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the Interagency Arctic Research Policy Com-
mittee and in cooperation with the Arctic Re-
search Commission. Both the Interagency
Committee and the Commission were author-
ized under the Arctic Research and Policy Act
of 1984 (PL 98-373) and established by Exec-
utive Order 12501 (January 28, 1985). Publi-
cation of the journal has been approved by
the Office of Management and Budget.
Arctic Research contains:
¢ Reports on current and planned U.S.
Government-sponsored research in the
Arctic
e Reports of ARC and IARPC meetings
e Summaries of other current and planned
Arctic research, including that of the
State of Alaska, local governments, the
private sector, and other nations
o A calendar of forthcoming local, na-
tional and international meetings
Arctic Research is aimed at national and in-
ternational audiences of government officials,
scientists, engineers, educators, private and
public groups, and residents of the Arctic.
The emphasis is on summary and survey arti-
cles covering U.S. Government-sponsored or
-funded research rather than on technical re-
ports, and the articles are intended to be com-
prehensible to a non-technical audience. Al-
though the articles go through the normal

editorial process, manuscripts are not refereed
for scientific content or merit since the jour-
nal is not intended as a means of reporting
scientific research. Articles are generally invit-
ed and are reviewed by agency staffs and
others as appropriate.

As indicated in the United States Arctic Re-
search Plan, research is defined differently by
different agencies. It may include basic and
applied research, monitoring efforts, and
other information-gathering activities. The
definition of Arctic according to the ARPA is
“‘all United States and foreign territory north
of the Arctic Circle and all United States ter-
ritory north and west of the boundary formed
by the Porcupine, Yukon, and Kuskokwim
Rivers; all contiguous seas, including the Arc-
tic Ocean and the Beaufort, Bering, and
Chukchi Seas; and the Aleutian chain.”” How-
ever, areas outside of the boundary are dis-
cussed in the journal when considered rele-
vant to the broader scope of Arctic research.

It is our intent to publish two issues per
year initially; one will be devoted to summar-
ies of U.S. Government programs of the pre-
vious fiscal year, and the other to non-gov-
ernment reports. This inaugural issue contains
several background articles on the ARPA; re-
ports of IARPC and ARC meetings; and
summary descriptions of agencies’ FY 86 re-
search programs, with funding tabulations
itemized as in the United States Arctic Re-
search Plan.

Jerry Brown, Head
Arctic Staff, NSF

Looking south into the Brooks Range, northern Alaska. The buildings
form the Toolik Lake Research Station operated by the Institute of
Arctic Biology, University of Alaska, Fairbanks, primarily for summer
projects sponsored by the Department of Energy (see p. 67) and the
National Science Foundation (see p. 33). This area includes the re-
cently designated Long-Term Ecological Research (LTER) site. The
Trans Alaska Pipeline and the Dalton Highway are on the east side of
Toolik Lake. (Photograph courtesy of the Institute of Arctic Biology.)
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U.S. Arctic
Research
Policy

Adopted February 3, 1986,
by the Interagency Arctic
Research Policy Committee

U.S. Interests: 1t is in the national interest
of the United States to support scientific and
engineering research to implement its national
policy of protecting essential security inter-
ests, promoting rational development of the
Arctic region while minimizing adverse envi-
ronmental effects, and contributing to the
knowledge of the Arctic environment or to as-
pects of science which are most advantageous-
ly studied in the Arctic. Where appropriate,
this research should be coordinated with the
efforts of State and local government and the
private sector. The research should be carried
out in a manner which benefits from and con-
tributes to mutually beneficial international
cooperation. Arctic research policy is subject
to periodic review and revision.

U.S. Goals and Objectives in Arctic Re-
search: Arctic research shall be aimed at re-
solving scientific and technological problems
concerning the physical and biological compo-
nents of the Arctic and the interactive proc-
esses that govern the behavior of these com-
ponents. The objectives include addressing the
needs for increased knowledge in such issues
as: the Arctic as a natural laboratory, nation-
al defense, natural hazards, global climate
and weather, energy and minerals, transporta-
tion, communications, renewable resources,
pollution, environmental protection, health,
adaptation and Native cultures.

To achieve these goals and objectives, re-
search and its support will focus on:

National Security

Environmental phenomena and processes
relating to defense;

Human health and biology in the Arctic;

High latitude communications; and

Arctic marine technology

Regional Development with Minimal

Environmental or Adverse Social Impact

Arctic marine technology relating to trans-
portation systems and offshore opera-
tions;

Collection and long-term monitoring of
baseline data on relevant parameters for
cumulative environmental impacts;

Environmental, health, behavioral, and
societal aspects of development;

Sea state, ice reporting and weather fore-
casting.

Scientific Research on Arctic Phenomena and
Processes and Aspects of Science Best Studied
in the Arctic

Systematic collection of basic data related
to physical, biological, materials, social,
cultural, health and behavioral phenom-
ena and the establishment of an Arctic
data and information system;

Effects of Arctic conditions on global
climate and weather;

Effects of pollution on global climate and
weather patterns, and their mitigation;
and

Preserving and conserving wildlife and es-
sential habitats.



The Interagency Arctic Research Policy Committee

ERICH BLOCH
Chairman, IARPC

Introduction

The purposes of the Arctic Research and
Policy Act of 1984 were to establish national
policy, priorities and goals, and to provide a
program plan for basic and applied scientific
research with respect to the Arctic. In the
three years since passage of the Act, consider-
able progress and success have been realized
in attaining these objectives. A national Arctic
research policy was formulated and approved
(see opposite page). A comprehensive Arctic
research plan was prepared, submitted to the
President, and in turn transmitted to the Con-
gress on July 31, 1987. Steps for implement-
ing the Plan and the priority research it iden-
tifies are underway. These accomplishments
are the results of the extraordinary coopera-
tion among member agencies of the Inter-
agency Arctic Research Policy Committee and
the Arctic Research Commission, both auth-
orized under the Act and established by Presi-
dent Reagan in his Executive Order 12501
dated January 28, 1985. The participation in
the planning and review process by the State
of Alaska, residents of the Arctic, the private
sector, and public interest groups substantially
enhanced the technical and functional values
of the Plan. The planning process created new
awareness of and opportunities for Arctic re-
search, as well as for the application of exist-
ing and new knowledge to economic, societal,
security, and environmental challenges facing
the U.S. in the Arctic. This first issue of Arc-
tic Research of the United States presents a
snapshot of recent involvements of the U.S.
agencies in the Arctic, and highlights activities
of the Arctic Research Commission and the
Interagency Committee.

In my role as Director of the National Sci-
ence Foundation, I am required by the Act to
ensure that the requirements of Section 108
pertaining to the Interagency Committee are
fulfilled. Furthermore, the Act and Executive
Order require that NSF be responsible for im-
plementing Arctic research policy. In this con-
text, I am pleased to report on the ARPA ac-
tivities since its enactment and on how the
Committee and its member agencies are ful-
filling their responsibilities. I encourage you
to read the Act and the Executive Order

found in the final pages of this issue, and to
obtain a copy of the United States Arctic Re-
search Plan for more details on what is dis-
cussed below.

Interagency Committee
Responsibilities

Among the Interagency Committee’s assigned

responsibilities are the following:

e Survey Arctic research conducted by Fed-
eral, State, and local agencies, universi-
ties, and other public and private institu-
tions.

e Work with the Arctic Research Commis-
sion to develop and establish an integrat-
ed national Arctic research policy.

e Develop a five-year plan to implement the
national policy.

e Consult with the Commission on develop-
ment of the plan, and existing and future
research programs.

e Provide the necessary coordination, data,
and assistance for the preparation of a
single integrated, coherent multiagency
budget request for Arctic research.

e Facilitate cooperation among Federal,
State and local governments in Arctic
research, and recommend the undertaking
of neglected areas of research.

e Coordinate and promote cooperative Arc-
tic research programs with other nations.

e Promote Federal interagency coordination
of all Arctic research activities, including
logistical planning and coordination and
the sharing of data and information asso-
ciated with Arctic research.

In order to accomplish these tasks, a group
of staff representatives reporting to the Inter-
agency Committee began work in late 1984.
Based on guidance from the Interagency Com-
mittee, the staff conducted a series of plan-
ning sessions, workshops and reviews. The
following is a summary of major events and
activities of the Committee, the Commission,
and the staff that led to the development of
the Arctic research policy and the United
States Arctic Research Plan.



December 1984
January 1985
Commission

March 1985
April 1985
July 1985
September 1985
Programs

November 1985
January 1986

February 1986

Initial Meeting of IARPC Staff Representatives
Presidential Executive Order Establishing Interagency Committee and

Arctic Research Commission Sworn In

First Arctic Research Commission and IARPC Meetings

IARPC Progress Report to President and Congress

IARPC Report: Federal Arctic Research: Detailed Listing of Existing U.S.

IARPC Workshop: Weather and Ice Dynamics, Hanover, New Hampshire
Arctic Research Commission Report: U.S. on the Arctic Rim

First Arctic Budget to Congress

Second IARPC Meeting; Report to President and Congress; Adoption by

IARPC of Arctic Research Policy

March 1986 IARPC Workshops:

Land and Cultural Resources, Anchorage, Alaska
Marine Ecosystems, Boulder, Colorado

May 1986

IARPC Workshop: Energy and Minerals Resources, Anchorage, Alaska

Arctic Research Commission Report: National Needs and Arctic Research: A

Framework for Action

IARPC Staff Workshop: Plan Review and Recommendations

October 1986
November 1986
January 1987

IARPC Workshop: U.S. Arctic Resident Review, Barrow, Alaska
IARPC Consultative Workshop: Anchorage, Alaska
IARPC Workshop: Social Science, Washington, D.C.

Arctic Research Commission Report: The United States, an Arctic Nation

March 1987
July 1987

U.S. Arctic Research Policy

The Arctic Research and Policy Act direct-
ed the Interagency Committee to ‘‘work with
the Commission to develop and establish an
integrated national Arctic research policy that
will guide Federal agencies in developing and
implementing their research programs in the
Arctic.”” The U.S. Arctic research policy ap-
proved by the Interagency Committee at its
February 3, 1986, meeting (p. 2) is based on
the Committee’s early understanding that any
broad regional research policy must be gen-
eral in nature as well as consistent with over-
all U.S. policy in the Arctic.

The Committee relied on two statements of
policy: The President’s National Security De-
cision Directive 90 (April 14, 1983) and the
Arctic Research and Policy Act, particularly
Section 102 on Findings and Purposes. NSDD
90 identifies four basic elements of U.S. Arc-
tic national policy: 1) protecting essential se-
curity interests in the Arctic region; 2) sup-
porting sound and rational development in
the Arctic region, while minimizing adverse
effects on the environment; 3) promoting sci-
entific research contributing to knowledge of
the Arctic environment or of aspects of sci-
ence which are most advantageously studied
in the Arctic; and 4) promoting mutually ben-

Third IARPC Meeting: Review and Approval of Arctic Research Plan
Final Plan Transmitted to the President and Congress

eficial international cooperation to achieve the
above objective. Development of the policy
statement was undertaken in consultation with
the Arctic Research Commission. The U.S.
Arctic research policy includes both an identi-
fication of U.S. interests and a statement of
goals and objectives to carry out these inter-
ests. It states that it is in the national interest
of the United States to support scientific and
engineering research to implement its national
policy of protecting essential security inter-
ests, promoting rational development of the
Arctic region while minimizing adverse envi-
ronmental effects, and contributing to the
knowledge of the Arctic environment or to as-
pects of science which are most advantageous-
ly studied in the Arctic.

Further, Arctic research shall be aimed at
resolving scientific and technological problems
concerning the physical and biological compo-
nents of the Arctic and the interactive proc-
esses that govern the behavior of these com-
ponents. The objectives include addressing the
needs for increased knowledge of such issues
as: the Arctic as a natural laboratory, nation-
al defense, natural hazards, global climate
and weather, energy and minerals, transporta-
tion, communications, renewable resources,
pollution, environmental protection, health,
adaptation, and Native cultures.



Development of the Plan

The Act instructs the Interagency Commit-
tee to prepare a comprehensive five-year pro-
gram plan for the overall Federal effort in
Arctic research. Included in the plan shall be:
1) an assessment of national needs and prob-
lems, 2) a statement of goals and objectives,
3) a detailed listing of existing Federal pro-
grams, 4) recommendations for necessary pro-
gram change, and 5) a description of action
to be taken to coordinate the budget process.

Without going into detail on the contents
of the Plan, it suffices to say that it supports
the Arctic research policy and corresponds to
the Commission’s framework for Arctic re-
search and its recommendations as described
in the following article by Chairman James
Zumberge. The Plan consists of three major
technical sections. The Atmosphere-Oceans
section emphasizes several interagency initia-
tives on sea ice and biological productivity.
The Land section focuses on natural resourc-
es, engineering challenges and research to im-
prove understanding of how land environ-
ments respond to natural variations and
human-induced changes. The section on Peo-
ple relates to their health, economic and so-
cial environments, and history.

The following steps were taken in prepara-
tion of the Plan.

The required assessment of national needs
and problems was based on the National Re-
search Council and its Polar Research Board
report entitled ‘‘National Issues and Research
Priorities in the Arctic.”’ Priorities within dis-
ciplines were established based on literally
hundreds of previous recommendations and
reports. This report, published in July 1985,
satisfied the requirement for the initial assess-
ment of national needs and problems.

A statement of goals and objectives was de-
veloped and included in the Arctic research
policy as discussed earlier. These provided
guidance for the recommendations developed
in the Plan.

A detailed listing of Federal Arctic pro-
grams was published in September 1985. Prior
to the Act, no single source of published in-
formation existed on the scope and magnitude
of Federal agency programs in or related to
the Arctic. Agencies defined activities accord-
ing to their own mission definitions of re-
search. Thus, the programs include basic and
applied research as well as monitoring. Initial-
ly, a total of 70 programs and projects total-
ing $79 million were identified and listed for
FY 85. Future revisions and additions will be

reported annually in this journal and summar-
ized in the biennial update of the Plan as re-
quired by the Act.

Recommendations for necessary programs
were developed based on review of the Polar
Research Board report on national issues and
research priorities, the agencies’ programs, ex-
isting and planned programs, and the Com-
mission’s reports. Nine guiding recommenda-
tions were developed, covering:

Ice dynamics, weather and climate

Marine ecosystems

Energy and mineral resources

Land environments

Coastal processes and engineering

Health

Social science

Data, information and logistics

International cooperation
The recommendations either placed additional
emphasis on existing programs or filled gaps
in them. They cut across the requirements of
several agencies, were predominantly multi-
and interdisciplinary, and conformed with the
Commission’s conclusion that:

““The basic premise for an Arctic Research
Plan should be development of a comprehen-
sive, interdisciplinary, coordinated approach
to the acquisition of the scientific and engi-
neering knowledge required to respond to na-
tional needs in the Arctic, including national
security and defense, resource development,
protection of the environment, and the well-
being of the population.”

An annual, coordinated compilation of the
Federal agencies’ budgets for Arctic research
has been prepared since FY 85. As indicated,
the report Federal Arctic Research provided
an integrated budget which identified $79 mil-
lion in Federal support for FY 85. Subsequent
revisions raised the initial FY 85 estimate to
$87 million, in large part due to previously
unidentified upper atmospheric research in
several agencies. The agency annual budget
summaries were reviewed and approved by
the Interagency Committee at the February 3,
1986, and March 23, 1987, meetings. Further,
the Office of Management and Budget in-
cludes a separate section on Arctic research
among the special analyses which are pre-
pared annually as part of the President’s Bud-
get Request.

The Act did not provide additional funding
for Arctic research. Agencies are expected to
request and justify funds for these activities
as part of their normal budgetary processes.
During the planning process it became obvi-
ous that the major impediment to enhancing
the funding of new Arctic research was com-

5



petition with non-Arctic research within in-
dividual agencies and not between Arctic re-
search programs themselves, However, as the
Plan evolved it became apparent that well-
conceived and mission-related initiatives did
receive more favorable responses if they were
tied to the emerging Arctic Research Plan. It
is anticipated that as the Plan becomes availa-
ble in its approved form, agencies will provide
levels of funding consistent with it and exist-
ing programs.

It is enlightening to compare today’s expen-
ditures with those of a decade ago. During
the 1970s, the former Interagency Arctic Re-
search Coordinating Committee (IARCC)
compiled annual budget expenditures of the
Federal agencies. This Committee was dis-
solved in 1978 and its last compilation was
based on Fiscal Year 1977 (see Arctic Bulle-
tin, No. 15, 1978). The FY 77 expenditures
are shown in the budget table for comparison
and show considerable shifts in agency pro-
grams over the past decade. The actual dollar
value of the $62 million research expenditure
in FY 77 is very likely equal to or in excess of
current U.S. Arctic research expenditures of
about $90 million.

Est.
FY 77 FY 85 FY 86 FY 87 FY 88
(Thousands of dollars)
Department of Defense 5,920 22,624 26,636 25,837 27,916
Department of Interior 34,950 26,450 23,877 22,853 21,796
National Science Foundation 7,310 19,429 18,144 19.162 21,597
National Aeronautics and Space 230 7,229 7,999 13,520 16,586
Administration
Department of Commerce 6,930 5,548 5,187 4,555 2,730
Department of Energy 830 2,815 4,736 3,686 3,286
Department of Health and 1,280 1,493 1,756 1,587 1,128
Human Services
Smithsonian Institution — 507 519 519 719
Department of Transportation 390 565 410 150 250
Environmental Protection Agency 1,180 400 400 300 0
Department of State — 16 16 16 16
Department of Agriculture 2,680 — 850 850 850
Total 61,700 87,076 90,530 93,035 96,874

Future Plans

The preparation and publication of the
Arctic research policy and the Plan are only
the beginning of an implementation process.
We are aggressively developing approaches
for implementing the Plan and for monitoring
progress. Interagency plans fail for a number

of reasons, including lack of continuous ac-
tive and enthusiastic oversight, lack of a co-
herent agency-by-agency accomplishment plan
which details what each agency is responsible
for, insufficient policy-level sponsorship to
allow successful competition with other pro-
grams, and failure to adequately deal with
variability in how agencies fund programs.
The Interagency Committee believes that a
strategy establishing the staff representatives
as an oversight group assisted by specialty
groups to further integrate and coordinate
agencies’ programs will ensure fulfillment of
the expectations of the Act. These groups and
staff will review progress and provide written
reports to our Interagency Committee.

At press time a limited number of multi-
agency programs were being considered for
coordination and implementation, building on
existing programs within agencies and pro-
posed new thrusts. These included:

¢ Arctic Ocean Dynamics and Productivity

¢ Arctic Climate

¢ Atmospheric Coupling

¢ Land Interactions and Trends

e Social and Health Adaptation of Arctic
People

® Resource Development and Technologies

Several of these multiagency activities will
contribute to understanding of the role of the
Arctic in global change. Cross-cutting issues
for the successful conduct of Arctic research
will be considered, including ready access to
data and information, availability of research
platforms and logistics, and development and
sharing of international research opportuni-
ties.

A dominant theme that has emerged from
the interagency planning process is the need
for long-term baseline data. While the collec-
tion of such data is not generally considered
to be research, it forms a needed base for fu-
ture research efforts and is essential to under-
standing global change. Stable funding and
logistics support are required if these long-
term data bases are to be acquired and main-
tained. A workshop on Arctic data require-
ments necessary to address long-term change
will take place in spring 1988.

The training and involvement of Native
people in research has received heightened in-
terest as a result of the Act. Native residents
want to be involved in the design and imple-
mentation of research in the U.S. Arctic, par-
ticularly that concerning subsistence use of
wildlife, and they want to play a management
role in decisions concerning the marine- and



land-based ecosystems. One principal IARPC
goal in implementing the Plan will be to pro-
vide for this involvement whenever and wher-
ever possible. In addition, Native groups
throughout the U.S. Arctic have appealed for
the establishment of regional Arctic resource
centers for the purpose of facilitating research
and providing educational opportunities for
Arctic residents. Such centers would improve
the flow of information to and from the sci-
entific community.

Finally, program effectiveness can be im-
proved by increased cooperation among all in-
terested parties. In the future, organizations
with greatly differing missions can, with little
additional effort, devise ways to work togeth-
er toward a common goal. Federal agencies
need to actively explore ways to cooperate
with each other, and involve indigenous peo-
ple, State and local government, universities,
industry, and other countries in further refin-
ing and accomplishing the Arctic research
agenda. We look forward to the further de-
velopment of international Arctic science co-
operation with nations sharing common inter-
ests in the Arctic. Future issues of Arctic Re-

search of the United States will report on pro-
gress towards accomplishing many of the pro-
grams and plans presented in this inaugural
issue.

Publications

Copies of the following publications are
available from Polar Coordination and Infor-
mation Section, Division of Polar Programs,
National Science Foundation, Washington,
D.C. 20550.

National Issues and Research Priorities in the
Arctic. Polar Research Board, National Re-
search Council, Washington, D.C. July 1985.
Federal Arctic Research: Detailed Listing of
Existing U.S. Programs, Initial Compilation.
Interagency Arctic Research Policy Commit-
tee, Washington, D.C. September 1985,
Arctic Five-Year Research Plan Consultative
Workshop. Final Report, Toborg Associates,
Inc., Washington, D.C. April 1987.

United States Arctic Research Plan. Inter-
agency Arctic Research Policy Committee,
NSF 87-55, Washington, D.C. July 1987.



The U.S. Arctic Research Commission

JAMES H. ZUMBERGE
Chairman, U.S. ARC (1985-87)

JUAN G. ROEDERER
Chairman, U.S. ARC (1987-)

Background

The Arctic Research and Policy Act of 1984
(Public Law 98-373, July 31, 1984) defines
United States interests in the Arctic and em-
phasizes the need for research to ensure that
the goals of U.S. Arctic policy are met. It es-
tablishes a framework for developing priori-
ties in basic and applied research in the Arctic
and a coherent national Arctic research ef-
fort.

Recognition of the need for Arctic research
in the U.S. national interest is not new. Re-
search in Arctic Alaska has been conducted
since shortly after the United States acquired
it from Russia in 1867, and it increased stead-
ily during the first half of this century. Such
research was supported largely by the Federal
government. In 1986, Federal expenditures for
Arctic research amounted to some $83 mil-
lion, with additional substantial amounts con-
tributed by industry and state and regional or-
ganizations.

Was there a need, then, for special legisla-
tion to foster Arctic research and to create
two new organizations with specific responsi-
bilities for developing Arctic research policy
and planning a research program to imple-
ment it? To answer that question we need on-
ly consider that all Federal research dollars
appropriated by the Congress are channeled
through mission-oriented agencies. These
agencies support the research that will help
them to fulfull their particular responsibilities;
in fact, there is continuing pressure on them
to ensure that their research expenditures are
directly relevant to their mandated missions.
Lacking was a means of ensuring continuing
review of the overall Arctic research effort in
relation to national goals and emerging needs.
Improved coordination of logistic support for
Arctic research and more effective manage-
ment of the data and information resulting
from such research are additional critical
needs meriting sustained attention.

The Arctic Research and Policy Act,
therefore, gives new status and incentive to
what has often been seen as a fragmented,
uneven, sometimes ignored research effort. It
promises to produce greater interdisciplinary,

interorganizational cooperation in research;
improved cost-effectiveness and research pro-
ductivity; and more rapid communication and
application of research results. The needs are
urgent, the budgetary constraints severe. The
two new organizations created under the Act
(the Interagency Arctic Research Policy Com-
mittee and the U.S. Arctic Research Commis-
sion) have their work cut out for them.

The Arctic Research Commission consists
of three members selected from academic or
research institutions, one from industry, and
one from the indigenous residents of the U.S.
Arctic, with the Director of the NSF serving
ex officio. In providing representation of
these various constituencies on the Commis-
sion, the intent was to ensure that it would
give attention to both national needs and
those of State and local governments, to both
scientific questions and practical problems,
and to both short-term objectives and the
longer-term needs required by the Nation.

Among the Commission’s assigned respon-
sibilities are the following:

® Develop and recommend an integrated
national Arctic research policy.

e Cooperate with the Interagency Arctic
Research Policy Committee in establish-
ing a national Arctic research program
plan to implement the policy, and advise
and assist the Interagency Committee as
needed.

e Foster cooperation among Federal, State
and local governments in regard to Arctic
research, and work with the Governor of
Alaska and State organizations in formu-
lating Arctic policy.

e Review Federal agency research programs
in the Arctic to improve coordination,
and review the annual budget request for
Arctic research in relation to the goals of
the five-year research plan.

® Recommend ways to improve logistical
planning and support for Arctic research.

® Suggest methods for improving efficient
sharing and dissemination of data and in-
formation on the Arctic.

It should be noted that the Commission has

no power, other than that of persuasion, and
that it does not provide funds for research. It



The original members of
the Commission were
James H. Zumberge
(Chairman), President,
University of Southern
California, Los Angeles;
Juan G. Roederer (Vice-
Chairman), University of
Alaska, Fairbanks; Oliver
Leavitt, Vice President,

> Slope Regional Cor-

n, Anchorage;
1 Washburn,
ity of Washington,
Seattle; and Erich Bloch,
ex officio, National Sci-
ence Foundation. Staff:

W. Timothy Hushen (Ex-
ecutive Director), Lyle Per-
rigo (Senior Staff Officer),
and Lisa Ramirez (Admin-
istrative Assistant). In the
fall of 1987 Dr. Zumberge
resigned as Chairman and
was succeeded by Vice-
Chairman Roederer.

does, however, as stipulated in the Act, report
to the President and to the Congress by Janu-
ary 31 of each year on its activities during the
previous fiscal year, as well as at other times
when particular issues arise. For example,
when projected FY 1987 budget cuts would
have eliminated data collection in the Bering
Sea that was essential to management of fish-
eries in that area, the Commission wrote to
the President and members of Congress. The
letter called attention to the high priority the
Commission had accorded marine ecosystem
research and the opportunities it provided for
Federal/State/industry/university cooperation
in research vital to U.S. economic interests.
These funds were subsequently restored.

The Commission Begins
Its Work

Members of the Arctic Research Commis-
sion were appointed on February 28, 1985,
and the Commission began its work shortly
thereafter. From March through September
1985, the Commisssion met three times. One
session included public meetings in Fairbanks,
Barrow, Prudhoe Bay, and Anchorage, Alas-
ka, and site visits to two development sites in
Alaska. Testimony received at these meetings,
interaction with the Interagency Committee,
participation in scientific conferences and
symposia on Arctic research, and communica-
tion with concerned organizations and indi-
viduals all helped to shape the Commission’s
statement on Arctic research policy. In addi-
tion, the Commission’s recommendations on
research needs and priorities (National Needs
and Arctic Research: A Framework for Ac-
tion, May 1986) provided valuable guidance
in the development of the U.S. Arctic Research
Plan.

Consistent with the Arctic policy statement
issued by the White House in 1983, the Com-
mission’s policy statement emphasized that
It is in the national interest of the United
States to support scientific and engineering re-
search in all pertinent fields to implement its
national policy of protecting essential security
interests in the Arctic, promoting rational de-
velopment . . . while minimizing adverse envi-
ronmental effects, and contributing to the
knowledge of the Arctic environment or of
aspects of science that are most advantageous-
ly studied in the Arctic.”’ The policy further
specifies that in its support of Arctic research,
the United States should ensure: Coordination

of Federal research efforts with those of State
and local governments and the private sector;
development of an Arctic research plan that is
responsive to national and regional needs and
interests and that takes into account the unique
features and challenges of the Arctic; and, in
recognition that the Arctic is a broad geo-
graphic area and that its problems and scien-
tific needs are shared by many nations, in-
creased international cooperation in Arctic re-
search. Suggested research objectives include
use of the Arctic as a natural laboratory to
enhance scientific understanding and provide
the basic knowledge required to deal with
problems of national defense, global climate
and weather forecasting, exploitation of re-
newable and nonrenewable resources, environ-
mental protection and pollution control, ef-
fective transportation and communication sys-
tems, natural hazards, health, and protection
of indigenous cultures and lifestyles.

Throughout its deliberations on Arctic re-
search policy, the Commission had also con-
sidered research needs and ways to arrive at
setting priorities. The approach it adopted
was to view the Arctic as a large-scale natural
system made up of strongly interacting com-
ponents. Understanding the processes and in-
terrelationships within the system would pro-
vide the key to solution of problems such as
those related to resource development, envi-
ronmental protection, and health, as well as
to broader problems of climate, air pollution,
and marine and terrestrial ecosystems. The
Commission concluded that ‘“The basic prem-
ise for an Arctic Research Plan should be de-
velopment of a comprehensive, interdisciplin-
ary approach to the acquisition of the scien-
tific and engineering knowledge required to
respond to national needs in the Arctic . . . .”’
It stressed the need for complementary basic
and applied research to advance fundamental
knowledge and at the same time to allow us
to better understand and deal with fundamen-
tal problems. In setting priorities, it found
that a useful criterion is the ability to predict
changes induced by nature, such as climate or
the extent and seasonal variability of sea ice.
Another major consideration was to make use
of the natural laboratory that the Arctic pro-
vides for research on phenomena and pro-
cesses that have impacts far beyond the
region. For example, research on climate,
health, natural hazards (such as earthquakes
and volcanism), frozen ground, and human,
animal and plant adaptations to extreme cold
and long periods of darkness has widespread
implications and applications.
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Based on these considerations the Commis-
sion recommended the following programs of
research in order of priority:

® Research to understand the Arctic Ocean

(including the Bering and marginal seas,

sea ice, and seabed), and how the ocean

and the Arctic atmosphere operate as

coupled components of the Arctic system.
The recommended research is relevant to de-
fense issues, development of renewable and
nonrenewable resources, prediction of marine
ecosystem reactions to natural and man-
induced change, forecasting of Arctic weather
and impacts of Arctic phenomena on global
weather patterns, prediction of climatic
change, and prediction of sea ice conditions
and other maritime hazards.

® Research to understand the coupled land

and atmosphere components of the Arctic
system.
In a complementary way, such research, fo-
cused on the terrestrial environment, also
aims at goals similar to those enumerated
above.
¢ Research to understand the high-latitude
upper atmosphere and its extension into
the magnetosphere.
Emphasis here is on advancing prediction of
disturbances in space and mitigating their ef-
fects on communication and defense systems.

The Commission further recognized an ur-
gent and ongoing need for research directed
specifically to the health of Arctic inhabitants
and their adaptation to Arctic conditions, as
well as to the effects of resource development
and industrial growth. From the regional
standpoint, such research is of the highest pri-
ority, but its implications transcend regional
boundaries and it merits high priority in na-
tional and international efforts. Therefore, the
Commission recommended as the highest pri-
priority for the health-culture-socioeconomic
component of the Arctic system:

® Research to identify and resolve the ma-

jor health, behavioral, and cultural prob-
lems that derive from the distinctive char-
acter of the Arctic environment and from
increasing resource development, industri-
alization, and urbanization.

The Commission’s Second Year

During the period from October 1985
through September 1986, a principal objective
of the Commission was to increase its interac-
tion with the scientific and engineering com-
munities and with representatives of govern-
mental, industrial, and academic organiza-

tions in Alaska. To achieve this objective, it
* Opened an office at the University of
Alaska’s Arctic Environmental Informa-
tion and Data Center in Anchorage.
® Began publishing a newsletter to provide
current information on its activities and
on matters relevant to Arctic research and
policy.
¢ Established a Group of Advisors, consist-
ing of 24 scientists and engineers, indi-
vidual members of which participated in
public sessions organized by the Commis-
sion, reviewed draft documents, and pro-
vided information on research needs.
¢ Held four meetings, including three pub-
lic sessions in Seattle, Kodiak and An-
chorage, to obtain a wide range of views
on Arctic research policy and needs.
¢ Visited industrial sites in Alaska to learn
about problems and special research
needs or oppportunities.
Met with the Governor and State Legisla-
ture of Alaska and with State legislative
and executive groups concerned with Arc-
tic research.
Published two reports on its findings and
recommendations, in addition to which
three Commission members published ar-
ticles on Commission activities in scien-
tific journals.
¢ Participated in national and international
meetings concerned with Arctic research.

