programs involve major additional op-
erational support. Sections 3.1.3 and 3.3.2 present
specific agency and multiagency plans that con-
tribute to this integrated program.

Future Cooperative
Program Elements

Joint U.S./Canadian Traverse of the Arctic Basin
The geologic component will include a geo-
physical transect of the Chukchi borderland to ob-
tain seismic refraction and reflection data to define
Arctic continental margins. A super corer and gat-
tting gun drill may be used to sample the geologic

structure and obtain paleo-oceanographic data.

Northern Magnetic and Gravity Surveys

Detailed acromagnetic and aerogravity surveys
of the Amerasian Basin and continental margins
will be required and will provide the basis for a se-
ries of up to twelve geophysical and sampling
transects. It is anticipated that the Geological Sur-
vey of Canada will participate in NORMAGS.

Arctic Gateway Drilling

The Ocean Drilling Program is based on paleo-
oceanographic and tectonic objectives and recom-
mendations of thematic panels and will consider
Arctic drilling sites.

Nansen Centennial Arctic Program (NCAP)

Norwegian scientists plan to commemorate the
Nansen “Fram” drift of 1883—-1886 with a freeze-
in of an ice-strengthened vessel for a two-year
drift, probably starting in the Laptev Sea. The geo-
logical objectives are to elucidate the structure and
evolution of the Arctic continental margins; the
structure and evolution of the marginal plateaus
and the Lomonosov Ridge; the structure of the
lithosphere and the junction of the Arctic Mid-
Ocean Ridge and the Laptev Sea margin; the pre-
glacial Arctic Ocean; the timing and characteris-
tics of initial climatic cooling and glaciation; the
timing, magnitude and periodicity of high-ampli-
tude late-Cenozoic oscillations, with emphasis on
the late interglacial-glacial cycle; the development
of deep circulation adaptations of marine biota to a
cold hydrosphere; and sediment flux and carbon
cycling in the Arctic Basin.
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10  Copper River

11 Susitna

12 Kusko/Bethel

13 Gulkana Glacier

14 Wolverine Glacier

15 Bering Glacier

16  Mendenhall Terminus

2.3 Arctic Monitoring

Goal: Building on existing sites and data bases, to
participate in a coordinated international network of
long-term atmospheric, terrestrial and oceanographic
monitoring stations and to facilitate analysis, storage
and dissemination of acquired data.

Background

Public, scientific and intergovernmental con-
cerns for the well-being and protection of the Arc-
tic are increasing. It is often difficult to distinguish
between changes in the environment due to hu-
man-induced activities and those resulting from
natural variability. Furthermore, the Arctic is be-
ing exposed to increasing inputs or effects of con-

taminants from lower latitudes due to atmospheric,
marine and riverine transport. The spatial and tem-
poral variability of contaminants, their fates and
effects, and the overall status and trends in the
quality of the Arctic environment and the condi-
tion of the biota are generally not well known.

Within the last ten years the governments of the
circumpolar states have become increasingly
aware of the need, and their responsibility, to com-
bat these threats to the Arctic ecosystem. The June
1990 Bush—Gorbachev joint statement on the envi-
ronment emphasized the importance of coordina-
tion of global atmospheric, terrestrial and ocean
monitoring systems.

As indicated in Section 1.4, the Arctic Environ-
ment Protection Strategy includes an international
Arctic Monitoring and Assessment Program
(AMAP), whose primary objective is to measure
the levels of anthropogenic pollutants and assess
their effects in relevant components of the envi-
ronment, focusing on pertinent organic contami-
nants and selected heavy metals and radionuclides.

The U.S. agencies, in accord with national and
international programs and agreements, propose to
develop their contribution to this international
Arctic Monitoring and Assessment Program. The
U.S. activities include monitoring chemical, bio-
logical and physical conditions and conducting en-
vironmental process research. Included are assess-
ments of the nature and degree of contamination,
the effects of contamination and other forms of
human disturbance on the biota and ecosystems,
and variations of physical parameters of the envi-
ronment. Monitoring the physical parameters of
the environment or the cryosphere (sea ice, perma-
frost, snow cover, glaciers etc.) is identified and
also is being addressed in more detail in the U.S.
Global Change Research Program.

Monitoring and related research in the Arctic is
important for:

* Establishing a quantitative baseline against
which natural variability and future changes
can be evaluated;

* Detecting food chain contamination in eco-
systems and humans;

* Detecting early signals of biological and
physical changes in the environment;

* Determining sources and persistence of natu-
ral and anthropogenic contaminants;:

* Determining sources and effects of natural
and anthropogenic disturbances;

* Serving as a basis for management, mitigation
and preservation of biodiversity (flora, fauna
and habitats); and

* Developing more accurate predictive models
of Arctic variables and establishing the infor-
mation to initiate these models.
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Existing chemical, ecological and cryospheric research- and monitori Q
related activities within agencies.

DOC/NOAA
DOC/NOAA, DOE, DOYNPS, EPA, NASA, NSF

DOC/NOAA, DOD/ONR, DOI/MMS, NSF

DOC/NOAA, DOD/ONR, DOI/USGS, DOT/USCG, NASA,
NSF

DOC/NOAA, DOI/MMS, NSF

DOC/NOAA, DOYMMS/FWS, NSF

DOI/USGS, NSF

DOC/NOAA, DOV/FWS/USGS/NPS, EPA, NSF, USDA/FS/
SCS

DOI/BLM/NPS/FWS/USGS, NSF, EPA, DOE, USDA/FS
DOD/CRREL, DOI/USGS/NPS, NASA, NSF, USDA/FS/SCS

DOC/NOAA, DOYMMS/BIA
DOL/BIA/NPS/MMS, NOAA, NSF, SI

24

Deficiencies in existing national and interna-

tional Arctic programs include:

« The minimal amount of baseline data from
which to establish trends;

« The lack of a comprehensive network of envi-
ronmentally appropriate sites;

« The lack of standardized strategies and proto-
cols for gathering data across existing sites;

« The lack of a long-term commitment to coor-
dinated, interagency observational programs;

« The lack of systematic storage, access and
analyses of Arctic environmental data; and

« The lack of adequate international coordina-
tion.

The goals and objectives for program design

and data management are to:

+ Design a national and cooperative internation-
al sampling network and protocols, and pro-
vide for intercalibration of instruments and
methods;

« Extend baseline measurements at selected
U.S. sites and along transects (CMDL, LTER,
NADP, parks and refuges, ALERT sites);

« Provide international harmonization of stan-
dards for measuring key pollutants and eco-
system health;

« Conduct satellite-based atmospheric observa-
tions and marine expeditions and cruises to
document transport processes and rates of
change;

« Develop habitat indices and inventories of
species, populations and communities for as-
sessing impacts and monitoring change;

« Conduct research on the fate and effects of
chemical contaminants;

« Further develop centers for the international

storage, exchanges and analyses of environ-
mental data; and

. Identify data sets for input to the Arctic Envi-
ronmental Data Directory (AEDD) and the
Arctic Data Interactive (ADI) CD-ROM.

Implementation

The U.S monitoring activities will be con-
ducted, in part, on a network of long-term terres-
trial and oceanographic stations generally situated
along transects and environmental gradients. One
component, the Arctic Long-term Environmental
Research Transects (ALERT), will consist of
monitoring, assessment and research activities on
physical, chemical and biological properties and
processes. ALERT sites will be coordinated with
circumpolar sites and other major U.S. and inter-
national programs (LTER, NADP, IGBP,
UNESCO-MAB, IHP etc.) and expeditionary pro-
grams such as AGASP and routine satellite and
oceans monitoring programs. Workshops are
planned to design the sampling and monitoring
approaches. EPA proposes to convene an interna-
tional symposium on research and sampling de-
signs to assess the status of, and changes in, the
Arctic environment. These activities will be coor-
dinated with AMAP, IASC and other international
programs that have prov isions for long-term mon-
itoring (IGBP, MAB etc.). Essentially all mission
research components presented in Section 3 of this
Plan contain monitoring activities as illustrated
below. See Appendix B for further details.

Future Cooperative
Program Elements

« Design a monitoring program as part of an in-
ternational Arctic Monitoring and Assessment
Program, expand the AEDD and participate
in workshops and symposia;

« Further develop appropriate methodologies
for assessing the extent and magnitude of pol-
lution in Arctic ecosystems caused by air-
borne contaminants; lichens and mosses will
be sampled using a regional, probability-
based sampling frame that will result in quan-
titative contaminant estimates for the U.S.
Arctic; sediments will be analyzed from lakes
throughout the Arctic to determine the source
and timing of contaminants; additional stud-
ies will provide information on the levels of
bioaccumulation of contaminants by various
components of the terrestrial Arctic food
webs (EPA);



* Under an expanded Arctic Studies Center, re-
new the Smithsonian Institution’s basic sys-
tematic, evolutionary and ecological research
on the Arctic biota in several key areas: in-
ventory of the plant and animal species in
both the terrestrial and marine environments,
distribution and ecology of species, systemat-
ics and evolution of Arctic taxa, life history
and environmental adaptation, and questions
relating to the conservation of biodiversity (SI).

* Develop plans for upgrades to the ASF to ac-
commodate SAR data from the Canadian Ra-
darsat, which would offer the first opportunity
to obtain weekly synoptic SAR coverage of
the entire Arctic ice-covered oceans; together
with other satellite and in-situ data, such ob-
servations would enable estimates of energy
fluxes between the ocean and atmosphere at
high latitudes (NASA);

» Develop a quantitative classification system
for snow covers based on a broad range of
physical properties (DOD/CRREL);

» Establish an Arctic data office to control data
quality, promote data exchange, and link data
and information; establish a real-time coastal
ocean monitoring and analysis capability in
the Arctic within NOAA'’s Coastal Ocean
Program; develop and distribute data on
coastal oceanography and fisheries in a CD-
ROM, based on a compilation of Beaufort Sea
studies (DOC/NOAA);

» Conduct cooperative long-term ecosystem
monitoring along two transects: a circumpolar
transect in the boreal and Arctic climatic
zones, and a Pacific transect from Alaska to
Tierra del Fuego; monitor total carbon load-
ing, vegetation vigor and health, employing
research tools such as GIS/remote sensing
modeling and dendrochronological techniques
(USDA/FS);

» As part of the Northwest Alaska Biogeo-
graphic Area global change program, centered
on the MAB-designated Noatak National Pre-
serve, establish a monitoring and research
program that contributes plant, animal and en-
vironmental data to the circumpolar long-term
monitoring program, including Soviet Arctic
preserves (DOI/NPS);

« Undertake a five-year program on contami-
nants in Arctic fish and wildlife to sample tis-
sues and to establish baseline levels for deter-
mining seasonal, annual and individual varia-
tions, identifying species or groups of species
as contaminant sinks, determining their poten-
tial vulnerability to contaminant effects, and
identifying the relationship of contaminants to
patterns of habitat use and movement known
from ongoing satellite telemetry and molecu-
lar stock identification studies (DOI/FWS);

+ Monitor the effects of subsistence usage on
populations and the effects of subsistence on
regional ecology (DOI/BLM/NPS);

* Conduct studies related to global climate
change (DOI/BLM/NPS);

» Enhance regional glacier monitoring through
the establishment of north-south and east—
west transects of “benchmark” maritime and
continental glacier basins in North America
and further develop sea ice, snow, hydrologic,
permafrost and trace gas monitoring programs
under the Global Climate Change Program
(DOI/GS/NPS); and

* Develop a network of comparative research
sites to determine the impacts on tundra eco-
systems disturbed 5 years to several decades
ago to better predict temporary or long-lasting
changes in moisture, permafrost, vegetation
and microbial populations, gas flux and soil
composition (DOE/ER).

25



26

(..ufe

"f}‘u‘ilmum m.m FAKAIMNK } E{dl{es OT ;)hekArcuc
] alional ar|
y . ’
i sl ‘“ ARG Ertoag R
R o Jaxami
% ; TN - )"‘-«.—-—"\ BOpoTa ApTIHARe
Hutivital m"iiﬂ:,..# ‘ Kobuk Valley ,‘r i hbe el '_—e
AR e mﬂﬂﬂ?‘ﬂmf&? i b
; zs “__“ 'I"’."u ‘ =
o
Sites Visited by the
Joint U.S.-U.S.S.R.

Planning Team, 1989*

(@ Principal base point
of the expedition
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(I Total area of visual
observation

* See Arctic Research of the
United States, Fall 1990, p. 13.