Arctic Research Plan

In regard to its mandated responsibilities,
besides the development of the policy and pri-
ority statements previously described, the
Commission continued its close cooperation
and interaction with the Interagency Commit-
tee. To provide guidelines for the develop-
ment of the Five-Year Arctic Research Plan,
the Commission prepared the report National
Needs and Arctic Research: A Framework for
Action. In addition, the Commission prepared
an analysis of the preliminary draft of the
five-year plan and subsequently attended the
workshop held by the Interagency Committee
in November 1986 to assist in the refinement
and further development of the plan. The
Commission reviewed the interim final draft
plan at its meeting on March 5-6, 1987, and
subsequently endorsed it and complimented
the Interagency Committee on its work. From
their inception, the Commission and Inter-
agency Committee have maintained the com-
plementary relationship that the provisions of
the Act were designed to encourage.



Federal/State Cooperation

In addition to meeting with the Governor
and Legislature of the State of Alaska in Jan-
uary 1986, the Commission encouraged the
adoption of an Alaska research policy, which
was subsequently approved and signed into
lawin May 1986. The Governor and the Com-
mission Chairman proposed to the relevant
Federal and State agencies the creation of
joint Federal/State task forces in fisheries
ecosystem research and health. These groups
were established and, in response to their
charge, reviewed research needs and recom-
mended programs of research for Federal/
State cooperation.

The emphasis in the fisheries ecosystem re-
port was on studies of the relationship of
fluctuations in fish and shellfish populations
in the Bering and Chukchi Seas to the inter-
annual variation of maximum ice extent and
seasonal ice retreat.

The recommended priorities for Federal/
State cooperation in health research included
trends in the types and incidence of cancer in
Arctic Native populations, the possible rela-
tionship of polyunsaturated fatty acids in the
cold water fish and marine mammals that
constitute a substantial part of the Native
Alaskan diet to the low incidence of coronary
heart disease among these populations, and
studies of the incidence and causes of injuries,
which are the leading cause of death for all
age groups in Alaska and are also a major
health problem in the contiguous 48 states.

The Commission, at its March 1987 meet-
ing, endorsed these recommended Federal/
State research programs in fisheries ecosystem
and health research and informed the Presi-
dent and members of Congress regarding the
need to provide the resources to implement
the recommended research.

A third focus of Federal, State, and Com-
mission concern is information handling. As a
joint Federal/State Committee on Natural Re-
source Information Management was already
working on problems in this field, the Com-
mission and the Governor of Alaska encour-
aged its efforts and will continue to work
with the successor Council on Northern Re-
sources Information Management toward
more effective procedures for the collection
and transfer of research information and
data. The Commission also met with the pres-
ident of the Arctic Oil and Gas Association to
discuss ways to expedite public awareness of,
and access to, nonproprietary reports and
data. The Association subsequently made ar-

rangements to transfer a number of reports
and data sets to the public domain.

Logistics

The Commission’s mandate calls for recom-
mendations to improve logistic support for
Arctic research. Because the Commission’s
highest research priority was understanding
the Arctic Ocean and the way the ocean and
atmosphere operate as a coupled system, the
initial logistic focus has been on support and
facilities for ocean research. Of particular
concern is the need for an ice-capable re-
search vessel for the Arctic.

In a letter to the President and members of
Congress, and in testimony to the House Sub-
committee on the U.S. Coast Guard and Nav-
igation of the Committee on Merchant Mar-
ine and Fisheries, House of Representatives,
the Commission pointed out that the United
States does not have a research vessel that can
operate in ice-covered seas in the Arctic, yet
one is urgently needed. Further, even if the
Executive Branch and Congress act immedi-
ately to authorize construction of such a ves-
sel it would take three to four years before a
new ship could be commissioned.

Therefore, the Commission urged that the
U.S. lease, with or without an option to buy,
an ice-capable research vessel to alleviate the
short-term need for such a vessel in the Arc-
tic. Several foreign icebreakers are currently
laid-up because of the downturn in the oil in-
dustry, and one of these vessels might be
modified and put under charter to meet the
immediate need. Over the longer term, how-
ever, the national interest calls for further im-
proving the ice capability of at least one of
the planned U.S. Navy additions to the na-
tional research fleet, or some other approach
to acquiring a dedicated ice-worthy research
vessel, planned and equipped for a variety of
scientific missions.

The Commission Chairman also met with
the Director of the National Science Founda-
tion on the same subject, and with the Com-
mandant, U.S. Coast Guard, to discuss ways
to maximize the use of icebreakers in the best
interests of the United States and its scientific
community.

In addition to urging the acquisition of an
ice-capable research vessel dedicated to Arctic
work, the Commission held a workshop in
November 1986 to review logistic capabilities
in the Arctic, including satellite systems, ter-
restrial systems, buoys, and other instrumen-
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tation, as well as problems of coordination
and management. Follow-up surveys contin-
ue. The Commission visited Arctic research
bases in the U.S. and Canadian Arctic during
July 1987 and expects to issue its recommen-
dations later this year.

Arctic National Wildlife Refuge

At its March 1987 meeting, the Arctic Re-
search Commission received information from
the Department of the Interior and from the
Wilderness Society on possible impacts of oil
and gas exploration in the Arctic National
Wildlife Refuge (ANWR), with particular em-
phasis on the calving grounds of the Porcu-
pine caribou herd. The Commission has no
authority to adjudicate such issues, but it be-
lieves strongly that the decision-makers need
the best scientific information available. As
part of its July meeting, the Commission vis-
ited ANWR and held a public meeting in
Kaktovik, the major village of the refuge.

International Cooperation

Statements of Arctic policy, descriptions of
Arctic research needs, and discussions of re-
search opportunities focus repeatedly on the
need for international cooperation. The Arctic
is a broad geographic region, and the scien-
tific questions and practical problems that it
presents cannot be fully explored and under-
stood by piecemeal efforts within individual
countries. It has been suggested that a coop-
erative research organization comparable to
the Scientific Committee on Antarctic Re-
search (SCAR) would be a useful forum for
furthering international cooperation in the
Arctic. However, there is no treaty in the
North comparable to the Antarctic Treaty
that makes a cooperative approach to Antarc-
tic research possible. The boundaries of sev-
eral nations fall within the Arctic, but other
countries not on the Arctic Rim, such as the
United Kingdom, Switzerland, West Ger-
many, Poland, France and Japan, also engage
in Arctic research.

To explore interest in organizing an interna-
tional forum for discussion of Arctic research
issues of mutual concern, the Commission
held a small ad hoc meeting in July 1986 in
San Diego, California, in which representa-
tives of a number of SCAR nations that also
had Arctic interests participated. There was
consensus on the need to improve coopera-

tion, particularly in research on environmen-
tal problems.

A follow-up session was held in February
1987 in Oslo, with scientists from Canada,
Denmark/Greenland, Finland, Iceland, Nor-
way, the Soviet Union, Sweden and the United
States taking part. The group discussed exist-
ing arrangements for international coopera-
tion in Arctic research and their limitations.
Participants agreed that individual countries
should develop better internal structure and
coordination of their Arctic research activities
as a basis for international efforts. The group
recognized and emphasized that most scien-
tific problems in the Arctic are circumpolar
and demand a cooperative approach. Indi-
vidual nations cannot work in isolation and
keep in the mainstream of scientific progress.

It was agreed that a small working group
would prepare a paper summarizing the argu-
ments for and against the creation of a new
international Arctic science organization and
ways that it might be structured and imple-
mented. It was also emphasized that the in-
tent was not to replace or compete with exist-
ing organizations but to complement and fac-
ilitate their efforts. The paper will be circulat-
ed for discussion within each country, after
which the representatives plan to meet again
to decide how to proceed.

National Awareness

Another thrust in the Commission’s current
work is to foster awareness that the United
States is indeed an Arctic nation, and that it
has economic, military, medical, environmen-
tal, political, and other interests directly relat-
ed to the Arctic. One of the most persuasive
discussions of the ‘“‘Age of the Arctic’’ has
been put forward by Oran Young (see Foreign
Policy, Winter 1985-86, pp. 160-179, and
Oceanus, 29(1), Spring 1986, pp. 9-17). The
Commission arranged for a lecture by Dr.
Young at a public meeting in Anchorage in
April 1986. He emphasized that issues related
to the Arctic are demanding increasing atten-
tion, requiring not only knowledge of natural
systems but of cultural, social, economic,
legal, political, and military developments in
the Arctic environment. U.S. interests de-
mand that this country recognize and take its
place among the Arctic nations. The Arctic
Research and Policy Act offers an opportun-
ity for an effective response to this challenge,
which in various ways involves some of the
most urgent problems facing the United States
now and in the 21st century.



To foster widespread recognition of this po-
sition is a main emphasis in the Commission’s
current plans.

For further information on the Commission
and its activities, see:

National Needs and Arctic Research: A Frame-
work for Action. Report of the U.S. Arctic
Research Commission to the President and
the Congress of the United States of Amer-
ica. U.S. Arctic Research Commission, Los
Angeles, May 30, 1986.

The United States: An Arctic Nation. Report
of the U.S. Arctic Research Commission to
the President and the Congress of the
United States of America for the Period 1
October 1985-30 September 1986. U.S.
Arctic Research Commission, Los Angeles,
January 31, 1987.

U.S. on the Arctic Rim. Report of the U.S.
Arctic Research Commission to the Presi-
dent and the Congress of the United States
of America for the Period 1 March-30

September 1985. U.S. Arctic Research
Commission, Los Angeles, January 31,
1986.

On the Arctic Rim. Newsletter of the U.S.
Arctic Research Commission. U.S. Arctic
Research Commission, Anchorage, April
and August 1986, and May 1987.

Research Priorities in the Arctic: U.S. Arctic
Research Commission Gets Down to Busi-
ness, by J.G. Roederer: EOS, Transac-
tions, American Geophysical Union, vol.
67, no. 24, June 1986.

Arctic Research in the National Interest, by
A.L. Washburn and G. Weller: Science,
vol. 233, 8 August 1986.

National Needs in Arctic Research, by A.L.
Washburn: Journal of Cold Regions Engi-

neering, vol. 1, no. 1, p. 2-9, March 1987.

The Arctic Ocean—Introduction, J.H. Zum-
berge: Oceanus, vol. 21, no. 1, p. 2-8,
Spring 1986.
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The United States is an Arctic nation that
has only very recently begun to play the part.
Thousands of Americans live and work in the
Arctic, and we have substantial natural re-
sources and important strategic interests
there. However, we have only recently begun
to think of ourselves as an Arctic nation. This
new journal, Arctic Research of the United
States, is evidence of this new and welcome
awareness.

When I was first elected to the U.S. Senate
in 1980, Alaskans asked me to foster the crea-
tion of a comprehensive National Arctic Re-
search Policy, an effort begun almost 20 years
earlier by Alaska’s first Senators. Indeed, as
early as 1960, Alaskans in Washington were
arguing that national goals in the Arctic re-
quired the United States to direct a greater
share of national scientific resources toward
research in the far north.

While an increase in Arctic research did oc-
cur during the 1970s, largely due to the con-
struction of the Trans-Alaskan Pipeline, gov-
ernment Arctic research was almost exclusive-
ly performed on an ad-hoc, program-oriented
basis. The nation’s Arctic Research Program,
if you could call it that, was a fragmented
collection of projects and programs that lacked
clear direction, coordination, or an overall
guiding policy.

By 1980, our stake in the Arctic had clearly
risen. By that time, America was addicted to
Arctic oil, deriving some 20% of our domes-
tic production from a single Arctic field at
Prudhoe Bay, Alaska. At the same time, new
developments in military technology, most
notably nuclear-powered submarines and
long-range bombers equipped with cruise mis-
siles, transformed the Arctic from a seemingly
benign and remote polar region to one of the
most strategic places on earth. Indeed, the
Arctic was beginning to be recognized as the
true common border between the super-
powers.

As a result of these developments, a new
push for a policy-guided Arctic research ef-
fort began. As a result of my efforts, in addi-
tion to those of Senators Ted Stevens and

Henry ‘“‘Scoop’’ Jackson, and Representatives
Don Young, Doug Walgren, Don Fuqua and
others, Congress passed the Arctic Research
and Policy Act (ARPA) of 1984.

In passing ARPA, Congress intended that
the nation as a whole become more informed
about the Arctic and the fact that the United
States is an Arctic nation. Our lack of knowl-
edge about the Arctic had been a clear source
of frustration to Congress during the 1970s,
when the discovery of oil at Prudhoe Bay and
a global energy crisis moved Congress to en-
act a number of new statutes affecting the fu-
ture of the Arctic. With hindsight, it’s easy to
see that the Congressional debates which pre-
ceded passage of the Alaska Native Claims
Settlement Act of 1971, the Trans-Alaska
Pipeline Act of 1973, the Alaska Natural Gas
Transportation Act of 1976, and the Alaska
Lands Act of 1980 were sometimes character-
ized by ill-informed, sensational, and mislead-
ing information.

For instance, the Senate was only able to
narrowly pass the Trans-Alaska Pipeline Act
with the tie-breaking vote of the Vice Presi-
dent. Many Senators who opposed the pipe-
line believed the assertions of extreme envi-
ronmentalists who argued that any develop-
ment would seriously jeopardize the future of
the central Arctic caribou herd and other
wildlife. While we now know that responsible
development can occur in the Arctic, ignor-
ance of the truth in 1973 almost exacted a sig-
nificant price—the pipeline might never have
been built.

As an aside, it’s interesting to note that a
similar debate is taking place today on the ex-
ploration of the Arctic National Wildlife Ref-
uge. Fortunately, experience at Prudhoe Bay
and continuing research have taught us a
great deal about the effects of development
on caribou and other Arctic wildlife. Because
we now know more, the debate on ANWR
will hopefully be waged with scientifically
supportable conclusions rather than alarmist
supposition and emotionalism.

With the publication of the first issue of
this new journal, it’s appropriate for me to



reflect on what ARPA has accomplished thus
far, and Congressional expectations for ARPA
in the future.

As a consequence of ARPA:

¢ The United States now has an Arctic re-
search policy.

e The United States now has an Arctic Re-
search Commission which meets regularly
to advise the President and Congress on
Arctic research policy.

¢ The United States has a Federal inter-
agency committee to coordinate Federal
Arctic research efforts.

¢ We have an Arctic Research Plan which
was sent to the President and Congress in
July 1987.

® We have coordinated agency budgets.

® We are looking closely at the need for
new research platforms, icebreakers, and
other mechanisms for studying the Arctic.

The fact is, we’ve come a long way in the

short time since the passage of the Arctic Re-
search and Policy Act. And that’s fortunate,
because there is much we must know about
the Arctic if we expect to move into what
some have called the ‘‘Age of the Arctic”’
with confidence. For instance:

* We must find the new technologies we
need to develop Arctic resources wisely
while protecting the Arctic ecosystems.

e We must fully understand how Arctic sys-
tems operateif we expect to address prob-
lems such as Arctic haze and the ‘‘green-
house effect’’ and other processes for
which the Arctic provides an important
window on global change.

e We must improve our knowledge of gla-
ciers, sea ice, permafrost, and snow in
order to perfect new Arctic air, land and
maritime transportation technologies.

o We must fully understand disruptive aur-

oral displays and high latitude atmos-

pheric disturbances if we expect to enjoy
dependable telecommunications capabili-
ties in the Arctic.

Finally, the Arctic, in contrast to the Ant-

arctic, is home to an indigenous people

who have lived and hunted in the region
since time immemorial. We must fully un-
derstand the Arctic and the short- and
long-term impacts of what we do there if
we expect to protect the unique lifestyle
of the Inuit (Eskimo) people.

Beginning sometime in the 100th Congress,
I expect one or more Congressional Commit-
tees to convene oversight hearings to assess
ARPA’s effectiveness in achieving its stated
goals. The work of the Commission, the ef-
fectiveness of the Interagency Committee
structure, the distribution of current research
appropriations, and questions involving re-
search logistics and icebreakers are all special
areas of interest that might be explored at
these hearings.

Regardless of the outcome of those hear-
ings, one thing is certain: the Arctic, once
considered a remote and forgotten area of our
planet, is emerging as one of the most impor-
tant regions of the world. Congress has recog-
nized this fact. Building on the foundation of
ARPA, the United States is poised to take its
rightful place as a leader among the Arctic
nations of the world.
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Department of Interior

The Department conducts research, mapping and monitoring pro-
grams throughout Alaska and its offshore regions and manages
lands established under the Alaska National Interest Lands Conser-
vation Act. These activities are performed by six services or
bureaus, each with administrative and technical offices located in
Alaska. In FY 86, a total of $24 million was identified in support
of these activities.

M l ner alS M ana g ement continental slopes and in the ice-infested
. waters of the Arctic. Ice in its various forms
Ser vice is the basic hindrance to Arctic offshore oil
and gas operations, whether it be seabed per-
MMS FY 86 FUNDING The Minerals Management Service regulates ~ mafrost, spray icing of platforms, or pack ice
(thousands) the leasing, exploration and development of forces upon structures. Much research has
g:‘f‘lsi?:r:eml;dri‘?;rals 288 oil and gas in the Federal waters of the U.S. been done in those areas; however, there is a
Studies 10340  Outer Continental Shelf/Exclusive Economic pressing need to continue technological inves-
Zone (OCS/EEZ). The MMS is required by tigations for the foreseeable future because of
law to assure that operations are safe and pol-  the very heterogeneous nature of the ice and
lution-free and that the ‘‘best available and the continuing changes and technological ad-
safest technologies’” are used in the develop- vances in offshore operational practices.
ment of oil and gas. Also, the MMS must de- Whereas in the Beaufort Sea, for example,
termine the environmental cost and possible the focus of technological development is

multiple-use conflict in support of leasing and upon shallow water drilling operations, future
subsequent development and production activ- drilling and production is likely to migrate to

ities in the OCS/EEZ. Arctic research and en- deeper waters in the moving ice zone, where
vironmental studies are conducted under the the associated problems of storage and trans-
Technology Assessment and Research Pro- portation of hydrocarbons will be considera-
gram (TA&R) and the Alaska Environmental ble. These operations will need to make use

Studies Program respectively. These studies

are conducted in concert with universities, pri-

vate companies, and other Federal agencies.

An annual summary of Alaska OCS activities

is available from MMS OCS Information

Program, 1951 Kidwell Drive, Suite 601, "
Vienna, Virginia 22180.

Technology Assessment and
Research Program

The TA&R Program projects fall into three
categories: 1) well control or the prevention
of oil well blowouts, 2) the verification of
offshore structures and pipelines, and 3) tech-
nologies to prevent air and ocean pollution.
Programmatic emphasis is upon current and
prospective operations in the deep waters of Artificial gravel island in Beaufort Sea.
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of new kinds of structures, among which are
likely to be subsea production systems and
underwater hydrocarbon storage platforms.

For further information see Technology As-
sessment and Research Program for Offshore
Minerals Operations, 1986 Report, OCS Study
MMS86-0083. Compiled and edited by John
B. Gregory and Charles E. Smith, USDI/MSS,
647 National Center, Reston, Va. 22091.

Alaska Environmental
Studies Program

Study activities have focused on baseline in-
formation on distribution, abundance, and
migratory patterns of marine species, poten-
tial disturbances to the marine environment,
and oceanographic and meteorological condi-
tions. Major categories of study haveincluded:

Contaminant Sources and Effects

These studies are designed to determine the
predevelopment distribution and concentra-
tion in the natural environment of potential
contaminants commonly associated with oil
and gas development. The nature and magni-
tude of contaminant inputs and environ-
mental disturbances that may accompany ex-
ploration and development, such as spilled
oil, are also studied.

Endangered Species
Studies have concentrated upon observa-
tions of bowhead whale migration routes, po-

tential feeding areas and behavior. A unique
role of bowhead study components has been
to support seasonal drilling and geophysical
survey monitoring program needs. Other re-
cent studies on endangered species include
emphasis on surveys of distribution and abun-
dance of endangered whales, feeding ecology
of gray whales, and experimental research on
gray and humpback whale behavior in re-
sponse to oil and gas sound sources.

Living Resources

There are large numbers of cetaceans and
pinnipeds in the Alaska offshore which are
not endangered species. These include ringed
seals, bearded seals, beluga whales, walrus
and others. The studies program has investi-
gated life history, food habits, abundance and
distribution of several important species, as
well as aspects of their interaction with oil
and gas activities. Recent emphasis has fo-
cused on the study of effects of on-ice seismic
exploration on ringed seal behavior and distri-
bution. Other studies have investigated sensi-
tivity of beluga whales to noise and disturb-
ance. The results of these studies have been
used in devising and evaluating potential miti-
gating measures. In addition to important
studies on marine mammals, other studies
have addressed commercial and subsistence
fisheries and marine birds. Fisheries studies
were targeted at important Bering Sea com-
mercial fisheries species such as salmon, red
king, Tanner, blue king, and Korean hair
crabs. Work has been conducted on simula-
tion modeling of fisheries with the intent to
quantify potential damage to commercial fish-
eries if accidental oil spills were to occur.
Nearshore fisheries studies have been con-
ducted in the Bering, Beaufort and Chukchi
Seas. Major studies of seabirds have been
completed, including population studies in the
Bering Sea and reproductive ecology and
trophics of marine birds of the Gulf of
Alaska. Seabird studies have also been con-
ducted in areas of the Beaufort and Chukchi
Seas and shorebird research in the southern
Chukchi.

Oil Spill Fate and Effects

Recent studies have investigated the effects
of hydrocarbons on king crabs, Tanner crabs,
and salmonids. The MMS and NOAA partici-
pated in the Baffin Island oil spill test pro-
gram in the Canadian Arctic and investigated
the weathering of spilled oil in open water
and in sea ice.



Acoustic doppler profiling
current measurement.

Pollutant Transport

This research has continued to simulate hy-
pothetical oil spill transport in open and ice-
covered waters by means of a circulation
model. These simulations are key to sale-spe-
cific environmental impact statement prepara-
tion. Related physical oceanographic studies
have investigated currents, tides, sea ice mo-
tion, and meteorological forcing. The results
of these studies are used in computing proba-
bilities of oil spill contact for different coastal
areas. A model and user’s manual is complete
for oil weathering in open water, and is being
expanded to ice-filled waters. Another model
has quantified losses of commercially impor-
tant fisheries to oil spills. Underway is an ef-
fort to model movements and distribution of
oil in surf zone environments.

Environmental Geology

This studies program has investigated bot-
tom gouging by ice ridges, ice ridge and lead
formations, ice motion, and, to a lesser de-
gree, subsea permafrost behavior. Other stud-
ies focus on possible constraints imposed by
meteorological conditions, such as structural

and spray icing, sea ice movement, storm
surge, and extreme winds and waves. In FY
86, long-term studies of geologic processes
and hazards of the Beaufort and Chukchi
Shelf and coastal regions were completed. The
information from these studies is used in de-
fining potential areas of exploration diffi-
culty.

Ecosystems

Recently, several study efforts performed
field analyses of key ecosystems. These have
included the Alaska Peninsula Ecosystem
Study in the southeastern Bering Sea, the
Yukon River Delta Ecosystem Study in the
east-central Bering Sea, the Camden Bay Eco-
system Study in the eastern Beaufort Sea, and
the Peard Bay Ecosystem Study in the north-
ern Chukchi Sea. These ecosystem studies are
multidisciplinary and consider the biological
and physical processes of the ecosystems
rather than descriptions of them. These pro-
cess studies have generally provided much
more comprehensive information on ecosys-
tem functions than purely descriptive studies.

Environmental Monitoring

Since 1981, the MMS has performed moni-
toring studies of bowhead whales. In 1986,
the MMS continued efforts to develop addi-
tional, targeted monitoring programs.
Through an interagency agreement with
NOAA/OCSEAP, the studies staff participat-
ed in the planning and conducting of the
Beaufort Sea Monitoring Workshop. Results
of the workshop have been used by the MMS
studies staff in direct contracting of a Beau-
fort Sea Monitoring Program. The goal of the
program is to test hypotheses regarding long-
term change in sediments and lower trophic
levels. A workshop to consider monitoring
needs in the Bering Sea was held in winter
1986. These and other targeted study efforts
are expected to provide the basic framework
by which the Alaska Region will meet biologi-
cal monitoring needs under the OCS Land
Act Amendments.

Social and Economic

This program began in 1976 with the recog-
nition by the Department of the Interior that
societies of rural Alaska were especially vulner-
able to the influences of industrial develop-
ment. Recently, the program has become more
focused in its analysis of the effect of off-
shore development on various social systems.
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U.S. Geological Survey

The U.S. Geological Survey conducts re-
search in the Arctic under several multidisci-
plinary topics: ice and climate, glaciology,
natural hazards, deep continental studies,
energy and minerals, mapping, and magneto-
sphere. The following briefly describes the
current base programs, goals, recent accom-
plishments, and future directions.

Ice and Climate

The goals of ice and climate research are:
1) to investigate the role of sea ice, ice sheets,
snow, glaciers and polar oceans in the varia-
tion of mesoscale, regional and global cli-
mate; 2) to develop aircraft and satellite tech-
niques with passive and active microwave to
observe all of the phenomena listed above on
an all-weather, day-or-night basis at time
scales ranging from daily to interannual; 3) to
develop numerical models for sea ice dynam-
ics and thermodynamics, ice-sheet flow, and
glacier flow; and 4) to investigate the interac-
tion of the upper ocean and sea ice, especially
in the marginal ice zone.

Long-standing joint programs with NASA
and the French Space Agency (CNES) contin-
ued. These involved a three-level observation-

al system using satellite, aircraft and surface
sensors to acquire simultaneous observations
of sea ice, ice sheets, snow and oceans. USGS
took part in both the design of microwave
sensors for satellite missions and in the subse-
quent analysis and use of the satellite data.
USGS researchers participated in the planning
and performance of aircraft remote sensing
missions in conjunction with the satellite mis-
sions and in surface-truth experiments on
drifting ice stations, ships and ice sheets.
They also participated in the marginal ice
zone experiments in the Fram Strait/East
Greenland Sea. A joint USGS/NASA study
of the Upper Colorado River Basin snowpack
using Nimbus-7 SMMR observations to meas-
ure snow water equivalence is now entering its
fifth snow season. USGS developed numerical
models for sea ice dynamics and thermody-
namics in cooperation with other agencies,
notably the Goddard Space Flight Center of
NASA. Numerical models of glacier flow and
ice sheet flow were developed and tested with
remote sensing data from surface-based radar
sounders and aircraft and satellite radars.

Detailed studies were made of late-Tertiary
and Quaternary marine, lacustrine, eolian and
glacial sediments and permafrost of the North
Slope and interior basins of Arctic Alaska as
key to Arctic climate change and high-latitude
sedimentary processes.
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Glaciology

The goals of glaciology research are to un-
derstand the complete cycle of glacier behav-
ior, advise on specific hazards, assess glaciers
as a resource, develop and use methods of
prediction of glacier behavior, and assess the
importance of Alaskan glaciers to interpreta-
tion of climate.

The program maintains instrumentation at
several glaciers in different climate areas to
obtain continuous measurements of high-alti-
tude climate, snow and ice balance, and gla-
cier flow. Current research includes analyses
of these baseline data; studies to develop new
techniques in glaciology; and studies of surg-
ing glaciers, ice-dammed lakes and calving
glaciers, both to obtain new knowledge of
these hazards and to learn more about glacio-
logical principles and processes. A computer
model relating climate data from long-term
weather stations to mountain climate, glacier
snow and ice storage, and glacier runoff was
developed for the Columbia Glacier, Alaska,
predicting its retreat.

Natural Hazards

The overall goal of USGS research on Arc-
tic natural hazards (earthquakes, volcanoes,
landslides) is to mitigate losses by providing
earth science data and evaluations essential
for land use planning, including the leasing of
offshore areas, engineering design, and emer-
gency preparedness decisions.

A comprehensive study is planned of earth-
quake hazards in the Anchorage area. Studies
have been directed toward resolving geologic
elements and seismogenic processes in south-
ern coastal Alaska, with the goal of estimat-
ing long-term earthquake potential, particu-
larly in the Yakataga, Shumagin and Unalas-
ka seismic gaps. Regional and global seismo-
graphic stations are being operated. The 1986
eruptions of Augustine Volcano, an island
strato-volcano in lower Cook Inlet about 175
miles southwest of Anchorage, have been
monitored and studied. Engineering geologic
maps have been completed for eight 1:250,000-
scale quadrangles in the National Petroleum
Reserve in Alaska (NPRA), and the coastal
plain portion of the Arctic National Wildlife
Refuge (ANWR) has also been mapped.
Other recent work includes studies of the
distribution, character and thermal regime of
permafrost.

Deep Continental Studies

This research effort promotes multidisci-
plinary studies of the continental lithosphere
and focuses on the deep crustal environments
and processes that control or influence near-
surface geology. The goal is to obtain infor-
mation about the composition, structure and
dynamics of the earth’s crust and upper man-
tle in order to understand the occurrence of
energy and mineral resources and processes
associated with major geologic hazards such
as earthquakes and volcanic eruptions. In the
Arctic, activities in the Deep Continental
Studies Program are conducted as part of the
Trans-Alaska Lithosphere Investigations.
TALI is a multidisciplinary program to inves-
tigate the structure, composition and evolu-
tion of the Alaskan crust along a north-south
corridor, following the route of the trans-
Alaska pipeline and extending offshore across
the Pacific and Arctic continental margins.

Several major geologic problems will be ad-
dressed by the TALI studies proposed for the
next several years. On the Pacific continental
margin, the ongoing processes of subduction
and accretion—key processes in the evolution
of Alaska and western North America—will
be examined. On the Arctic continental mar-
gin, concentration will be on the deep config-
uration and history of rifting of the Beaufort
margin and the relation of rifting to events in
the Brooks Range and Canada Basin. In the
interior, TALI studies will examine the con-
figuration and history of the Denali fault sys-
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tem, a late Mesozoic collision suture reactivat-
ed as a major Cenozoic strike-slip fault; the
thicknesses, structures, roots and histories of
the many terranes recognized between the
Alaskan Range and the Brooks Range; the
configuration and history of the Kaltag-Tin-
tina fault system, which borders and disrupts
a collage of crustal slices on the north margin
of the Yukon-Tanana Upland; and the nature
of the crust beneath the Yukon-Koyukuk
Basin and the basin’s structural history.

Energy and Minerals

The goals of energy and mineral research in
the Arctic are to attain a systematic under-
standing and description of the geologic set-
tings where energy and mineral resources oc-
cur or are apt to occur, both onshore and off-
shore; and to provide quantitative energy and
mineral resource assessments for land use
planning or estimating the Arctic’s contribu-
tion to the Nation’s total resource base. The
research base includes such programs as the
Alaska Mineral Resources Assessment Pro-
gram (AMRAP), Marine Geology/EEZ (Ex-
clusive Economic Zone), and Evolution of
Sedimentary Basins.

The USGS, with the Bureau of Land Man-
agement, has completed a major study of the
geological, geophysical, geochemical, and oil
and gas resources of the Arctic National
Wildlife Refuge (ANWR) as required by the
Alaska National Interest Lands Conservation
Act (ANILCA). Analyses suggest that the
ANWR may contain super-giant accumula-
tions of oil and gas that could rival the Prud-
hoe Bay field. A substantial data set that in-
cludes raw seismic data (digital tapes) and a
detailed report on the petroleum geology of
ANWR (USGS Bulletin 1778) is scheduled to
be released in 1987.

Chromite-bearing mafic and ultramafic
rocks were recently investigated in central
Alaska, and field work was completed for a
mineral survey of the Steese-White Mountains
to provide input to Bureau of Land Manage-
ment land use plans. Environmental geologic
studies were made of coastal erosion, sedi-
ment budget, and ice gouging in the Alaskan
and Canadian Beaufort Sea, and the offshore
stratigraphy of the Chukchi Sea. A research
cruise in the Bering Sea systematically imaged
the seafloor using Geologic Long Range In-
clined Asdic (GLORIA) sonar surveys. The
quantity and quality of coal were assessed in
the central and eastern portion of the Alaskan

el
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North Slope depositional environments. Coal
is known to exist in the offshore Alaskan
Arctic; preliminary studies indicate potentially
large quantities. Investigations have been
made of the regional geochemistry, diagene-
sis, stratigraphy, sedimentology, tectonic
framework, and mineral potential of Alaska
North Slope basins and the geologic processes
operating therein. A preliminary assessment
of the undiscovered oil and gas in the Arctic
onshore and offshore has been made in col-
laboration with the Minerals Management
Service as part of an updated national assess-
ment.

Magnetosphere

Geomagnetic measurements are made to in-
fer the physical properties of the earth’s inter-
ior and atmosphere to aid in navigation of
air, sea and space vehicles and satellites, and
to identify short- and long-term variations of
the magnetic field for thousands of maps and
charts. Accurate, up-to-date magnetic infor-
mation is necessary to orient some 4000 air-
port instrument approach systems, to estab-
lish and verify land surveys, to operate so-
phisticated weapons systems, to determine the
effects of solar and terrestrial magnetic sub-
storms on communications and other elec-
tronic systems, and to estimate the amounts
of energy transferred within the coupled sys-
tem of the magnetosphere and the ionosphere.

The USGS operates three magnetic observa-
tories in Alaska, one of which is located at
Barrow on the Arctic coast. This station is of
particular importance as it is the only source

of data close to the geomagnetic pole where
charged particles following magnetic field
lines enter and leave the earth. These data are
critical to our understanding of the effect of
sunspots on communications and of the rela-
tionships between the earth’s internal mag-
netic field and the atmospheric magnetic field.

Arctic Mapping Activities

The goals of the National Mapping Pro-
gram with respect to Arctic Alaska include
preparing and maintaining a variety of high-
quality multipurpose base maps and digital
cartographic data bases to meet specific na-
tional priorities, including the requirements of
Federal and State agencies, the Congress, and
others. The primary mapping seriesis 1:63,360-
scale (1 inch = 1 mile) topographic maps.
The remaining unmapped areas in this series
for Arctic Alaska will be available by 1990.
Complete 1:250,000-scale topographic map
coverage is available for all Arctic Alaska. In
addition, 12 multi-color 7.5-minute orthopho-
tomaps at 1:24,000 scale are available for the
Prudhoe Bay area.

Other cartographic data and products avail-
able include black-and-white orthophotoquads
at 1:63,360 scale for selected areas; a series of
25 black-and-white Landsat RBV image maps
at 1:250,000 scale for Alaska north of 68° lat-
itude; advance copy of multicolor Landsat
MSSimagemaps at 1:250,000 scale for ANWR;
side-looking airborne radar (SLAR) data;
SLAR image maps at 1:250,000 scale for se-
lected areas; land cover maps and digital
data; digital elevation data at 1:250,000 scale
and selected areas at 1:63,360 scale; digital
planimetric data at 1:2 million scale; Alaska
Boundary Series of 1:250,000-scale maps for
the ANILCA units; Alaska High-Altitude
Photography program products, including
1:120,000-scale black-and-white and
1:60,000-scale color infrared coverage for
most of Arctic Alaska; and small-scale State
Base maps and million-scale topographic
quadrangle maps.

The first phases of data collection for the
Federal Land Information System were com-
pleted in 1985. Information essential to the
development of policy governing mineral ex-
ploration and resource development on Fed-
eral lands and data on surface and subsurface
ownership, restrictions, and withdrawals relat-
ed to mineral development were obtained from
BLM’s Alaska Automated Land Records Sys-
tem and combined with data fromthe USGS’s
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various mineral resource data and assessment
programs, the Bureau of Mines’ Mineral In-
dustry Locational System, and the USGS’s
base cartographic and water resources data
programs.

Additional information on Arctic Alaska
mapping activities may be obtained from the
National Cartographic Information Center,
U.S. Geological Survey, 4230 University
Drive, Anchorage, Alaska 99508-4664.

Results of other U.S. Geological Survey ac-
tivities are reported annually in several publi-
cations. See, for example, Geologic Studies in
Alaska by the U.S. Geological Survey During
1986, U.S. Geological Survey Circular 998
(Branch of Alaskan Geology, 4200 University
Drive, Anchorage, Alaska 99508-4667), and
Annual Report of the U.S. Geological Survey
(USGS, Reston, Virginia 22092).

Fish and Wildlife
Service

The Fish and Wildlife Service established
the Alaska Fish and Wildlife Research Center
in June 1986. Although most of the research
is performed on National Wildlife Refuges
across Alaska, much of it is national and in-
ternational in scope. The Center addresses a
wide variety of Arctic and Subarctic research
problems involving anadromous fisheries;
land and marine mammals; seabirds, shore-
birds and waterfowl; and the development of
new methodology, including geographic infor-
mation systems, the use of satellites to track
polar bears and caribou, and the use of mito-
chondrial and nuclear DNA analyses to separ-
ate fish and wildlife populations. Much of the
research is focused on minimizing the impact
of resource development on fish and wildlife.
Another major aspect is the construction of
population models for species subject to hunt-
ing—both for sport and for subsistence—
across international boundaries.

The FWS Arctic research is conducted
under three broad topics: migratory birds,
mammals and fisheries. The following briefly
describes the base programs, goals and recent
accomplishments.

Migratory Birds

In 1986, research by the Migratory Bird
Section encompassed studies of seabirds,
shorebirds and waterfowl. Long-term studies
have been found to be essential in the Arctic
because of the tremendous variation inherent
in the environmental conditions of this re-
gion.

Seabirds

Recent studies of seabirds in Alaska have
focused on potential conflicts between the
maintenance of a stable seabird population
and the rapidly expanding development of a
bottom fishery. Related to this effort is an at-
tempt, through analysis of 11 years of data,
to determine whether certain seabird popula-
tions are indeed stable or are declining. Re-
productive success for some species has been
so consistently poor that it is unlikely that
normal environmental conditions in the Arctic
are responsible. Another major effort is
aimed at identifying those characteristics of
the open ocean that may be critical for the
survival of Alaska seabirds. Summary charts
derived from infrared satellite images archived
at the Arctic Environmental Information and
Data Center in Anchorage are being used to
identify oceanographic features that favor
successful foraging by seabirds. Satellite im-
ages are also being used to delineate the win-
ter positions of the Bering Sea ice edge where
ivory gulls and murres may feed on epontic
(under-ice) fish and zooplankton.

Shorebirds

Most research on shorebirds involved analy-
sis and publication of data collected previ-
ously on an array of species, concentrating
mainly on aspects of habitat use, migration
and breeding ecology of species likely to be
most affected by nearshore coastal develop-
ment in Alaska. Some field work was begun
during 1986 to determine the population
status and distribution of the bristle-thighed
curlew, a rare and little-known species that
first became of concern to Center biologists
during earlier studies of shorebirds on the
Yukon-Kuskokwim Delta.
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Waterfowl

Studies of waterfowl have been the major
effort in the Migratory Bird Section during
the past several years in terms of both fund-
ing and staffing. Recent declines in popula-
tions of emperor geese, white-fronted geese,
cackling Canada geese, and black brant nest-
ing on the Yukon Delta National Wildlife
Refuge prompted several studies of their nest-
ing ecology. Research on the nesting ground
has defined several basic needs for proper
management of the species: methodology for
obtaining unbiased estimates of nesting densi-
ty and reproductive success over a 1200-square-
mile nesting area; characterization of habitat
use during different phases of nesting and
brood-rearing; and determination of the fac-
tors influencing mortality of adults, eggs and
young.

During 1986, a major research effort was
also directed at determining how the repro-
ductive success of the geese was being affect-
ed by Arctic foxes, which have been very
abundant and have preyed heavily on goose
eggs during recent years. At two brant colon-
ies all foxes were removed before geese began
nesting and were excluded from the colony
until hatching was completed. As a result,
hatching success increased dramatically. In-
depth studies of the ecology of Arctic foxes
are examining the factors influencing their
abundance, their alternate prey, and their
hunting patterns so that Center biologists can
understand the interactions between the popu-
lations of foxes and geese.

Two other major studies were conducted on
geese staging on the Alaska Peninsula during
migration. One examined cackling Canada
geese, the species of greatest concern, and
their use of two very small areas in which the
entire population appears to concentrate dur-
ing fall before a long over-water migration to
wintering areas. The second, a cooperative
study, assessed the way aircraft disturbance
associated with Outer Continental Shelf ex-
ploration and development affects geese stag-
ing in spring and fall at Izembek Lagoon.
Virtually the entire world’s population of Pa-
cific black brant stages on this lagoon in fall.

Mammals

In 1986, the Mammal Section conducted
studies on five different species—polar bears,
Kodiak bears, sea otters, walrus and caribou.
Studies on two of these species, sea otters and
walrus, were begun in 1986 because potential
conflicts or changes in the status of both pop-
ulations compelled managers to obtain better
information on their numbers, distribution
and movements. Recent technological advanc-
es have enabled Center scientists to use new,
more efficient techniques in most of these
studies. In addition, biologists have embarked
on a separate cooperative study investigating
the potential uses of several new methodolo-
gies.

Polar Bears

The Fish and Wildlife Service is mandated
by the 1976 International Agreement for the
Conservation of Polar Bears to conduct re-
search and to take appropriate action to pro-
tect the ecosystems of which polar bears are a
part. To comply this past year, the Center’s
research staff has monitored, by satellite
radio tracking, the movements of 33 instru-
mented female polar bears along the coasts of
Alaska, the Soviet Union and Canada. The
objectives were to delineate the bounds of the
two populations hypothesized to occur along
Alaska’s coast, to determine the extent we
share Alaska’s western population with the
Soviet Union, to assess the size, composition
and status of the respective populations, and
to describe the effects of human activities,
e.g. oil and gas development and Native sub-
sistence hunting, on polar bear movements
and maternity denning. Movement data indi-
cate that the Chukchi/Bering Sea population
is segregated from the Beaufort Sea popula-
tion and is shared with the Soviet Union. Past
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research has indicated the Beaufort Sea popu-
lation’s eastern boundary to be in the vicinity
of Cape Bathurst, Northwest Territories, Can-
ada. These findings have serious ramifications
as the 1976 Agreement also dictates that inter-
nationally shared populations are to be man-
aged by consultation. Alaska and Canada
have begun this process through a joint Mem-
orandum of Understanding between the user
groups of Alaska and Canada.

Kodiak Bears

During 1986, a Research Center biologist
stationed at Kodiak National Wildlife Refuge
was engaged in defining habitat use and eval-
uating aerial inventory techniques for brown
bears. Long-term monitoring of adult females
has provided evidence that the productivity of
Kodiak brown bears is lower than had previ-
ously been assumed.

Data from this study have been incorporat-
ed into the Kodiak Refuge Comprehensive
Conservation Plan, which is used to establish
priorities for land trades, and were also used
to help prepare the State Bear Management
Plan for Kodiak and adjacent islands.

Sea Otters

As the result of real and perceived conflicts
over shellfish between humans and sea otters,
the Center started new studies at Kodiak Is-
land, Prince William Sound, and southeast
Alaska in 1986 to examine the impacts of sea
otters on shellfish populations. The goals are
to develop reliable censusing procedures for
sea otters, quantify sea otter food habits and
activity budgets, measure the abundance and
size of prey populations along a gradient of
sea otter predation intensity, and with the aid
of implanted radio transmitters document dai-
ly and seasonal movement.

Walrus

Walrus research was reactivated in 1986 to
enhance the accuracy and precision of the
methods used to indicate population trends
and thus reduce the lag in management re-
sponse. The Center established a Cooperative
Education Agreement and Research Work
Order with the Cooperative Wildlife Research
Unit at the University of Maine to: 1) develop
expertise on walrus within the FWS, 2) devel-
op techniques for capturing walrus, 3) devel-
op techniques for tracking walrus using satel-
lites, and 4) quantify potential biases now
present in the joint United States-Soviet Union
walrus surveys.

Caribou

The Fish and Wildlife Service, the Cana-
dian Wildlife Service, and the Alaska Depart-
ment of Fish and Game have long-term re-
search commitments to investigate the impacts
of oil development on Arctic caribou and
their habitat. Cooperative research efforts are
underway to: 1) assess the short-term and
long-term impacts of oil exploration and de-
velopment on caribou productivity, survival
and habitat; and 2) recommend effective ac-
tions to mitigate negative effects if they oc-
cur.

A prototype system to radio-track caribou
with polar-orbiting satellites was developed in
1984. This system is now operating and pro-
viding accurate data several times each day on
the locations of 20 caribou in the Central
Arctic Herd (CAH) and the Porcupine Cari-
bou Herd (PCH). Computerized image proc-
essing and geographic information systems are
being used to correlate topographic features,
vegetation types, predator distribution, and
man-made features with caribou distribution
and movement. Information is being collected



Attaching collar to Pacific walrus.

Caribou herd in northern Alaska.

from caribou in the PCH and two segments
of the CAH, one near the Kuparuk oil field
and one near Marsh Creek where no develop-
ment has occurred. The use of habitats and
the patterns of movement of these three
groups of caribou will be compared to deter-
mine the influence of oil development on the
CAH and to see if data from the CAH can be
extrapolated to the PCH. Eventually, com-
puter simulation models will be developed to
predict the impacts of development. Proposed
scenarios of oil exploration and development
will be incorporated into the computerized
system to predict and minimize both the level
of habitat loss and impacts on the population.

Fisheries

In 1986, the Fisheries Section conducted
three studies in the Arctic region. The first in-
volved genetic stock separation of chum and
chinook salmon of the Yukon River Drainage
in order to provide information for the ongo-
ing Canada/U.S. treaty negotiations concern-
ing Yukon River salmon allocation problems.
All major spawning stocks of chum and chi-
nook salmon in both Canadian and U.S.
waters of the Yukon River are being genetic-
ally identified by enzyme electrophoresis.
Samples from the fishery at the mouth of the
Yukon River were taken weekly, genetically
characterized by enzyme electrophoresis, and
then proportionately assigned to the various
spawning areas using a statistical program
known as Genetic Stock Identification (GSI).
The first results are due in the spring of 1988
for the next round of negotiations between
Canada and the U.S.

Two other studies in cooperation with Re-
gion 7 and funded by Minerals Management
Service also involve genetic stock separation.
One is to genetically characterize spawning
stocks of Arctic char on the North Slope of
Alaska and Canada, and to determine if im-
portant stocks are present in areas of the
Beaufort Sea being considered for oil and gas
development. The second study is to genetic-
ally characterize major spawning populations
of all five species of Pacific salmon in Bristol
Bay, and to determine if any of the important
stocks rear in offshore areas south of Bristol
Bay, which is being considered for oil and gas
leasing.

Additional details are available in the
Alaska Fish and Wildlife Research Center An-
nual Report (USFWS, 1011 East Tudor Road,
Anchorage, Alaska 99509).
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Bureau of
Land Management

The Bureau of Land Management’s Arctic
research program consists primarily of inven-
tory, monitoring and applied research activi-
ties focused on the energy and minerals and
renewable resources missions of the Bureau.
Under the requirements of the Federal Land
Management and Policy Act, the BLM is also
responsible for developing plans for managing
the Public Lands and the land’s resources.
These plans take various forms, the most
common of which are resource management
plans (RMP) and habitat management plans
(HMP). Development of these plans is essen-
tial if the Bureau is to successfully accomplish
its management responsibilities. The Bureau’s
work is performed entirely on land and in
freshwater environments; it has no marine or
offshore mission or responsibilities.

The Bureau’s Arctic mineral investigations
are concentrated on five areas at present. One
major area is the Arctic National Wildlife
Refuge (ANWR) where the work is associated
with the Congressionally mandated explora-
tion and evaluation of the ANWR’s coastal
plain. The BLM cooperates with the Fish and
Wildlife Service (FWS) and the Geological
Survey in this study. Its effort is directed to-
ward estimating the amount of economically
recoverable oil and gas, providing informa-
tion on the infrastructure and transportation
facilities necessary to develop these resources,
evaluating how the area’s oil and gas are re-
lated to the Nation’s need, and helping to as-

sess the likely impacts of oil and gas develop-
ment on wildlife and wildlife habitat. Farther
west, in the National Petroleum Reserve
(NPRA), the BLM is presently conducting
another minerals resource evaluation in the
Utukok Special Area in the vicinity of the
Utukok River. Here the objective is to deter-
mine the extent and accessibility of coal re-
sources. Earlier observations have indicated
that the NPRA may contain some of the larg
est coal fields on the North American con-
tinent.

The BLM’s NPRA Lease Monitoring Pro-
gram has both inventory and monitoring ele-
ments. One objective is to evaluate potential
oil and gas lease tracts and provide an esti-
mate of the quantities of recoverable hydro-
carbons likely to be present. Such information
is needed to set minimum acceptable bids for
sale of these leases. The BLM also monitors
activities on the leases once construction and
drilling begin, and it monitors geophysical ac-
tivities to assure protection of other resource
values. Under this program the Bureau also
investigates the potential for surface and sub-
surface land exchanges to better facilitate the
development of the area’s mineral resources
while at the same time enhancing protection
of NPRA'’s wildlife, cultural, and other unique
values.

Two minerals programs have primarily
monitoring objectives. Working under the
‘‘Agreement and Grant of Right-of-Way for
the Trans Alaska Pipeline,”” an agreement be-
tween the U.S. Government and the oil and
gas industry, the BLM monitors day-to-day
operations to make certain that signatories to
the agreement are in compliance with the ap-
proved stipulations. Issuance of temporary
use permits is an important function of the
monitoring effort, since the right-of-way
granted for the pipeline is only 54 feet wide,
and some maintenance operations must be
conducted on adjacent government lands.

Under authority of the 1872 Mining Act,
the BLM conducts surface monitoring of min-
ing activities associated with the development
of locatable mineral resources. At the present
time, this effort is primarily focused on placer
mining of gold resources. As part of this pro-
gram, the Bureau reviews mining plans and
monitors mining operations to assure compli-
ance with the approved plans.

In the area of renewable resources, the Bur-
eau is initiating a major research effort on
waterfowl in the Teshekpuk Lake area in the
northeastern NPRA. This area is home to a
wide variety of waterfowl and shorebirds,
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provides critical habitat for black brant geese
during certain periods of their annual cycle,
and is potentially important as a transporta-
tion corridor for North Slope oil and gas de-
velopment activities. The research is focused
on black brant geese and is especially con-
cerned with the energetic requirements of this
sensitive species and how development activi-
ties might interfere with these requirements.

In the central Arctic management area
(CAMA), which overlaps a portion of the
utility corridor, the BLM is conducting an in-
terdisciplinary study as required by Section
1001 of the Alaska National Interest Lands
Conservation Act (ANILCA). This is a study
of wilderness and wildlife values as well as an
evaluation of oil and gas resource potential
and transportation requirements in the central
Arctic area. The study will provide a signifi-
cant part of the data and information re-
quired by the Bureau to prepare a resource
management plan for the public lands involved
and to complete preparation of the report to
Congress required by December 1988.

A number of investigations are underway in
the BLM’s Arctic District as a regular part of
its ongoing management activities. A major
focus of the effort is on the continued moni-
toring of falcon populations to assure protec-
tion and continued recovery of the Arctic
peregrine falcon along the utility corridor and
the Colville River. Other ongoing activities in
the Arctic District include the monitoring of
caribou and grizzly bear populations. In FY
88 and 89 a major effort is planned to pre-
pare a habitat management plan for the Col-
ville River, with a primary objective being to

evaluate the birds of prey and their habitats
and assess the possibility of creating a special
birds-of-prey area along this river. In 1990
and 1991 the Bureau plans to prepare an
HMP for the Utukok Special Area. Inventor-
ies are planned for FY 88 and 89 of fishery
resources along the utility corridor and over-
wintering fish populations in the Teshekpuk
Lake area.

In the Bureau’s Kobuk District a number of
inventory and monitoring efforts are under-
way or planned for the near future. Monitor-
ing efforts focus on reindeer range and on
caribou, fish, moose and peregrine falcon
populations. A cooperative effort with the
Alaska Department of Fish and Game, the
Fish and Wildlife Service and the National
Park Service will focus on the movements of
the western Arctic caribou herd and its inter-
actions with reindeer in the reindeer range
areas. In cooperation with the FWS, peregrine
falcon populations are being monitored. The
Bureau is also working on an RMP and a
Range Animal Management Plan for the area.
During FY 87 a major effort was underway to
prepare allotment management plans for ex-
isting reindeer allotments. In the next several
years inventories will be made of cultural and
historical values in the mountains near Nome.
Historical values in the area are primarily re-
lated to the gold rush days. A recreational
fish inventory is planned for the Seward Pen-
insula and the Galena Basin. A wildlife inven-
tory is planned for the Squirrel River area in
FY 88, and grizzly bear and wolf inventories
are planned for FY 88 and 89. A reindeer
range geographic information system will also
be developed. A continuing snow monitoring
effort is also underway in the Kobuk District.
Snow depths are being measured twice a year
at four locations.

Black brant geese near Teshekpuk Lake.
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FY 86 FUNDING

(thousands)
Noatak National
Preserve 205
Gates of the Arctic National
Park and Preserve 174
Bering Land Bridge
National Preserve 241
Yukon-Charley Rivers
National Preserve 49
Denali National Park

and Preserve 258

National Park Service

The National Park Service conducts re-
search in all of the areas it manages in Arctic
Alaska: Gates of the Arctic National Park and
Preserve (8,440,000 acres), Noatak National
Preserve (6,560,000 acres), Bering Land Bridge
National Preserve (2,770,000 acres), Cape Kru-
senstern National Monument (660,000 acres),
and Kobuk Valley National Park (1,750,000
acres).

As units of the National Park System, these
areas are managed to conserve the scenery
and natural and cultural resources they con-
tain for the use of present and future genera-
tions of people. Additionally, portions of
Gates of the Arctic, Noatak and Kobuk are
included in the National Wilderness Preserva-
tion System for the purpose of preserving
their wilderness character. The principal uses
of these units of the National Park System
are for recreation and inspiration. In addi-
tion, they furnish a limited harvest of plant
and animal resources for customary and tradi-
tional subsistence uses by rural residents, and,
in the Preserves, for sport hunting.

In managing these areas to conserve scenery
and resources while providing for non-con-
sumptive and consumptive uses, the National
Park Service conducts applied research on
specific topics identified in park resource
management plans. This research may include
physical, biological, socioeconomic and cul-
tural sciences, depending on the nature of the

Brown bear immobilized to Management information need that has been

receive a new radio collar,
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identified. The research may be conducted by

Park Service scientists, by contractors, by co-
operators, or by independent scientists.

During FY 86, the National Park Service
sponsored a variety of natural and cultural re-
search projects in these Arctic area parks. In
the Noatak National Preserve and environs, it
participated in two cooperative projects with
the Alaska Department of Fish and Game re-
garding the distribution and activities of
brown bears. These studies should continue
for at least two additional years. Preliminary
results indicated that the brown bear popula-
tion in a 719-square-mile study area was 44
bears, 30 of which were adults.

In the Gates of the Arctic National Park
and Preserve, the Service started a three-year
study of the use and effects of all-terrain ve-
hicles; began a three-year wolf ecology study
in cooperation with the Alaska Department of
Fish and Game; and took the first steps in
conducting a lake fish study with the U.S.
Fish and Wildlife Service.

Research at the Bering Land Bridge Nation-
al Preserve involved continuation of a willow
ecology study and the beginning of a three-
year reindeer/wildlife (caribou and muskox to
date) relationship study in cooperation with
both the Alaska Department of Fish and
Game and the University of Alaska.

Research outside, but related to, these Arc-
tic areas included river ecology, air quality
and fisheries surveys, and a cooperative cari-
bou study with the Alaska Department of Fish
and Game in Yukon-Charley Rivers National
Preserve; the third year of a caribou study
and the first year of a three-year predation
study at Denali National Park and Preserve;
continuation of development of a geographic
information system that would service all of
the units of the National Park System in
Alaska; continuation of fire ecology and ef-
fects studies; continuation of regular surveys
and monitoring of wildlife populations; and
completion of a study of interactions between
wild and hatchery-produced salmon in north-
west North America, with special reference to
the Noatak River. Cultural resource studies
included initiation of archeological and histor-
ical investigations in Bering Land Bridge Na-
tional Preserve and continuation of similar
studies in Gates of the Arctic National Park
and Preserve.

During the past several years at Denali,
caribou calves captured within 1 to 5 days of
birth and instrumented with mortality-sensing
radio collars have provided information on
the extent, timing, and causes of neonatal



Lakeshore research camp
in tussock tundra of the
Noatak National Preserve.

mortality. Forty percent of the instrumented
calves died prior to 1 June. Those deaths were
attributed to grizzly bears (47%), wolves
(29%), unknown predators (13%), golden
eagles (7%), wolverine (1%) and drowning
(1%).

The study of fire ecology and effects con-
tinued in 1986 through assessment of the his-
torical role of fire in forested parks by cross-
dating tree-ring samples, by determining the
burned areas from the vegetation mosaics ap-
parent in aerial photographs and satellite im-
agery, by comparing plant composition on
similar habitats within and adjacent to burned
areas, and by collecting ground coverage and
fuel inventory data. These data will be used
to derive land cover analyses from satellite
thematic mapper data to form a basic layer in
the GIS data base being developed for each
park. The study also gathered fire behavior
and weather information from ongoing natu-
ral fires in the parks. These data, along with
the fuel inventory information, will be used to
refine models for predicting fire behavior in
Alaskan fuel types. Information from this
study will be used in developing comprehen-
sive fire management plans for each park.

Investigators’ annual progress reports and
National Park Service Research/Resources
Management Reports on topics mentioned
here are available from the Regional Chief
Scientist, National Park Service, 2525 Gam-
bell St., Anchorage, Alaska 99503-2892.

Bureau of Mines

The Bureau of Mines conducts mineral
studies to provide information on mineral en-
dowments and the potential for economic
mineral resource development. These activities
include evaluation of the mineral reserve po-
tential of mineralized areas, estimation of the
inferred reserve base at specific deposits, and
bulk sampling of ores, especially for critical
and strategic minerals. These programs are
conducted and managed through the Mineral
Data Analysis Directorate in the Bureau of
Mines. The information is used by Federal
policymakers, the land planning agencies, and
the Congress, who make land use and policy
decisions that affect the availability, econom-
ics and long-term supply of domestically pro-
duced minerals. In addition, the Bureau coor-
dinates preparation of the Annual Report of
the Secretary of the Interior to the Congress
under the Mining and Minerals Policy Act of
1970 (Public Law 91-631) which analyzes the
overall U.S. mineral industry and the key
problems that affect the industry, the nation’s

vulnerability to mineral supply disruptions,
and major issues related to minerals resource
evaluation and minerals development on pub-
lic lands.

The Bureau’s Arctic program is composed
primarily of three activities: mining district
studies in Alaska, site-specific investigations
on Federal lands to identify strategic and crit-
ical minerals, and review of draft environ-
mental impact statements for proposed Fed-
eral construction projects to determine if min-
eral issues have been adequately addressed.
Site-specific investigations are used to follow
up favorable results from the mining district
work. At the direction of the Senate Appro-
priations Committee, the Bureau of Mines de-
veloped a long-term minerals plan for Alaska.
The plan provides for a systematic investiga-
tion of mining districts to include identifica-
tion and estimation of mineral reserves, char-
acteristics of economic mineralization, miner-
al extraction methods, metallurgical treatment
methods, and evaluation of the production
potential, including relationships to known
mineral supplies. Bulk samples are collected
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Dirilling through a
moving glacier, Mount
Henry Clay, Alaska.
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for chemical analysis and metallurgical test-
ing. The objective is to determine the mineral
endowment of Alaska and the potential for
economic development by private enterprise
with an emphasis on critical and strategic
minerals. A typical mining district study re-
quires four years of effort.

The Bureau is developing a statistical as-
sessment method for estimating the economic
potential of mineral resources. In joint work
with the Alaska Division of Geological and
Geophysical Surveys, this method has been
applied in the assessment of the mineral en-
dowment of the Kantishna area of the Denali
National Park and Preserve, the northern
portion of the Alaska Haul Road, and an as-
sessment of the northwest region of Alaska.
Similar efforts are directed to the estimation
of the economic mineral potential of the Kus-
kokwim area, the Juneau Mining District, and
the Valdez Creek Mining District.

The Bureau of Mines is assisting the Bureau
of Land Management in a major land use de-

cision by conducting an economic impact
analysis of the Steese-White Mountain area.

To assist the placer mining industry of
Alaska to comply with Alaska environmental
regulations, the Bureau of Mines’ Tuscaloosa
Research Center conducted a series of demon-
stration projects in Alaska during 1986 and
1987. These were designed to test the applica-
bility of technologies available to the industry
to improve discharge water quality and to de-
water slurries from mineral processing opera-
tions. Using the polymer polyethylene oxide
(PEO), placer discharge waters are treated to
reduce turbidity to conform to State of
Alaska allowables. The flocculated material is
deposited in a disposal pit, an operation that
facilitates improved reduction techniques.

The Bureau is establishing a technology
transfer office in Alaska which will facilitate
technology transfer to assist Alaska miners
and Federal land managing agencies in Alaska
in the solution of major minerals-related
problems.



National Science Foundation

NSF research is concerned with the entire Arctic region, including
Alaska, Canada, Greenland, Svalbard, the Arctic Ocean and adja-
cent seas, and the upper atmosphere and near space. Research falls
principally within six major scientific disciplines: atmospheric sci-
ences, ocean sciences, biological sciences, earth sciences, glaciology,
and engineering. The total budget for FY 86 was 318 million.

FY 86 FUNDING
(thousands)

Atmosphere
Oceanography
Biology
Glaciology
Earth Sciences
Engineering
Coordination/
Commission

5759
3860
2823
2478
1935

663

626

FY 80

For several decades the National Science
Foundation has had a visible commitment to
Arctic research. Since 1970 it has sponsored a
formal Arctic Research Program assigned to
the Division of Polar Programs. A number of
other Divisions and programs throughout
NSF, primarily in the Directorate for Geosci-
ences and the Division of Biotic Systems and
Resources, support research in and on the
Arctic as part of their overall funding. This
dual funding mode within the Foundation of-
fers multiple sources of support to researchers
interested in the Arctic. Research grants are
provided on the basis of unsolicited proposals
and are peer-reviewed.