Sites on Chukotka—Area of Interest

1
2
3

(2]

10
11

12

13
14

Chaplino—Ethnography, Archeology
Whalebone Alley—Archeology

Arakamchechen Island—Archeology, Walrus

Haulout Area

Korgan and Pestsovoi River Valleys—Hot
Springs

Erguveyem River Valley—Hot Springs

Mechigmen Inlet—Archeology, Bird Nesting
Area

Lorino—Hot Springs
Nunyamo—Archeology

Lake Koolen—Natural Phenomena, Fish,
Migratory Bird Resting Area

Dezhnev—Archeology

Big Diomede Island—Archeology, Wairus
Haulout Area

Cape Dezhnev, near Uelen—Archeology,
Ethnography, lvory Carving

Naukan—Archeology

Chegitun River Valley—Scenic Views, Rich
Flora and Fauna

15 Kolyuchinskaya Inlet—Rare Fish Species,
Migratory Bird Resting Area

16 Lake loni—Rare Fish Species, Migratory Bird
Resting Area

Sites in Alaska—Area of Interest

17 Wales—Coastal Subsistence Lifestyle, Archeal-
ogy, Ethnography, Reindeer Herding

18 Sishmaref—Coastal Subsistence Lifestyle,
Archeology, Marine Mammals, Lagoons

19 White Fish Lake and Bering Land Bridge
National Preserve—Archeology, Geology

20 Gambell—Isiand Subsistence Lifestyle, lvory
Carving, Archeology, Ethnography

21 Savoonga—Island Subsistence Lifestyle
22 Deering—Coastal Subsistence Lifestyle
23 Npatak—Interior Subsistence Lifestyle, Ethnog-

raphy
24 Kivalina—Coastal Subsistence Lifestyle,
Ethnography

25 Kiana—Interior Subsistence Lifestyle, Archeol-
ogy, Ethnography
26 Kotzebue—Subsistence Lifestyle, Ethnograp!l



2.4 Bering Land Bridge
Program

Goal: To promote the understanding of the common
heritage of Beringia and improve our knowledge of
human adaptation and the paleo-environments of the
region during and since the last glaciation.

Background

The ecologically rich Beringian region has
long been seen as the birthplace of New World
Arctic cultures and the center from which these
cultures spread into other regions of the New
World and nearby Asia. Geographically the region
is crucial to any understanding of North Pacific and
Arctic prehistory. This region saw the first migra-
tions of humans into the New World, has been a
center of Eskimo development, and has been an

The proposed Beringian Heritage International Park
offers a concrete focus for interagency and inter-
national social and natural sciences research
coordination and implementation

important conduit for Asian—American cultural ex-
changes for at least the past 15,000 years. The long
history of human occupation of the Beringian re-
gion provides an unparalleled record of human ad-
aptation to changing climatic, environmental and
sociocultural conditions. Today the ecologically di-
verse and resource-rich Beringian region is home
to numerous native groups, whose participation in
political and economic development is essential.
Archaeological excavations in the Bering region
provide long-term data on faunal changes in both
marine and terrestrial mammals, as well as changes
in invertebrates, plants and soil chemistry. Coastal
settlements correlate with changes in sea level and
reflect the influences of these changes on local and
regional animal and plant populations. Pollen and
macrofossil samples from cores and stratigraphy
from settlements and sediments can be closely cor-
related with human activities and environmental
change. These data can provide the time depth nec-
essary to construct predictive and testable models
of relevance to all aspects of global change re-
search.

The Bering region provides exceptional condi-
tions for research cooperation in the Arctic. Recent
political and scientific developments provide re-
search opportunities that have not existed for more
than half a century. This program proposes multi-

agency research with a strong interdisciplinary and
international focus. Among the most important re-
search topics that can be addressed in the Bering
region are the peopling of the New World, adapta-
tions and the dynamics of Arctic social and cultural
change, the paleoecology of the region, and con-
temporary cultural, social, psychological and health
issues.

In 1989 a joint Soviet~American planning
team proposed the creation of a Beringian Heritage
International Park and outlined a strategy for its
creation. The principal goals would be to promote
scientific cooperation, preserve natural and cultural
sites, and provide opportunities for coordinating re-
sources.

The proposed Beringian Heritage International
Park offers a concrete focus for interagency and in-
ternational social and natural sciences research co-
ordination and implementation in the Arctic (Arctic
Research of the United States, Fall 1990, p. 13).

The social sciences (archeology, anthropology
etc.) provide the core of this integrated initiative,
which involves collaboration with natural sciences,
including paleoecology, geology and biology. The
research program provides both time depth and a
multidisciplinary analysis of human adaptation in
the Arctic. Knowledge will be gained about cir-
cumarctic cultural development, past and present,
and models formulated for human-ecosystem dy-
namics and demographic change.

Cultural resource management is a mission of
numerous Federal agencies. In this regard the De-
partment of the Interior (particularly the National
Park Service, the Bureau of Land Management and
the Bureau of Indian Affairs), the Smithsonian In-
stitution and the National Science Foundation are
important partners in research and surveys having
to do with prehistoric and historic sites as well as
indigenous cultures of today. Cooperative scientific
investigations on Federal lands must be undertaken
to accurately document and manage cultural re-
sources. Without accurate documentation, preser-
vation policies cannot be properly assessed. The
same is true regarding modern indigenous socio-
economics and health concerns, and collaboration
with the Department of Health and Human Servic-
es and its Indian Health Service, NOAA’s Sea
Grant Program, local governments, and Native
councils and organizations in Alaska.

The program is presented at two levels: the
overall Bering Land Bridge region and the specific
proposed Beringian Heritage International Park.
Related recommendations contained in the report
Science in Northwest Alaska: Research Needs and
Opportunities on Federally Protected Lands (D.M.
Hopkins et al. 1990) will be considered in imple-
menting this program.
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Goals and Objectives

Goals

« Increase baseline documentation of Beringian
cultures and archeological sites in relation to
sea level change;

« Increase baseline information on the ethnogra-
phy, linguistics and history of Beringian peo-
ptes and cultures;

« Document human responses and adaptation to
changing climatic, environmental and socio-
cultural conditions; and

« Reconstruct paleoenvironments and distribu-
tions of flora and fauna in Beringia.

Objectives

« Conduct geological and archeological surveys
of coastal regions to establish relationships be-
tween prehistoric settlements and sea levels;

« Monitor the effects of coastal erosion on pre-
historic and historic sites in the Beringian re-
gion;

« Conduct paleoecological studies (¢.g. palynol-
ogy, paleontology, geology) of coastal regions
and correlate the results with archeological data;

« Conduct ethnographic, linguistic and oral his-
tory surveys to determine key research prob-
lems and areas;

« Conduct socioeconomic and cultural studies to
minimize the disruption caused by develop-
ment; and

+ Establish resource profiles of coastal regions.

Goals and Objectives of the Proposed
Beringian Heritage International Park

« Promote the understanding of the common
heritage of Beringia;

« Preserve and protect for research a portion of
the 1000-mile-wide land link that intermittent-
ly connected Asia and North America between
14,000 and 25,000 years ago;,

« Establish joint programs for the benefit of the
international park and the preservation of the
Beringian heritage;

« Establish a joint center (or centers) to work on
projects relevant to resources of the common
heritage and to provide scientific support for
the international park; and

« Act as a catalyst for research efforts by en-
couraging international and interdisciplinary
research.

Implementation

This focused social and natural sciences initia-
tive will be undertaken within the framework of in-

teragency cooperation. Using cooperative agree-
ments, an interagency working group composed of
representatives from Alaska- and Washington,
D.C.-based agencies will develop and implement
existing and required new programs as described
below. Programs under the U.S.-U.S.S.R. Agree-
ment on Cooperation in the Field of Environmen-
tal Protection will be utilized to facilitate the inter-
national aspects of the bilateral research (Working
Groups IV, V, VIIL X, XD).

Missions and research specialties unique to in-
dividual agencies are to be combined into a coordi-
nated plan. Each agency will support specific ac-
tivities: NPS through contract and in-house studies
on park lands; NSF through peer-reviewed pro-
jects; and the Smithsonian Institution through in-
house programs and academic collaborators. Coor-
dination on Federal lands will be through the land
managers (NPS, BLM, FWS etc.). These activities
will be coordinated with nongovernmental pro-
grams of the National Audubon Society, The Na-
ture Conservancy and others. Logistics in Alaska
will be coordinated with the National Park Service
and cooperating agencies. Sections 3.3.2and 3.5.1
and Appendix B detail specific agency and multia-
gency plans that contribute to this integrated pro-
gram.

Existing and Planned Agency
Contributions

Agencies and academic collaborators will use
1991 to coordinate ongoing activities and plan spe-
cific scientific investigations on both sides of the
Bering Sea. The opening of the Smithsonian’s
Crossroads of the Continents exhibit in Alaska in
April 1991 and associated visits of Soviet scholars
has provided a focus for such activities. Quaterna-
ry scientists having active research programs in the
Far East and Alaska are meeting in Alaska in 1991
to reexamine existing hypotheses and evidence of
the paleoecology of Beringia and to plan future ac-
tivities.

Joint U.S.—Soviet meetings were held during
1991 in Moscow, Leningrad, Denver and Alaska
to discuss more specific program details and steps
required to formally establish the proposed inter-
national park. Additional exchange visits are un-
derway, and a joint seminar is planned for August
1991 in Provideniya. A status report on progress
and future plans of the international park is in
preparation.

A series of joint U.S.~U.S.S.R. field programs
in Chukotka, the Heritage Park and northwest
Alaska will be carried out over a three-year period.



U.S. participation will be planned by the inter-
agency working group and will include major re-
search themes on environmental archaeology, glo-
bal change, and sociocultural and ethnohistorical
research. The summer of 1991 will be the start-up
for the U.S. research program in the existing Ber-
ing Land Bridge National Preserve. A series of
projects identified by the NPS in collaboration
with the research community will be initiated. Ma-
jor conferences and publications will be undertak-
en to disseminate information on research results
and ongoing programs. A series of symposia are
planned for 1992.

Funding will be required to strengthen Federal
programs relating to Arctic cultural-historical
baseline studies in archaeology, geology, anthro-
pology, oral history and subsistence. Data base de-
velopment and coordination within Alaska and be-
tween U.S. and Soviet programs are important
parts of the research and will greatly enhance the
use of existing research knowledge and data. Spe-
cifically needed are:

» Compilation and coordination of cultural and
natural resource data for the Bering region in
the U.S.and U.S.S.R.;

* Archaeological, ethnographic and ethnohistor-
ical investigations; exhibitions and education-
al programs; mapping in connection with geo-
morphic, paleoecological and archaeological
surveys; and documentation of the people,
wildlife, flora and landscape of Beringia;

» Scientific workshops in conjunction with the
planned research centers and infrastructure
development;

* Continued research relating to the peopling of
the New World;

* Documentation of northern maritime cultural
adaptations; and

* Academic research grants for disciplinary and
multidisciplinary Bering projects relating to
global change, stratigraphy, paleoecology and
human adaptation.

2.5 Arctic Data and
Information

Goal: To facilitate Arctic research by identifying
and developing methods to improve the aquisition,
storage and dissemination of Arctic data and infor-
mation.

Two major activities are underway: develop-
ment of the Arctic Environmental Data Directory
(AEDD) and its associated Arctic Data Interactive

system (ADI); and the Arctic Bibliographic Infor-
mation Network. The IARPC requested that funds
be made available from each agency to support the
AEDD and ADI at the U.S. Geological Survey.
Seven agencies are currently contributing direct
funds to this effort.

Arctic Data

The area of Arctic data has been active in re-
cent years, and there have been several significant
interagency accomplishments.

The Arctic Environmental Data Directory, de-
veloped by the USGS with assistance from all
agencies, now contains over 350 references to
Arctic data bases maintained by government, aca-
demic and other organizations in the United States
(including Alaska state and local governments),
Canada, the Soviet Union, Finland, Norway and
Iceland. Coverage is being extended to include the
social sciences.

The Council on Northern Resources Informa-
tion Management (CONRIM) established an
AEDD Subcommittee in Alaska to identify addi-
tional data entries from state and local government
agencies, Alaska-based Federal agencies and other
Alaska-based organizations.

The AEDD Working Group coordinated its ac-
tivities with the Interagency Working Group
(IWG) on Data Management for Global Change,
the Polar Research Board and the Arctic informa-
tion sciences community. The IWG sponsored de-
velopment of the Arctic Data Interactive (ADI)
prototype CD-ROM to package and distribute the
AEDD, together with selected data sets, scientific
reports and bibliographic information. The first
CD-ROM containing the AEDD and examples of
specific Arctic data sets, which can run on both
Macintosh and IBM-PC compatible desktop com-
puters, was issued in the spring of 1991. The
USGS was the lead agency for this project.

DOE has developed a user-friendly, menu-driv-
en data base containing fossil-energy-related in-
formation on the Arctic (the Arctic and Offshore
Research Information System, or AORIS). It con-
sists of a directory of 85 data bases containing
Arctic fossil-energy-related information; over
8000 references and abstracts on fossil-energy-re-
lated research; and scientific and engineering in-
formation containing over 800 data sets on sea ice
characteristics. AORIS is available to the public
through DOE’s Morgantown Energy Technology
Center computer system and the National Energy
Software Center.