In FY 85 and 86 NSF awarded funds for
Arctic research to 83 institutions in 32 states
and the District of Columbia. There were 167
individual research projects in 1985 and 173
in 1986. NSF’s support of Arctic research, in-
cluding facilities support and other field oper-
ations, over the past several years is shown
below (in thousands of dollars):

FY81 FY&8 FY8 FY8 FYB8 FYB86

Arctic Program (DPP)

Other NSF programs
Total

5,665
7,425
13,090

5,774
9,627
15,401

5,887
8,650
14,537

6,209
6,732
12,941

7,344
9,191
16,535

7,947
11,482
19,429

8,002
10,143
18,145

Atmospheric Sciences

NSF supports Arctic atmospheric research
in meteorology, climate dynamics, tropo-
spheric chemistry, aeronomy, magnetospheric
physics, and solar-terrestrial physics. Within
these disciplinary areas, research involves
studies of Arctic stratus clouds, Arctic haze,
the long-range transport of aerosols and trace
gases over the Arctic Basin, precipitation and
dry deposition on the Greenland ice sheet,

magnetosphere-ionosphere interactions, very
low frequency waves, the aurora, and the pre-
cipitation of energetic particles from the mag-
netosphere by VLF waves and magnetic pulsa-
tions.

The chemistry of auroral processes, includ-
ing the production of nitric oxide and its
transport to lower altitudes, is a concern of
aeronomy research. Auroral research by opti-
cal techniques is concentrated at Fairbanks,
Alaska, for the night-time aurora and at
Spitzbergen for the day-time aurora. The dy-
namics of the mesosphere and thermosphere
are investigated using spectroscopy of airglow
emissions and interferometric observations of
upper atmosphere neutral and ion wind veloc-
ities.

Meteorology research is carried out in
Greenland, both in coastal regions and on the
ice sheet, over the Arctic Basin by aircraft
and ships, and at ground stations around the
perimeter of the basin. Efforts are directed at
examining trace deposition of pollutants that
originate at mid-latitudes and studying the ra-
diative heat balance as it is affected by
clouds. Analysis of data acquired from the
1983 and 1986 Arctic Gas and Aerosol Sampl-
ing Project (AGASP) over Alaska, Canada
and Greenland continues.

A main thrust of the upper atmospheric
physics research is a multi-investigator study
of ULF wave-particle interactions. There is a
concentration of ionospheric, magnetospheric
and ULF instrumentation located in the Ro-
berval-Lake Mistissini, Quebec, area, which is
magnetically conjugate to the ULF wave in-
jection facility at Siple Station, Antarctica. In
addition, ionospheric and auroral instrumen-
tation is maintained at Frobisher Bay,
N.W.T., and Sondrestromfjord, Greenland,
regions that are conjugate to similar equip-
ment in Antarctica.
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Incoherent Scatter ‘

Radar Facility at
Sondrestrom, Greenland.

A special upper atmospheric facilities pro-
gram provides support for four large atmos-
pheric observatories, including the incoherent
scatter radar facility located in Sondrestrom-
fjord. This facility is dedicated to providing a
better understanding of high-latitude magneto-
spheric-ionospheric-atmospheric coupling
phenomena and atmospheric dynamics. It is
the northernmost station in a chain of upper

-atmospheric observatories reaching from
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Greenland to the magnetic equator. These fa-
cilities are operated simultaneously to allow
scientists to investigate global-scale upper at-
mosphere phenomena. Current research is
carried out by staff and users of this facility
and includes investigations into global modifi-
cations of the ionosphere and thermosphere
triggered by energy deposition into the polar
ionosphere, joint NSF-NASA-~USAF radar/
sounding rocket experiments of high-latitude
ionospheric irregularities, and joint radar/air-
glow experiments of the high-latitude thermo-
sphere.

Ocean Sciences

Arctic ocean research includes physical and
biological oceanography, modeling, paleoenvi-
ronmental studies, and marine geology and
geophysics. The emphasis in physical ocean-
ography is on the ocean dynamics at the pack
ice edge and the effect of polynyas. A secon-
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dary emphasis is on the use of tracers to de-
fine movements of water masses within the
Arctic Basin. The program supports the use
of traditional techniques, such as moored cur-
rent meter arrays, as well as measurement of
Freons in the ocean, which reveals how long
it has been since the water mass was last ex-
posed at the ocean surface. Measurements of
dissolved noble gases—helium, neon and
argon—are expected to provide information
on the freezing and melting cycles of sea ice.

Environmental modeling research is provid-
ing numerical models of Arctic environmental
processes, including the kinematics and ther-
modynamics of the ocean, sea ice and atmos-
phere. The emphasis is now on studies of the
effects of the distribution and quality of envi-
ronmental data on the accuracy of numerical
models. It is expected that the effort will be
extended to oceanic circulation, pack ice dy-
namics, regional climate, and related proc-
esses.

Marine paleoenvironmental studies seek to
reconstruct Arctic climates through geological
time using observations of the sedimentary
structure of the ocean bottom planktonic as-
semblages and paleomagnetic field directions
within the sediment. This research is develop-
ing analytical techniques for improving the
resolution and precision with which individual
events may be identified. It also involves de-
veloping a reliable stratigraphy and time scale
for Arctic events from the existing sediment
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cores, and initiating new coring programs in
strategic locations. At this time a reliable
stratigraphy is being developed through a syn-
thesis of available lithological, biological,
radiometric, isotopic and paleomagnetic tech-
niques.

Marine geology and geophysics research is
determining the nature of geological processes
active in the Arctic, and the evolution of the
tectonic units of the Arctic Ocean and its
marginal seas. The immediate goals are to in-
vestigate Arctic processes such as the dy-
namics of sediment flow from a glacially fed
fjord to the continental shelf and to under-
stand the structural and stratigraphic develop-
ment of continental margins as an indicator
of tectonic processes associated with plate
boundary movement. During this year a study
of the ventilation of the Arctic Ocean was
also initiated.

While new hydrographic data are sparse,
the results of recent extensive work in adjoin-
ing shelf seas, and studies on chemical
tracers, point to the importance of shelf proc-
esses, including brine rejection, in deep water
renewal.

The Bering Strait and its adjoining waters,
the Bering and Chukchi Seas, form a region
of major importance to the ocean sciences.
The only flow between the Pacific and Arctic
QOceans takes place in this region, and this
flow affects the properties of both the Arctic
Ocean and its outflow of water into the At-
lantic. The multi-investigator project ISHTAR
(Inner Shelf Transfer and Recycling) in the

Bering and Chukchi Seas is investigating the
seasonal and interannual variation in the
northward transport of water and its influ-
ence on biological processes in the system.
Results to date show that, contrary to predic-
tions, outflow of nutrients from the Yukon
River does not sustain a spring phytoplankton
bloom in the inner shelf region. Attention is
now focused on the physical and biological
properties of the Bering shelf water, the
Alaska coastal water, and the Anadyr River
water. These three water masses show distinct
productivity regimes with different patterns of
organic matter deposition and subsequent nu-
trient regeneration. Research will lead to a
better understanding of mechanisms responsi-
ble for the high productivity of the Bering
Sea. The Division of Ocean Sciences provides
ship operations support for the University of
Alaska’s R/V Alpha Helix (approximately
$1.5 million in FY 86).

Biological Sciences

Biological research includes terrestrial, fresh-
water and marine biology. Objectives for Arc-
tic land-based systems research include in-
creasing knowledge of the structure and func-
tion of ecosystems—freshwater and terres-
trial—and increasing knowledge of the distri-
bution, abundance and population dynamics
of organisms; improving understanding of the
adaptations of organisms to their environ-
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Nutrient experiment on
Kuparuk River.
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ment; and developing knowledge useful in the
management of ecosystems.

Major ongoing research projects consist of
multidisciplinary freshwater and terrestrial
ecosystem studies focused on the effect of nu-
trients on Arctic lake and riverine systems in
the vicinity of Toolik Lake and northward
along the pipeline road. Change in the ecol-
ogy ofrivers and lakes in Arctic Alaska caused
by experimental manipulation of nutrients
and fish populations has been the topic of
this long-term project. Results to date show
alterations in the ecosystem of a pristine river
caused by the addition of a limiting nutrient,
Before the addition of phosphorus, most of
the river’s energy was generated through mi-
crobial metabolism. After phosphorus enrich-
ment, the biota shifted to photosynthetic or-
ganisms and the biomass of photosynthetic
algae on rocks increased by a factor of ten.
The increase in size of aquatic insects suggest-
ed food limitation at higher trophic levels.
These studies are testing hypotheses of how
populations in lakes and rivers are regulated.
The research will improve prediction of how
the resources of Arctic lakes and rivers will
react to disturbance of nutrient cycles by ni-
trogen and phosphorus addition from road ef-
fluents, dust and drainage changes, and po-
tential overfishing of trout and grayling.

The biological research programs support
individual projects on a variety of topics, in-
cluding the effects of oil facilities on the
breeding of tundra birds, succession studies in
tundra plant communities and nutrient dy-
namics of tussock tundra, and collaborative
research on the systematics of holarctic mam-
mals.

Experimental enclosures in Toolik Lake area.

Other projects on a wide variety of marine
biology topics are also supported: feeding of
gray whales and walrus, chitin digestion by
baleen whales, the ecological significance of
the post-spawning death of Pacific salmon,
and the impact of sea otters on coastal food
chains.

Glaciology

Glaciology research is performed largely in
Greenland and Alaska. The objectives of the
glaciology program include: 1) recovery and
analysis of ice cores, particularly to study
long-term climatic change; 2) study of ice dy-
namics, particularly the physics of fast glacier
flow, in relation to the potential problem of
rising sea level due to future climatic warm-
ing; 3) numerical modeling of glaciers, ice
streams and the Greenland ice sheet; 4) obser-
vation and interpretation of glacial evidence
in relation to the waxing and waning of
Northern Hemisphere ice sheets during the
Quaternary, and study of sediment flux in re-
lation to tidewater glaciers; 5) development of
an improved remote sensing capability to
measure ice thickness, surface elevations, in-
ternal layering, and the characteristics of the
ice/bed interface; and 6) development of im-
proved methods such as hot water drilling to
gain access to glacier and ice stream beds for
direct measurement of subglacial water pres-
sures, bed structure, and the characteristics of
subglacial hydraulic systems.



Shallow ice core drilling
at Dye 3, Greenland.

Ice cores obtained from Northern Hemi-
sphere glaciers are of particular interest to cli-
matologists as they contain a record of the
environment where the majority of the
world’s population has lived. This record goes
back beyond 100,000 years and could provide
data for predicting future climatic trends. Sci-
entists from numerous disciplines are applying
chemical and physical techniques to extract
data on volcanic activity, changes in atmos-
pheric composition, and climatic indicators.
These studies, conducted at U.S. and foreign
institutions, demonstrate the importance of
ice sheets as repositories of data on global cli-
mate and processes, and chemistry of past
global atmospheres.

The second Greenland Ice Sheet Program
(GISP 1I) is presently being considered as a
joint effort of Denmark, Switzerland and the
United States. GISP 1, involving the same
countries, successfully drilled and studied a
2037-m ice core (recording climatic history of
approximately the last 90,000 years) from
Dewline Site 3 (Dye 3) in south-central Green-
land. The GISP II project plans to recover
and study a 3000-m ice core (possibly a record
of the past 200,000 years) from central Green-
land. The previously drilled Dye 3 hole is be-
ing monitored regularly to provide additional
data on the dynamics of the ice sheet. Air-
borne radar ice surveys and a complementary
surface traverse are underway to provide gla-
ciological data for the selection of the deep
drilling site in central Greenland.

A recent intensive study in the St. Elias
Mountains of Alaska yielded new insight into
the mechanics of surging glaciers. A funda-
mental transformation of the subglacial hy-

draulic system leading to formation of a
linked system of water-filled cavities, with
water pressures close to ice overburden pres-
sures, was found to be the cause of the surge.
In West Greenland, a multiyear study of a
large ice stream that discharges icebergs into a
coastal fjord has yielded extensive data on de-
formation and velocity, the annual cycle of
iceberg calving, and the response of the ice
stream to tide changes within the fjord. Stud-
ies such as these may lead to understanding of
why this ice stream differs substantially from
the great ice streams of Antarctica.

Earth Sciences

Geologic, geophysical and Quaternary re-
search is supported throughout much of the
Arctic region. Through the entire geologic
section, from Precambrian to Recent, projects
seek to develop an understanding of the tec-
tonic evolution and geologic history of the
Arctic Basin as a whole, and to answer re-
gional and local geologic questions. The evo-
lution of Cretaceous and early Tertiary mega-

Extruding lake bottom core, Etiviik Lake, Alaska.
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Artificial island in
pack ice, Beaufort Sea.

invertebrates of the Arctic Basin is being ex-
amined as a stimulus to evolution in other
areas of the globe. Geophysical probing of
the earth’s mantle and crust provides a basis
for our understanding of large-scale tectonic
motion, while micro-earthquakes may provide
clues for predicting future earth movements
and volcanic activity. Geophysical surveys, in-
cluding magnetic, gravity, seismic refraction
and reflection, provide a clearer understand-
ing of how the Arctic region fits within the
global tectonic scheme. Investigations focus
on the definition of plate boundaries and in-
traplate deformation. Arctic regions demon-
strate wider swings in climate through geo-
logic time than temperate and tropical re-
gions. Studies of the paleoclimate are there-
fore not only significant to understanding of
the geologic history of the Arctic, but yield
important data on global climatic history.
Evidence of the paleoclimate of the last
12,000 years is particularly well preserved in
the lake sediments and paleosoils. Studies of
shallow water sediments and terrestrial depos-
its are important for establishing a detailed
chronology of paleoclimatic and paleoecologic
events.

Engineering

Support in the engineering and material sci-
ences disciplines related to the Arctic and
other cold regions includes studies of the me-
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chanical properties of ice, the hydraulic con-
ductivity of frozen soils, metamorphism of
dry snowpacks, three-dimensional analysis of
ice, permafrost, and support of international
conferences such as the Fourth International
Conference on Cold Regions Hydrology. A
new initiative in Cold Regions Science and
Engineering in the University/Industry Coop-
erative Research Centers is underway. This
activity focuses on ice mechanics and model-
ing. The Engineering Directorate is the princi-
pal supporter of these activities.

Permafrost research is primarily related to
Alaska, where extensive areas are underlain
by perennially frozen ground. In addition,
considerable areas of the Beaufort Sea contin-
ental shelf are underlain by subsea perma-
frost. Research on permafrost is designed to
determine the distribution and origin of fro-
zen sediments, ground ice and its properties,
and recent climate changes as recorded in
ground temperatures. The extent and signifi-
cance of subsea permafrost were investigated
as a result of exploration for oil and gas on
the continental shelf. The seafloor has signifi-
cant engineering importance in the production
of oil and gas. Basic research on terrestrial
permafrost has yielded significant data on pa-
leoclimate and on engineering geology in
areas with potential energy and mineral re-
sources.

Coordination

NSF also supports a program of polar in-
formation and advisory services, provides
support for the Interagency Arctic Research
Policy Committee, includes funds for the Arc-
tic Research Commission in its annual budget,
partially supports the National Academy of
Sciences Polar Research Board, and supports
workshops and studies to further develop and
implement Arctic research planning and
policy. The annual listings of NSF-supported
projects are available from the Polar Coor-
dination and Information Section, Division of
Polar Programs, National Science Founda-
tion, Washington, D.C. 20550.



Department of Defense

Arctic research is conducted by all three services and includes virtu-
ally all environmental sciences, engineering, and health disciplines.
A total of $26.6 million was devoted to basic research and related
testing in F'Y 86.

U.S. Navy

Within the Arctic and other high-latitude
regions, the Navy is engaged in research activ-
ities ranging from basic environmental investi-
gations to applied work on specific problems
related to operational systems. These activities
are pursued within a number of organizations.
The Office of Naval Research (ONR)in Arling-
ton, Virginia, supports basic, multidisciplin-
ary efforts through contracts, primarily with
academic institutions. The Naval Ocean Re-
search and Development Activity (NORDA)
and the Institute for Naval Oceanography
(INO) at Bay St. Louis, Mississippi, the Naval
Environmental Prediction Research Facility
(NEPRF) in Monterey, California, and the
Naval Research Laboratory (NRL) in Wash-
ington, D.C., perform both basic and applied
research, with emphasis on acoustics, numeri-
cal modeling, and remote sensing. The Office
of Naval Technology (ONT) in Arlington,
Virginia, together with a number of specific
laboratories [Naval Underwater Systems Cen-
ter (NUSC) in New London, Connecticut,
Naval Ocean Systems Center (NOSC) in San
Diego, Naval Surface Weapons Center (NSWC)
in Silver Springs, Maryland, Naval Civil Engi-
neering Laboratory (NCEL) in Port Hue-
neme, California], are involved principally in
applied research and development associated
with operational systems. This article is limit-
ed to basic Arctic research (fiscal subelement
6.1), which totaled about $10 million. The ac-
tivities of the various Naval organizations are
synthesized here without distinction in order
to better focus on phenomena and regions of
interest and methods of approach.

The overall goal of Naval research in the
Arctic sciences is to provide an accurate
knowledge of the environment for Naval
operations at high latitudes. In pursuit of this
goal the Navy performs comprehensive theo-
retical and experimental basic research on a
range of Arctic processes. Applications associ-
ated with this environmental knowledge base

include estimates of sea ice properties and
motion; of ambient noise; of acoustic propa-
gation loss, volume reverberation and ice scat-
tering/absorption; of local ocean turbulence
intensity; of ocean currents and sound speed
fields associated with fronts and eddies; of
wind, wave, icing and fog conditions; of grav-
ity and magnetic anomalies; and of sediment
distribution and stability.

Research objectives are: 1) to determine the
temporal and spatial structure of mass, mo-
mentum and energy fields within the Arctic
system; 2) to understand the order and mech-
anism of interaction among principal struc-
tural components; and 3) to determine the net
flux of principal system constituents. Mass in-
cludes both inorganic and organic constitu-
ents: water (solid and liquid phase), dissolved
ionic species, biomass (lower trophic levels),
suspended material, sediments, and crust.
Momentum and energy include a broad spec-
trum of motion: acoustic vibrations, turbu-
lence, gravity/inertial/planetary waves, ed-
dies, mean circulation, and tectonic adjust-
ment.

These objectives form the basis of investi-
gations into specific phenomena and regions
of interest. These phenomena and regions are
studied from a multidisciplinary perspective to
provide a full understanding of their statistics
and dynamics. Contributing disciplines in
order of relative emphasis include physical
oceanography, acoustics, ice dynamics, bio-
logical oceanography, meteorology, geological
oceanography, chemical oceanography, and
geophysics. Within each discipline, insight is
pursued through sampling and modeling sup-
ported by a viable infrastructure. Sampling
includes remote, interfacial and in-situ sens-
ing, with the strategy of determining optimal
distributions in time and space. Modeling in-
cludes analytical, numerical and physical,
with the strategy of formulating essential gov-
erning dynamics and estimating event proba-
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bilities and resultant statistics. Among disci-
plines, some infrastructure elements (e.g.
computers, platforms, data management sys-
tems) are common, and shared use of such re-
sources is encouraged. In general, a balance
between sampling and modeling efforts is
maintained.

Specific phenomena of current interest in-
clude mesoscale eddies, fine structure/turbu-
lence, ambient noise generation, acoustic
propagation/attenuation, air-ice-ocean stress,
electromagnetic energy-ice interaction, bio-
mass productivity, lead development, deep
convection, particle flux, ice-sediment interac-
tion, and high-latitude frontal zones. Specific
regions of focus include the marginal ice
zones, Fram Strait, Greenland/Norwegian
Seas, Bering/Chukchi Seas, Barents Sea, and
the central Arctic. Investigations for which
enhanced funding has been formally identified
within ONR are termed Accelerated Research
Initiatives (ARI’s). ARI’s are defined to be of
five-year duration with fixed funding profile,
and are established on the basis of scientific
merit, technical feasibility/timeliness, and
Naval relevance. Recent ARI’s within the
ONR Arctic Sciences Program include the
Marginal Ice Zone Experiment (MIZEX), Re-
mote Sensing, Arctic Acoustics, Real-Time
Environmental Arctic Monitoring (R-TEAM),
and Arctic Oceanography. In addition there is
the program element supported by direct Con-
gressional appropriation termed the University
Research Initiative (URI). The Arctic URI is
focused on Ice Mesoscale Modeling. The ob-
jectives and methods of approach for the
principal ARI’s and the URI, outlined below,
are illustrative of Naval Arctic basic research

in general. Accomplishments associated with
core investigations and mature Initiatives are
documented principally through publication in
the reviewed scientific literature.

The overall objective of the MIZEX ARI
was to improve understanding of the meso-
scale physical and biological processes by
which ocean, ice and atmosphere interact in
the region of the ice edge. Specific oceanic
processes are eddy generation related to inher-
ent flow instabilities and boundary forcing
mechanisms, wind-driven upwelling, fine
structure generated by water mass mixing,
and intermediate/deep water formation. Spe-
cific ice processes are flexural disintegration
by surface gravity wave action, melting rate,
production rate, and interaction with electro-
magnetic energy. Specific atmospheric process-
es are boundary layer deepening and vorticity
development associated with mechanical and
thermodynamic forcing. The main field effort
within the ARI was integrated within a larger,
coordinated international program marshaling
the resources of 11 nations and the expertise
of over 200 scientists and technicians. A vari-
ety of sampling techniques were utilized from
seven ships, eight fixed-wing aircraft and four
helicopters. Summer field experiments began
in June-July 1983 on a limited scale. The full-
scale experiment was conducted in May-June
1984, with a subsequent reduced-level investi-
gation in March-April 1987 to extend cover-
age over a seasonal range. The Fram Strait
region, between Svalbard and Greenland, was
selected as the MIZEX site due to its central
role in Arctic Ocean Basin exchange. Results
of the MIZEX effort have been reported in a
series of MIZEX Bulletins published by the
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The objectives of the Arctic Acoustics ARI
are to relate ambient noise sources with envi-
ronmental forcing mechanisms, to understand
the relationships between the morphology and
physical properties of ice and the scatter-
ing/absorption losses of reflected acoustic
energy, to determine the effect of small-scale
oceanic density variability on the coherence of
sound signals, and to determine the effect of
the large-scale oceanic density field on sound
propagation paths. The ambient noise spec-
trum (1-10,000 Hz) is related to processes
that effect ice fracture and ice floe interac-
tion. To determine this relationship, events
are localized with wide aperture arrays while
atmospheric and oceanic velocity/pressure/
density fields and ice moduli/heat flux are si-
multaneously measured. Theory for noise gen-
eration resulting from these processes is de-
rived to predict noise spectral amplitudes
from a knowledge of the forcing fields.

A sampling program designed to address
the small-scale coherence objectives formed
part of the Arctic Internal Wave Experiment
(AIWEX) conducted in spring 1985 north of
Prudhoe Bay. Ambient noise sensing tech-
niques, low-frequency ice reflection measure-
ment, and initial performance of an Arctic
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Remote Autonomous Measurement Platform
(ARAMP) for concurrent acoustic/environ-
mental data acquisition were investigated in
an ARAMP Pilot Experiment in spring 1987,
also north of Prudhoe Bay. Refinements of
these methods will be integrated into a multi-
component field experiment in spring 1989
near the Fram Strait marginal ice zone. In
consort with the 1989 experiment, a large-
scale tomography investigation will be under-
taken as part of the Greenland Sea Project.
The objectives of the R-TEAM ARI are to
determine the low-frequency (10 to 90 days)
variability in transport of mass and momen-
tum between the Greenland Sea and both the
Arctic Ocean and the Barents/Kara Sea, to
understand the dynamics of this transport as
related to the major constituent current sys-
tems and their interaction, and to evolve effi-
cient sampling strategies for input to predic-
tive numerical circulation models. To deter-
mine low-frequency variability requires time
series data of sufficient range and resolution,
here 360 days and 2 days, respectively. To
provide efficient sampling for predictive
model input requires instruments with near-
real-time reporting capability, regardless of
surface ice conditions. The combination of
these two requirements has resulted in the de-
velopment of a subsurface mooring system
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that can telemeter data from a series of net-
worked sensors through an antenna pro-
grammed to ascend from a standby depth to
the surface at desired intervals coincident with
satellite overpasses. Initial field tests for the
prototype design took place in spring/summer
1987, and an operational system is planned
for deployment in fall 1988. Subsequent
mooring arrays will be located to address the
complementary field experiments occurring
within the region during 1989. Telemetered
subsurface data combined with satellite im-
agery will enable the dynamical testing and
numerical model refinement objectives to be
addressed concurrent with the array deploy-
ment.

The overall objective of the Arctic Ocean-
ography ARI is to understand the role of
mesoscale and small-scale processes (1 hour to
30 days, 1 m to 10 km) in the transport of
mass and momentum between the Arctic
Ocean and the Greenland Sea. Physical
oceanographic objectives focus on under-
standing the generation and dissipation of
mesoscale eddies, internal waves, and small-
scale mixing and their mechanisms of energy
exchange, both downscale in governing the
distribution of fine structure and upscale in
determining the net large-scale transport. Bio-
logical oceanographic objectives relate to un-
derstanding the relative role of physical struc-
ture/dynamics and organism physiology and
behavior in enhanced primary productivity,
indicated by biomass concentration, light and
sound fields. Meteorological objectives are to
understand the atmospheric boundary layer
dynamics across the marginal ice zone, includ-

ing air-ice-ocean feedback mechanisms, and
to determine the structure of the coupled mo-
mentum flux field. To address these objec-
tives, a comprehensive field effort will be con-
ducted as part of the Coordinated Eastern Arc-
tic Experiment (CEAREX) in the Fram Strait
region from fall 1988 through spring 1989.
CEAREX will include an ice-fast ship drifting
from north of the Yermak Plateau through
the Fram Strait in winter 1988-89, as well as
an eddy dynamics experiment in the marginal
ice zone in spring 1989 utilizing additional
vessels for open water and aircraft for remote

sensing observations,
The overall objectives of the Ice Mesoscale

Modeling URI are to understand and model
(numerically) the dynamics and the mechanics
of the Arctic ice-ocean system. Specific goals
are to properly formulate ice rheology physics
by combining large-scale with micromechani-
cal forces, to forecast the mechanical and
acoustic properties of sea ice by combining
microscale physics with hydrodynamic model
predictions, and to statistically analyze exist-
ing remote sensing data to determine the rela-
tive importance of forcing functions (wind
stress, heat flux, ice keel drag). New genera-
tion vector processing computers are a central
tool in achieving the overall objectives. Frac-
ture mechanics is providing insight into forces
required for ridge formation and polynya de-
velopment. Micromechanics establishes a
physical basis for understanding crack devel-
opment and ambient noise. Understanding the
mechanical properties of sea ice allows the
properties of individual floes to be specified.
Floe-floe interaction can then be treated



statistically to determine ensemble behavior.
Remote sensing analyses include synoptic-
scale and interannual variability in ice extent
and concentration, the effects of snow melt,
the distribution of drafts, leads and polynyas,
the variability and organization of cloud
cover, and the spatial and temporal structure
and amplitude of the surface wind field.

The Navy’s basic research programs in the
Arctic, particularly field experiments, benefit
substantially from U.S. interservice, U.S. in-
teragency, and international participation.
Cooperative efforts in providing funding, re-
sources and coordination have made possible
significant advances in understanding an envi-
ronment that is both challenging and remote.
Such cooperation is essential for future pro-
gress in maintaining the knowledge base that
transitions to many Navy, as well as civilian,
applications.

Publications

Readers may obtain further information on
some of the research described in this article
from the following publications:

Thermohaline circulation in the Arctic
Mediterranean Seas, by K. Aagaard, J.H.
Swift and E.C. Carmack: Journal of Geo-
physical Research, vol. 90, p. 4833-4846,
1986.

MIZEX East 83/84: The summer marginal
ice zone program in the Fram Strait/Greenland
Sea, by MIZEX Group: EOS, Transactions
American Geophysical Union, vol. 67, no. 23,
p. 513-517, 1986.

Marginal ice zone special issue, edited by
R.D. Muench, S. Martin and J.E. Overland:
Journal of Geophysical Research, vol. 92, no.
C7, p. 6715-7225, 1987.

U.S. Army

Six U.S. Army organizations are involved
in Arctic research: the Cold Regions Research
and Engineering Laboratory, Hanover, New
Hampshire; the Cold Regions Test Center, Ft.
Greely, Alaska; the Natick Research, Devel-
opment and Engineering Center, Natick, Mass-
achusetts; the Research Institute of Environ-
mental Medicine, Natick, Massachusetts; the
Army Research Office, Research Triangle
Park, North Carolina; and the Medical Re-
search and Development Command, Ft. De-
trick, Maryland. Their research, summarized
below, ranges from basic studies of cold re-
gions processes and materials to support of
Army operations in the Arctic environment,

Cold Regions Research
and Engineering Laboratory

The mission of CRREL, a Corps of Engi-
neers laboratory in Hanover, New Hamp-
shire, is to study the characteristics of cold re-
gions and to apply this knowledge to the solu-
tion of cold regions problems of the Army
and other Federal or State agencies. CRREL
conducts by far the largest share of the
Army’s Arctic-related research. In FY 86,
Arctic-related research was performed in two

major areas: 1) snow and ice, and 2) Arctic
engineering. This research, with a total expen-
diture of $9.3 million, has resulted in impor-
tant advances in our understanding of cold re-
gions phenomena.

Results of the research are published in ref-
ereed open literature and in in-house reports.
These publications, along with several thous-
and others dealing with cold regions science
and technology published throughout the
world, are annually indexed in the Bibliog-
raphy on Cold Regions Science and Technol-
ogy, which is prepared by the Library of Con-
gress for CRREL. Computerized searching of
the cold regions data base is available com-
mercially from the ORBIT Search Service
(8000 Westpark Drive, McLean, Virginia
22102).

Snow/Ice Research

One of the most important FY 86 accom-
plishments was the completion of a cold re-
gions environmental data base on the effects
of winter weather on electro-optical propaga-
tion systems. Detailed environmental data ob-
tained on electro-optical system performance
in wet snow and fogs have now been incor-
porated with other cold regions data in the
Atmospheric Aerosol and Optics Data Library

43



Collecting frazil samples
on the Tanana River.

44

at the Army’s Atmospheric Sciences Labora-
tory.

In addition, CRREL tested and monitored
the development of a number of meteorologi-
cal measurement systems. A light-scattering
rain gauge was modified to measure snowfall
and snowfall density and to distinguish be-
tween precipitation types (snow, rain, drizzle)
and snow crystal types. This instrument,
smaller and more accurate than conventional
precipitation gauges, provides a wider dynam-
ic range and measures parameters other than
precipitation that affect electro-optical system
performance.

Under the Small Business Innovative Re-
search program, a radiosonde ice detector was
developed that detects icing conditions in the
upper atmosphere. The device has demon-
strated its reliability and promises to be very
effective for predicting icing on helicopters
and other aircraft. This vibrating wire detec-
tor was also shown to be an accurate ane-
mometer that can perform in icing conditions
that disrupt the operation of all other types of
anemoimeters.

Research in cold regions hydrology in FY
86 primarily concerned runoff prediction and
determining the winter regime of northern
rivers. Significant progress was made in devel-
oping a methodology for determining the mag-
nitude of streamflow—whether from direct
precipitation or from snowmelt runoff. Work
was also done on the evaluation of sensors
for measuring snowmelt and water flow be-
neath the snow pack.

Another major hydrologic research effort
was a study of the winter regime of the Tan-
ana River near Fairbanks, Alaska. The char-
acteristics of the frazil ice beneath the ice sur-
face were studied by drilling through the ice
cover and obtaining frazil samples. Findings
indicated a number of stationary areas of
frazil in the river that restricted water move-
ment and thus increased flow and bed erosion
in the open channels.