NOAA has produced the Alaska Marine Con-
taminants Database on a CD-ROM as a demon-
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stration product that compiled existing data intoa ~ for integrating these resources. Ways. of gut.omat-
single data base and made it accessible to scientific  ing. integrating and exchanging Arctic bibliograph-

users. ic references are being developed, in cooperation
with the related efforts o0 Arctic data, t0 increase
Objective the efficiency of access t0 both digital data and bib-
« Have the AEDD become the source of infor- liographic information.
mation on who has what data and information The National Science Foundation has supported

the creation of an electronic bulletin board on OM-
NET to facilitate information flow, particularly
Planned Interagency Activities among libraries (POLAR.LIT).

« Over the next two years, increase the number Several CD-ROM bibliographic products (Polar
of entries from Alaska-based organizations, ex- Pac, NISC and AORIS) were produced and evaluat-
pand activities in the social and health scienc-  ed both within the U.S. and internationally. These
es, continue to acquire data from other Arctic  products were developed by DOD/CRREL, DOE/
nations, and implement a process to update and FE and NSF.
review entries periodically to ensure that the The Polar Library Colloduy, at their meeting in
directory remains current; Rovaniemi, Finland, in June 1990, agreed to devel-

in the Arctic community.

» Develop an interface with the international
Arctic Monitoring and Assessment Program,

« Continue to merge digitized and bibliographic
data bases and activities into a common nation-
al and international information network;

op a process of shared resources for cataloging and
disseminating information on polar literature. A
U.S.-sponsored group met at Dartmouth College in
Hanover, N.H., in April 1991 to review progress on
networking and sharing bibliographic information

« Integrate the data activities with geographic in- and activities.
formation systems (GISs) and provide for ease
of modification of the data system as comput-
ers and storage technologies change;

« Support the data handling requirements of Arc-
tic marine and terrestrial mesoscale ecosystem
programs (e.g. Bering Sea) and other integrat-
ed U.S. Arctic programs;

« Develop the ADI as a serial publication con-
taining Arctic data and metadata; and

« Establish formal relationships between the
AEDD and other related directories, such as
the Global Change Data Directory and the di-
rectory activities of the Antarctic research
community. Planned Interagency Activities

« Continue to develop and distribute CD-ROM
bibliographic products and on-line access for
searching Arctic bibliographic data bases;

« Complete the final agreement on the first phase
of the shared resources for acquisition and cat-
aloging of polar information during the Polar
Libraries Colloquy meeting in Columbus,
Ohio, in May 1992; and

Objectives

« Promote regular exchanges of information on
northern collections, new acquisitions and
methods of information processing, including
the social science disciplines;

» Develop a network of northern libraries to pro-
mote dissemination of all Arctic bibliographic
information; and

« Provide user-friendly computer searching of
global polar-related bibliographic data bases.

Arctic Bibliographies

Literature and bibliographies supporting Arctic
research exist in a number of U.S. library collec-
tions and smaller agency libraries, as well as in Ca-
nadian and other international collections. Many
additional reports accumulate as “‘gray” literature, « In conjunction with the AEDD activities, con-
uncataloged in organized collections. To avoid du- tinue to improve the networking of digital and
plication of research and to improve access to exist- bibliographic sources of national and interna-
ing results, it is necessary to provide mechanisms tional information on the Arctic.



3. Research Mission Components

3.1 Arctic Ocean and
Marginal Seas

3.1.1 Ice Dynamics and
Oceanography

A singular feature of the Arctic Ocean is the
permarnent, dynamic ice cover. This marine cryo-
sphere significantly impacts the environment on
all scales, from climatic to molecular. Critical pro-
cesses governing this impact occur in the atmo-
sphere and oceanic boundary layers above and be-
low the ice. A major priority is the development of
the next generation of operational ice forecasting
models. A systematic program of oceanographic,
cryosphere and atmospheric measurements by
conventional technologies, as well as new tech-
nologies such as Autonomous Underwater Vehi-
cles (AUVs), is needed to support the objectives
of this mission element and the interagency pro-
gram (see Section 2.1 of the Strategy Programs).

Selected Activities and Accomplishments

Acquired the first complete set of ice stress
measurements for the initiation and formation of a
pressure ridge in the open Arctic ice pack; fracture
occurs several minutes after the peak force, indi-
cating large-scale creep behavior previously un-
known (DOD/ONRY);

properties under ice during CEAREX;; this highly
portable platform traversed preprogrammed cours-
es before returning to a homing beacon suspended
beneath the entry hole; temperature and salinity
profiles recorded onboard defined the directional
wave number of internal waves at the base of the
mixed layer (DOD/ONR);

Completed initial experiments showing the fea-
sibility of imaging the interal structure of ice us-
ing high-frequency acoustic tomographic inver-
sions; determining the evolution of this structure
over time will provide insight into the mechanics
and thermodynamics of ice in response to forcing
(DOD/ONR);

Developed new statistical techniques for char-
acterizing ice floes in satellite imagery, which will
enable ice data from SAR satellites to be efficient-
ly assimilated into numerical forecast models
(DOD/ONR);

Deployed fourteen satellite-tracked drifting
buoys on the Arctic sea ice in 1990; twelve more
will be deployed in 1991; these buoys are used to
derive ice drift velocity vectors and to report mete-
orological variables (air temperature and baromet-
ric pressure) through the Global Telecommunica-
tions System (DOC/NOAA, DOD/ONR/
OCEANAYV);

Completed an analysis of the Arctic sea ice ob-
servations from the Nimbus-7 Scanning Mul-
tichannel Microwave Radiometer (SMMR) during
1978-1987; the SMMR record, which reveals the
complexities of the morphology and dynamics of

e marine cryosphere significantly impacts the
environment on all scales, from climatic to molecular

the Arctic sea ice cover in great detail, serves as a
unique baseline for future research on the role sea
ice plays in global change (DOI/GS);

Acquired the most comprehensive air—ice ex-
change data set to date during the nine months of
the Coordinated Eastern Arctic Experiment
(CEAREX); this will form the basis of improved
synoptic and climatological models through better
understanding of boundary layer physics; indica-
tions are that microscopic ice crystals may be criti-
cal to the surface radiation balance even with a
clear sky (DOC/NOAA/OAR, DOD/ONR);

Discovered a preconditioning mechanism for
deep convection associated with mesoscale eddy
dynamics by using a high-resolution numerical
model formulated for the Greenland Sea marginal
ice zone; surface cooling in phase with the second-
ary circulation of a cyclonic eddy triggers peneira-
tive vertical motion (DOD/ONR);

Successfully deployed an autonomous under-
water vehicle for measuring upper-ocean water

Declared the Digital Ice Forecasting and Anal-
ysis Sysiem (DIFAS) to be operational for Alas-
kan ice analysis, and designated the Joint Ice Cen-
ter as coordinating office for the Arctic Drifting
Buoy Program (DOD/DOC/JIC);

Selected a sea ice algorithm (originally devel-
oped for the SMMR) for operational use by the
Fleet Numerical Oceanography Center, Monterey,
California, for the Defense Meteorological Satel-
lite Program (DMSP) Special Sensor Microwave/
Imager (SSM/T) (DOD/OCEANAV);

Delivered all components necessary for analy-
sis of BERS-1 Advanced Microwave Instrument
(AMI) Synthetic Aperture Radar (SAR) data tc
the NASA-sponsored Alaska SAR Facility (ASF)
for testing; ERS-1 will launch in 1991, and the
ASF will perform processing, archiving and geo-
physical analyses of these data (NASA);
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Released a research announcement soliciting
investigations that will use the ASF facilities; 25
investigations were selected representing a wide
range of scientific interests, including studies of
the oceans, ice and land cover in the Arctic (NASA);

Published an ice atlas based on imagery from
the Scanning Multichannel Microwave Radiom-
eter; the atlas covers a nine-year period, from
1978 to 1987; all digital data associated with the
atlas will be archived at the National Snow and Ice
Data Center (NSIDC) in Boulder, Colorado
(NASA);

Completed the validation of ice products de-
rived from the Special Sensor Microwave/Imager
and continued to archive these data products in the
NSIDC (NASA);

Procured hardware to augment the Alaska SAR
Facility, which will allow the capture and storage
of high- and low-resolution SAR data, data com-
pression for high-resolution data, and the commu-
nication of SAR data via the NOAA polar domes-
tic satellite (DOMSAT) communications system
to the Joint Ice Center; every orbit of low-resolu-
tion (4-km) data from the afternoon polar satellite,
and occasional readouts of high-resolution (1.1-
km) data, are being mapped for the Arctic and
Antarctic (DOC/NOAA/N ESDIS);

Completed the analysis of recent measurements
in Barrow Canyon and supporting oceanographic
and meteorological time series (DOC/NOAA/
OAR);

Recovered two instrumented moorings and de-
ployed a new one in the recirculation region of the
southern Greenland Sea to assess the supply of
buoyancy by the western boundary current to the
interior region of the Greenland Sea; continued
analysis of recent data sets related to the contribu-
tion of saline sources to the deep mixing regime
(DOC/NOAA/OAR);

Initiated a joint U.S.~U.S.S.R. field investiga-
tion of the shelf circulation from Bering Strait
northward with two cruises during the latter part
of the 1990 field season; deployed 16 instru-
mented moorings for a year to provide a detailed
time history of currents, sea surface elevation,
temperature and salinity; conducted extensive
mapping of water properties, including nutrients
and dissolved oxygen and a number of trace sub-
stances such as chlorinated organics and stable
isotopes; used satellite-tracked surface buoys to
determine ice drift and meteorological forcing
(DOC/NOAA/OAR);

Completed the Arctic Ocean Buoy Study in
1990 (DOYMMS);

Completed Remote Sensing Data Acquisition
and Analysis for the northern Bering Sea and
Beaufort Sea (DOI/MMS);

Completed the integration of OSCEAP/
ISHTAR data (DOVMMS); and .

Completed performance and compatibility
analyses of oil-weathering and transport-
related models for use in environmental assess-
ment of the Alaskan 0OCS (DOI/MMS).

Objectives

+» Determine the processes, dynamics and
mechanisms of ice production, deformation,
advection and decay;

« Determine the processes of renewal and mix-
ing of Arctic and Subarctic water masses from
large to small scales;

« Determine the large-scale circulation of the
Arctic Ocean, its variability and its dynamics,
including the role of shelf seas, boundary cur-
rents and exchanges with adjoining seas;

« Continue to develop advanced methods of un-
manned environmental monitoring such as
buoys and AUVs; and » s

« Determine the mean and natural range of vari-
ability of currents and hydrographic features
in the nearshore region of the Bering, Chuk-
chi and eastern U.S. Beaufort seas.

Ongoing and Planned Activities

Make long-term systematic observations of
ocean, atmosphere and sea ice variables in the
Arctic Ocean and adjacent seas (DOC/NOAA,
DOD/ONR/OCEANAV, DOI/GS, NASA, NSF);

Continue improvements at the ASF, including
upgrades for processing, archiving and analyzing
data from the Japanese ERS-1 SAR (NASA);

Continue to process and archive Special Sensor
Microwave/ Imager data and analyze these data in
Arctic investigations (NASA);

Support science teams who continue research
and analyze data and data products derived from
the ASF (NASA);

Augment existing observation systems with
more capable instruments to be developed over the
next five years (DOC/NOAA, DOD/ONR, NASA,
NSF);

Use observational data bases to validate and re-
fine ocean—ice—atmosphere coupled models
(DOC/NOAA, DOD/ONR/OCEANAV, NASA,
NSF);

Conduct biophysical research focused on
changes in nutrient cycling associated with up-
welling and downwelling (DOC/NOAA, DOD/
ONR, NSF);

Study Arctic Ocean circulation and water mass,
conservative tracer movement, and variations and
causes of variable transports (DOC/N OAA, DOD/
ONR, NASA, NSF);



Coordinate international programs to address
global change, including atmospheric input to wa-
ter and ice surfaces (DOC/NOAA, DOD/ONR,
DOI/GS, NASA, NSF).

Initiate and continue projects under Arctic Sys-
tem Science and its Oceans—Atmosphere—Ice In-
teractions program to understand the role of sea
ice, atmosphere forcing and ocean circulation in
global processes (NSF);

Conduct field work to quantify air—sea—ice
fluxes from upper water layers to the troposphere
associated with Arctic leads (DOC/NOAA, DOD/
ONR, NASA);

Begin high-resolution modeling to refine a sam-
pling strategy for shelf processes (DOD/ONR);

Conduct field and laboratory measurements to
determine mechanical responses of sea ice to vari-
able stress fields so that ice-floe-scale responses to
synoptic-scale forcing can be integrated into re-
gional models (DOC/NOAA, DOD/ONR, NASA);

Initiate a five-year program on sea ice mechan-
ics starting in FY 1992 (DOD/ONR);

Maintain an Arctic Ocean climate monitoring
station and expand the program to include a sec-
ond site; begin measuring ice and freshwater dis-
charge from the Arctic Ocean in a study of Atlan-
tic climate change; conduct a U.S.—Canada
oceanographic section across the Arctic Ocean in
1993 (DOC/NOAA/OAR);

Establish and maintain a series of sampling sta-
tions along the Chukchi—Beaufort sea coast to
record oceanographic and meteorologic data
(DOC/NOAA/NOSY;

Increase satellite data sources for DIFAS (i.e.
AVHRR/LAC, SSM/T); demonstrate the opera-
tional capability of SAR data for ice analysis; plan
to increase the number of drifting buoys in the
Arctic to improve ice forecasting models (DOD/
DOC/IIC);

Conduct a pilot study of the ventilation of deep
waters in the Greenland—Norwegian seas using
CFCs and other tracers (DOC/NOAA/OAR);

As part of the Atlantic Climate Change Pro-
gram, begin monitoring the freshwater flux from
the Arctic Ocean through Fram Strait (DOC/
NOAA/OAR);

Complete the first set of cruises in the Chukchi
Sea in support of the joint U.S.-U.S.S.R. circula-
tion study; calibrate and process the resulting hy-
drographic data sets (DOC/NOAA/OAR);

Obtain and analyze synoptic oceanographic and
meteorological data to determine the magnitude
and temporal and spatial variations of circulation
along the Bering Sea continental shelf edge (DOI/
MMS);

Complete modifications to a three-dimensional,
variable-scale circulation model and a companion

stochastic oil-spill-trajectory model for the Alas-
kan OCS (DOI/MMS);
Continue remote sensing and data acquisition
and analysis for Alaskan OCS areas (DOI/MMS);
Acquire and analyze remote sensing data for
the Bering and Beaufort seas (DOI/MMS); and
Revise the Alaska OCS oil-weathering model
(DOI/MMS).

3.1.2 Ocean and Coastal
Ecosystems and Living Resources

The biota of marine and coastal ecosystems are
influenced by physical processes, including sea-
sonal extremes of light and temperature. Arctic
marine ecosystems are dominated by sea ice,
while coastal ecosystems are influenced by fresh-
water input and seasonal sediment loads, as well
as by seasonal sea ice. There is a need to quantify
the resulting variability in the rates of biological
production of marine living resources through
long-term and well-designed interdisciplinary re-
search (see Section 2.1 of the Strategy Programs).

There is a need to quantify the
variability in the rates of biological
production of marine living
resources

Selected Activities and Accomplishments

Used radio-tracking of female polar bears to
discover 41 additional maternity dens, bringing
the number found in ongoing studies to well over
100; only 35 dens had been located in all previous
studies; monitored survival and reproductive suc-
cess in 46 radioed female polar bears as part of on-
going efforts to more fully understand the popula-
tion dynamics of the species (DOI/FWS);

Conducted cooperative walrus surveys by U.S.
and U.S.S.R. scientists, resulting in the develop-
ment of a formal sampling protocol; solved prob-
lems with radio transmitter attachment and func-
tion; observations of radioed walruses are expect-
ed to lead to information that will increase the ac-
curacy of aerial surveys (DOI/FWS);

Continued research on the use of biochemical
techniques for defining stocks of polar bears to
measure and predict the effects of harvest (DOI/
FWS);

Continued research on species of salmon to
provide information needed for the U.S./Canada
Pacific Treaty negotiations (DOI/FWS);

33



Tracked white-fronted geese breeding in Bristol
Bay, Alaska, through stopover sites in the Kla-
math Basin, California, to wintering areas in the
interior highlands of Mexico; overwinter survival
is 78% (DOI/FWS);

Processed radar imagery from the Soviet satel-
lite Cosmos-1500, which showed promise of pro-
viding a systematic data base of seasonal pack ice
distribution in the Bering and Chukchi seas for use
in ecological studies of polar bear and walrus
(DOI/FWS);

Collected tissue samples from Arctic marine
mammals taken in native subsistence hunts and ar-
chived them, through the Alaska Marine Mammal
Tissue Archival Project (AMMTAP), for future
retrospective analysis for environmental contami-
nants: determined levels of environmental toxi-
cants in Arctic marine mammals through analyses

Long-term studies of northern fur seals on the
Pribilof Islands show that the total population may
have stabilized, but pup production on St. George
Island continues to decline
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of tissue samples collected by the AMMTAP:; de-
termined the distribution and temporal trends of
selected global micropollutants in biotic and non-
biotic compartments of major western Arctic
coastal areas; established a set of permanent sta-
tions on the Arctic coast of the U.S. to monitor en-
vironmental conditions (DOC/NOAA/NOS, DOI/
MMS);

Described the mortality, dispersion and trans-
port of larval king crabs and Pacific herring in the
Port Moller region (Bering Sea) and determined
the distribution and relative abundances of juve-
nile and adult life stages and their habitat require-
ments; described the seasonal abundances and dis-
tributional patterns, population characteristics and
life histories of the fishery resources of the south-
eastern Chukchi Sea (DOC/NOAA/NOS, DOY/
MMS);

Described natural processes affecting the con-
centration and fluxes of nutrients from the Yukon
River and the influence of the river effluent on
coastal ocean productivity (DOC/N OAA/NOS,
DOY/MMS);

Initiated a comparative study of Arctic coastal
ecosystems to describe their relative productivi-
ties, community structures and vulnerabilities to
environmental alterations (DOC/NOAA/NOS,
DOIMMS);

Planned and conducted a Bering-Sea-wide
acoustic study of the distribution and abundance

of pollock (a multinational study that included Ja—-
pan, the U.S.S.R.and the U.S.) and conducted a bi-
national study (U.S. and U.S.S.R.) of bottom fish
and shellfish resources of the eastern and western
Bering Sea; U.S. efforts amounted to approximate-
ly 6000 trackline miles and 27 midwinter trawls to
examine and enumerate Spawning pollock aggrega-
tions (DOC/NOAA/NlV[F S);

Completed the third year of research to better
understand the consequences of intense unregulated
fishing for walleye pollock in the international zone
of the Bering Sea (DOC/NOAA);

Completed histopathology work for 1212 fish
and crab samples collected from the eastern Bering
Sea, blood analysis from 1500 tanner crab samples
to determine the distribution of bitter crab disease,
and tissue analysis on 15 marine mammals (DOC/
NOAA);

Continued to update the stock assessment of all
commercial bottom and shell fish resources of the
eastern Bering Sea (DOC/NOAA/NMFS);

Placed U.S. observers on domestic commercial
fishery vessels that target bottom fish resources in
the Bering Sea (DOC/NOAA/NMF S)

Continued long-term studies of the population
dynamics and trends in numbers of the depleted
northern fur seals on the Pribilof Islands, Bering
Sea, showing that the total population may have
stabilized at around 40% of its peak population size
as recorded in the 1950s; pup production on St.
George Island continues to decline; a conservation
plan has been written outlining research and man-
agement needed to assess the status and recovery of
the population (DOC/NOAA/NMES).

Carried out a range-wide survey of northern (or
Steller) sea lions in Alaska; the severity of the de-
cline observed between 1985 and 1989 was not
seen, although overall the population continues to
decline in Alaska; in the southern Bering Sea the
species has declined by over 90% since around

1970: in the western Gulf of Alaska the population
declined by 63% between 1985 and 1989; in No-
vember 1990 the northern sea lion was declared a
threatened species under the Endangered Species
Act (DOC/NOAA/NMFS);

Completed six major exchanges as part of the
U.S.—U.S.S.R. Marine Mammal Project, a coopera-
tive research program to study the biology, ecology
and population dynamics of marine mammal spe-
cies of interest to both countries; exchanges includ-
ed the second joint sea otter workshop and a series
of joint walrus studies (DOC/N OAA, DOI/FWS);

Continued studies to measure lengths and to
identify individual bowhead whales to help deter-
mine calf production, calving intervals, juvenile
survival and population abundance of whales mi-
grating past Barrow, Alaska, into the Chukchi and



Beaufort seas; new results show that the popula-
tion is composed of about 40% adult animals (>13
m in length); annual calf production varies greatly,
from 3 to 12%; and the calving intervals of three
individually identified adult females ranged from
4 to 7 years (DOC/NOAA/NMES);

Measurements and identification of individual
bowhead whales help to determine calf production,
calving intervals, juvenile survival and population
abundance of whales migrating past Barrow, Alaska

— —

Continued the Fisheries Oceanography Coordi-
nated Investigation (FOCIT) to understand the pro-
cesses that lead to variations in recruitment of
commercially valuable stocks of pollock in Alas-
kan waters; developed a model of the time depen-
dency of larval dispersion and used it to simulate
observations (DOC/NOAA/OARY);

Under FOCI, began to implement a new data
management and analysis system, known as Ex-
tensive PMEL Information Collection (EPIC), al-
lowing efficient access to many forms of data, in-~
cluding traditional physical oceanographic obser-
vations and less standard biological observations;
EPIC also permits easy implementation and use of
modern analysis programs and display routines
(DOC/NOAA/OARY),

Through the National Status and Trends Pro-
gram, continued to monitor the levels of toxic con-
taminants at several reference sites in the Arctic
and Subarctic during 1990 and 1991; collected and
analyzed samples for the levels of 70 toxic con-
taminants in bivalve molluscs at two sites in both
years (DOC/NOAA/NOS);

Established OSCURS (Ocean Surface Current
Simulations) numerical model as a new tool for
describing ocean variability as part of an ecosys-
tems modeling task by using it as part of variabili-
ty studies in the Gulf of Alaska and the Bering Sea
(DOC/NOAA);

Synthesized information on the effects of noise
and disturbance on major haulout concentrations
of Bering Sea pinnipeds (DOI/MMS);

Developed a method for monitoring the pro-
ductivity, survivorship and recruitment of the Pa-
cific walrus population (DOI/MMS);

Analyzed and ranked the acoustic disturbance
potential of petroleum industry activities and other
sources of noise in the environment of marine
mammals in Alaska (DOI/MMS);

Radio-tagged northemn fur seal pups to determine
migration routes through the Bering Sea and North
Pacific Ocean (DOC/NOAA/OAR, DOI/MMS);

Linked a whale migration model with an oil-

spill trajectory model to estimate the number of
whale encounters for any size spill at any site in
the Alaskan OCS (DOI/MMS);

Linked whale behavior models and acoustic
transmission loss models to predict ranges of reac-
tion of bowhead and gray whales at various sites
in the Beaufort Sea (DOI/MMS); and

Modeled the effects of oil spills on the popula-
tion dynamics of sea otters in the southeastern
Bering Sea (DOI/MMS).

Objectives

« Determine status and trends of fish, birds and
marine mammals and identify their habitat re-
quirements;

= Monitor coastal ecosystems to detect and
quantify temporal changes in nutrient and en-
ergy exchange and their effect on biota;

+ Determine the magnitude and variation of ma-
rine productivity in Arctic areas through stud-
ies of the structure, dynamics and natural vari-

- ability of the ecosystems;

« Consider the influence of ice on the environ-
ment and of human activities on both the biot-
ic and abiotic environment; s

+ Study the influence of Arctic marine produc-
tivity on the global cycling of biologically ac-
tive materials, including carbon and nitrogen;
and

» Understand the physical and biological pro-
cesses that affect fisheries recruitment in the
U.S. waters of the Bering, Chukchi and Beau-
fort seas.