A statistical study was completed of the
height and occurrence of ice pressure ridges in
the Arctic Ocean. This information, obtained
from radar imagery, is of major importance
to construction and petroleum development.

Other sea ice studies included the building
and analysis of an artificial ice ridge that is
similar to ridges formed in the Beaufort Sea
and other locations in the Arctic Ocean. The
data from this research will be useful in pre-
dictive models of ice consolidation and ridg-
ing in Arctic waters.

In addition, research continued on deter-
mining the properties (strength, stress and
strain) of saline and freshwater ice. New end-
cap designs for ice samples were tested to im-
prove tension tests on ice, and a patent was
issued to one of the laboratory’s research en-
gineers for an improved triaxial compression
test apparatus.

Geological investigations concentrated pri-
marily on evaluation of remote sensing im-
agery for environmental monitoring and for
land use classification. Enhancement tech-
niques for Landsat imagery were evaluated
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and experimental use of other imagery sys-
tems was explored at an Alaskan site. In addi-
tion, research has addressed the specific prob-
lems of shoreline and embankment erosion in
cold regions and permafrost terrain, in partic-
ular along the Tanana River in Alaska.

Arctic Engineering

CRREL’s Arctic engineering research pro-
gram deals with the behavior of construction
materials at subfreezing temperatures and
with environmental engineering in the Arctic
and other cold regions environments. Re-
search was conducted on improved claddings
for buildings in cold regions and on improv-
ing design, repair and maintenance of roofing
systems. A miniature valve to relieve roof
blisters was tested and found to work well at
field locations.

A method for freeze-dewatering sludge
from wastewater treatment plants was devel-
oped and a prototype sludge dewatering facil-
ity was constructed. Other environmental en-
gineering research focused on solving opera-
tional problems at northern wastewater treat-
ment systems, nitrogen removal from these
systems, and development of on-site systems
for water supply and waste treatment. Re-
search continued on optimizing the use of
heat pumps to recover energy from waste-
water.

Research on placement of concrete at low
temperatures concentrated on new procedures
and mix designs to eliminate the need for spe-
cial protection during subfreezing weather.
The performance of roller-compacted concrete
at low temperatures was also evaluated.

Following several years of research, a shal-
low snow mobility model was completed to
predict the performance of wheeled and
tracked vehicles in a shallow snow cover.
Shock attenuation experiments in snow covers
were conducted, as well as experiments to de-
termine heat transfer rates in snow. An im-
proved auger bit was developed for use in
fine-grained frozen soils, with penetration
rates greater than 5 feet/minute.

CRREL continued to develop improved
procedures for construction and maintenance
in areas of deep seasonal frost. Field studies
and research in the newly completed Frost Ef-
fects Research Facility resulted in develop-
ment of improved criteria for prediction of
the response of pavement and base courses in
frozen, thawing and thawed states. Methods
for predicting the extent and effects of freeze-
thdw cycles and frost heave were also investi-
gated, based on analysis of heat and mass
transfer in instrumented soil test sections.
Foundation tests were conducted in areas of
seasonal frogt, with emphasis on isolated
footings, unheated crawl spaces and perimeter
insulation.
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Cold Regions Test Center

CRTC, one of three natural environment
test sites under the control of the U.S. Army
Test and Evaluation Command, is located at
Ft. Greely, Alaska, about 100 miles southeast
of Fairbanks. It performs technical testing for
the Army Materiel Command developers,
some joint technical-operational testing, and
testing for other Defense agencies and armed
services, government agencies such as NASA,
and industry. The center covers over 600,000
acres of subarctic land. It has developed fir-
ing ranges (up to 50 km) and its various sup-
port facilities and instrumentation allow the
testing of a variety of military equipment.

CRTC’s FY 86 budget for Arctic-related ac-
tivities was $1.7 million. Testing included
evaluation of various types of individual
clothing and equipment, tents, shelters, mine
systems, mortar and artillery ammunition,
chemical protective equipment, optical cables,
helicopter equipment, and vehicles. Addition-
ally, long-term surveillance of a wide variety
of ammunition and missiles is ongoing.

Natick Research, Development
and Engineering Center

The Natick Research, Development and En-
gineering Center, in Natick, Massachusetts,
had an FY 86 Arctic-related budget of
$860,000. It is in the Troop Support Com-

mand and conducts research on cold regions
clothing, equipment and rations.

Cold Regions Clothing and Equipment

An extended cold weather clothing system
is being developed for the ground soldier that
will provide environmental protection at tem-
peratures from +40°F to -60 °F. In addition,
a cold-weather aircrew clothing system will be
designed to provide environmental protection
during preflight, in-flight, ejection and surviv-
al situations. It will also provide flash fire
protection and will be lighter and less bulky
than existing items. The system will provide
cold weather protection sufficient for the per-
formance of duties at -60 °F for five minutes,
-30°F for 10 minutes, and + 40°F for the
duration of a typical aircraft mission.

An effort is being made to reduce the
weight and bulk of the Army’s white vapor
barrier boot without sacrificing cold weather
protection. New or state-of-the-art materials
will be incorporated into the design. Natick
will perform advanced development of a
multi-purpose overboot for use in extreme
cold weather. It will be 20% lighter and 15%
less bulky than the current cold weather com-
bat footwear.

In addition, Natick is developing environ-
mentally and POL-protective handwear for
use in extremely cold environments by person-
nel involved in fuel handling. A related effort
has been the development of electrically heat-
ed prototype gloves to be used by aircrewmen
at -40° or below.
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Equipment being developed for the soldier
in cold regions includes a 100% synthetic ex-
treme cold weather sleeping system that is
lighter and less bulky than the current system
and provides four hours of rest/sleep in ambi-
ent temperatures to -60°F. In another effort
an insulated canteen is being developed for
use within the climatic range of —-40°F to
+110°F. Troops will be able to thaw it by di-
rect heat application. Natick is also develop-
ing a lightweight, durable system of 12 state-
of-the-art components (skis, boots, etc.)
which will allow military forces to efficiently
traverse ice- and snow-covered terrain.

Cold Regions Rations

In extreme environments, voluntary dehy-
dration and anorexia are problems which may
contribute to decreased productivity. A cur-
rent project will identify existing beverage
mixes or suggest new ones that will encourage
water consumption, and will suggest menu
modifications to optimize food and water in-
take. In another project, a nonfreezing ration
is being designed to be used in cold weather
environments that require high caloric density
for both weight and volume (4500 calories per
day). There is also an urgent requirement to
improve the performance of the Army Com-
bat Field Feeding System in cold weather en-
vironments.

Research Institute of
Environmental Medicine

In FY 86, the Research Institute of Envi-
ronmental Medicine in Natick, Massachusetts,
spent $1.14 million on Arctic-related research
that included:

® Development and characterization of
models of cold injury that specifically
identify areas of clinical management of
frostbite and hypothermia.

Cell culture modeling of cellular disabili-

ties associated with environmental ex-

tremes; this involves the utilization of

specific cell types (in particular, endo-

thelial cells) and their response to differ-

ent environmental extremes, including

cold, which is directly relevant to the hos-

pital management of hypothermia and

frostbite victims.

¢ Structural and functional alterations in-
duced by exposure to environmental ex-
tremes—the cellular and subcellular
changes associated with environmental
stress.

¢ Prophylaxis susceptibility in predisposing
factors of cold injury, the factors that
render one more susceptible to cold-relat-
ed injuries.

® Treatment of cold injury—specific treat-
ment modalities for trenchfoot, frostbite
and hypothermia, and specific clinical
questions concerning the rational manage-
ment of these injuries.

® Psychological interventions as prophylaxis
or treatment for climatic disease, involv-
ing utilization of psychological training

techniques to enhance performance (e.g.

increasing blood flow in the hands and

feet during cold exposure).

Medical Research and
Development Command

Arctic-related research being conducted
under the auspices of the Medical Research
and Development Command, Ft. Detrick,
Maryland, includes the work by the Research
Institute of Environmental Medicine and con-
tractual research projects performed by sev-
eral universities. The university research is
essentially investigating basic cold physiology
and cold stress adaptation. The FY 86 budget
for Arctic-related research totaled $960,000
(excluding funding for the Research Institute
of Environmental Medicine).
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Army Research Office

ARO in Research Triangle Park, North
Carolina, sponsors Arctic-related research
that is grouped into three areas: snow, ice,
and the atmosphere. All of this research is be-
ing conducted under contract with various
universities and is focused on understanding
the materials or processes. The total FY 86
budget for Arctic-related research funded by
ARO was $840,000.

Snow research is directed toward a better
understanding of high rate deformation and
development of constitutive relations for the
material. Ice research is concentrated in two
areas: the fundamental mechanics of failure
in freshwater ice, and river icing, with partic-
ular emphasis on the nucleation mechanisms
and development of frazil and anchor ice. The
atmospheric sciences program is concerned
with propagation at near millimeter wave-
lengths (NMMW) under adverse weather, in-
cluding snowfall. A second major thrust is de-
velopment of a scientific data base and physi-
cally based models for NMMW backscatter
(clutter) from snow. These projects support
the mission research of CRREL and the other
Army cold regions R&D activities.

U.S. Air Force

The Air Force Office of Scientific Research
(AFOSR) at Bolling AFB, Washington, D.C.,
is the single manager for basic research in the
United States Air Force. AFOSR supports
this research through direct contracts or
grants to universities, industry sources and
nonprofit organizations. In addition, it col-
laborates with other DOD and government re-
search agencies to sponsor basic research at
various institutions. AFOSR also funds and
oversees contract and in-house basic research
at Air Force laboratories, which also perform
and support additional applied research activi-
ties.

Most USAF research related to the Arctic
environment is in the area of atmospheric sci-
ences. AFOSR and the Air Force Geophysics
Laboratory (AFGL) at Hanscom AFB, Mass-
achusetts, are responsible for this environ-
mental research, which can generally be divid-
ed into lower atmosphere and upper atmos-

phere categories. The lower atmosphere por-
tion focuses on the conventional meteorologi-
cal processes in the troposphere and strato-
sphere. The upper atmosphere program pri-
marily emphasizes the high-latitude ionized
portion of the atmosphere above 50 km alti-
tude. Most of the Arctic-related research
sponsored by AFOSR and AFGL falls into
this second category. Total FY 86 funding
was $4.5 million for the upper atmosphere
and $2.8 million for the lower atmosphere.
Most of the gravity wave research projects
used some data from the very high frequency
(VHF) radar at Poker Flat, Alaska. This re-
search is concerned with propagation, mo-
mentum flux, turbulence, and transport asso-
ciated with gravity waves at both high and
lower latitudes. At higher latitudes and alti-
tudes, gravity waves become particularly im-
portant because their turbulence is believed to
contribute substantially to the vertical trans-



Preparation for rocket
launch at Poker Flat.

port of heat and molecular constituents in the
mesosphere and lower thermosphere (50 to
100 km altitude). USAF-sponsored lidar re-
mote sensing development has aided observa-
tional campaigns aimed at measuring the
high-latitude atmosphere. Lidar measurements
of aerosols and winds co-sponsored by
AFOSR and AFGL are planned. Numerical
efforts include research on boundary layer
and radiation parameterizations for global nu-
merical weather prediction models. These
models may benefit most from enhanced par-
ameterizations in polar regions where these
physical effects appear to play such an impor-
tant role.

Nearly all of AFOSR and AFGL upper at-
mosphere programs focus onthe high-latitude,
high-altitude polar environment. The parts of
the atmosphere of interest include the neutral
mesosphere (50 to 80 km altitude) and ther-
mosphere (80 to 500 km), along with the ion-
osphere (ionized region of the atmosphere
above 60 km). The reason for this strong em-
phasis is the environmental impact of these
regions on Air Force communications, radar,
and space systems.

There were ten AFOSR-sponsored pro-
grams plus a large AFGL effort dealing with
these parts of the polar atmosphere. Investi-
gators are using a variety of observational
data to develop a greater understanding of the
structure and processes of the upper atmos-
phere. High-frequency and incoherent-scatter

radars, optical and infrared devices, and a
number of satellite-borne sensors are provid-
ing high-quality data for the auroral oval and
polar cap regions. Extensive analysis of these
data is improving basic understanding of pro-
cesses in these regions. These processes in-
clude electromechanical, chemical, dynamic
and thermodynamic, electrical fields, currents,
joule heating, emissions, jonization patches,
arcs and other irregularities. This knowledge
in turn is leading to new and improved
analytic and predictive models used for deter-
mining or specifying the infrared spectrum
and/or electron density. Some models have
already transitioned from the research to the
operational community.

An example of this transition from research
to operations was the Ionospheric Conductivi-
ty and Electron Density (ICED) model, which
began providing operational electron density
profile data at the Air Force Global Weather
Central in 1986. Work on this model by re-
searchers at the National Geophysical Data
Center (NGDC) in Boulder was jointly spon-
sored by AFOSR and AFGL. The model will
continue to undergo improvements, including
expansion to encompass more of the polar
cap region.

Much of the high-altitude polar research
sponsored by AFOSR and AFGL emphasizes
coupling between the neutral atmosphere and
ionosphere, between the magnetosphere and
ionosphere, or between the lower and upper
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and Convection Studies
(Polar ARCS).
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atmosphere. Observations and models yield
evidence of strong interrelationships between
these regions. Many of these interactions will
need to be incorporated into future analytic
and predictive models.

Arctic-related meteorological research at
AFOSR and AFGL is somewhat limited. In
FY 86, there was only one project at AFOSR
totally devoted to this area of research, with
several other contracts, grants, and in-house
efforts at either AFOSR or AFGL which were
partially related or which had some specific
applicability to the Arctic environment.

The primary AFOSR grant in this area was
being carried out at Columbia University, and
focused on the interaction between clouds and
snow- or ice-covered surfaces. It is supportive
of cloud modeling work being performed in
the United Kingdom under AFGL sponsor-
ship. The principal objective of this project is
to investigate relationships and feedbacks, pri-
marily in regions and at times when snow
cover is forming or dissipating. A secondary
objective is to propose improvements for re-

NASA BA SHAPED
CHARGE

trieval algorithms used for operational snow
and cloud models. The researchers are also
looking at the snow cover’s impact on or as-
sociation with other climatic variables, poten-
tial anthropogenic climate changes, and
ground stability,

During FY 86, the first year of research on
this project, geographical and year-to-year
variability was examined. Based on limited
data sets, it appears that clouds play a signifi-
cant role in the onset of the melt season over
sea ice, but may be less important over Arctic
lands. Other related snow-melt factors con-
tributing to the variability included conditions
of the snowpack, the surface albedo, the sea-
sonal and latitudinal distribution of solar ra-
diation reaching the top of the atmosphere,
and the frequency and tracks of synoptic wea-
ther systems.

Other lower atmosphere research efforts are
indirectly related to Arctic research and focus
on atmospheric gravity waves, remote sensing
techniques, and numerical modeling.



Department of Commerce

National Oceanic and Atmospheric Administration

NOAA performs research and services in pursuit of its environmen-
tal monitoring and prediction responsibilities in the high-latitude
regions of the planet. Individual research programs focus on special
Jeatures of the Arctic environment and how they contribute to an
understanding of the global system. NOAA also conducts research
in support of services it performs, such as weather forecasting and
fisheries management. Expenditures totaled 35.2 million in FY 86.
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Meteorology, Climate
and Air Quality

Geophysical Monitoring at

Remote Polar Sites

At the Geophysical Monitoring for Climatic
Change (GMCC) observatories of NOAA’s
Boulder, Colorado, Air Resources Laboratory
(ARL), measurements are made for study of
the impact that atmospheric trace constituents
have on climate. At four baseline observator-
ies, located in remote and undisturbed loca-
tions far from significant anthropogenic pol-
lution sources, continuous and discrete meas-
urements are made of the levels, trends, and
variability of atmospheric trace constituents.
Of the four stations, one is in the Arctic—
Barrow Observatory in Alaska. Regularly
monitored quantities include carbon dioxide,
total column ozone, vertical profiles of ozone,
surface ozone, stratospheric water vapor,
chlorofluorocarbons, nitrous oxide, strato-
spheric aerosols, methane volumetric aerosol
scattering coefficient, condensation nuclei
concentration, solar radiation, meteorological
variables, and precipitation chemistry. Obser-
vations are interpreted to determine source
and sink regions, global burdens, spatial gra-
dients, and temporal trends.

Cooperative Arctic Buoy Program

The Cooperative Arctic Buoy Program is
managed by NOAA’s Office of Climatic and
Atmospheric Research (OCAR), Rockville,
Md., with contributions from the Canadian
Atmospheric Environment Service, the Nor-
wegian Government, the Department of the
Interior, and the Office of Naval Research.
The Program seeks to: 1) measure and archive

Buoy deployment in Bering Sea ice.

the pressure field and ice velocity and their
year-to-year variations, 2) investigate the rela-
tionships between atmospheric variables and
ice behavior, 3) determine ice export from the
Arctic Basin, and 4) improve real-time high-
latitude pressure maps and forecasts of wea-
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ther and ice conditions. In FY 86 the U.S.
Navy began supporting an operational buoy
program in conjunction with and expanding
on the Cooperative Arctic Buoy Program.
The data from these buoys are transmitted via
the ARGOS satellite system.

Cryosphere-Ocean-Atmosphere

Modeling

At NOAA'’s Geophysical Fluid Dynamics
Laboratory (GFDL) in Princeton, N.J., re-
searchers have developed coupled cryosphere-
ocean-atmosphere models to test the influence
of ice sheets on the sensitivity of climate to
anticipated changes in radiatively active gases
such as CO,. Such models are used to study a
wide variety of geophysical problems, includ-
ing polar ocean circulation and mixing.

Arctic Boundary Layer

NOAA researchers are applying observa-
tional results and modeling techniques to im-
prove our understanding of the Arctic atmos-
pheric boundary layer. Arctic sea ice is het-
erogeneous over scales less than 10-20 km.
The gust probe system on the NOAA research
aircraft has been used to relate the regional
wind stress field to the regional wind field
over first-year sea ice. NOAA scientists have
developed a second-order-closure turbulence
model for the Arctic atmospheric boundary
layer. The model, which emphasizes the im-
portance of strong low-level inversions, calcu-
lates the regional wind stress from large-scale
meteorological conditions and regional rough-
ness.

Geophysical Monitoring for Climatic Change station at Barrow, Alaska.
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Arctic Cyclone Expedition

NOAA’s Wave Propagation Laboratory
(WPL), in Boulder, Colo., in cooperation
with other NOAA components, NASA, the
U.S. Navy, and institutions in Great Britain,
Iceland and Norway, carried out an Arctic
Cyclone Expedition (ACE) during January
and February 1984. The experiments were
conducted along the Arctic pack ice edge be-
tween Greenland and Norway, and were cen-
tered on the use of NOAA and NASA P-3 re-
search aircraft. By flying over 100 hours in a
dozen flight patterns, ACE sought to achieve
three major objectives: 1) to measure CO,
fluxes between the atmosphere and ocean in
the vicinity of the ice edge, 2) to develop and
evaluate the performance of numerous remote
systems for sensing ice and ocean parameters,
and 3) to study several Arctic weather systems
that pose a major threat to fishing vessels and
offshore oil operators. Analysis of data from
ACE and from NOAA satellites continued in
FY 85 and 86 and provided the first detailed
description of Arctic mesoscale frontal struc-
ture and polar lows. In FY 87 another expedi-
tion will further investigate Arctic meteor-
ology.

Arctic Gas and Aerosol
Sampling Project

AGASP is a multifaceted cooperative re-
search program designed to determine the dis-
tribution, transport, chemistry, aerosol phys-
ics, and radiative effects of the polar air pol-
lution phenomenon known as Arctic haze.
Conceived, organized and directed by NOAA,
the project involved participants from the
United States, Canada, Norway, Sweden, the
Federal Republic of Germany, and Denmark
during two intensive field study periods,
March-April 1983 and 1986. The core field
research program consisted of airborne meas-
urements tied to similar baseline station meas-
urements at Barrow, Alaska, Alert, NNW.T.,
and Ny Alesund, Spitzbergen. The results of
the 1983 program were published in special is-
sues of Geophysical Research Letters (May
1984) and Atmospheric Environment (Decem-
ber 1985).

In the second field activity period (AGASP-
II), the heavily instrumented NOAA WP-3D
flew missions tied to the Barrow GMCC sta-
tion, then flew to Thule, Greenland, where
joint flights were conducted over the Cana-
dian Alert station in conjunction with the
University of Washington C-131 (carrying a
downward-looking aerosol lidar) and the At-
mospheric Environment Services (Canada)



Twin Otter aerosol physics aircraft. In the
Alaska portion of the program, the WP-3D
found and characterized a 50-mile-wide trans-
port zone of pollution more dense than those
observed on AGASP-1. Over Alert, all three
aircraft measured up to six distinct layers of
haze, which were also observed by Alert’s
upward-looking lidar. On other flights, the
NOAA WP-3D penetrated the stratosphere
over Alaska where heavy loadings of fresh
volcanic debris were collected. These materials
bear the same mineral signature as the debris
from Mt. St. Augustine, which erupted during
the first week of the AGASP-II field pro-
gram,

Air Pollution Diffusion Over

the Alaskan North Slope

The Meteorology Division of NOAA’s Air
Resources Laboratory is involved in a study
of air pollutant dispersal over the North Slope
of Alaska. Diffusion there is determined by
the very flat snow-covered surface, the pres-
ence of strong winds, the occurrence of sur-
face temperature inversions, and the use of
relatively low stacks amid isolated building
complexes. In the near field, the effects of
plume downwash in the lee of buildings prob-
ably dominate plume transport and diffusion,
In the far field, the unique Arctic setting
eventually determines plume behavior. This
three-year study began in the spring of 1986
and is funded by the U.S. Environmental
Protection Agency. While its general goal is
to obtain a better understanding of plume
transport and diffusion under Arctic condi-
tions, the near source impact of North Slope
NO, emissions has become the central con-
cern.

Sea Ice and Icing

The Arctic Polynya Experiment
Researchers from NOAA'’s Pacific Marine
Environmental Laboratory (PMEL) in Seattle,

Washington, conducted the Arctic Polynya
Experiment (APEX) in the vicinity of St.
Lawrence Island in the northern Bering Sea
during the winter of 1984-85. The purpose
was to investigate physical processes in the at-
mosphere, sea ice, and ocean, and to observe
the interaction of a wind-driven polynya with
regional dynamics and thermodynamics. The
data are being analyzed to determine the ef-
fects on sea ice motion of baroclinic currents
caused by brine rejection during the freezing
of ice in the polynya, barotropic currents due

to set-up on the shelf (particularly differences
between the Anadyr Strait and Sphanberg
Strait), internal ice stress due to the presence
of St. Lawrence Island, wind stress, and Cori-
olis force.

Sea Ice Drift

Scientists at PMEL have also been studying
sea ice drift near the Bering Strait. The Bering
and Chukchi shelves within 300 m of the Strait
are typically shallower than 50 m. Little is
known about the behavior of ice on such
shallow shelves with such complicated geom-
etry. In the previous decade, studies of ice
motion in the eastern Bering Sea indicated
that ice floes typically are created along the
west coast of Alaska, in Norton Sound, and
along the south side of St. Lawrence Island,
and drift southwestward, driven by northeast-
erly winds, until they melt at the ice edge. Ice
drift measurements taken since 1982 do not
confirm this simple conveyor picture of ice
motion. Instead, it appears that the Bering
Sea north of St. Lawrence Island, including
Norton Sound, exports ice toward the north,
in the mean in some years and episodically in
all years. Although the northeastern Bering
Sea does not supply ice to the Bering Sea ice
edge, it may be a significant source of ice for
the Chukchi Sea.

Ice Forecasting Modeling

A model for forecasting the extent of sea
ice in the Bering Sea has been developed by
PMEL scientists. It uses the NOAA National
Meteorological Center (Camp Springs, Md.)
spectral atmospheric model forecasts of sea
level pressure and air temperature and NMC
sea-surface temperature analyses to predict
the balance between thermodynamic and ad-
vective processes in maintaining the position
of the ice edge. Work is continuing to im-
prove the model of water advection. The
model has been run by the Navy/NOAA
Joint Ice Center in Suitland, Md., and the
output is used as guidance by the Alaska
Ocean Service Center for operational Bering
Sea ice forecasts.

Vessel Icing

PMEL scientists have developed a new al-
gorithm to relate rate of growth of freezing
spray on medium-sized vessels to air and sea
temperature and wind speed. Results are based
on better data than those used in previous
studies, rigorous statistical procedures, and
the physics of icing. The algorithm predicts
four times greater icing rates than previous
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methods. The new procedures have been put
into operational use by the National Weather
Service and the North Atlantic naval fleet.

Fisheries

Bering Sea Resource Assessment

NOAA'’s National Marine Fisheries Service
(NMFS) in Seattle, Washington, assesses
stock condition for crabs and groundfish in
the Gulf of Alaska and the Bering Sea. These
assessments are independent of the biases in-
herent in fisheries statistics, and cover condi-
tions of the multispecies community as a
whole. The data serve multispecies and multi-
discipline purposes (fish/fish, fish/mammal,
fish/bird, fish/environment). Combined with
information from the fishery itself (catch, ef-
fort, size, age, location, etc.), they result in
analyses of stock condition and recommenda-
tions for management of both the fishery and
its environment. The information includes
stock unit identification, estimates of poten-
tial yield, contemporary condition of stocks,
short-term (1-3 year) prediction of change, in-
teraction of the separate species and groups,
and response to environmental change. Popu-
lations are sampled at sea aboard NOAA
ships, chartered fishing vessels, and cooperat-
ing foreign research vessels. Major surveys oc-
cur triennially in the eastern Bering Sea, the
Gulf of Alaska, and the Aleutian Islands. An-
nual surveys are made for critical species such
as king and Tanner crab. Special purpose sur-
veys are made to reconnoiter new areas and
to study processes that affect predictions.

Methodology includes bottom trawl surveys
for crabs and demersal fish; hydroacoustic
and midwater trawl surveys for semipelagic
fish; and special-purpose sampling for eggs,
larval and juvenile fish, and shellfish. Trawl
and acoustic samples are expanded to provide
minimum biomass estimates and analyzed to
define community structure; biological sam-
ples are taken to define processes of change.
Recruitment indices and processes that result
in variations in abundance are studied to im-
prove prediction. To increase accuracy and
precision of assessment, NMFS conducts bio-
logical research to define recruitment process-
es, develops computer models to simulate the
interactions and dynamics of population
change, and supports contract research to im-
prove methods and survey design.

Arctic Marine Mammals

NMFS is conducting bowhead whale re-
search that is mainly aimed at assessing the
species and the impact of native take on the
whale population. At the present, NMFS is
cooperating with the North Slope Borough
and the Alaskan Eskimo Whaling Commis-
sion in bowhead whale population enumera-
tion and biological studies. The program’s
main emphasis is on collecting comparative
data on recruitment rates as well as more ac-
curately determining life history parameters,
primarily by means of aerial photogrammetry
and photo-identification, and by aging
whales. NMFS also conducts northern fur seal
research designed to determine population
trends and causes for decline.

Bering Sea Fisheries

The NOAA-managed Sea Grant Program
sponsors various fisheries-related research
projects within the University of Alaska sys-
tem. These projects address topics such as in-
terannual variability in the Bering Sea, the
potential for genetic improvement of salmon,
Alaska pollock feeding functions, and Alaska
seafood microbiological profiling.

Ocean Assessment

Bering, Chukchi and
Beaufort Seas Data Atlas

NOAA’s Ocean Assessment Division (OAD)
in Rockville, Md., has prepared a Bering,
Chukchi and Beaufort Seas Data Atlas. Its
purpose is to synthesize the best available in-
formation on important Exclusive Economic
Zone (EEZ) characteristics for decision-



Surveyor in Chukchi Sea

makers. Five categories of information for the
EEZ and adjacent coastal areas are included:
physical environments, biotic environments,
living marine resources, economic activities,
and jurisdictions. A prepublication edition of
the atlas to be made available in FY 87 will
include 113 thematic maps and associated
texts.

Outer Continental Shelf
Environmental Assessment Program

OAD’s Alaska Office in Anchorage con-
ducts and manages the Alaska Outer Contin-
ental Shelf Environmental Assessment Pro-
gram (OCSEAP), which provides the Depart-
ment of the Interior with information about
the OCS environment to allow sound manage-
ment decisions to be made regarding mineral
development. This includes, but is not limited
to, hazards, mechanisms of pollutant trans-
port and dispersion, contaminant distribution,
and effects of pollutants on regional biota
and ecosystems. Most of this work is funded
by the DOI Minerals Management Service (see
p. 17).

Related Programs

Fisheries-Oceanography
Coordinated Investigations

Another important program which began in
the Gulf of Alaska but will extend to the Arc-
tic is the Fisheries-Oceanography Coordinated
Investigations (FOCI), which began as a sepa-
rately funded program in FY 86. It is a joint
effort by NOAA scientists at PMEL and the
Northwest and Alaska Fisheries Center

(NWAFC) to address the question of recruit-
ment variability of commercially valuable fish
and shellfish stocks of the Gulf of Alaska and
Bering Sea. The long-term goal is to establish
environmental indices which can be monitored
and interpreted to provide useful forecasts of
recruitment.

The major FOCI program for FY 86 through
FY 90 is a study of the physical-biological en-
vironment of the pollock fishery in the west-
ern Gulf of Alaska called the Fisheries-Ocean-
ography Experiment (FOX). FOX was estab-
lished as the first regional study by NWAFC
and PMEL because of the importance of the
resource, because of the fact that the majority
of pollock spawn in a small geographic area,
and because recruitment variability has been
monitored through five annual surveys of the
spawning stock. The hypothesis of FOX is
that survival of zero-age pollock is enhanced
by remaining in the coastal region as opposed
to being transported to the offshore Alaska
Stream current.

Preliminary results from FOX show that
there is large year-to-year variability in larval
abundance and that these changes are accom-
panied by changes in the physical environ-
ment. Interannual variations in the abiotic en-
vironment will not account for all fluctuations
in year-class strength. Other factors, such as
competition for food and predation, particu-
larly during early life stages, must also be
considered. Furthermore, it is unlikely that a
single factor in the physical environment would
account for all of the fluctuations due to the
abiotic environment, or that any factor has
the same impact every year.
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Solar-Terrestrial Services

and Research

A subject which has an important Arctic
component but which is really global in na-
ture is solar-terrestrial services and research.
NOAA'’s Space Environment Laboratory (SEL)
in Boulder, Colorado, provides round-the-
clock, real-time forecasts and warnings of
solar and space disturbances and conducts re-
search to support and improve these services.
Operated in cooperation with the U.S. Air
Force Air Weather Service, SEL is the center
of the Nation’s solar-terrestrial services, in-
cluding solar and geomagnetic monitoring and
forecasts, which meet a variety of civilian,
military, commercial, and Federal agency re-
quirements.

SEL’s Magnetospheric Physics Project de-
votes special attention to polar cap studies in
its research on the dynamical processes by
which material and energy are transported
from the solar wind into the magnetosphere,
stored, and eventually dissipated in the
Earth’s ionosphere. SEL has developed a pre-
liminary computer procedure to identify the
polar cap entry region for solar cosmic rays.
The size of the region has been shown to be a
function of particle energy, geomagnetic dis-
turbance conditions, and local time.

Other SEL studies include research using
the NOAA TIROS satellite total energy data
to investigate the symmetry, or conjugacy, of
the Northern and Southern Hemispheres with
respect to energy input and studies of the
high-latitude auroral regions in the iono-
sphere.