Ongoing and Planned Activities

Establish a capability to monitor ocean produc-
tivity in Arctic regions using a satellite ocean-col-
or imager (NASA);

Extend Bering Sea biological research into the
Chukchi and Beaufort seas to trace carbon and
other nutrients, especially along leads, polynyas
and ice edges (DOC/NOAA, DOD/ONR, NSF);

Study how polynyas form and develop, how
they influence the migration, distribution and
abundance of marine mammals and birds, and how
recurring polynyas can be protected (DOC/
NOAA, DOI/FWS/MMS, NSF);

Determine production rates of, and transfer of
energy between, trophic levels on Arctic continen-
tal shelves; clarify the differences in ecosystem
structure and function that influence the popula-
tion dynamics of marine mammals and birds; de-
sign models to evaluate the impact of human ac-
tivities on ecosystem processes (DOC/NOAA,
DOI/FWS/MMS/NPS, SI);

Develop and conduct periodic monitoring pro-
grams to assess contaminant loads for higher-tro-
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phic-level animals (DOC/NOAA, DOI/FWS/
MMS);

Determine the stream origins of anadromous
fish species that occur in the coastal waters of the
Beaufort Sea; determine the relative abundance and
population characteristics of fish in the near-shore
coastal waters of the Arctic National Wildlife Ref-
uge; identify the habitats they utilize (DOC/NOAA,
DOI/FWS),

Investigate shelf-slope exchange processes in
the Bering Sea as they affect the transport and re-
cruitment of larval pollock into U.S. fisheries
(DOC/NOAA);

Initiate and continue projects under Arctic Sys-
tem Science and its Oceans—Atmosphere—Ice Inter-
actions program to understand the role of biogeo-
chemical processes, nutrient regimes and produc-
tivity (NSF);

Begin to develop products for Alaska under
CoastWatch, a theme within the NOAA Coastal
Ocean Program, which has as its goal the develop-
ment and delivery of environmental data and prod-
ucts for near-real-time monitoring of U.S. coastal
waters to support environmental science and deci-
sion making (DOC/N OAA/NESDIS);

Continue programs on pollock, bottom and shell
fish in the Bering Sea (DOC/NOAA/NMF S);

Begin the Bering Sea FOCI Program; identify
the number of spawning stocks of pollock and the
controlling oceanographic factors; describe and
model the general circulation over the basin; con-
duct a cruise jointly with Soviet scientists to pro-
vide the first synoptic view of the major transport
features and flow through the deep western pas-
sages and to obtain detailed data on nutrient distri-
butions (DOC/NOAA/OAR/NMFS);

Continue long-term FOCI observ ations, includ-
ing water properties, currents and pollock eggs and
larvae; continue to acquire and process satellite im-
ages (DOC/NOAA/ OAR/NMFS);

Use satellite tags to study the movements and
habitat use patterns of northern fur seals and north-
emn sea lions in the Bering Sea, not only the loca-
tion and time of surfacing by each animals, but also
the depth of dive and dive profiles needed to assess
total activity patterns and energy budgets (DOC/
NOAA/NMFS);

Study the status and trends of Pacific harbor
seals in the eastern Bering Sea, where they are un-
dergoing significant population changes; study the
population dynamics of harbor seals in FY 1992—
93, with the primary objective of determining mini-
mum population size and, in the long-term, deter-
mining trends in abundance and status of stock as-
sessment (DOC/NOAA/NMFS);

Conduct a complete review and synthesis of the
life history and ecology of bowhead whales in FY

~ ing data collected since 1974 by
e d others from ice-based stud-

NMML scientists an , )
ies, aerial surveys and biological studies of har-

vested animals; field studies may be terminated for
lack of funds {DOCﬂ‘IOAAfNMFS);

Continue the National Status and Trend§ Pro-
gram monitoring contaminants in the Arctic; mea-
sure levels of contaminants in 1992 at sites that
were initially sampled in 1986 of 1988 (DOC/
NOAA/NOS);

Study the coastal fisheries oceanography of the
southern Bering Sea and the North Aleutian Basin
to determine stock identity, timing, habitat use and
environmental controlling mechanisms of juvenile
salmon along the Alaska Peninsula, as well as fac-
tors affecting the development, survival and recruit-
ment of larval and juvenile king crab and Pacific
herring (DOC/NOAA/NOS, DOI/MMS);

Study the fisheries oceanography in the Chukchi
and Beaufort seas to examine the habitat require-
ments and trophic relationships of anadromous and
marine fish species (DOC/NOAA/NOS, DOY/
MMS);

Continue delineation, faunal composition and
repeated-use studies of benthic feeding areas of
walrus and gray whales in the northeastern Chukchi
Sea (DO/MMS);

Coastal fisheries oceanography
studies of the southern Bering Sea
and the North Aleutian Basin will
determine stock identity, timing,
habitat use and environmental
controlling mechanisms of juvenile
salmon along the Alaska Peninsula

Determine the effects of oil and gas production
activities (sound characteristics in spring lead sys-
tems) on bowhead and beluga whales (DOI/MMS);

Determine the location and timing of bowhead
whale feeding, as well as the age of whales, using
stable isotope analysis of prey species and whale
tissues (DOI/MMS),

Compare the behavior of bowhead whales in
Davis Strait, where there is little industrial develop-
ment activity, to the behavior of whales in the west-
ern Arctic, where there has been industrial activity
(DOI/MMS);

Refine the use of satellite tags for tracking right
and bowhead whales (DOI/MMS);

Develop a baseline method to evaluate chemo-
biological interaction involving cetaceans (DOY/
MMS);



Compile the literature on bowhead whales and
publish a book (DOI/MMS);

Study the use of satellite tags to determine pe-
lagic areas important to declining populations of
fur seals (DOI/MMS);

Develop guidelines for OCS operations in polar
bear habitats (DOI/MMS);

Determine the importance of leads to bowhead
whales, determine the potential influence of envi-
ronmental and industrial factors on bowhead
whale hunting, and verify the model of site-spe-
cific interactions of acoustic stimuli and whale be-
havior (DOI/MMS);

Monitor seabird colonies in the Bering and
Chukchi seas to determine population numbers,
productivity and feeding habits (DOI/FWS/MMS);

Monitor waterfowl and seabirds in the Beaufort
Sea (DOI/MMS),

Monitor the distribution of whales in the Chuk-
chi and Beaufort seas (DOI/MMS);

Determine the use of Kasogaluk Lagoon by
marine birds and mammals (DOI/MMS);

Monitor levels of hydrocarbons and trace met-
als in Beaufort Sea sediments and organisms
(DOI/MMS);

Monitor marine mammals, seabirds and water-
fowl in the Alaskan OCS area (DOI/MMS); and

Study physical processes and ecosystems of the
Alaskan OCS area (DOI/MMS).

3.1.3 Marine Geology and
Geophysics

The Arctic continental margin and deep ocean
basin constitute one of the least understood geo-
logical regions of the world, partly because much
of the offshore area is covered with sea ice. A bet-
ter understanding of the tectonic history, geologic
structure, sediment processes and distribution, and
climatic and glacial history of the deeper basin
will require extensive geophysical and geological
research and the integration of newly collected
data on an international scale (see Section 2.2 of
the Strategy Programs).

Selected Activities and Accomplishments

Confirmed that two major sea ice sources can
be distinguished in the eastern Arctic through their
sediment load: the East Siberian Sea and the
Laptev Sea; sedimentation rates in the eastern
Arctic are highly variable in time; during glacial
periods they were 2—-3 cm/ky, whereas in intergla-
cials they were below 1 cm/ky; based on sediment
core analysis during times of maximum glaciation,
the ice flow in the Norwegian Sea apparently re-
versed to flow northward (DOI/GS);

Successfully recovered two heavily instru-
mented time-series trap moorings from the Barents
Sea after one year of deployment; data indicate
major cross-shelf transport of up to 800 mg/m?-
day of sediment with high current velocities
(DOD/ONRY);

Recovered sediment cores, geophysical data
and ice sediment load data during two cruises; the
cores contain a Quaternary sediment and climate
record extending back more than one million years
(DOI/GS);

The Arctic continental margin and
deep ocean basin constitute one of
the least understood geological
regions of the world

Prepared a science plan for Arctic drilling
(DOD/ONR); and

Convened a workshop on Arctic marine geol-
ogy and prepared a report recommending a decade
of U.S. research on the Arctic Basin (NSF).

Objectives

« Develop:and perfect new techniques for de-
ployment of instruments in the barsh Arctic
environmert (e.g. seismic tomography, geo-
physical arrays, ydraulic piston coring, sci-
entific deep drilling);

« Initiate Arctic marine geological and
geophysical studies to provide information or
past and present climate change, support ra-
tional development of natural resources, and
address fundamental questions of global geo-
logic history and regional tectonic develop-
ment;

« Define the geologic framework, deep struc-
ture and tectonic history and developnient of
the Bering Sea region;

« Develop-the capability for systematic and:
comprehensive collection of geologic data in
the ice-covered offshore regions using remote
sensing and other technologies; and

= Determine the modemn sediment transport by
sea ice, icebergs and other processes; charac-
terize the seafloor sediments by coring and re-
flection methods; and éstablish 4 well-dated
stratigraphy.

Ongoing and Planned Activities

Compile all existing U.S. and international sed-
iment and geophysical data on the Arctic Ocean
Basin for use in a geographic information system
that would combine and index data (DOC/NOAA,
DOI/GS/MMS);
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Institute a combined marine and airborne re-
search program for the collection of geological
and geophysical data on the continental margins
and Arctic and Bering basins using aircraft, ships
and ice islands to maximize data collection (DOD/
ONR, DOE, DOI/GS, NSF);

Complete geophysical and sediment coring
transects across the northern Alaskan margin in-
cluding the Chukchi, Beaufort and Bering seas,
combining U.S. with Soviet and Canadian data
(DOC/NOAA, DOD/ONR, DOI/GS, NSF);

Evaluate the need for additional stations and
obtain additional international support for onshore
digital, broad-band seismographic networks; data
can be modeled with new methods in seismic to-
mography (DOI/GS, NSF);

Plans will begin for a sampling program to determine
the paleoclimatic and paleo-oceanographic history of
the Arctic Basin and margins
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Conduct site surveys of areas of geologic and
paleoclimatic interest using the same sensors as
for transects and polygons; thoroughly analyze
data to pinpoint possible drilling sites (DOY/GS);

Plan a sampling program to determine the pa-
leoclimatic and paleo-oceanographic history of the
Arctic Basin and margins as well as the Aleutian
Basin of the Bering Sea and the stratigraphy and
in-situ geotechnical properties of the surrounding
shelves: initiate a U.S.—Canadian drilling project
in the Yukon Flats—Old Crow Basin area (see 2.1)
(DOI/GS, NSF);

Collect marine geophysical data in the Bering-
ian and Aleutian areas to verify and understand re-
sults of GLORIA data collection (DOI/GS);

Conduct deep geophysical sounding in the Ber-
ing Sea to determine the fundamental tectonic pro-
cesses that produced the geologic features of the
upper crust and generate velocity amplitude anom-
alies (VAMPs) (DOI/GS, NSF);

Continue geologic investigations in the Shuma-
gin Basin, Gulf of Alaska and lower Cook Inlet as
part of the mission responsibility to assess petro-
leum and nonenergy mineral potential of the Outer
Continental Shelf (DOI/MMS);

Plan to commence in 1993 a program for col-
lecting geological and geophysical data on the
continental margins and the Arctic and Bering ba-
sins using aircraft and ships (DOD/ONR, DOY/GS,
NSF);

Conduct a three-nation (Sweden, Germany,
U.S.) deep Arctic Basin expedition to collect ex-
tensive sediment cores and geophysics in the
Laptev Sea, Eurasia and Makarov basins in 1991;

i i i i by inserting
investigate b1ogeochermcal processes
two tirfe«series sediment traps (DOD/ONR, Swe-

den, Germany, Japan); , ,
Conduct 2 joint U.S.~Norweglan program to in-

vestigate the sedimentary province of the Barents
Sea and its controlling processes (DOD/ONR, Nor-
way); .

Conduct a joint U.S.—Canadian program in
Kangerlussuak Fjord, East Greenland, to investi-
gate sedimentary processes within a fjord and out
across the continental shelf (DOD/ONR, NSF, Can-
ada);

Install sediment trap(s) in the Bering Seato
monitor biogeochemical fluxes and compare the re-
sults to those from the eastern Arctic (DOC/
NOAA/OAR, DOD/ONR);

Assess the oil and gas resources for onshore and
offshore areas of Alaska; the USGS will assess on-
shore and Alaska waters extending three miles from
shore, and MMS will assess offshore Alaska from
the three-mile limit to approximately 200 nautical
miles seaward (DOI/GS/MMS); and

Update the Chukchi, Beaufort and Bering sea
geological reports and prepare a Hope Basin geo-
logical report (DOI/MMS).

3.2. Atmosphere and
Climate

3.2.1 Upper Atmosphere and
Near-Earth Space Physics

The goals of this research are to trace the flow of
energy, momentui and mass from the sun to the
Earth and to understand the interaction within and
between the intervening regions. The impact of
most of the variable components of the flow is fun-
neled by the Earth’s magnetic field into the polar
regions. Arctic studies of this energy flow through
the atmosphere help to develop and verify predic-
tive models. Our understanding of the basic phe-
nomena of the coupling processes, and the dramatic
consequences across the full optical, radio and par-
ticle spectrum, is far from complete.

There is great interest in understanding and sep-
arating anthropogenic effects (such as greenhouse
gases) and natural variability (such as decadal tem-
perature swings) in the troposphere. Recent evi-
dence suggests that some of the latter is due to so-
lar-induced effects, especially in polar latitudes. It
is expected that the coupling of the sun to the tro-
posphere (and the rest of the atmosphere) will be-
come a major topic of study in the next five years.
This will be supported partially under the U.S. Glo-



bal Change Research Program (USGCRP) and will
naturally focus on high latitudes, given the way in
which the geomagnetic field focuses some forms of
solar energy.

—

There is great interest in understanding and separating
anthropogenic effects and natural variability in the

troposphere

Selected Activities and Accomplishments

Continued the Coupling, Energetics and Dynam-
ics of Atmospheric Regions (CEDAR) program,
which is aimed at a better understanding of the up-
per atmosphere using observations from ground-
based radio and optical instruments (NSF);

Initiated the Geospace Environment Modeling
(GEM) program, which is aimed at understanding
the ionosphere and magnetosphere using a well-
planned schedule of theory and experiments (NSF);

Conducted a jointly sponsored field campaign in
Greenland in early 1990 to observe the ionospheric
signatures of geospace disturbances; the Geophys-
ics Laboratory flew the instrumented Airborne Ion-
osphere Observatory to make synoptic observations
of the dark cusp and cleft dynamics; NSF supported
the complementary ground-based measurements,
data analysis and workshop; Japanese, NASA and
AF satellites provided other data (DOD/AFGL,
NSF);

Demonstrated the impact of greenhouse gases
on the state of the upper atmosphere; the particle
inputs in polar regions and the sensitivity to photo-
chemistry, e.g. the ozone hole, make this an espe-
cially important issue for the polar upper atmo-
sphere; research performed at the National Center
for Atmospheric Research (NCAR) showed that the
thermosphere cools by about 50 K when carbon di-
oxide and methane are doubled; the stratopause
temperature decreases by 17 K; this sensitivity of-
fers the possibility of monitoring global change
(NSF);

Estimated the Earth’s reconnection electric field
from radar measurements taken at the Sondrestrom
Radar Observatory; this variable is important be-
cause it describes the rate of transfer of solar wind
energy to the closed field-line region of the magne-
tosphere; such ionospheric measurements represent
the first estimates of the reconnection electric field
in the ionosphere;

Conducted experiments at Sondrestrom that ex-
ploit simultaneous radar and optical measurements;
these studies encompass aeronomical processes
within auroral arcs, plasma flow near polar cap arcs
and drift of plasma patches from the polar cap to-
ward the auroral cap;

Developed a world-wide atmospheric noise pre-
diction model for the first time for ELF/VLF/LF,
including high latitudes; completed three years of
ionospheric heating experiments at the Alaskan
HIPAS facility;

Found an inverse relationship between the speed
of the solar wind at Earth and the divergence rate of
magnetic field lines in the sun’s corona using
ground-based solar magnetic field measurements;
this relationship has important applications in fore-
casting the geomagnetic and auroral activities that
affect communications, navigation and surveil-
lance;

Provided the first clear demonstrations of the
long-term conjugate nature of auroral activity at
these high latitudes using the new Imaging Riome-
ter for Ionospheric Studies (IRIS) at Sondrestrom,
Greenland, working in conjunction with an identi-
cal IRIS at South Pole, Antarctica (DOC/NOAA,
NSF);

Conducted a study that showed that considerable
mesoscale order exists in the polar ionospheric
flow, previously perceived as being chaotic. The
electrodynamic forces driving these flow patterns
provide a new source of polar thermospheric heat-
ing that may be of significance to global thermo-
spheric circulation (DOC/NOAA, DOD/AFGL);

Conducted three-dimensional simulations sug-
gesting that the geometry of the reconnected field
lines is much more complicated than anticipated
(DOE);

Launched one sounding rocket mission in FY
1991 to study a variety of phenomena in the areas
of auroral and upper atmosphere physics; seven ad-
ditional sounding rocket missions in these scientific
areas are planned for the remainder of FY 1991;
FAST, a small explorer satellite for studying the
plasma microphysics of the aurora, was approved
for a new start in 1990 and is scheduled for launch
in 1994 (NASA); and

Continued research at the Space Environment
Laboratory (SEL) to monitor solar activity and its
effects on the space environment near Earth and on
man’s activities; the most dramatic effects on and
above Earth occur in the polar regions, where the
geomagnetic field lines pass through the upper at-
mosphere vertically (DOC/NOAA).

Objectives

« Observe the global-scale response of the polar
regions through a coordinated program involv-
ing a polar network of ground-based optical,
radio and magnetic observatories and space-
based measutements;

« Develop special research tools to address key
problems, including setting up a coordinated .
rocket program, promoting the use of special
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facilities and making use of research aircraft;

+ Maintain active theoretical programs and pro-
mote the evolution of models to describe the
unique physics of the atmosphere and iono-
sphere in Arctic regions;

« Understand solar phenomena that affect
Earth’s environment;

« Understand electromagnetic waves, fields and
particles in near-earth space; and

« Develop an understanding and the ability to
make long-term predictions of radio propaga-
tion in and through Earth’s ionosphere.

Ongoing and Planned Activities

Continue the placement of remote sensing facili-
ties in the polar cusp region as part of the CEDAR
program (NSF);

Expand the GEM program into a more compre-
hensive theory and observation program; imple-
ment the first stage of GEM, which is to under-
stand the ionospheric signatures of near-space pro-
cesses induced by the sun (DOC/NOAA, NASA,
NSFE);

Expand Interplanetary Magnetic Field (IMF)
data collection to maximum full-time coverage by
establishing receiving stations, encircling the Earth,
for existing satellites and deploying a libration-
point solar-wind satellite (DOC/NOAA, DOD/AF,
NASA);

Augment particle measurements by high-incli-
nation satellites at appropriate altitudes with simul-
taneous electric field and current measurements
and UV imaging to facilitate long-term monitoring
of electromagnetic and particle energy fluxes into
the upper atmosphere and develop management
procedures to ensure readily accessible data (DOC/
NOAA, DOD/AF, NASA, NSF);

Establish optical, radio, magnetic and plasma
drift diagnostics and HF doppler sounding ground-
truth stations at a complement of polar cap sites to
define the dynamic state of the polar cap and cusp
environment (DOD/AFGL/AFOSR, DOI/GS,
NASA, NSF);

Assess, upgrade and operate state-of-the-art di-
agnostic capabilities in existing Arctic facilities, in-
cluding optical observatories, for studying auroral
and other ionospheric and atmospheric phenomena
(DOD/AFGL/AFOSR/NRL, NSF);

Implement data exchange among magnetometer,
radar and other monitoring stations (DOC/NOAA,
DOD/AFGL, DOI/GS, NSF);

Establish a multiagency study of thermal, elec-
trical and chemical effects on the neutral upper at-
mosphere at high latitudes, including vertical cou-
pling between atmospheric regions (DOC/NOAA,
DOD, NASA, NSF);

Maintain a coordinated national sounding rocket

program at auroral (Poker Flat, Alaska) anffl polar
cap (Thule and Sondrestrom, Greenland) SI.tes
(DNA, DOC/NOAA, DOD/AF/N, NASA);

Coordinate the availability of existing research
aircraft to support research campaigns 10 otherwise
inaccessible Arctic regions (DOC/NOAA, DOD/
AFGL, NASA, NSF) (see Section 4);

Expand efforts during the sunspot maximum by
completing the necessary set of transpolar observ-
ing sites (DOD/AFGL, NSF);

Coordinate U.S. national (Max "91) and inter-
national (Flares 22) campaigns of intense observa-
tions of solar and geomagnetic activity during the
maximum of the solar cycle under the auspices of
the Solar—Terrestrial Energy Program (STEP)
(DOC/NOAA, NASA, NSF);

Upgrade polar cusp incoherent scatter radars;
establish a polar cap incoherent scatter observatory
including radar and optical instruments, emphasiz-
ing coordinated ground-based and satellite studies
(DOD/AF, NASA, NSF);

Establish an Arctic ionospheric active auroral
research capability using a high-power HF facility
supported by field experiments and theory (DOD/
AFGL/ONR/NRL);

Continue collecting trapped energetic particles
aboard the CRRES spacecraft for improved model-
ing of the Van Allen Radiation Belts (DOD/
AFGL/ONR/NRL,NASA);

Expand a long-wave atmospheric noise model to
include the ability to predict noise from magneto-
spheric and auroral sources and from high-altitude
nuclear effects (DNA, DOD/ONR/NOSC/NUSC);

Launch the Maxie-I x-ray satellite in 1991 to
measure the precipitation of energetic particles
into the high-latitude and polar regions of the iono-
sphere (NASA, DOD/ONR);

Continue the sounding rocket program utilizing
ranges at Poker Flat, Alaska; Andoya, Norway;
and Kiruna, Sweden, to study auroral and upper-
atmosphere space physics (NASA);

Launch the POLAR spacecraft (a component of
NASA'’s Global Geospace Science and the Interna-
tional Solar Terrestrial Physics Programs) in June
1993; POLAR will conduct magnetospheric par-
ticle and fields observations, with particular atten-
tion to the interrelationship between the visible au-
rora and the magnetosphere (NASA);

Launch the Wind satellite (a second component
in the GGS and ISTP Programs) in December

1992 to assist in understanding the energy inputs
to the magnetosphere (NASA);

Participate in the major upgrade of the launch
and science support facilities at the Poker Flat Re-
search Range in order to improve NASA’s sound-
ing rocket capabilities at that site (DOD, NASA);
and



Continue SEL’s solar monitoring and predict-
ing activities and plan an initiative to “modernize”
these activities (DOC/NOAA).

3.2.2 Climate and Weather

The outstanding characteristic of the Arctic cli-
mate and weather is its dramatic variability in
clouds, radiation and surface heat exchange. It is
necessary to address Arctic weather problems oc-
curring on a variety of spatial and temporal scales
that range from microscale to global. A major
need is for accurate regional and local weather
forecasts, especially to predict hazardous weather,
such as Arctic lows, storm surges, icing conditions
and fog, which can affect human activities. The
Arctic climate has critical global implications.

There is a need to relate Arctic atmospheric circulation
to midlatitude weather and to measure and understand
long-term temperature trends and the variability of

the Arctic heat sink, which may be linked to global
warming

Selected Activities and Accomplishments

Acquired remote sensing data indicating that
major air-sea heat exchanges penetrate through
the troposphere on an intermittent basis; this sug-
gests that both tropospheric and stratospheric
chemistry are linked to sea ice lead dynamics
(DOC/NOAA/OAR, DOD/ONR);

Completed plans for and acquisition of new
technologies for Alaska: a Doppler wind profiler
was installed in Homer, Alaska; a satellite down-
link and processing system was installed in An-
chorage, Alaska; a C-band radar was installed in
Kenai, Alaska; and a new-technologies data base
is being archived for operational research studies
(DOC/NOAA/NWS);

Completed a study of meridional transport of
sea ice in the Bering Sea; began development of
an Arctic component to the World Climate Re-
search Program as part of an international plan-
ning effort; deployed the first Arctic Ocean cli-
mate monitoring station in joint U.S.—Canada ef-
fort (DOC/NOAA/OAR);

Discovered an important climate change signal
in Nimbus-7 satellite microwave observations of
Arctic sea ice during 1978—1987: a robust statisti-
cal analysis of the ice extent data for every two
days of the 8.8-year record indicates a decline of
2.1 0.9% at the 93% level of contidence; during
the same period the Antarctic ice extent had no
statistically significant trend (DOI/GS); and

Developed an improved method for predicting
vessel icing (DOC/NOAA/OAR).

Objectives )

+ Develop an Arctic Climate Studies Program
as part of the National Climate Program, in-
cluding studies of climate effects on biologi-
cal resources and a systematic program of ob--
servations and modeling of the Arctic radia-
tion balance and cloud cover, and their effects
on climate;

+ Understand the extent to which Arctic climate
variations are amplified signals derived from
elsewhere or are generated locally as a result
of the sensitivities of the regional environ-
ment;

« Understand whether, how and with what re-
sult Arctic climate anomalies propagate to
middle and lower latitudes;

* Quantify sea ice feedback mechanisms that
amplify climate change at high latitudes,
quantify high-latitude terrestrial ice and snow
changes, and consider their effects; and :

* Quantify the air-sea—ice momentum and heat
exchanges and quantify the role of air—sea in-
teractions in imparting mesoscale tropospher-
ic and stratospheric dynamiges.

Ongoing and Planned Activities

Develop dynamically coupled meteorological
models for weather prediction on both regional
and local scales, assimilating satellite, aircraft and
buoy data (DOC/NOAA, DOD/ONR/OCEANAV/
NEPERF, NASA, NSF);

Assemble existing data from the instrumental
record on Arctic climate to enable study of the sa-
lient features of climate change, to document ob-
servable patterns and to test theories and models
(DOC/NOAA);

Parameterize the effects of physical processes
(eddies, upwelling, wave—ice interaction) for use
in large-scale models without excessive computa-
tions (DOC/NOAA, DOD/ONR/OCEANAYV,
NSF);

Study the interactions between the atmosphere
and snow cover, glaciers and freshwater ice bodies
on land to improve models of the atmosphere with
specified lower boundary conditions and to deter-
mine the effect of anomalous snow conditions on
the polar heat sink and atmospheric circulation
(DOC/NOAA, DOI/GS, NASA, NSF);

Increase linkages among the broader GCM
community, encourage use of multiple GCMs in
Arctic parameterization experiments, and develop
studies of polar radiation, clouds, albedo feedback
and high-latitude atmospheric model performance
(DOC/NOAA, DOE, NSF);
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Develop a ten-year time series of sea ice cover
and seasonal snow cover from SMMR satellite mea-
surements and extend these time series into the fu-
ture using SMM/I data (NASA);

Systematically analyze the first-year and multi-
year sea ice fractions in the Arctic Basin and Green-
land Sea from SMMR and SAR data, including ice,
paleoclimate and cryospheric parameters (DOD/
ONR, DOI/GS, NASA, NSF);

Develop plans for an Arctic Climate Studies Pro-
gram and assess the effects of climate change on bi-
ological resources, including humans (DOC/
NOAA/NCP, DOI/GS, NSF);

Analyze existing models and data on “Arctic
low” development and evolution to improve the
ability to predict Arctic low storms (DOD/ONR);

Investigate the meteorology of synoptic and me-
soscale cyclogenesis over Arctic ice (DOC/NOAA);

Quantify air—sea heat exchanges of mesoscale
tropospheric and stratospheric dynamics during the
Leads field program (DOC/NOAA, DOD/ONR);

Study the Arctic front over Alaska to improve
operational forecasting using new technologies, uni-
versity resources and NWS regional data bases
(DOC/NOAA/NWS),

Expand the data base of sea ice climatology for
both Northern and Southern Hemispheres (DOD/
DOC/IHC);

Continue to develop the Arctic Climate Systems
(ACSYS) component of the World Climate Re-
search Program (DOC/NOAA/OAR); and

Initiate the Atmospheric Radiation Measurement

(ARM) program site selection on the North Slope of
Alaska for the field program that is planned to begin

in 1994 or 1995 as part of the U.S. Global Change
Research Program (DOE).