Operational Weather,
Hpydrological and
Ice Services

Navy/NOAA Joint Ice Center

The Navy/NOAA Joint Ice Center (JIC)
provides basic ice data, analyses, predictions
and other advisory information as guidance to
National Weather Service Forecast Offices
with sea/lake ice forecast responsibilities. The
JIC also makes information available to the
research community, to private industry con-
sultants, and to other civil interests.

Global sea ice information derived from
Advanced Very High Resolution Radiometer
(AVHRR) data have become the basis of
many of the JIC products. In the Arctic re-
gion, the large-area JIC products are used as
guidance by the Anchorage Ocean Service

Center for issuance of detailed ice analyses
and forecasts for the Beaufort, Chukchi and
Bering Seas to support safe maritime and
coastal activities.

NOAA'’s Program for Regional Observing
and Forecasting Services (PROFS) has as its
main mission the improvement of short-range
weather prediction by identifying and develop-
ing advanced electronic data assimilation, in-
tegration, analysis and display techniques. An
ancillary project began in 1986 to apply these
tools to the ice analysis and forecasting prob-
lem and to design an interactive workstation
for use in the Joint Ice Center.

Weather Services

NOAA’s National Weather Service provides
the general public with weather information,
warnings, and forecasts covering the Nation.
The Weather Service Forecast Office in Fair-
banks is responsible for providing these ser-
vices to the northern part of Alaska. More
detailed zonal and local forecasts, as well as
winter weather and coastal flood warnings,
are also issued.

As part of its domestic aviation weather
services program, the NWS prepares the Alas-
ka Aviation Weather TV broadcast, which is
produced in Anchorage by WAKM-TV and is
carried over the Public Broadcasting System
station to approximately 75 com-
munities. The five-evening-per-week 30-minute
program is oriented to aviation and meteoro-
logical education for pilots.

Hydrological forecasts and services of the
NWS include river and flood forecasts, snow-

Servicing meteorological station in Bering Sea.



Satellite view of
polar low in the
North Atlantic.

melt and water supply forecasts, and an air-
borne gamma radiation snow survey to infer

snow water content for hydrological forecasts.

At coastal stations around the country, in-
cluding Alaskan stations, NWS issues marine
weather forecasts for coastal and offshore
areas, as well as high-seas marine warnings
and forecasts.

Tsunami Information

To provide timely and effective tsunami in-
formation and warnings to Pacific communi-
ties, the NWS operates the Tsunami Warning
System program. Seismograph and tide sta-
tions participate in the program. The Alaska

Tsunami Warning Center in Palmer, Alaska,
is operated for the protection of Alaska.

Satellite, Data and

Information Services

NOAA'’s National Environmental Satellite,
Data and Information Service (NESDIS) man-
ages the U.S. civil operational earth-observing
satellite systems. NESDIS also has the basic
responsibility to collect, archive, process and
disseminate environmental data; to develop
analytical and descriptive products to meet
user needs; and to provide specialized data
analyses and interpretations. As part of this
overall responsibility, NESDIS collects and
maintains a variety of Arctic and Antarctic
environmental data sets. Another center that
is of particular relevance to the Arctic is the
National Geophysical Data Center in Boulder,
which includes World Data Center A for Gla-
ciology (Snow and Ice).

A valuable source of high-latitude data is
the Advanced Very High Resolution Radiom-
eter on NOAA'’s polar-orbiting TIROS satel-
lites. Magnetic tape and hard copy prints of
the AVHRR data are archived by the NESDIS
National Climate Data Center. The Joint Ice
Center is the largest user of Arctic AVHRR
data. NESDIS also uses the AVHRR data to
produce the weekly Northern Hemisphere
Snow and Ice Charts.

A 1986 report by the Marine Board of the
National Research Council entitled NOAA In-
formation Services for U.S. Arctic Marine
Operations: An Assessment of Needs and
Technology is available from the National
Academy Press, 2101 Constitution Avenue,
Washington, D.C. 20418.
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National Aeronautics and Space Administration

NASA supports diverse research programs in the Arctic that
emphasize the application of air- and spaceborne technologies to
studies in earth and space science. These programs, which include
the study of oceans and ice sheets, space plasma physics, and land
processes, were funded for a total of $8.0 million in FY 86.
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Polar Oceans and Ice Sheets

The objectives of this program are to use
spaceborne sensors to determine the charac-
teristics of the polar ice cover and to under-
stand how polar ice is influenced by and in
turn influences the atmosphere and ocean.
Specific long-range scientific goals include de-
termining the energy flux between the ocean
and atmosphere at high latitudes, identifying
the processes that control the formation of in-
termediate and deep ocean water, measuring
the mass balance of the great ice sheets, and
understanding the processes which control the
growth, motion and decay of sea ice.

Our immediate goal is to improve our capa-
bility to measure from space the extent, type,
movement and surface characteristics of polar
ice cover. This involves understanding the re-
lationships between ice morphology and elec-
tromagnetic wave propagation in order to de-
velop algorithms to extract geophysical par-
ameters from the satellite data. In each case,
NASA has been working closely with ONR to
collect and analyze surface ship and aircraft
data pertaining to the scattering and emission
properties of sea ice. Significant progress in
this area has occurred recently, including de-
velopment of a better description of how
snow cover and wetness affect the microwave
signature of sea ice. This work in turn will
likely impact on research initiated to charac-
terize the spring melt of the Arctic ice pack
through the analysis of SMMR data.

Algorithms to exploit detailed knowledge of
microwave signatures continue to mature with
the successful tests and comparisons of ice
concentration algorithms for both active and
passive microwave data. This work is leading
to a better understanding of where the two
techniques can be used to produce comple-
mentary ice concentration estimates. For ex-
ample, SAR may provide better estimates in
areas of low ice concentration but issues re-
main involving the separation of ice, smooth

water and wind-roughened water microwave
signatures.

In May 1987 the NASA P-3 was flown over
the Arctic Ocean and the Greenland Sea as
one component of a multi-sensor program (in-
cluding an aircraft-mounted X-band SAR
commissioned by the Admiralty Research Es-
tablishment and under-ice acoustic profiles
collected by a British submarine) to study the
characteristics of Arctic multiyear sea ice. On-
board the NASA aircraft were passive micro-
wave radiometers, infrared sensors and photo-
graphic equipment; most exciting was the
operation of an airborne optical lidar inte-
grated with a global positioning system for
measuring surface elevation, potentially a key
indicator of ice type and thickness. Prelimi-
nary results suggest that elevation of the sea
ice can be measured accurately to a few centi-
meters.

Important work was completed by research-
ers from the University of Washington who
analyzed the contribution of polynyas in the
Sea of Okhotsk to the flow of intermediate-
depth ocean water into the North Pacific.
Based on ice concentration estimates derived
from SMMR data and on heat flux estimated
from WMO weather station data they have
estimated the flux of cold, dense water pro-
duced in the polynyas and along the coast to
be on the order of 0.5 sverdrup. Other re-
search also focusing on the Sea of Okhotsk
and the Bering Sea shows that fluctuation in
the extent of sea ice in these areas is strongly
coupled to the position of high and low pres-
sure systems over the Aleutian Islands and Si-
berian coast. It is hoped that further use of
satellite data to study large-scale geophysical
processes will be stimulated by the recently
published Arctic sea ice atlas compiled by
C.L. Parkinson and others from ESMR data
collected between 1973 and 1976 (see p. 66).

The Special Sensor Microwave Imager



The marginal ice zone:

1) ice edge, 2) multiyear
floes, 3) spiral eddy,

4) floes driven by current.

(SSM/1) was successfully launched in June
1987 as part of the Defense Meteorological
Satellite Program. In an effort to make avail-
able to the polar community gridded bright-
ness temperature data and derived products
from SSM/I, NASA’s Jet Propulsion Labora-
tory and the National Snow and Ice Data
Center in Boulder, Colorado, are implement-
ing at the NSIDC a node of the NASA Ocean
Data System dedicated to archiving SSM/1
data (Weaver and others, 1987). Software for
loading SSM/I data and producing maps of
sea ice concentration and extent is currently in
place at NSIDC as part of the plan for estab-
lishing the NSIDC as the operational node for
SSM/1 retrospective data. In addition, a cali-
bration and validation team has been estab-
lished and tasked with: determining the degree
to which the sea ice and snow parameters de-
rived from SSM/I data meet the observational
requirements of the science community; pro-
viding NASA’s Sea Ice Algorithm working
group with enough information for them to
make recommendations for possible algorithm
changes; monitoring the performance of the
sensor and providing for routine checks of
product quality. To facilitate the comparison
of data collected by previously flown passive
microwave imaging instruments, both ESMR
and SMMR data are being integrated into the
node and will be provided to investigators on
the SSM/1 grid.

Research into the utilization of radar altim-
eters to measure the surface topography of ice

sheets is continuing, and good progress has
been made in compiling elevation maps of the
Greenland ice sheet using GEOSAT data. Un-
fortunately, comparison with similar maps
prepared from Seasat altimeter data has been
complicated by unanticipated orbit uncertain-
ties. Resolution of this issue as well as a criti-
cal evaluation of the contribution of altim-
eters to ice sheet glaciology will be focused on
by a NASA Science Working Group in 1987.

The work described above represents the ef-
forts of many individuals; summaries of their
activities can be found in the Annual Report
of NASA’s Oceanic Processes Branch (Code
EEC, NASA Headquarters, Washington, D.C.
20546).

Alaska SAR Facility

Much progress was made on the Alaska
SAR Facility Project in FY 86 and FY 87 (see
below). Preliminary designs for the receiving
ground system and the SAR processor system
were approved. A functional design of the ar-
chive and operations system has also been
proposed and the details of the design will be
the object of a review to be held in early FY
88. A major research highlight was the devel-
opment by JPL scientists of software to mo-
saic individual SAR images onto a single map
projection. The technique was successfully
tested on Seasat data collected over central
Alaska and is being transferred to the ASF in
preparation for ERS-1 data.
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Arctic ice pack.

The University of Alaska is becoming a
focus for more activity as the ASF program
matures. Bids have been let by the UA-Fair-
banks for modifications to the Elvey Building
where the ASF will be located, and current
plans call for installation of the antenna sys-
tem by the summer of 1988. In July 1987 the
UA-F convened the first meeting of the Pre-
launch Science Working Team composed of
representatives selected by the Oceans and
Land Processes Branches of NASA Head-
quarters. The group is tasked with providing
and updating science requirements for the fa-
cility, developing a prelaunch science plan,
and making recommendations for a geophysi-
cal processing capability to be ready at the
time of ERS-1 launch, With regard to the last
point, a subpanel of the PSWT has formed to
look at extracting ice motion vectors from
SAR data. Several promising approaches have
been proposed, including methods that rely
on inijtialization by an operator or are fully

automated. Potential algorithm schemes in-
clude hierarchical correlation, feature track-
ing, or hybrid methods relying on aspects of
both of the other techniques. Work on these
algorithms is expected to continue through
this winter in an effort to refine their accu-
racy in regions of strong shear or rotation.

Negotiations are proceeding to conclude an
agreement between the Japanese Government
and NASA for the acquisition of real-time
SAR and optical data from J-ERS-1 at the
ASF as well as access to the J-ERS-1 global
data set. Pending the outcome of these nego-
tiations, NASA plans to expand the process-
ing capability of the ASF to include optical
data, largely in support of anticipated Land
Processes research,

Three SAR-equipped satellites are planned
for launch in the early 1990s. These are the
European Space Agency’s First Remote Sens-
ing Satellite (E-ERS-1), Japan’s Earth Re-
source Satellite (J-ERS-1), and Canada’s



Radarsat. There is no provision for recording
SAR data aboard E-ERS-1. Thus as data are
received by that satellite, they must be trans-
mitted in real time to ground receiving sta-
tions within view of the satellite. The J-ERS-1
spacecraft does have an onboard recording
capability and offers the prospect of a global
data set.

In anticipation of the needs of the U.S. re-
search community, NASA—in concert with
NOAA, ONR and NSF—has considered vari-
ous general locations for a research facility
whose functions would be to receive SAR
data, to process these data into images, to de-
rive geophysical products from these images,
to manage an archive for appropriate pro-
ducts, and to serve as a focal point for a pro-
gram utilizing SAR for both basic and appli-
cations research. From the collective agency
perspective, research in the Arctic appears to
offer greatest potential benefit through the
utilization of SAR technology.

Several factors were considered in selecting
a site for the facility. The consensus of the
agencies was that the facility should be placed
in the hands of an organization primarily in-
terested in the application of SAR technology
to solving basic and applied research prob-
lems in the Arctic. Combining this require-
ment with the need to maximize reach over
the Arctic Ocean, the West Ridge of the Uni-
versity of Alaska-Fairbanks campus was con-
sidered an optimal site.

Funds to begin design and implementation
of the facility were authorized in the FY 86
budget and continue through FY 89. The
highlight of the facility will be a new SAR
processor currently under development at
NASA'’s Jet Propulsion Laboratory. The
processor will be capable of handling data
from all three satellites and processing the
raw data into images in about one tenth real
time. Agreements are in place between NASA
and ESA for acquisition of ERS-1 data at the
ASF; international agreements to acquire
J-ERS-1 and Radarsat data at ASF are pend-
ing. An advanced data archive system is also
under development and is being designed to
facilitate access to the ASF by users from
around the country. The SAR-related compo-
nents of the ASF are planned to be functional
in time for the launch of E-ERS-1 in April
1990.

Space Plasma Physics

Space plasma physics research at NASA is
administered by the Space Physics Division of

Approximate station masks for the E-ERS I satellite at
Kiruna, Sweden; Fairbanks, Alaska; and Ottawa. Note
the almost complete coverage of the Arctic Ocean.

the Office of Space Science and Applications
at NASA Headquarters in Washington, D.C.
The general goal of the space plasma research
program is to understand the fundamental
properties of space plasmas and the complex
interactive processes that control the environ-
ments of the earth, the planets and the sun
where plasmas play a significant role, includ-
ing the processes associated with plasma flow
throughout the interplanetary medium. Em-
phasis is placed on solar-terrestrial physics to
gain a better understanding of the plasma
processes involved in the sun-earth interaction
chain whereby solar variations lead to shori-
term and long-term changes in the environ-
ment of the earth. A major emphasis is on
the terrestrial geospace system through simul-
taneous measurements at several locations so
that quantitative models of the cause and ef-
fect processes can be constructed and tested.
There is circumstantial evidence that energy
input to the atmosphere in the form of ener-
getic particles and electromagnetic fields may
couple to the lower atmosphere. Evidence
suggests that thunderstorm electric fields cou-
ple from the lower atmosphere into the iono-
sphere. Neither the downward coupling nor
the upward coupling processes are well under-
stood but these processes may be important to
the overall earth system and will be studied in
more detail during the NASA Global Change
program. Knowledge gained from space plasma
research is also applied to the interpretation of
plasma processes in laboratory plasmas and in
remote astrophysical systems and to the pro-
tection of technological systems. On the
ground, effects such as current surges in pipe-
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lines and powerlines during auroral events oc-
cur, andin space other effects take place, such
as charging of telecommunication satellites in
geostationary orbit due to energetic particle

bombardment during geomagnetic substorms.

Sounding Rockets and Balloons

Balloons with volumes exceeding millions
of cubic feet carry instruments weighing sev-
eral hundred pounds to near the top of the at-
mosphere where only a few tenths of a per-
cent of atmospheric constituents remain. Roc-
kets carry experiments above the atmosphere,
to heights of several hundred kilometers. The
experiments carried by rockets are both active
and passive. Active experimental packages in-
clude electron guns designed to emit narrow
beams as well as wave emission and chemical
release experiments.

The scientific objectives of balloon- and

rocket-borne experiments are to study the
electrodynamic auroral processes, and often
the experiments are coordinated with orbiting
spacecraft. Experiments are also frequently
designed in collaboration with international
groups. For example, in one campaign the
participants from Denmark and the United
States studied how the ionosphere and the
lower thermosphere are coupled (see below).
On the average about 20 rockets and 1-5 bal-
loons are launched annually from sites in
Alaska, Canada, Greenland, northern Scan-
dinavia, Antarctica and equatorial regions.
The sounding rocket and balloon experiments
specific to Arctic research are supported at an
annual level of about $1 million and the par-
ticipants include more than 40 different re-
search groups from universities, non-profit in-
stitutions, and aerospace industries.

The Greenland I and II international cam-
paigns that occurred in 1985 and 1987 includ-
ed scientists from the Danish Meteorological
Institute, the Air Force Geophysical Labora-
tory, the National Science Foundation, and
NASA. Chemical tracers were used to evalu-
ate the extraterrestrial forcing function of the
upper atmosphere, and the ionosphere and
magnetosphere were studied through measure-
ments of joule heating and measurements of
momentum transfer down to the mesosphere.

Satellite Programs

The National Academy of Sciences has
completed a study entitled An Implementation
Plan for Priorities in Solar-System Space
Physics (National Academy Press, 1985)
which proposes a systematic plan of solar and
space plasma physics research until 1995. It
gives the International Solar-Terrestrial Phys-
ics program the highest priority and supports
efforts to define U.S. contributions through
the use of satellites, instruments, data hand-
ling and modeling. Planning for the program
is being done with the Japanese Institute of
Space and Astronautical Science (ISAS) and
the European Space Agency (ESA). ISAS is
developing the Geotail Spacecraft designed to
explore the geomagnetic tail of the Earth.
ESA continues to develop the Solar and Heli-
ospheric Observatory (SOHO), a solar point-
ed spacecraft to measure basic physical proc-
esses of the Sun, and Cluster, a set of four
spacecraft to study basic plasma phenomena
using multipoint measurements to resolve
space and time variations near magneto-
spheric boundaries. NASA plans to launch
Geotail and one ESA mission.



Assembling rocket

A Cooperative Solar Terrestrial Research
(COSTR) effort has already begun by which
NASA will provide the necessary support for
U.S. investigators on the Geotail, SOHO and
Cluster missions. The next essential step to
make NASA a full partner in ISTP is con-
tained in the proposed science new start for
FY 88. The Global Geospace Science Program
(GGS) includes two new U.S. spacecraft to be
added to the ESA and ISAS spacecraft. These
new spacecraft are designed to cover the polar
regions with both in situ and remote auroral
imaging measurements with the Polar space-
craft and the Wind spacecraft for baseline
measurements of solar wind input to the mag-
netospheric system. Responses of the inner
magnetosphere to the various inputs sampled
by SOHO, Wind, Geotail and Polar are to be
measured by the Combined Release and Radi-
ation Effects Satellite (CRRES), a joint DOD/
NASA program. CRRES is described further
below.

Operating Explorers

Perhaps the most cost-effective spacecraft
ever launched by NASA and the workhorse of
Explorers is the IMP-8 satellite, now about 13
years old. It continues to function well as the
only existing monitor for solar wind condi-
tions input to the Earth’s magnetosphere and
it also provides a crucial baseline for missions
to the other planets.

The International Sun-Earth Explorers
(ISEE), launched in 1977, continue to be op-
erational, and over 100 scientific papers per
year are published based on their very rich
and growing data set. These papers cover the
full range of space plasma phenomena, from

collisionless shocks and boundary layers to
wave-particle interactions and currents along
auroral field lines, which involves the coupl-
ing of the ionosphere and magnetosphere.

The International Cometary Explorer (ICE),
formerly ISEE-3, intercepted Comet Giacobini-
Zinner in September 1985. This was the first
ever comet encounter and the orbital maneu-
vers involved were the most complicated ever
performed by a spacecraft. ICE passed precise-
ly through the comet’s tail and provided criti-
cal data on its tail field, plasma environment
and dust content. The analysis work now be-
ing done on the ICE data is a critical comple-
ment to the Halley encounters in March 1986
because none of the Halley armada passed
through the cometary tail. In particular, it
was learned that the ion tail model of dual
lIobes of opposite polarity separated by a neu-
tral sheet was correct while dust levels were
several orders of magnitude less than the pre-
dicted rate. ICE also detected waves and ener-
getic particles millions of kilometers upstream
from Halley.

The Dynamics Explorer (DE) spacecraft con-
tinues to provide unique data on ionosphere-
magnetosphere interactions and auroral mor-
phology, as well as on global airglow and
ozone measurements. A special campaign of
ground-based rocket, balloon, and satellite
observations was carried out during April-June
1986 in which DE was a key player. Global
auroral imaging of the southern pole was per-
formed by DE, while similar imaging of the
northern pole was done by the Swedish Vik-
ing polar orbiter, which was launched in Jan-
uary 1986. This campaign, called PROMIS
(Polar Region and Outer Magnetosphere In-
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ternational Study), demonstrated the utility of
carefully coordinated measurements in the
geospace environment, the core theme of the
ISTP program.

During 1986, the Active Magnetospheric
Particle Tracer Explorer (AMPTE) began its
extended mission phase involving passive
measurements of the inner magnetosphere.
Continued analysis of observations made dur-
ing the active phase has provided important
tests of cometary models (which affected
some plans for the Halley encounters), and
plasma-field interactions in the outer magnet-
osphere. Ion composition measurements from
AMPTE are proving to be especially impor-
tant because they have demonstrated the im-
portant role of the ionosphere as a source of
ions for the magnetosphere.

Future Spacecraft Programs
Investigations have been selected and de-
fined for the first tethered satellite mission, a

joint program with Italy. The first shuttle-
based mission will investigate the electrody-
namical interaction between the 20-km tether
wire and the ambient plasma. Tethered de-
vices provide a unique tool for plasma physics
experiments, and are especially applicable to
space technology plasma problems such as
spacecraft charging, return currents, sheath
effects and induced fields, which are critical
for all space vehicles, small or large.

The NASA science objective of the Com-
bined Release and Radiation Effects Satellite
(CRRES) involves the release of chemicals
from 48 canisters located on the satellite. Forty
of these releases will occur at low altitude and
eight will occur at several earth radii dis-
tances. These active experiments are to be
monitored from ground-based, airborne and
satellite instruments to determine the origin,
energization and flow of plasma in the mag-
netosphere. NASA and DOD share interest in
the measurement of space radiation effects on
microcircuits, which is the prime CRRES ob-
jective.

Payload development continues on the
Space Plasma Lab/Spacelab mission. Instru-
ments from Spacelab-1, Spacelab-2 and
ATLAS-1 will be combined to carry out fur-
ther investigations in beam-plasma and wave-
particle interactions. Instrumentation devel-
oped for this mission will eventually become
part of the Space Station Solar-Terrestrial
Observatory.

Land Processes

Analysis of Arctic-Subarctic Biomes

Permafrost, or perennially frozen ground,
is the dominant, controlling environmental
factor in Arctic and Subarctic regions, which
cover approximately 25 percent of the land
surface of the world. By maintaining low soil
temperatures, permafrost restricts plant
growth, increases surface water runoff, inhi-
bits groundwater recharge, and limits nutrient
cycling. Research to study the real distribu-
tion, thickness, and temperature regime of
permafrost utilizing Thematic Mapper satellite
data has been conducted.

Satellite-derived environmental data layers,
such as tree canopy cover, species composi-
tion, surface temperature, and potential in-
coming solar radiation, have been incorporat-
ed within a regression model to predict the
areal distribution and physical characteristics
of permafrost. This combination of remotely
sensed data, together with geophysical bore-
hole investigations and field observations, has
provided the basis for development of new
and improved nondestructive techniques for
deriving physical parameters of permafrost
from existing conventional and satellite-
derived data.

A geographic data base incorporating The-
matic Mapper (TM) satellite data was used to
develop and evaluate logistic discriminant
functions for predicting the distribution of
permafrost in a boreal forest watershed. The
data base included both satellite-derived infor-
mation and ancillary map data. Five perma-
frost classifications were developed from a
stratified random sample of the data base and
evaluated by comparison with a photo-inter-
preted permafrost map using contingency
table analysis and soil temperatures recorded
at sites within the watershed. A classification
using a TM thermal band and a TM-derived
vegetation map as independent variables yield-
ed the highest mapping accuracy for all per-
mafrost categories.

Regional Methane Flux in

Northern Latitude Ecosystems

Recent findings of both atmospheric model-
ing studies and field observations provide evi-
dence that northern wetlands may be a major
source of global tropospheric methane. Cur-
rent estimates of regional methane flux from
high-latitude tundra and taiga ecosystems,
however, are severely limited by a lack of
data representing the spatial complexity and
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seasonal variability of these wetlands. To this
end, a stratified aggregation yielding magni-
tude and precision estimates of regional meth-
ane flux is being conducted. Satellite remote
sensing plays a key role in the approach, pro-
viding community to regional and seasonal
landscape stratifications which can be readily
and meaningfully related to methane flux.

Ground observations and simulation studies
in coordination with land surface stratifica-
tions based upon remote sensing are being
utilized to develop a regional estimate of
methane flux for the Alaskan Arctic tundra
and taiga. Initial ground observations are be-
ing used to determine the magnitude and vari-
ability of methane flux along select environ-
mental gradients known to affect the biogeo-
chemical processes related to methanogenesis.
Net methane flux is then estimated within
spatial ecological strata derived from Landsat
Multispectral Scanner Subsystem and NOAA
Advanced Very High Resolution Radiometer
data. Various estimation approaches of re-
gional flux based upon AVHRR and AVHRR/
MSS strata are being assessed through sensi-
tivity analyses on the precision of these esti-
mates. Ground flux measurements coupled
with multitemporal AVHRR data are provid-
ing the basis for an assessment of the seasonal
variability of methane flux for Alaskan Arctic
tundra ecosystems.

Geologic Research in
Arctic Regions

NASA-sponsored geologic research in the
high northern latitudes covers a diversity of
topics, including integrated field, laboratory,
and satellite and aircraft remote sensing stud-
ies of the Brooks Range tectonic history (Cor-
nell University), igneous and metamorphic
petrology of Greenland (Dartmouth College),
geomorphology of polar landforms (Jet Pro-
pulsion Laboratory), and sedimentologic stud-
ies of the Yukon River/Bering Sea confluence
(University of Alaska-Fairbanks). NASA’s
Alaska Synthetic Aperture Radar (SAR) Facil-
ity (ASF) at the University of Alaska-Fair-
banks will provide the opportunity to obtain
radar data from the European Earth Resourc-
es Satellite-1 (ERS-1) beginning in 1990, and
the geology program is currently considering
proposals which would use data from the
ASF in studies of tectonics, permafrost,
coastal processes and geomorphology in the
Arctic region. Negotiations with Japan and
Canada may also lead to the use of the ASF
to receive data from the Japanese Earth Re-
sources Satellite-1 (J-ERS-1) and Canada’s
Radarsat, adding optical, thermal, and differ-
ent wavelength and polarization radar satellite
data to the cadre of potential tools of study.
The selection of the thermal and optical wave-
lengths to be flown on J-ERS-1 was made
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with application to geologic research in mind.
The availability of these data should be par-
ticularly useful to NASA geological studies.
While the NASA Geology Program does not
have a specific high latitude studies subpro-
gram it is recognized that Arctic geology can
have significant, even fundamental applica-
tion to the objectives of the Geology Pro-
gram, and it is anticipated that the wealth of
data expected from the Alaska SAR Facility
will inspire a larger number of proposals to
do work in the Arctic than have been received
in previous years.

Publications

Readers may obtain further information on
some of the research described in this article

from the following publications:

The Alaska Synthetic Aperture Radar (SAR)
Facility Project, by F. Carsey, K. Jezek, J.
Miller, W. Weeks and G. Weller: EOS, vol.
68, no. 25, p. 593-596, 1987.

MIZEX special issue, edited by R.D. Muench,
S. Martin and J.E. Overland: Journal of Geo-
physical Research, vol. 92, no. C7, p. 6715-
7225.

Arctic sea ice, 1973-1976: Satellite passive mi-
crowave observations, by C.L. Parkinson,
J.C. Comiso, H.J, Zwally, D. Cavalieri, P.
Gloersen and W.J. Campbell: National Aero-
nautics and Space Administration, NASA
SP-489, 296 p., 1987.

Passive microwave data for snow and ice re-
search: Planned products from the DMSP
SSM/I system, by R. Weaver, C. Morris and
R.G. Barry: EOS, vol. 68, no. 39, p. 769,
776, 777, 1987.



Department of Energy

DOE Arctic research efforts included studies of the effects of land-
scape disturbance and carbon dioxide enrichment of the atmos-
Phere, seismotectonics, magnetic field annihilation in the magneto-
sphere, energy data base management, and unconventional gas
recovery methods. Funding totaled $4.7 million in FY 86.

FY 86 FUNDING
(thousands)

Ecosystem Response 1400
Carbon Dioxide 300
Arctic Offshore

Research 1550
Gas Hydrates 1000
Aurora Effects 126
Aleutian Seismicity 360

Tundra Ecosystem Response
to Disturbance (R4D)

The North Slope of Alaska is dominated by
tundra vegetation, essentially all of which is
underlain by permafrost. Tussock tundra cov-
ers about 80% of the 220,000 km? of Arctic
Alaska, with about 40% of this area under-
lain by known coal reserves. Portions of the
Arctic National Wildlife Refuge dominated by
tussock tundra are estimated to contain 4.8
billion barrels of oil and 11.5 trillion cubic
feet of gas.

The Ecological Research Division, Office of
Health and Environmental Research, sponsors
university research to investigate tussock tun-
dra in order to evaluate and quantify the Re-
sponse, Resistance and Resilience to, and Re-
covery from, Disturbances in Arctic Ecosys-
tems (R4D program). Specific objectives are
to determine effects and develop models based
on ecosystem disturbances commonly created

by energy development so that appropriate,
cost-effective measures can be utilized to
minimize deleterious disturbances; and to ex-
tend the results to other Arctic and alpine
areas which are important because of likely
impact from energy development. Anticipated
benefits of this research include both in-
creased knowledge of Arctic ecology and de-
velopment of tools such as models for im-
proved environmental engineering capabilities
in order to minimize future disturbances, to
develop mitigation techniques, and to provide
environmentally sound planning of utility cor-
ridors and road routes.

Working out of the Toolik Lake research
camp operated by the Institute for Arctic
Biology, University of Alaska, Fairbanks, 15
investigators (from the University of Alaska,
Clarkson College, University of Colorado,

Aerial photograph of the
Toolik Lake research area
with pipeline and highway.
Toolik Camp (see front
cover) is in upper left.
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Ohio State University, San Diego State Uni-
versity, University of Wisconsin, and Woods
Hole Marine Biological Laboratory) are coop-
erating in an intensive study of tussock tun-
dra. This integrated, ecosystem-level research
program is being carried out at the R4D in-
tensive study site in the Imnavait Creek water-
shed, a tributary of the Sagavanirktok River
near Toolik Lake. The site is accessed via Ma-
terials Site 117 (MS-117) on the Dalton High-
way, about 150 miles south of Prudhoe Bay.
Components of the R4D program include in-
tensive observations of environmental varia-
bles such as microclimate, precipitation, hy-
drology, and radiant energy flux.

Experimental methods, including manipula-
tion of water and nutrient inputs along a hill
slope drainage comprising fellfield, tussock
tundra and riparian vegetation, are used to
examine terrestrial ecosystem structure and
function. Runoff water is collected at cali-
brated weirs with stage recorders and auto-
mated water sampling systems at first-order
water tracks in the intensive study site, and
on the creek. This combination of sampling
and monitoring permits the water chemistry
to be tied to stage and discharge records so
that mass flux budgets for nutrients and ma-
jor ions can be determined. Information also
is utilized in evaluating the performance of
various stages of development of the SLOPE
model, particularly the additive, three-dimen-
sional application of the model to estimate
mass flux from water tracks, and from larger
watersheds.