3.2.3 Tropospheric and
Stratospheric Chemistry

The chemistry of the Arctic atmosphere is dy-
namic, changing in response to natural and man-in-

duced disturbances. Stratospheric ozone depletion is

a global process accentuated at the poles. Ice core
chemistry reveals current and historic trends in glo-
bal gas and aerosol concentrations. Expected warm-
ing trends could have a significant influence on bio-
sphere—atmosphere interactions, trace gas emissions
and retention, and atmospheric photochemical pro-
cesses. In addition, an average of 1.7 million acres
of wildfire annually in Alaska has an impact on air-
bome particulates and chemistry.

Selected Accomplishments and Activities
Launched a series of balloons from Alert, NWT,

and Heiss Island, U.S.S.R.aspart ofa collabora.-
tive research project with scientists from the Uni-
versity of Wyoming, Environment Canad'a and the
U.S.S.R.: balloon soundings inside the winter po-
lar vortex and at the latitude of the solar termina-
tor showed a 20% ozone loss at the altitude of ob-
served polar stratospheric clouds (NASA, NSF);
Conducted ABLE-3A in the Arctic to assess the
flux of greenhouse gases, including CHy, NOy,

The chemistry of the Arctic atmo-
sphere is dynamic, changing in
response to natural and man-
induced disturbances; stratospheric
ozone depletion is a global process
accentuated at the poles

NO, and Oj, between the land surface and the tro-
posphere and reported the results in a special issue
of the Journal of Geophysical Research (NASA);

Completed a major reprocessing of Nimbus-7
TOMS data, which identified a drop in strato-
spheric ozone in the Arctic and mid-to-upper
northemn latitudes that was more severe than previ-
ously reported (NASA);

Obtained aircraft measurements of polar strato-
spheric clouds during the Airborne Arctic Strato-
sphere Expedition (AASE), along with observa-
tions of chemical species including chlorine mon-
oxide, a key player in photochemical ozone de-
struction; provided the first in-situ evidence sup-
porting the view that important heterogeneous re-
actions previously identified only in laboratory
and theoretical studies do take place in the lower
stratosphere (DOC/NOAA/OAR, NASA);

Continued monitoring by the Climate Monitor-
ing and Diagnostic Laboratory (CMDL), formerly
Geophysical Monitoring for Climatic Change
(GMCC), of the background atmosphere at Bar-
row, Alaska, and other non-Arctic sites (DOC/
NOAA/OAR);

Continued to analyze data from the 1983, 1986
and 1989 Arctic Gas and Aerosol Sampling Pro-
gram (AGASP) (DOC/NOAA/OAR);

Expanded the Arctic radiosonde data archive
activity by successfully acquiring a nearly com-
plete series of soundings from the Soviet ice sta-
tions and completing the digitizing of the U.S.
Ptarmigan dropwindsonde files; the archive now
numbers approximately one million soundings
dating back to the 1930s (DOC/NOAA/OAR);

Calculated monthly mean tropospheric temper-
atures from the thickness of the 850/700 and 700/



500 mb layers for each of 1977 grid points in an

octagonal grid centered on the North Pole for the
period 1960-1989 as part of an ongoing study of
Arctic climatology; estimated temperature trends
by comparing mean values between the first and
last 13-year periods of the record (DOC/NOAA/
OAR);

Continued to sample and analyze Antarctic and
Arctic phytoplankton for bromine production to
document further results of the bromine ozone de-
struction phenomenon in both polar regions
(DOC/NOAA/OARY); and

Continued sampling and analysis at the Nation-
al Atmospheric Deposition Program site at Denali
National Park (DOI/NPS).

Objectives

« Establish the correlation between the chemis-
try of polar stratospheric clouds in the Arctic
and the ozone concentration at northern mid-
latitudes;

» Develop a data base for determining long-
term regional trends in climate and air chem-
istry, including solar radiation Ievels, across
the circumpolar regions of the globe;

+ Conduct periodic sampling of the Arctic
stratosphere and troposphere to understand
ozone depletion, atmospheric transport phe-
nomena and the role of anthropogenic air-
borne pollutants in the Arctic; and

* Establish regional and seasonal variations in
sources and sinks of carbon, nitrogen and sul-
fur, atmospheric gases and aerosol species
and assess the importance of local emissions.

Ongoing and Planned Activities

Establish and maintain an appropriate number
of sampling stations for air quality, atmosphere
deposition and climate across the U.S. Arctic
(DOC/NOAA, DOE, DOI/NPS/BLM, NASA,
NSF);

Continue to monitor surface-level gases, aero-
sols and radiation at high-Arctic locations (e. g.,
Barrow, Alert, Ny Alesund) (DOC/NOAA);

Install Arctic-based, upward-looking lidars to
measure gas and aerosol distributions in both the
troposphere and stratosphere (DOC/NOAA,
NASA, NSF);

Develop an extensive Arctic radiation balance
program to determine early signals of climate
change (DOC/NOAA, DOE, NASA, NSF);

Accelerate programs to validate satellite mea-
surements of surface and atmospheric parameters
in the Arctic (DOC/NOAA, NASA, NSF);

Continue periodic Arctic-wide aircraft pro-
grams to provide continuity with past measure-
ments and deploy new sensors at and develop new

research methods for specific Arctic locations
(DOC/NOAA, DOD/ONR, DOE, NASA, NSF);

Conduct necessary follow-up to the 1989 Arc-
tic Ozone Program and AGASP (DOC/NOAA,
DOE, NASA, NSF);

Conduct long-range transport studies of nitrous
oxides, trace metals and sulfate aerosols including
Processing of Emissions by Clouds and Precipita-
tion (PRECP) (DOE);

Conduct the second Airborne Arctic Strato-
spheric Expedition (AASE-II), a six-month pro-
gram (October 1991 through March 1992) of air-
craft data collection for studying stratospheric
chemistry and dynamics, covering the Arctic and
midnorthern latitudes throughout the duration of
the Arctic vortex (DOC/NOAA/OAR, NASA);

Continue laboratory investigations into the role
of polar stratospheric clouds and sulfate acrosols
in modifying the chemistry of the stratosphere in
the Arctic and high northern latitudes (DOC/
NOAA/OAR, NASA);

Evaluate the impact of supersonic aircraft
transportation on stratospheric chemistry via a
program of modeling plus laboratory and field
measurements (NASA);

Provide ground-level instrumentation, science
teams and management support for the Network
for the Detection of Stratospheric Change
(NDSC), which will measure trace gases at sites
stationed in Resolute and Alert, Canada; Thule,
Greenland; and Kiruna, Sweden (DOC/NOAA,
NASA);

Launch the Upper Atmosphere Research Satel-
lite (UARS) (November 1991), which measures
stratospheric chemistry in north and south lati-
tudes up to 80° with its limb-observing instru-
ments, and conduct correlative measurements in
the Arctic (DOC/NOAA/OAR, NASA);

Support modeling and data analysis of strato-
spheric chemistry and ozone dynamics in the Arc-
tic (DOC/NOAA/OAR, NASA):

Continue observational and theoretical studies
related to the airbome stratospheric studies (DOCy
NOAA/OAR);

Continue CMDL research at the Barrow site by
continuing the long-term baseline measurements,
continuing to support cooperative projects by uni-
versity and other-agency scientists, and potentially
adding several tasks to the long-term program, in-
cluding measurements of other trace gases (e.g.
CFC-113, CFC-114 and halons), more detailed
ozone measurements, and ultraviolet radiation and
regional energy budget measurements (bocy
NOAA/OAR);

Use a NOAA WP-3D, with support from
AGASP scientists, as part of the ONR Leads Ex-
periment (LEADEX) in the Arctic Ocean basin
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north of Alaska, which will study the role leads
play in the Arctic energy budget; the Wave Propa-
gation Laboratory (WPL) in cooperation with
NOARL is planning an Arctic boundary layer and
lead plume study as part of LEADEX; a follow-on
AGASP flight program will be planned for 1995
(DOC/NOAA/OAR);

Conduct a stratospheric—tropospheric exchange
study, including mesoscale numerical model
simulations and predictions, and aircraft-based
chemical lidar measurements of trace constituents,
air motions and the associated vertical fluxes of
constituents across the Arctic tropopause (DOC/
NOAA/OAR);

Plan further studies on the Arctic stratosphere
within the next five years to examine the detailed
structure and extent of Arctic ozone decline and to
examine the implications for lower latitudes
throughout the Northern Hemisphere (DOC/
NOAA/OAR); and

Develop the Network for the Detection of
Stratospheric Change (NDSC), a multi-agency in-
ternational effort that will consist of five to six
stations operated world-wide by the mid-1990s for
long-term measurements of ozone and the chemi-
cal constituents that influence it; the goal of the
network is to provide the earliest possible detec-
tion of stratospheric ozone changes and the means
to understand their origin; there will be one or two
sites in the Arctic (probably Thule, Greenland,
and Resolute, Canada) (DOC/NOAA/OAR).

3.3 Land and
Offshore Resources

3.3.1 Energy and Minerals

The geologic framework of the Arctic is very
poorly known because of the complexities of its
geologic setting, its remoteness and its relative
lack of exploration. The remote frozen environ-
ment requires long lead times for energy and min-
eral development. Additional information is nec-
essary to allow the discovery, assessment and
mapping of new and dependable sources of oil,
gas, coal and strategic minerals. These resources
are important for national security and indepen-
dence, as well as for local use and economics (see
Sections 3.1.3 and 2.2 of the Strategy Program for
related activities).

Selected Activities and Accomplishments
Continued the Alaska Mineral Resources As-

sessment Program (AMRAP) with studies in six

distinct areas; also continued an analysis of the

tectonics and thermal maturity of Arctic margin
basin formations (DOV/GS);

Analyzed the structure of the Brooks Range as
part of the TransAlaska Crustal Transect (TACT)
study, which will be continued to complete the
transect into the Beaufort Sea (DOV/GS);

The geologic framework of the
Arctic is very poorly known because
of the complexities of its geologic
setting, its remoteness and its
relative lack of exploration

Developed a Seafloor Earthquake Measurement
System (SEMS) designed to gather seafloor mo-
tion data to provide seismic characterizations of
offshore oil and gas leasing regions (DOE);

Identified gas hydrates in 50 exploratory and
production wells, with the volume of gas within
the hydrates estimated to be twice that of conven-
tional gas in the Prudhoe Bay Field (DOE, DOV/
GS);

Collected and reviewed seismic profiles to de-
velop a base map for studies aimed at accurately
estimating the total amount of clathrate deposits
containing natural gas within a formation or reser-
voir (DOI/GS);

Completed field studies in the Arctic National
wildlife Refuge to identify environmental infor-
mation and knowledge of the carbonaceous rock
in the region (DOE);

Concluded a four-year study of the 5.7-million-
acre Valdez Creek Mining District in south-central
Alaska, resulting in the identification of 19 previ-
ously unreported mineral occurrences, including
placer gold, combinations of gold, silver, plati-
num, chromium, nickel, cobalt, molybdenum and
zinc, and economic quantities of industrial miner-
als such as limestone, perlite, zeolite, sand and
gravel, and stone (DO/BOM);

Began planning and logistics arrangements for
a four-year study of the approximately two-mil-
lion-acre Colville Mining District in north-central
Alaska (DOI/BOM/BLM/GS);

Completed a report on tin and rare-earth placer
deposits in the Ray River watershed, north-central
Alaska, with preliminary resource estimates of
contained tin in recent alluvium of 62—172 million
pounds of tin in 300 million cubic yards of gravel;
most of the occurrences are considered sub-
economic inferred resources (DOI/BOM); and

Completed oil and gas reservoir quality studies it
NPRA and ANWR and petrologic—petrophysical—
engineering studies of selected wells near ANWR;



extracted geochemistry and biological marker com-
pounds from sediments of the Bulge, northern
Alaska and the Yukon Territory (DOI/BLM).

Objectives

+ Continue systematic mineral appraisal activi-
ties and expand programs to provide for peri-
odic assessment of the undiscovered oil and
gas and strategic mineral resources in the Arc-
tic on both broad and local scales;

* Evaluate unconventional energy resources
(e.g. heavy oil, tar sands, gas hydrates);

« Identify energy and mineral resources for lo-
cal use; and

* Use new technologies to develop a more mod-
e, complete geologic data base, increase
geologic mapping, expand modeling efforts
and design derivative maps to address broader
earth science questions.

Ongoing and Planned Activities

Expand efforts in site-specific drilling, geologic
mapping and related analytical techniques for bed-

rock and surficial deposits, especially at medium
and large scales, including geological and geo-
physical mapping correlation across the U.S.—Ca-
nadian Arctic boundary (DOI/BLM/BOM/GS/
MMS);

Assess resources included in unconventional
energy forms, including oil shale, heavy oil, tar
sands, tight-gas sand, geopressured methane, coal-
bed methane and offshore gas hydrates (DOE,
DOI/BLM/BOM/GS/MMS);

Increase the use of new and improved technolo-
gies, including geographic information systems
and remote sensing, to produce geologic maps of
critical Arctic onshore regions and continental
margins and to combine geologic map data with
other earth science and geographic data bases to
produce derivative maps that address specific
earth science questions (DO/BLM/GS/MMS);

Continue research activities such as BLM’s Re-
source Management Planning Effort and MMS’s
Resource Evaluation Program that aid in evaluat-
ing local energy resources (DOI/BLM/GS/MMS);

Make additional comprehensive, detailed on-
shore and offshore transects in northeastern and
northwestern Alaska (e.g. TACT) to evaluate the
potential for mineral and energy resources, as well
as geologic hazards to development (DOE, DOY/
GS/MMS, NSF);

Assess the nonenergy minerals lease sale pro-
posed for 1991 in the Norton Sound area (DOI/
MMS),

Conduct studies using geological modeling of
subsurface resources, coupled with time-lapse mod-
eling of subsurface impacts of mineral extraction

and reclamation, to determine long-term cultural
and environmental impacts (DOI/BLM/BOM);

Continue to analyze geological and formational
characteristics of Alaskan North Slope fields by
studying well data to improve the knowledge base
of gas hydrate deposits (DOE);

Assess the production characteristics and eco-
nomic potential of gas hydrates in northern Alaska
and determine the relation between in-situ gas hy-
drate destabilization and global climate change
(DOE, DOI/GS);

Initiate cooperative research efforts to assess
the extent of the gas hydrate resources found in
Alaska (DOE);

Study parameters for the design and develop-
ment of a production well to recover methane
from gas hydrate deposits on Alaska’s North
Slope (DOE);

Better define the extent of the deep gas re-
source base in the North Slope using field, labora-
tory and modeling activities to improve our under-
standing of the formation, migration and entrap-
ment of this resource (DOE);

Characterize Arctic hydrocarbon reservoirs in
terms of their reserves, physical and chemical
properties, geologic configuration, structure and
development potential (DOE, University of
Alaska);

Continue the Colville Mining District study
through FY 1994 by examining in detail sites
identified from field reconnaissance sampling to
delineate the extent, grade and type of mineraliza-
tion and to determine the potential for develop-
ment (DOI/BOM);

Continue to develop a minerals GIS/data base
for microcomputers that allows extraction of cur-
rent lease, well and oil and gas assessment infor-
mation in text or map overlay format (DOI/BLM);
and

Continue a detailed oil and gas study of the
Utukok Special Management Area of the NPRA,
petroleum geology and geochemistry studies in
ANWR, and a bedrock geology study of the north-
ernmost bulge of the Rocky Mountain Cordillera
(DOI/BLM).

3.3.2 Coastal and Shelf Processes

Erosion rates are extremely high along the
Alaskan Arctic coast, where sea ice and perma-
frost are common. Specific questions about where
to build causeways, man-made islands and other
structures can only be answered after basic pro-
cess information is collected, interpreted and ana-
lyzed carefully. Studies of coastal erosion and
sediment transport in the Arctic are needed to un-
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derstand the long-term history of the coastal area

in order to intelligently manage the coastal region
(see Sections 2.2 and 2.4 of the Strategy Program
for related activities).

Selected Accomplishments and Activities

Developed and released a National Coastal Ge-
ology Program, which addresses erosion and other
coastal hazards and in future years will focus on
the role of ice and freeze—thaw processes in caus-
ing erosion in Arctic Alaska (DOI/GS); and

Studies of coastal erosion and sediment transport in
the Arctic are needed to understand the long-term
history of the coastal area in order to intelligently
manage the coastal region

Developed a coastline and surf-zone smear
model and a handbook of smear model input vari-
ables, on a shoreline segment-by-segment basis,
for the Alaskan OCS in 1989; the model will be
used interactively to make probabilistic predic-
tions of the physical and chemical state, amount
and location of spilled oil after it contacts a beach;
it accounts for deposition, beach substrate and
slope, resuspension, weathering and along-shore
transport of spilled oil (DOI/MMS).

Objectives
« Map beach, littoral and nearshore sediment
and subsea permafrost and determine their as-
sociated physical and chemical properties;
« Define the processes controlling the formation
and degradation of the seasonally frozen sea
floor;

« Implement long-term measurements of rides,

winds, waves, storm Surges, nearshore cur-
rents and sediment distribution patterns to un-
derstand coastal erosion and sediment trans-
port processes; and

« Investigate the direct and indirect effects of
ice on coastal erosion (the influence on waves
and currents) and on sediment transport (con-
tact with beach sediments, keel gouging, en-
trainment in frazil ice).

Ongoing and Planned Activities

Investigate the volume of sediment and water
transported by rivers (DOI/GS);

Expand the use of remote sensing technologies
and other photographic processes as a source of
coastal erosion and sediment transport data (DOC/
NOAA, DOI/GS, NASA);

Investigate innovative techniques, such as ar-
chaeological surveys, as a means of gauging

shoreline stability and measuring rates and
amounts of coastal erosion and delta or coastal
lowland submergence (DOV/GS, NASA, NSF, SI);

Develop and implement cooperative studies t0
sample and assess coastal beaches, bluffs and
shore faces (DOC/NOAA, DOE, DOY/GS/MMS);

Plan and conduct icebreaker-supported pro-
grams in coastal areas (DOC/NOAA, DOV/GS/
MMS);

Maintain gauging of three U.S. Arctic rivers to
determine sediment type, mineralogy, petrology,
provenance and grain size, and exchange data with
other Arctic Rim natjons to understand ancient
and modemn Arctic stream sediment supply histo-
ries (DOY/GS); and

Collect data on the thaw settlement of subsea
permafrost and the engineering properties of fro-
zen sediment; establish long-term investigations
on thermal and oceanographic variables of the sea-
floor and frozen sediment (DOD/CRREL, DOE,
DOI/GS).

3.3.3 Terrestrial and F reshwater
Species and Habitats

The Arctic supports many unique species of
birds, mammals, fish and plants, which are impor-
tant resources to the Nation, as well as to Alaska
Natives. Some of these resources are harvested
commercially or for subsistence purposes (e.g.
food, shelter, fuel, clothing and tools), and others
provide recreation. To assure that biological re-
sources are protected for future generations, man-
agement agencies must have adequate data and in-
formation on the biology and ecology of these spe-
cies, as well as information on environmental pa-
rameters of importance to vital processes (e.g-
feeding, breeding).

Selected Activities and Accomplishments

Instituted a Veterinary Science Program at the
University of Alaska Agricultural Experiment Sta-
tion, in collaboration with the Institute of Arctic
Biology and the Alaska Department of Fish and
Game, to study diseases, parasites and toxicology
in wildlife; conducted field investigations and cap-
tive-animal research on many animals, including
musk oxen, caribou, reindeer, wolves, arctic foxes
lynx, mink and sea otters, with special emphasis
on brucellosis, rabies and oilspill toxicology (DA/
CSRS);

Continued studies of wolves at Denali, Gates of
the Arctic and Noatak; muskox at Gates of the
Arctic and Bering Land Bridge; caribou, merlin$:
golden eagles, dall sheep and air quality at Denal



reindeer at Bering Land Bridge; steppe vegetation
at Yukon-Charley Rivers; vegetation inventory at
Bering Land Bridge; and brown bears and water
resources at Noatak (DOI/NPS);

Completed baseline fish and limnological stud-
ies at Gates of the Arctic, Surprise Lake in the
Aniakchak Caldera, Yukon-Charley Rivers and
Lake Clark (DOI/NPS);

Evaluated issues related to northern Pacific sal-
monid enhancement on the Noatak River (DOI/
NPS);

Continued studies evaluating the potential ef-
fects of resource development, either by develop-
ing baseline information on resources that may be
at risk or by measuring the effects of ongoing de-
velopment on populations of selected species, giv-
ing special attention to caribou, musk oxen and
species of waterfowl, primarily geese, believed
vulnerable to disturbance (DOI/FWS);

Conducted studies of snow geese on the Arctic
National Wildlife Refuge, emphasizing essential
habitats and documenting types of vegetation used
for food in order to predict the consequences of
displacement of the geese from these habitats by
development (DOI/FWS);

Continued research on black brant geese in the
Teshekpuk Lake area; about 80% of the time spent
there is devoted to feeding in a narrow strip of
grasses and sedges along the shorelines of large,
shallow, low-relief water bodies; molting brant are
sensitive to a wide array of man-caused distur-
bances (DOI/BLM/FWS/MMS);

Radiomarked 53 Pacific black brant in the So-
viet Union, westemn Alaska and Canada and later
detected 33 of them staging at Izembek Lagoon,
along with 276 banded individuals (DOI/FWS);

Studied the behavior and energetics of Pacific
black brant and other geese in response to aircraft
overflights at Izembek Lagoon, Alaska (DOI/
FWS/MMS);

Showed that a reduction of the population of
Arctic foxes improves the nesting success of cack-
ling Canada geese somewhat in years when voles,
the primary prey of the foxes, are abundant but has
little or no effect in years when voles are scarce
(DOLFWS);

To assure that biological resources are protected for
future generations, management agencies must have
adequate data and information

Continued to monitor the population status of
musk oxen, which were reintroduced to the Arctic
National Wildlife Refuge in 1969; the population
appears to have stabilized within a range of 350—
400 individuals (DOI/FWS);

Determined that the survival of nesting female
emperor geese on Alaska’s Yukon—Kuskokwim
Delta varies from 44 to 66% annually and is
strongly correlated with nesting; females that nest
are apparently less vulnerable to spring and sum-
mer subsistence hunting (DOI/FWS);

Completed the Utility Corridor Resource Man-
agement Plan, covering more than 15 million acres
of BLM-managed land in northern Alaska along
the Trans-Alaska Pipeline System between the
Yukon River and the Brooks Range; conducted an
integrated resource data collection effort within
the Utility Corridor (DOI/BLM);

Completed an interdisciplinary report for lands
in the Central Arctic Management Area; continued
to implement the Norton Sound Habitat Manage-
ment Plan; continued to monitor habitat manage-
ment plans covering Areas of Critical Environ-
mental Concern (DOI/BLM); and

Started several riparian enhancement and re-
storation projects on the Seward Peninsula in co-
operation with the Alaska Departments of Fish
and Game and Transportation (DOI/BLM).

Objectives

« Determine the abundance and distribution of
fish and wildlife populations and identify
their habitat requirements;

* Develop new techniques and technologies for
studying and managing biological resources
in the often-remote and cold-dominated Arc-
tic environments, including recovery of eco-
systems damaged by wildfires and other natu-
ral and human-induced causes; and

» Improve methods for detecting and determin-
ing the effects of human activities on the en-
vironment and identify measures to mitigate
the declines of Arctic biological resources and
the destruction of habitats.

Ongoing and Planned Activities

Measure the transmittance of photosynthetical-
ly available radiation through various ice types, in-
cluding snow-covered ice, on large lakes and the
biological productivity (phytoplankton and zoo-
plankton) that occurs beneath these surfaces
(DOC/NOAA);

Characterize the under-ice surface of lakes as a
habitat for planktonic and benthic flora and fauna
(DOC/NOAA);

Examine the role of sediment floc on the under-
ice surface of lakes in nutrient and contaminant
dynamics (DOC/NOAA);

Study the influence of the Slave River on the
productivity and contaminant loading of Great
Slave Lake (in Canada’s Northwest Territories) in-
cluding the potential for adverse effects of in-
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Investigate the trophic relationships between
higher vertebrate predators and consumers (e.g.
seasonal predation rates, prey switching and hab

disciplinary research efforts, including studies of
Teshekpuk Lake waterfowl ecology and the Arctic
National Wildlife Refuge (DA/CSRS, DOI/BLM/

gravel pads and roads in Arctic
improve their suitability for wil
vegetating such sites with indig

Arctic; lichens at Noatak; wetlands at
Charley Rivers and coastal resources
Krusenstern (DOI/NPS).

spruce beetles (DA/FS);
eloped a moose habitat enhanceme
Copper River Delta and continued