The ecology of Imnavait Creek is studied to
develop materials and energy flux budgets, es-
timate autochthonous biomass and produc-

tion, determine invertebrate food webs, and
evaluate differences in food resources among
habitats within the stream. Knowledge gained
will be used to examine the effects of pertur-
bations either to the watershed terrestrial and
riparian systems, or to the stream itself.

Naturally occurring abundances of radio-
carbon and the '*C/'*C isotopic ratio in or-
ganisms and their food sources are used to al-
Iocate the relative importance of various ori-
gins of food in old peat, new food sources de-
rived from terrestrial plants, and autochthon-
ous sources in the aquatic ecosystem.

Spatial relationships between landform
geometry and ecologically important factors
such as snow distribution, wind direction,
solar insolation, soil type and plant biomass
are being established and quantified. The use
of aircraft- and satellite-derived digital terrain
data as input to radiation balance models for
quantifying and evaluating the effects of local
topography on incident radiation is being
evaluated. Remote sensing techniques, com-
bined with GIS data, and mapping are meth-
ods used to apply information and models de-
veloped for the intensive study site to other
sites.

Modeling plant response to altered nutrient
availability, and implementation of appropri-
ate management practices during cleanup op-
erations after an anthropogenic disturbance,
require understanding of the processes that
drive the plant-nutrient interactions. Decom-
position rates are determined for organic sub-
strates with kinetic analyses of enzymes asso-
ciated with microbial decomposition. Fungal
hyphae are an important component of the
decomposer community that brings about the
recycling of nutrients. The presence and activ-
ities of fungal catabolic enzymes present in
the soil complex and loss of organic litter
components are determined for experimental
plots. The concentration of nitrogen per unit
of organic matter in the decomposing system
is followed over time.

Previous work suggests that the quality of
available food is an important factor influenc-
ing rodent populations, and that change in
the vegetation of disturbed habitats will prob-
ably affect small mammals through change in
their food supply. Patterns of distribution
and density of rodent populations along
drainage areas are determined and related to
changes in vegetation associated with natural
and human disturbance. Models of dry heat
transfer through fur predict energy available
for activity, growth and reproduction in dif-
ferent environments.
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Sampling for invertebrates
and microbiota in a small
beaded stream on the R4D
test site.

Coordination among the R4D program, the
North Slope Borough, the Alyeska Pipeline
Service Company, and other Federal and
State agencies is viewed by DOE as critical to
the continuance of the program in Alaska. In
1986, program coordination activities were
shared between the University of Alaska,
Fairbanks, and San Diego State University.
These activities included arranging permits,
liaison with industry, supporting travel, field
site logistics for investigators, maintaining
communications, and support of planning and
coordination meetings. Further information
on the R4D program can be obtained from
the Newsletter of the Department of Energy
R4D Program, and from several R4D pro-
gram reports. These are available from the
R4D Program Manager, Ecological Research
Division ER-75, Office of Health and Envi-
ronmental Research, Department of Energy,
Washington, D.C. 20545.

Response of Tundra Ecosystems
to Elevated Atmospheric CO,

The Carbon Dioxide Research Division, Of-
fice of Basic Energy Sciences, is supporting
research on the effects of increased CO, and
climate change on Arctic ecosystems. Because
of their large reserves of organic carbon and
their potential sensitivity to global warming,
ecosystems north of 60°N may be important
to the global carbon balance due to atmos-

pheric carbon dioxide increase. Given the po-
tential significance of these ecosystems, it is
critical to estimate their current carbon bal-
ance as precisely as possible, to improve esti-
mates of future carbon balance of world cli-
mate changes, and to assess the uncertainty
associated with these changes.

Based on information currently available, it
is unclear whether northern ecosystems will
provide a negative or positive feedback in ihe
global carbon cycle with the predicted in-
crease in atmospheric carbon dioxide. The
current distribution of organic carbon and
temperature of different vegetation types, and
analyses of paleoclimates and stratigraphies,
indicate that with increasing temperature, the
organic content of the Arctic should increase
while that of the Subarctic should remain
about the same. Process studies indicate that
with increasing temperatures, respiration will
increase more than photosynthesis, while de-
composition and mineralization may be tem-
perature-insensitive. The net effect should be
increasing carbon in these ecosystems.

In order to understand the potential effects
of increased atmospheric carbon dioxide on
the carbon balance of Arctic and taiga ecosys-
tems it is first necessary to understand the
basic processes of carbon accumulation and
loss in northern systems, the rates at which
these processes are occurring, and factors
controlling the rates.

Research on the biological processes that
regulate the flux of fixed carbon into and out
of the terrestrial ecosystem of Arctic tundra is
being conducted by the Systems Ecology Re-
search Group at San Diego State University.
An experimental approach has been used to
provide carbon dioxide enrichment to tussock
tundra plots temporarily covered with temper-
ature-controlled, clear Plexiglas chambers at
Toolik Lake, Alaska. Carbon dioxide concen-

Experimental CO, enrichment chambers.
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trations of 1.5 and 2 times ambient levels
were maintained in these small 1-m? cham-
bers. In addition, simulation modeling ap-
proaches were used to examine and predict
carbon storage changes in community struc-
ture and dynamics, and potential modifica-
tions of the distributional area of the tundra
type over a longer term than that of the ex-
perimental chamber study. The intensive
measurements of the field study will be used
to validate the model and to extrapolate
changes suggested by the experimental data.
More information on this program may be
obtained from the Carbon Dioxide Research
Division, Department of Energy, Washington,
D.C. 20545.

Arctic and Offshore Research
(AOR) Subprogram

The primary mission of DOE in Fossil
Energy (FE) is to conduct the coal, petrole-
um, and gas research and development pro-
gram in order to expand the knowledge base
industry can use to bring efficient, economic-
ally competitive, and environmentally accepta-
ble new fossil energy resources and technol-
ogy options into the marketplace. The re-
search and development programs are de-
signed to enhance the use of domestic fossil
fuels by encouraging diverse scientific and
technological advances at all stages of the re-
search, development and commercialization
cycle. The Arctic area of the United States is
one of the Nation’s most promising future
sources of fossil fuel.

The DOE/FE is active in those Arctic re-
search activities that advance the technology

base for recovering Arctic fossil fuels. A pro-
gram to reduce the technological and econom-
ical uncertainties of recovering these resources
has been developed and implemented through
the Arctic Offshore Research Information
System and the geoscientific research of fossil
energy development in the Arctic environ-
ment. The objectives are to: 1) establish and
maintain a readily accessible, high quality,
fossil-energy-oriented information system to
capture and present information on the Arctic
that is needed for fossil energy development;
and 2) provide data collection, data analysis,
and research that complement those of other
participating research groups for the purpose
of quantifying the critical environmental forc-
es (ice accretion, ice island movements and
impacts on stationary structures, ice intrusion,
seafloor stability, and sub-ice oil and gas
development feasibility).

The Arctic Offshore Research Information
System (AORIS) is a fossil-energy-related
technology data base that will collect and as-
sess information on Arctic/offshore charac-
teristics. The AORIS consists of two parts,
the bibliographic/management information
system (containing references and informa-
tional abstracts on fossil-energy-related Arctic
research) and the scientific/engineering tech-
nology information system (containing quanti-
tative data and description of analytical
models on sea ice and seafloor/soils charac-
teristics as related to Arctic fossil resource re-
covery). The contractor estimates that the bib-
liographic/management information system
will contain 4000 to 8000 citations. The first
phase of AORIS will be accessible through
DOE/RECON in the third quarter of FY 87,
and the second in late FY 87 or mid-FY 88.

In another project, five data-gathering
buoys were deployed on the largest ice islands
in the cluster off Axel Heiberg Island in the
Arctic Ocean to determine ice island genera-
tion and drift path prediction. The final re-
port on determining multiyear pack ice and
ridge ice thickness with airborne remote sens-
ing techniques was completed. The work on
controlling factors in the location of the ice-
ridging shear zone has been completed.

Unconventional Gas Recovery
Program—Gas Hydrates

The gas hydrates program is designed to
evaluate their potential as a future supply of
gas. The immediate problem to be addressed



is to validate the extent of the resource, esti-
mate the potential resource, and develop the
economic exploration and production technol-
ogy to the proof-of-concept level. Activities
will focus on the development of a compre-
hensive technical program that seeks ways to
identify, quantify and produce the gas associ-
ated with hydrate formations.

DOE/FE has completed work concerning
analyses of hydrates and their identification
and formation characteristics. Resources have
been identified in expected locations in several
areas, including the Alaska North Slope.

Project plans call for computer simulation
of a field-scale, multiple well extraction proc-
ess for hydrates. This activity will include the
use and/or enhancement of conventional sim-
ulation models and the application of the re-
sults of hydrate physical characterization work.
With the knowledge gained thus far, the first
field tests were conducted on the North Slope.
The tests will measure gas hydrate characteris-
tics in place using geophysical and geochemi-
cal techniques. Industry-drilled wells are being
used. The North Slope was chosen because of
the industry drilling data that are available to
be integrated with and help validate the data
obtained. The Canadian government is inter-
ested in gas hydrates, both as a potential safe-
ty hazard in drilling operations and as a po-
tential energy resource. A memorandum of
understanding (MOU) between the U.S. Sec-
retary of Energy and Canada concerning
energy research and development has been
signed. One area of potential collaboration in-
cluded in the MOU is gas hydrate research. A
cooperative work effort with the University of
Alaska was initiated in late FY 86. This latter
work will expand the evaluation of the gas
hydrate potential on the North Slope.

Proceedings of the annual review meetings
on gas hydrates, Arctic/ Offshore Research,
and deep source gas contractors are published
and available (see C.A. Komar, 1986, U.S.
Department of Energy, Morgantown Energy
Technology Center, Morgantown, West Vir-
ginia 26507-0880).

Magnetic Field Annihilation
in the Magnetosphere

Plasmas in thermonuclear fusion research
devices and in space around the Earth have
much in common. The BEarth’s magnetosphere
provides a unique opportunity to study some
of the basic characteristics of plasmas. At the
Geophysical Institute of the University of

Alaska, Fairbanks, studies are conducted on
the basic processes associated with magnetic
reconnection, ion heating across a collisionless
shock, and the generation of electromagnetic
waves through electron cyclotron maser mech-
anisms that are taking place in the solar cor-
ona and in the magnetosphere. Energy-related
geophysical problems of the Arctic region are
also studied. In particular, electric currents in
power transmission lines and in oil/gas pipe-
lines, induced by auroral activity, are investi-
gated. Such currents have been shown to
cause electrical surges that interfere with oper-
ation of protective relay devices.

Seismotectonics of the
Eastern Aleutian Arc

The geophysical processes of subduction
and arc-magnetism are investigated using seis-
mological methods by investigators at Lamont-
Doherty Geophysical Observatory, Columbia
University. The purpose of the study is to ob-
tain a fundamental understanding of converg-
ence at a plate margin and to assess seismic
risk to future energy projects in an active arc-
trench back arc system. Seismotectonic infor-
mation for most of the Eastern Aleutians is
interpreted. In the Shumagin Islands, a 300-
km-long arc segment is studied by operating a
digital seismic network with 14 remote sta-
tions linked by telemetry. This segment is a
seismic gap with a high probability for a great
earthquake (M > 8) in the next two decades.
Research topics include the geometry of the
descending Pacific slab, velocities in the upper
mantle and crust of the overriding North
American plate, seismic source and strong
motion properties, inversion of travel time re-
siduals for velocity perturbations in the arc’s
magmatic root zone, seismic and eruptive ac-
tivity of Pavolof Volcano, and the integration
of these results with geodetic deformation
data to investigate plate coupling.

Applications of these studies concern the
geothermal energy potential of the Aleutian
Arc and seismic, volcanic and tsunami haz-
ards to offshore oil lease-sale areas directly
adjacent to the Shumagin seismic gap. Tech-
nical objectives are the sensing of wide-dy-
namic-range seismic ground motions of small
and large earthquakes for engineering applica-
tions. The seismotectonic results for the
Shumagin network area are integrated with
results from teleseismic and other geophysical
observations from the Aleutian Arc outside
the Shumagin seismic gap.
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Department of Health and Human Services

Arctic health research supported by the Department of Health and
Human Services is conducted primarily by the Centers for Disease
Control and the National Institutes of Health through grants and
contracts and totaled $1.8 million in FY 86. Collaborative studies
are performed with other health care providers including the Indian
Health Service, the Alaska Department of Health and Social Ser-
vices, and the University of Alaska.

FY 86 FUNDING
(thousands)

Disease Control 828
Vaccine Evaluation 790
Cancer in Alaska

Natives 138
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A Federal Arctic health research presence
has existed in Alaska for almost 40 years, ini-
tially as the Arctic Health Research Center.
The Centers for Disease Control maintains an
Arctic Investigations Laboratory in Anchor-
age, staffed with epidemiological, laboratory,
statistical, and support personnel. This facility
includes two fully equipped laboratories for
microbiologic and immunologic testing, a
serum bank, mainframe and microcomputers,
and offices. The Arctic Investigations Labora-
tory conducts epidemiologic and laboratory
research concerning problems unique to and/or
at increased rates among Alaskan Natives and
other circumpolar populations. Current em-
phasis is on infectious diseases, including
acute as well as long-term complications of
infection. In addition, work is being conduct-
ed on other diseases in which epidemiologic
assistance has been requested by IHS or
Native health corporations. Areas of major
emphasis include hepatitis B, Haemophilus in-
Sfluenzae, and Streptococcus pneumoniae.

Alaska Natives were among the first people
in the United States to receive the plasma-
derived hepatitis B vaccine. Persons of all
ages and both sexes were vaccinated and are
being followed to determine the need for a
booster dose. This information is needed by
local as well as national health authorities.
Hepatitis B carriers have been identified and
are being screened with alpha-fetoprotein
blood tests to identify early curable liver can-
cers.

The National Institute of Allergy and Infec-
tious Diseases (NIH) has an ongoing contract-
supported study conducted by the University
of California-Los Angeles among Alaskan
Natives. This double-blind, placebo-controlled,
randomized efficacy trial was begun in Alaska
in December 1984 to test a new Haemophilus
influenzae type b (Hib) protein-polysaccharide

conjugate vaccine in a high-risk population of
Native infants. The vaccine or placebo control
is currently administered as part of a primary
immunization series at 2, 4 and 6 months of
age simultaneously with diphtheria, tetanus
and pertussis (DTP). The study is designed to
assess the protective efficacy of the vaccine in
reducing the incidence of invasive Hib dis-
ease. The current activities in Alaska include
educating the population and promoting the
trial, recruitment, case ascertainment, immun-
ization and collection of clinical data and
serum specimens. It is anticipated that the re-

Arctic Investigations Laboratory staff member works in
village clinic to separate serum from bloods drawn for
Alaska Native hepatitis B project.



Mother looks on as project
nurse from Arctic Investi-
gations Laboratory admin-
isters shots to baby en-
rolled in Haemophilus in-
fluenzae vaccine efficacy
trial.

cruitment of 2000 infants will be completed
by the fall of 1987. No significant differences
have been observed in the reported rates of
local and systemic reactions between the vac-
cine and placebo groups. In addition, no ad-
verse effects have been associated with vac-
cine administration. Efficacy and other data
from the trial should be available by August
1988 and will include three years of recruit-
ment and one year of follow-up studies. It is
hoped that an effective vaccine for the pre-
vention of Hib infections in infants will be
available by 1990 as part of the routine well-
baby care vaccination schedule.

Alaskan Natives are known to be at greatly
increased risk for nasopharyngeal cancer
(NPQ), a viral-associated tumor. The Nation-
al Cancer Institute (NIH) supported two re-
search projects related to Epstein-Barr virus
(EBV) and cancer. Alaskan Native cases were
enrolled in the study of American NPC de-
signed to examine the application of EBV-
specific serologic markers in the diagnosis,
prognosis and follow-up of NPC.

Serological testing indicated that there is a
high degree of sensitivity and specificity for
IgA anti-viral capsid antigen (VCA) and 1gG
anti-early antigen (EA) responses in NPC pa-
tients, and that this serological testing is relia-

ble for the diagnosis of the less-differentiated
forms of NPC (WHO 2 and WHO 3 histo-
pathology). Antibody-dependent cell cytotox-
icity (ADCC) titers determined at diagnosis
also appear to be of prognostic value, in that
patients with high ADCC titers had a better
prognosis for survival. On the basis of ciini-
cal, pathological and serological criteria, a
new scoring system with potentially greater
prognostic accuracy than current systems has
been developed that should enable the identi-
fication of high-risk patients at the time of di-
agnosis,

Projects are also being conducted on botu-
lism, echinococcus multilocularis, and chronic
persistent viruses. Other areas under study be-
cause of their potential association with infec-
tious agents and/or their emergence as signifi-
cant health concerns include cancer, arthritis,
anemia, diabetes, rheumatic fever and rheu-
matic heart disease. An emphasis is placed on
applied epidemiology and development of
programs of prevention and control applica-
ble to remote and isolated populations. Stud-
ies involving Alaskan Natives are not only of
great importance to the Native people them-
selves, but have broad implications nationally
and internationally.
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Smithsonian Institution

The Smithsonian’s activities span the entire area of the North
American Arctic, from Labrador and Greenland to the Pacific
coast, and include the circumpolar regions of Arctic Eurasia as
well. A total of $500,000 was devoted to these Arctic activities in

FY 86.

FY 86 F
(thou

Anthropology
Blology
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The Smithsonian Institution has a history
of Arctic research that began with the search
expeditions for Sir John Franklin in Canada
in the 1850s and with the Western Union Tel-
egraph surveys in Alaska in the 1860s. Out of
these projects grew major natural history and
anthropological programs that resulted in the
Smithsonian becoming a leading organization
in collection, research, publication and exhibi-
tion of Arctic subjects. Much of this work
has been donein collaboration with other U.S.
government agencies and with universities and
foreign institutions.

The Smithsonian functions as a research
and educational institution and as a reposi-
tory for national collections in the fields of
natural history, anthropology, art and his-
tory. A significant portion—probably 5 or 10
percent—of these collections is Arctic or Sub-
arctic in nature, with the largest body of ma-

terials (primarily anthropology and zoology
specimens) held by the Museum of Natural
History’s Departments of Anthropology, Ver-
tebrate Zoology and Paleobiology. Public
education on Arctic subjects has been con-
ducted through the Smithsonian’s regular and
special exhibition programs and through pop-
ular books, telecommunications, lecture
courses, and conferences. Because the Institu-
tion’s Arctic collections, especially its Alaskan
holdings, are large, systematic and well-docu-
mented, they are frequently consulted by re-
searchers from universities and government
agencies. Assistance to outside research is fa-
cilitated by fellowships, visiting scholar pro-
grams, collections, loans, and curatorial re-
sponse to scientific inquiries.

Environmental and Cultural
Dynamics of the Forest-Tundra
Boundary

Long-term research on the prehistory and
paleoecology of the forest-boundary zone in
central and northern Labrador seeks to under-
stand factors influencing culture change
across this environmental boundary for the
past 10,000 years. During the historic period
in Labrador, as in many other areas of the
North American Arctic, Eskimo culture distri-
butions have been confined largely to the tun-
dra regions, whereas Indian cultures have
been found largely in forested or transitional
ecozones. Presumably, occupations by prehis-
toric Indians and Eskimos followed the ethno-
graphic pattern, since this pattern is wide-
spread throughout North America. Tests of
this hypothesis involve correlating, over thou-
sands of years, the geographic range of pre-
historic Indian and Eskimo groups with the
geography and timing of forest-tundra boun-
dary and other environmental shifts. This re-
search has involved archeological and paleo-
environmental work over a 1200-kilometer



Nulliak Cove, a Maritime
Archaic archeological site
in northern Labrador.

length of coast from the Strait of Belle Isle to
Hudson Strait. Investigation of more than
1000 archeological sites has produced large in-
ventories of artifacts, radiocarbon dates, and
environmental samples. These have provided
the basis for reconstructing an 8000-year se-
quence of Indian cultures and a 4000-year se-
quence of Eskimo cultures.

Early results indicated strong correlation
between Indian northward expansions and pa-
leotemperature rise; and Eskimo southward
expansions during periods of climatic cooling
were closely tuned to proxy/temperature vari-
ations in Greenland ice cores and other cli-
matic indicators. However, except for the ini-
tial revegetation of the coast, paleotempera-
ture seemed to have little effect on the forest-
tundra boundary, which has remained rela-
tively static in north-central Labrador for the
past 4500 years. During this time major re-
versals and expansions and retractions of In-
dian and Eskimo boundaries have occurred.
Preliminary results suggest that transitory
phenomena—rapid, short-term weather and
climatic patterns and changes in the marine
systems (especially ice-related changes)—and
historical and social factors such as aggres-
sion, disease and accommodation tactics all
must be considered. Above all, the research

demonstrates complexity and dynamism in the
Labrador prehistoric cultural record and the
importance of maritime adaptations as stabil-
izing elements in northern cultural develop-
ment. Whereas many Arctic and Subarctic re-
gions have long been viewed as culturally
backward cul-de-sacs, it now appears that
they require different adaptations that lead to
ethnic and cultural divergence through time;
that they may support complex, artistically
creative cultures; and that they can produce
valuable comparative insights for the under-
standing of hunting and gathering stage cul-
tures for other times and regions of the globe.

Archeology of the Frobisher
Expeditions of 1576-78

During the course of Martin Frobisher’s
search for the Northwest Passage he established
the first post-Norse European colony in Arc-
tic North America. The archeological remains
left behind by Frobisher’s ‘‘gold’’ mining and
exploring expeditions constitute one of the
most important undocumented historic sites in
North America. However, because of its Arc-
tic location and the fact that the site was
abandoned when Frobisher’s ore turned out
to be worthless, the site lapsed into obscurity
until rediscovered by Charles Francis Hall in
1861. Nevertheless, in the 125 years since its
rediscovery, no serious archeological research
has been conducted, while erosion and pilfer-
ing continue to reduce the historic and scien-
tific value of this important site.

In 1981 the Smithsonian surveyed Kodlun-
arn Island and recovered important archeo-
logical materials, most of which conform
closely to expectations for a Frobisher occu-
pation. Continuing laboratory study of the
Frobisher materials, and of related historical
documentation in England, have led to plans
for a joint United States-Canadian program
aimed at historic sites archeology of the Fro-
bisher voyages and a complementary study of
the effects of early European contact on Baf-
fin Island Inuit society. It is thought that Fro-
bisher’s men and their abundant supply of
material goods, greatly desired by the techno-
logically and socially innovative Inuit, may
have altered the traditional pattern of Eskimo
culture development of this region hundreds
of years before European interest in Arctic re-
gions revived. These studies offer useful par-
allels to Inuit cultural development in Labra-
dor and Greenland, as well as in the western
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Excavation of structure
at Nulliak Cove.
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Arctic where European-Inuit relations result-
ed in remarkably similar patterns of culture
change.

Archeological Surveys on
Kodiak Island, Alaska

Archeological excavations on Kodiak Island
for Smithsonian began in 1931 at the large
Our Point site in Uyak Bay. Hrdlicka’s An-
thropology of Kodiak Island (1944) was the
first major synthesis of the archeology and
physical anthropology of the region. Subse-
quently, the Archeological Survey of Canada
conducted excavations on Kodiak and defined
the general culture history of the island. More
recently, a new project has been organized by
Bryn Mawr College in cooperation with the
Smithsonian. The Kodiak Archeological Pro-
ject has developed in close cooperation with
the Kodiak Area Native Association (KANA),
and incorporates, in addition to archeological
and paleoenvironmental research, local em-
ployment and educational programs for Ko-
diak Natives and local residents (Pullar and
Jordan 1986).

Archeological resources on Kodiak Island
are among the richest in Alaska, and their in-
vestigation is particularly urgent in that many
of these sites are being destroyed by a com-
bination of coastal erosion and tectonic subsi-

dence. Many of these villages contain several
hundred housepits. Sites at Karluk River, one
of the most productive salmon fishing rivers
in the world, stretch a distance of 20 miles
upriver to Karluk Lake, with numerous sites
around the lake itself. Radiocarbon dates re-
veal an occupational sequence beginning with
early Ocean Bay I (ca. 5000 B.P.), and pro-
ceeding through the Kachemak (3500-800
B.P.) and Koniag (800-200 B.P.) traditions,
the latter being the direct ancestors of the his-
toric Koniag Eskimo at the time of Russian
contact in 1784 (Jordan and Knecht, n.d.,
Knecht and Jordan 1985).

The Kodiak Archeology Project, while not
in the Arctic region of Alaska, is important as
one of the largest research programs currently
underway in Alaska. The island’s rich natural
resources have made it one of the most dense-
ly populated regions of Alaska and a proba-
ble center of South Alaskan prehistoric cul-
tural development. Strategically located be-
tween the Tlingit, Aleut and Eskimo ethnic
regions, Kodiak has great potential for pro-
ducing new understandings of cultural devel-
opment at the confluence of a variety of dif-
ferent cultural traditions. In the face of severe
damage by marine erosion, the pace of ar-
cheological work has quickened, and major
projects have now begun in cooperation with
KANA, which hopes to build a regional mu-
seum to interpret these finds and foster a bet-
ter local awareness of Kodiak’s unique past.
The Smithsonian expects to continue to assist
the Bryn Mawr and KANA efforts through
use of its Hrdlicka collections and Native
American Museum Training programs. The
Kodiak project is an excellent model of col-
laboration between anthropologists and Na-
tive peoples in scientific research and public
education that can have important rewards
for all concerned.

St. Lawrence Island Site
Assessment Survey

The archeological resources of St. Lawrence
Island are among the most important in North
America bearing on the question of Eskimo
culture origins. Situated at an Arctic cross-
roads between Siberia and Alaska, St. Law-
rence Island Eskimos have thrived in large vil-
lages supported by one of the richest Arctic
ecosystems in the world. The remains of their
houses, food, tools, and burials (including
tattooed bodies) are frequently found in pris-
tine condition, preserved by permafrost. In



Stone house foundation

at Late Punuk Eskimo site
at Meregta, St. Lawrence
Island.

the 1930s and 40s archeological work in the
deeply frozen midden sites was pioneered by
Smithsonian archeologist Henry Collins, who
used these finds to reconstruct a 2000-year
record of Alaskan Eskimo cultural develop-
ment that revealed astonishingly high levels of
artistic achievement by ancient Okvik and Old
Bering Sea cultures. Numerous archeologists
followed in Collins’ pioneering footsteps to
further develop the prehistory of St. Law-
rence and nearby Punuk Island.

In 1984, the Smithsonian undertook a sur-
vey of St. Lawrence Island sites to assess their
state of archeological preservation in the face
of growing damage at the hands of Native ex-
cavators seeking artifacts for sale on the inter-
national art market. An inventory of major
sites was conducted in cooperation with the
St. Lawrence Island Native Corporation and
documentation was gathered on site size and
state of preservation (Crowell 1984, 1987).

Following this survey the Smithsonian at-
tempted to reach agreements with the St.
Lawrence Island people to find ways to re-
duce the mining of sites and to promote the
cultural and educational values of the island’s
archeological resources. Cooperative excava-
tion proposals included provisions for Native
retention of recovered ivory stock for sale to
the contemporary carving market, with pres-
ervation of prehistoric artifacts and other
archeological data in local musuems or other
suitable repositories. To date, however, these
efforts have not met with support from the fi-
nancially hard-pressed residents, who resist
outside interference in what they consider a
local prerogative, the sale of their ancestors’
artifacts to meet the people’s modern needs.

Concerted effort is needed to find a solution
to this cultural tragedy before the island’s
unique history has been irrevocably lost. Fu-
ture St. Lawrence Islanders may find them-
selves having to turn to Soviet archeologists
working at better-protected Siberian sites for
a view of their past.

Special Exhibitions

In 1983 an ethnographic exhibition, ‘‘Inua:
Spirit World of the Bering Sea Eskimo,’’ based
on the collections made by Edward W. Nel-
son in western Alaska in 1877-1881, opened
in Washington (Fitzhugh and Kaplan 1983).
The show was accompanied by an interpretive
catalogue of the Nelson collection and repub-
lication of Nelson’s monograph, The Eskimos
About Bering Strait. The show traveled to six
other cities in North America, including Ju-
neau, Fairbanks and Anchorage. A small
““mini-Inua’’ version of the exhibit was circu-
lated to Alaskan villages and Native museums
by the Alaska State Museum. Subsequently,
this exhibit toured in Arctic Canada courtesy
of the Prince of Wales Northern Heritage
Center. In 1987 it toured Greenland. A new
version of ‘“‘Inua’’ is being prepared for circu-
lation in Europe under the auspices of the
U.S. Information Agency Arts America Pro-
gram,

A second major exhibition currently being
developed concerns the history and anthropol-
ogy of the North Pacific. This show, ‘‘Cross-
roads of Continents: Cultures of Alaska and
Siberia,’’ is being prepared in collaboration
with the Institute of Ethnography of the So-
viet Academy of Sciences, under the auspices
of the International Research and Exchanges
Board of the American Council of Learned
Societies. ‘‘Crossroads’’ will open at the
Smithsonian’s Museum of Natural History in
September 1988 and will subsequently tour
Seattle, New York, Anchorage, Los Angeles,
Indianapolis and Ottawa, and will travel to
the U.S.S.R. for venues in Moscow, Lenin-
grad and other cities with the assistance of the
U.S.S.R. Ministry of Culture. Catalogues,
scholarly symposia, films and other programs
accompany this historic joint U.S.-Soviet en-
terprise.

Biological Programs

Since the middle of the last century, Smith-
sonian scientists have been studying the fauna
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Rack support post of
whalebone at Meregta.

and flora of Arctic regions, particularly in
Alaska. Many survey expeditions were con-
ducted, especially in the latter part of the last
century and the early years of the present
one. These resulted in large documentary col-
lections of Arctic plant and animal specimens
that today rank among the most important in
North America. Substantial resources are de-
voted annually to the care of these collec-
tions, which continue to serve scholars at
large as a basis for systematic and evolution-
ary studies of the Arctic biota. Limited survey
and other biological research has been con-
ducted in recent years, but a new effort is be-
ing made to resume active Smithsonian work
in the Arctic.

Since the early 1960s several botanists have
been actively engaged in Arctic taxonomic
studies, producing taxonomic revisions of
Arctic lichens, and studying the evolutionary
radiation of the harebell complex (Campanula
rotundifolia complex, family Campanulaceae)
in Arctic/Subarctic Alaska and Canada and
in Eurasia as well. The latter included surveys
of the flora in the Brooks Range, Alaska.
Work on this project will be renewed in the
near future. Study of the systematics and evo-
lution of Arctic rodents has been ongoing for
many years in the Alaskan Arctic/Subarctic,
the Yukon Territory, and parts of the Soviet
Union.

In addition, the Smithsonian Oceanographic
Sorting Center has provided curatorial sup-
port for the National Science Foundation to
sort and distribute collections of marine or-
ganisms obtained by American scientists on
Arctic research cruises. It is expected that this
work will continue on behalf of the scientific
community at large.

New Initiative

The Smithsonian has developed plans for
creating a center for Arctic anthropological
and biological research to further research ex-
emplified by that of Henry Bascom Collins,
who died on October 21, 1987. This program
seeks to redevelop research initiatives that
have lapsed during recent years through the
attrition of resources and personnel devoted
to Arctic studies, particularly in Alaska. In
addition to adding professional and technical
staff, the program calls for funding exhibition
development, collections acquisition, Native
American museum and research training, schol-
arly fellowships and symposia, publications
and other activities. It is anticipated that the
Museum will be able to establish its proposed
Center for Arctic Studies in Anthropology
and Biology in FY 88, on the basis of new
Federal and private money now expected.
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Department of Transportation

The Department of Transportation conducts polar marine transpor-
tation research. Coast Guard icebreakers support governmental and
nongovernmental research, both in the eastern and western Arctic,

and perform sea ice and iceberg reconnaissance. A total of $400,000
in direct research funding was expended in FY 86.

DOT FY 86 FUNDING

(thousands)
Arctic Pollution 200
Marine Transport 210

U.S. Coast Guard Polar
Class icebreaker viewed
through a first-year pres-
sure ridge in the Arctic.

U.S. Coast Guard

Icebreaker Operations

During FY 86 the U.S. polar icebreaker
fleet was employed in all routine polar operat-
ing areas: the Antarctic, the western Arctic,
and the eastern Arctic. There were two de-
ployments to the western Arctic. U.S. Coast
Guard cutter Polar Sea’s Arctic West Summer
operations in the Beaufort/Chukchi areas
under Maritime Administration sponsorship
were concluded during October. They entailed
ice ridge profiling and ice-impact global load
data collection. A spring Arctic West Winter
deployment to the Bering Sea was conducted
by USCGC Polar Sea under U.S. Navy spon-
sorship. This project involved ship mechanics
interaction with ice in the marginal ice zone
(MIZ) and anti- and de-icing methodology. A
series of wave buoy deployments and CTD
casts were also conducted.

The annual icebreaker support for Green-
land resupply was provided by USCGC North-
wind. Data in support of the U.S. Navy Bio-
logical Environmental Arctic Project were ob-
tained by ship’s personnel using equipment in-
stalled prior to the ship’s departure.

Funding of icebreaker time is a major fac-
tor in deployment planning. There are three
basic daily cost categories to the user: transit
costs, operating costs, and surcharges (for
ship maintenance and helicopters). All dedi-
cated-time users during a given deployment
share transit costs. ‘‘Piggy-backing’’ projects
during a given time frame allows the sharing
of operating costs and surcharges as well. The
mutual benefits of such arrangements have
been demonstrated. For general information
the estimated 1988 costs of icebreaker time
are provided below.

Avg daily fuel
consumption (gal.) Daily surcharge
Transit to  Operating in (1988)
Class  project area  project area  Maint. Helicopters
Polar 13,400 11,500 $4670 $1525
Wind 6,000 5,000 $3530 $1525

It should be noted that heavy icebreaking increases the
operating fuel consumption. (FY 88 government fuel
price is $0.65/gal.)

Sea Ice Reconnaissance

The U.S. Coast Guard supports studies to
improve icebreaker navigation in sea ice
through the acquisition of remotely sensed
data for route planning and ice plotting. At
present U.S. polar icebreakers rely primarily
on visual reconnaissance from onboard heli-
copters. Due to helicopter flight restrictions,
information is limited spatially and temporal-
ly, and is more qualitative than quantitative.
These studies assess the value of remote sens-
ing systems in saving icebreaker time and
fuel, reducing wear and tear on the vessels,
and lessening the chance for besetment in ice.
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Greenland.

A 1984 pilot project involved a single over-
flight of the USCGC Polar Sea in late No-
vember when it was beset in a shear-zone
pressure ridge near Point Barrow. This pro-
ject utilized the Intera Ltd. STAR-1 system to
create synthetic aperture radar (SAR) images
of the sea ice in the vicinity of the icebreaker.
The film was processed on board the aircraft
and air-dropped at the end of the flight. The
icebreaker used the imagery to navigate
through the ice after freeing itself from the
pressure ridge.

In an effort to define the operational par-
ameters of a processing system for a planned
spaceborne remote sensor with application to
sea ice reconnaissance, an ERS-1 (European
Remote-sensing Satellite) preflight experiment
is planned in conjunction with the Arctic
Summer West 88 deployment of a Polar Class
cutter to the Chukchi and Beaufort Seas in
the fall of 1988. The icebreaker will provide
ground truth support to a multiagency, multi-
national experiment team for microwave re-
mote sensing aircraft overflights. Investigators
will study the electromagnetic signatures of
sea ice and snow during the freezeup period
(late September to early October) to shed
some light on the ice classification ambiguities
that are normally found at this time of the
vear. ERS-1 preflight experiments are needed

to enhance the operational utility of the data
that will be available at the Alaskan Synthetic
Aperture Radar Facility in 1990/91.

Iceberg Reconnaissance

The U.S. Coast Guard’s International Ice
Patrol (IIP) participated in BergSearch ‘84 to
assess the ability of airborne imaging radars
to detect icebergs in open water. BergSearch
‘84 took place from 2-7 April 1984 in the
Grand Banks region off Newfoundland. Five
U.S. and Canadian aircraft plus one research
vessel participated in an effort to quantify the
ability of a number of different aircraft imag-
ing radars to detect icebergs of all sizes in sea
states from low to moderate. Data were col-
lected on the probability of detection for each
of the radars for a common target area, as
well as for repeated passes over the same tar-
get by each radar. Efforts were made to find
a reliable method for discriminating between
icebergs and vessels. Additional work in the
1985-86 ice patrol season with the AN/APS-
135 Side-Looking Airborne Radar increased
the data base on probability of detection.

More studies on the detection of icebergs in
sea ice took place in March 1987 in conjunc-
tion with the Canada-U.S. LIMEX-87 project
in the Labrador Sea.



U.S. Coast Guard SLAR-
equipped HC-130 partici-
pates in iceberg detection
experiments.

Arctic Pollution Response

Under the Clean Water Act of 1977 and the
National Oil and Chemical Substances Con-
tingency Plan, the Coast Guard, as Federal
On-Scene Coordinator (OSC), is responsible
for effectively directing pollution response op-
erations for any oil spill which occurs in the
coastal waters of the United States, and for
initiating Federal response operations when
the spiller fails to take effective action. The
discovery of oil and gas along the Alaskan
coast has led to exploration and development
onshore, and if the price of crude oil rises
offshore drilling on the continental shelf is
certain to increase rapidly within the next sev-
eral years.

The objective of the Arctic Pollution Re-
sponse project is to develop methods to detect
and monitor oil spills in Arctic and Subarctic
Alaska and investigate countermeasures and
cleanup technology for ice-infested regions to
ensure Coast Guard expertise as Federal On-
Scene Coordinator. The current effort focuses
on the Coast Guard’s role as spill response
monitor, as industry is developing a signifi-
cant response capability in this region and will
probably handle the actual cleanups. Efforts
are being made to provide a standby Coast
Guard capability to handle those spills where
the oil industry does not have a direct respon-
sibility, as in an offshore tanker spill.

The technical approach for this project is to
divide the tasks into groups according to the
response functions being addressed, i.e. spill
behavior and trajectory forecasting, detection
and surveillance, and countermeasures and
cleanup.

The first group of project tasks is directed
toward understanding and predicting the be-
havior and movement of oil spills in an Arctic
environment, particularly in the offshore
regions of the Beaufort Sea. This work is be-
ing carried out primarily at the Coast Guard
Research and Development Center at Groton,
Connecticut. Several basic research efforts
have been completed on oil weathering in the
Arctic, oil spreading and movement in broken
ice, oil pooling under ice, oil spill movement
under open water conditions in the coastal
regions of the Beaufort Sea, oil spill move-
ment in the offshore regions of the Beaufort
Sea, and dynamics of ice breakup in Prudhoe
Bay. An environmental atlas for the North
Slope region has been compiled that covers
the general oceanography and meteorology of
the region. These studies have been used to
develop: 1) a short-term model for predicting
oil spill physical behavior (spreading, vertical
migration, weathering, etc.) and oil spill
movement in Prudhoe Bay and coastal areas
of the Beaufort Sea, 2) a bulk transport
model to predict long-term movement of an
oil spill entrapped in an ice pack in the off-
shore regions of the Beaufort, and 3) an
operational field guide on oil spill behavior
and movement to assist Coast Guard person-
nel in determining optimal cleanup strategies
for spills in ice-infested waters. Future efforts
will focus on completing environmental
atlases for Norton Sound, Bristol Bay, Bering
Sea and Chukchi Sea.

The second group of project tasks focuses
on developing techniques to detect oil spills in
an Arctic environment, define the extent of
contamination, and monitor subsequent
movement. Specific research topics include
techniques for detecting oil under ice, elec-
tronic and visual techniques for tagging and
tracking oil spills in ice, and airborne
surveillance systems for monitoring the extent
and movement of spills in ice. Efforts to date
have focused on detecting oil under ice using
electromagnetic and acoustic methods, and in-
vestigating the use of satellite-tracked buoys
to tag and monitor the movement of oil spills
in ice.

The third group of project tasks comprises
cooperative efforts with other organizations
to test and develop Arctic oil spill counter-
measures and cleanup equipment. The empha-
sis is not on developing new equipment for
Coast Guard use, but rather on defining and
being familiar with state-of-the-art technology
in order to better meet spill response monitor-
ing and contingency plan review responsibili-
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ties as Federal On-Scene Coordinator. Spe-
cific efforts include: 1) developing a Counter-
measures and Cleanup Field Guide that
recommends specific methods, systems and
equipment for the containment and cleanup
of oil in the situations described in the Spill
Behavior Field Guide, and 2) cooperative
testing with other interested parties such as
Canadian AMOP (Arctic Marine OQilspill Pro-
gram) and ACS (Alaskan Clean Seas).

Maritime Administration

Arctic Marine Transportation
Program

The Maritime Administration by law and
tradition is the Government agency most con-
cerned with the adequacy of the U.S. mer-
chant marine, the supporting shipyards, and
other infrastructure necessary to meet nation-
al needs. As such it assumed a lead role in co-
ordinating a program to facilitate the develop-
ment of new marine transportation systems
for the Arctic.

As development expands in the Arctic re-
gions, the need for operational data on which
to base criteria for the design of marine trans-
portation systems has become increasingly im-
portant. For commercial Arctic marine trans-
portation to become a viable alternative in the
future, the problems experienced by the Polar
Class icebreakers must be addressed and solved.
To address these problems the Arctic Marine
Transportation Program was initiated in 1979.

The U.S. Coast Guard has been a major co-
sponsor, providing direct funding as well as
the use of the Polar Class icebreakers as re-
search platforms. Other sponsors of this pro-
gram include the U.S. Navy, the interagency
Ship Structure Committee, the American Bur-
eau of Shipping, the State of Alaska, partici-
pating members of the Alaska Oil and Gas
Association, and the Canadian Ministry of
Transport.

Field trips for data collection were made
during both summer and winter seasons and
included the first marine winter transit to
Point Barrow in 1981 followed by a second
winter transit to Wainwright in 1983. The last
scheduled field trip in this program was com-
pleted in the 1986 summer season. Analysis of
these data and production of summary docu-
ments are being completed during FY 87.

The Arctic Marine Transportation Program
has pursued three overall goals:

® To develop a technical, environmental and
safety data base and guidelines which will
enable the government to make rational de-
cisions concerning future Arctic activities,
especially those involving marine transpor-
tation systems.

e To develop design criteria and design tools
for ice transiting vessels ranging in size
from supply boats, icebreakers, and ice-
breaking escort vessels to large icebreaking
tankers. Such criteria will also be valuable
for design of offshore structures in Alas-
kan ice-covered waters.

e To facilitate the commercial development
of large icebreaking ships that can success-
fully operate in Alaskan ice-covered waters
on a year-round basis in a safe, effective
and efficient manner.

Three major program activities have con-
tributed toward achieving these goals.

Environmental Data Collection

Data were collected (on routes over which
commercial ships might operate) on the char-
acteristics of Arctic sea ice, including physical
dimensions, frequency of occurrence, strength,
and rate of movement. Measurements were
made of the thickness of level ice, as well as
the size, shape, orientation and frequency of
pressure ridges. Ice coring was performed at
test locations to determine the flexural ice
strength by obtaining a vertical salinity and
temperature profile of the ice and subsequent-
ly using an empirical relationship to calculate
the strength. Ice drift was also measured.

The data collected are necessary for the de-
sign of cargo ships of sufficient structural



Ice coring in the southern
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strength and power for safe, reliable and eco-
nomic operation. Much of the data obtained
over the past 5 years, plus all additional avail-
able data, have been published in an Alaskan
Marine Ice Atlas (1983, Arctic Environmental
Information and Data Center, University of
Alaska, 707 A Street, Anchorage, Alaska
99501).

Design Criteria

A number of projects have been undertaken
to improve design criteria or to provide design
guidelines for future marine systems. Work is
underway to develop criteria for hull struc-
tures which relate ice impact loads to ice con-
ditions and ship parameters such as displace-
ment, speed, hull shape and hull location.
Predictive tools are being developed for esti-
mating powering requirements as a function
of ice conditions and hull shape, size and
speed.

Operational Guidelines

A number of research activities have focused
on the safe and efficient operation of ships in
ice-covered Arctic waters. They include re-
search on the maneuverability requirements of
ships as a function of ship size, hull shape,
speed, rudder characteristics and ice condi-
tions. Other research has addressed the estab-
lishment of guidelines for safety and survival
needs for Arctic operations. Standard equip-
ment for survival of personnel now being used
on commercial vessels is inadequate for use in
Arctic climates.

As a result of this program both industry
and government now believe year-round ma-
rine transportation to the Arctic has been
proven feasible. Winter transits through the
Bering Strait, previously considered unfeasible
by some experts, have been accomplished reg-
ularly. Low-friction hull coatings have been
proven effective in reducing icebreaking resis-
tance and are now recommended for all
future ice-transiting ships. New analytic mod-
els have been developed to predict perfor-
mance of commercial ice-transiting ships in
level ice and pressure ridges. Large quantities
of environmental data, unavailable before,
have been collected and published. New meth-
odology for predicting local ice impact loads
on ship structure has been developed from
full-scale measured data.

In summary, this program, now nearing
completion, has filled a data gap which had
previously discouraged the development of
commercial Arctic marine transportation sys-
tems. Industry can proceed confidently to de-
velop such systems as are necessary and desir-
able for satisfaction of commercial and na-
tional interests. Government will continue its
involvement through the regulatory and per-
mitting processes.
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Environmental Protection Agency

EPA Cold Climate Research covers the spectrum of environmental
problems, including treatment control technology, human health,
air pollution effects, water pollution effects, and solid waste
disposal, and was funded at $400,000 in FY 86.

Prudhoe Bay oil field.
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Cold Climate Research

The EPA’s Cold Climate Research Program
is an extramural program of the Office of Re-
search and Development (ORD) that is man-
aged out of ORD’s Environmental Research
Laboratory at Corvallis, Oregon. The empha-
sis is on environmental research that relates to
cold climates. The research concerns primarily
environmental problemsin the State of Alaska,
but other cold regions of the U.S. can
benefit.

The Corvallis Laboratory works directly
with the EPA Region X Alaska Operations
Office in Anchorage to coordinate the con-
duct of ongoing research projects and to de-
velop priorities for future studies. The Opera-
tions Office does not engage in research, its
primary function being to coordinate EPA’s
regulatory responsibility with the State of
Alaska. However, it provides the primary link
to the State of Alaska interests and works
with them and ORD in the development of re-
search priorities. Because of the broad spec-
trum of environmental research, the Corvallis
Laboratory calls upon other ORD laborator-

ies to provide project officers for research
that falls outside the expertise available at
Corvallis.

During 1986, there were five active research
projects.

Impact of Oil Development on

Coastal Tundra Wetlands

The goal of this project is to produce a
guidance document for assessing the impact
on wetland environments of oil and gas devel-
opment along Alaska’s North Slope. Such
guidance will assist Federal, State, local, and
industrial groups by providing a common
base of information for the preparation of en-
vironmental impact assessments. In addition,
field work is being planned to evaluate the
use of a geographic information system to
characterize waterbird habitat, density and
distribution in a North Slope wetland environ-
ment. This technique could have wide applica-
tion to ‘‘advanced identification’’ of areas
vulnerable to dredge and fill activities. Identi-
fication of such areas is required by the Clean
Water Act (40CFR, Sect. 230.80).

Ecosystem Impacts of Placer Mining

Placer mining for gold has increased sharp-
ly in recent years. This project is designed to
assess the significance of particle size and cer-
tain heavy metals, especially arsenic, associat-
ed with placer mining discharges and their im-
pact on aquatic life, It will also evaluate fish
avoidance reactions to turbid waters caused
by such mining.

Urban Air Pollution

Wood stoves find heavy use in Alaska. This
project is designed to assess the potential
health impacts of wood smoke in Alaskan ur-
banareas. It has been coordinated with EPA’s
Integrated Air Cancer Project (IACP). The
study area is the Mendenhall Valley, near Ju-
neau. Air data were collected during 1986 for



Stratified smoke plume
produced by burn-off at
test well, Prudhoe Bay.

the specific objectives of 1) comparing this
area with other IACP urban areas in the
lower 48, 2) determining effects of low tem-
peratures on the distribution of mutagens/car-
cinogens between particulate and gaseous
phases, and 3) determining population expo-
sure to wood smoke and comparative cancer
risk.

Models of Industrial Pollutants
Development of oil and gas along Alaska’s
North Slope has led to the installation of
many gas-fired generators which have given
rise to predictions of NO, levels in excess of
EPA’s air quality standards. Existing mathe-
matical models are considered inadequate for
confirming or refuting these predictions. This
project is developing models that can accu-
rately predict pollutant levels under the at-
mospheric conditions found along the North
Slope. A consortium of oil companies have
been evaluating the downwash problem
through wind tunnel studies. EPA is focusing
its attention on the development and improve-

ment of predictive models for dispersion. An
assessment of suitable field data has shown
there is inadequate information available to
test these models. Field studies are being
planned to gather North Slope data suitable
for model development and improvement.

Biodegradation of PCBs
Polychlorobiphenyls have found their way
to soils in some areas of Alaska, particularly
around military sites. Disposal of PCB-con-
taminated materials and soils is costly because
suitable disposal sites are not available in
Alaska and highly contaminated materials
must be shipped to the lower 48 for disposal.
This project is in the planning stage and is be-
ing designedto assess the feasibility of degrad-
ing PCBs to safe levels through the use of mi-
croorganisms. Current plans call for assess-
ment of the state of the art of PCB biode-
gradation, definition of most promising tech-
nologies, feasibility of application in cold cli-
mate conditions, and recommendations for
testing the most promising methodologies.
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Department of State

The Department has responsibilities for international policy issues
related to the Arctic, chairs the Interagency Arctic Policy Group,
organizes joint meetings with Canada and Denmark and administers
the Man and The Biosphere Program. Direct support for MAB was

$16,000 in FY 86.

FY 86 FUNDING
(thousands)
Northern Science
Network

Ice cores being loaded
during close-down
of glaciology camp in
central Greenland.
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The Interagency Arctic Policy Group
(IAPG), which the Department of State
chairs, has overall responsibility for making
recommendations on and overseeing and co-
ordinating international activities relating to
the Arctic. The IAPG also coordinates inter-
governmental Arctic-related meetings. The
Department of State’s Office of Marine Sci-
ences and Polar Affairs within the Bureau of
Oceans and International Environmental and
Scientific Affairs is responsible for coordinat-
ing international activities concerning the Arc-
tic on a day-to-day basis. The Office deals
with matters concerning U.S. foreign policy
issues in the Arctic.

U.S. and Canadian Arctic hydrocarbon and
resource developments are currently reviewed
in annual talks on hydrocarbon developments
in the Beaufort Sea. These talks are organized
and co-chaired by representatives of the De-
partment of State and of the Canadian Minis-
try of External Affairs. The talks provide an
excellent venue for exploring related issues
and environmental concerns. The annual
meetings have gradually increased in scope to
cover almost any item of technical, scientific

or environmental interest to either Canada or
the United States in this area of the Arctic.
They provide a useful forum in which to ex-
plore problems and share information in an
informal fashion.

The Department of State also collects and
collates proposals each year from U.S. scien-
tists for research in Greenland. The annual
compilation of proposals is forwarded by the
Department to the Danish Commission for
Scientific Research in Greenland, which or-
ganizes a meeting each April between U.S.
representatives, led by the Department of
State, and Danish authorities and scientists.
The proposals, funded by the National Sci-
ence Foundation and several other agencies,
including DOD, are formally presented at this
annual meeting. This cooperative arrangement
has as its basis the U.S.-Danish Defense of
Greenland Agreement signed in 1951.

The Department of State also administers
the Man and the Biosphere Program (MAB).
The United States has continued to participate
in this program, though it has withdrawn
from UNESCO, under whose aegis the inter-
national MAB program is organized. MAB is
an interdisciplinary, problem-focused research
approach to management concerns which
arise from the interactions between human ac-
tivities and natural systems. MAB seeks to
provide a bridge between fundamental science
and technological development.

The U.S. MAB program provides a struc-
ture and modest funding for communication
and research in many areas. Within the U.S.
MAB program the Arctic Directorate has con-
centrated on supporting research on northern
resource use and ecosystem relationships. The
U.S. National Committee for MAB approved
funding from multiagency contributions for
the following projects: the establishment of
long-term multidisciplinary environmental
monitoring in the Noatak National Preserve
in northwestern Alaska, study of the relation-
ship of indigenous peoples to the environment
in the national parks and reserves in Scandin-
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avia, the development of a comprehensive
Alaskan vegetation classification system for
use by resource managers, and the exchange
of information with China on musk-ox biol-
ogy and management. The International MAB
Biosphere Reserve Program currently includes
four sites in Alaska: the Denali National
Park, the Noatak National Preserve, the
Aleutian Islands National Wildlife Refuge and
the Glacier Bay/Admiralty Island Biosphere
Reserve.

The Arctic Directorate is cooperating with
other northern countries and with UNESCO-
MAB in a Northern Science Network to facili-
tate improved communication and under-
standing among scientists, public and private
policy makers, resource managers, and resi-
dents of the North. The Northern Science
Network initially adopted three ‘‘themes’’ for
implementation: 1) Studies on ecology and
land use of subarctic birch forest. Birch for-
ests are used for reindeer herding and sheep
grazing, sport and subsistence hunting, fishing
and tourism. 2) Development of, and moni-
toring and research in, Biosphere Reserves
and other protected areas. Biosphere Reserves
are a major concern of national MAB com-
mittees in Canada, Norway, the United

States, and the U.S.S.R. The theme includes
research and monitoring in other types of re-
serves such as parks, ecological reserves and
watershed research areas, to study industrially
and experimentally induced disturbance ef-
fects. 3) Land use and grazing animals: socio-
economic, biological and environmental ef-
fects. Land use conflicts occur in a large area
of the circumpolar north, notably between
grazing animals (principally reindeer) and wild
ungulates, hunters, tourists, and industrial op-
erations such as logging, energy development,
and mining.

The primary objectives of the Northern Sci-
ence Network are to strengthen scientific ac-
tivities by exchange of information, educa-
tion, and facilitating interdisciplinary synthe-
sis. The Network’s activities involve the inter-
national scientific community, local residents,
managers and decision-makers in public and
private sectors. The U.S. MAB assisted the
Northern Science Network in convening an
International Conference on Arctic Science
Policy and Development in August 1985 at
the University of Alaska. The Proceedings of
the conference are available from the MAB
Office, Department of State.
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Department of Agriculture

Although the Department of Agriculture is not a member of the In-
teragency Committee, representatives of its several Alaska-based
services were invited to participate in the research planning process
and review. An estimated $850,000 is devoted to USDA support of
Arctic research on forests, rangelands, soils and snow in Alaska.

FY 86 FUNDING

Forest Service

Soil Conservation
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U.S. Forest Service

The taiga zone of Alaska covers 250 million
acres stretching from the south slopes of the
Brooks Range to the north slopes of the Chu-
gach Range, and from the Canadian border
on the east to the Bering Sea on the west.
This area contains 106 million acres of spruce-
birch-aspen forest, of which at least 22 mil-
lion acres is commercial forest land (annual
growth of at least 20 cubic feet/acre/year).
About one-third of this central and northern
Alaska forest—the taiga—is located within
the ARPA-defined Arctic, north of the Por-
cupine-Yukon-Kuskokwim Rivers (PYK) line.
The remainder of the forest is often found on
sites having a combination of elevation, slope
and aspect which gives an ‘‘equivalent lati-
tude’’ equal to or greater than the strictly
““Arctic’’ latitude limits. Most of the taiga
zone is an area of discontinuous permafrost.
South slopes and river margins tend to be free
of permafrost; north-facing slopes are gener-
ally underlain by permafrost close to the sur-
face.

The taiga forest of Alaska consists of a
mosaic of vegetation types. Distribution of
these types is controlled largely by soil tem-
perature and fire history. The warmer, more
productive sites are occupied by white spruce,
aspen, paper birch and balsam poplar. The
less-productive forests are largely black spruce
and sometimes tamarack. Drainage differenc-
es, the presence or absence of permafrost, ex-
posure, and other geomorphic features create
the bogs, alpine tundra, numerous lakes,
marshes, woodlands, and forests that form
the vegetation mosaic. In fact, the taiga is so
heterogeneous that it is difficult to character-
ize and manage.

Historically, forests have provided large
amounts of wood to interior Alaskan resi-
dents. Millions of cords were used to run the
large steam-powered sternwheelers in early
mining and settlement days. From the 1930s
and 40s through the late 60s, forest harvesting
occurred at a much reduced level, with the
major portion used for the production of
house logs and rough construction lumber
that was used locally. During the late 1960s
and 70s forest harvesting increased signifi-
cantly. The increased utilization of interior
Alaska’s forest resources has led to height-
ened awareness of the importance of sound
forest management practices. Yet because of a
generally low level of forest management ex-
perience and research information there re-
mains a great deal to do to upgrade and im-
prove forest management practices in these
northern forests.

Uses other than wood extraction have long
been extremely important in the taiga of inter-
ior Alaska. The region is justly famous for its
big game and small game mammals, water-
fowl and other birds, anadromous and fresh-
water fish, and important furbearer species.
All provide food, income and recreation for
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Alaska’s residents and visitors. Recent wide
fluctuations in moose population levels have
pointed to the need for resource managers to
gain a better understanding of wildlife/habitat
relationships in the taiga. In addition, the
need to protect the water resources is becom-
ing increasingly apparent, especially as placer
gold mining and other stream water use in-
creases.

Natural disturbances to taiga ecosystems
make a considerable impact on how the bio-
logical communities function, For centuries,
lightning-ignited forest and tundra fires
burned extensive areas during the summer
months. Effective fire suppression has been
practiced in Alaska for roughly 20 years, re-
ducing the average area burned each year
from about 990,000 acres to a current 400,000
acres or less. Recently, however, the natural
role of fire in the maintenance of many of in-
terior Alaska’s ecosystems has begun to be-
come more widely accepted. As a result, be-
ginning in 1979 a series of fire management
plans have been developed which alter the fire
suppression policy on millions of acres in in-
terior Alaska. Research on fire ecology is
needed to understand the new policy implica-
tions.

Trees and shrubs in both commercial forest
stands and wildlife habitats are subject to se-

vere attack by insects. Bark beetles in white
spruce and defoliators on hardwoods and
spruce are the major forest insect pests. Al-
though the immediate impacts of these insects
are apparent, the long-term relationship of
these forest pests to the taiga ecosystem is not
well understood by the land manager.

Management of the forest resource cannot
take place without accurate assessment of the
current resource situation and periodic up-
dates to see what changes are occurring. With
the increasing impact of man on what was
previously pristine land, this assessment is be-
coming increasingly important. Research on
the forest and related resource inventories will
be useful to forest land managers.

Relatively little research has been accomp-
lished in the high-latitude forests of Alaska.
There is a pressing need for acquisition of
long-term baseline data describing current
high-latitude forest conditions, both to better
assess the potential for renewable resource de-
velopment and exploitation and to provide a
basis for evaluating possible long-term cli-
matic change, anthropogenic pollution, in-
cluding Arctic haze and acidic precipitation,
and the consequences of such stress on bio-
logical productivity and ecological system
functioning. Major research needs remain
concerning forest ecology, vegetation classifi-
cation and characterization, basic inventory
of the extent and nature of the forests and
forest-related resources, watershed science,
and fire ecology.

Caribou Peak in winter.
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The Forest Service has research projects in
Fairbanks and Anchorage that address some
of the problems mentioned above. They have
an annual budget of about two million dol-
lars, of which about one-third goes to prob-
lems in or directly related to the Arctic. Re-
search emphasis is on the following main
problem areas:

¢ Classification of the vegetation of the taiga
and correlation with soil and other site in-
formation.

¢ Influence and role of fire in forest manage-
ment practices.

® Regeneration techniques, genetic potential,
and harvesting impacts for interior Alaskan
white spruce.

¢ Defining impacts and interrelationships be-
tween white spruce trees, site characteris-
tics, spruce beetles, and major defoliators.

¢ Effects of timber harvest and placer mining
on stream sedimentation and water quality.

¢ BEstimation of timber and related resource
inventory for interior forests.

Soil Conservation Service

The Soil Conservation Service, working
through Alaska’s Soil and Water Conserva-
tion Districts, has continued monitoring cli-
mate, snow accumulation and rangeland
conditions and trends in the Arctic and Sub-
arctic sections of Alaska. These activities pro-
vide guidance for the development of the
State’s natural resources. The annual expen-
diture is estimated at $200,000.

Climate data from throughout Alaska, with

emphasis on the Yukon Valley and other
areas identified as having agricultural poten-
tial, are being analyzed to determine local
growing seasons, growing degree-days, solar
energy and other variables related to agricul-
tural operations. Frost frequency and fre-
quency of winter temperature extremes are
also being documented. Collection of these
data is helping to meet the research needs for
agricultural crop management and crop varie-
ty selection and breeding.

To meet the need for proven plant materi-
als to solve erosion and other resource prob-
lems the Plant Materials Center in Palmer,
Alaska, managed by the Alaska Division of
Agriculture and coordinated with the SCS
Plant Materials Program, operates a program
to assemble, test, release and maintain foun-
dation stock for improved conservation and
agricultural plants adapted to Arctic and Sub-
arctic environments. During 1986, six conser-
vation plants were released for commercial
production: ‘Rhode’ feltleaf willow (Salix
alaxensis), “Wilson’ bebb willow (Salix bebbi-
ana), ‘Oliver’ grayleaf willow (Salix brachy-
carpa), ‘Roland’ pacific willow (Salix lasi-
andra), ‘Long’ mountain willow (Salix bar-
clayi) and ‘Egan’ American sloughgrass
(Beckmannia syzigachne). The five native
Alaska willows were released as windbreaks
for the Palmer and Delta regions. The Ameri-
can sloughgrass was released for wetland re-
storation and erosion control. ‘Gruening’ al-
pine bluegrass (Poa ampula) is scheduled for
release in the near future for revegetation,
reclamation and erosion control.




Wind-shielded snow
gauge, Toolik River,
northern Alaska.

In the process of developing technology for
sound management practices for western and
northwestern Alaska reindeer ranges, the Soil
Conservation Service has completed and pub-
lished the range report for the Seward Penin-
sula. Also, a Range Survey of Nunivak Is-
land, Alaska, was completed and made avail-
able in a three-volume report to land mana-
gers. The Nunivak survey includes an inven-
tory of range sites on the island with data on
site distribution, herbage production, and
condition and trend data. In 1986 an addi-
tional study site was established on reindeer
range for the purpose of monitoring lichen re-
covery on burned areas. A thorough under-
standing of lichen ecology is essential for
maintaining high quality winter grazing lands
for reindeer as well as caribou and musk-ox
populations.

Soil surveys provide vital resource informa-
tion for research activities as well as develop-
ment and planning purposes. Forestry man-
agement progams, recreation planning and
other development activities such as oil and
gas facilities, transportation corridor selection
and agricultural development. are highly de-
pendent upon soil survey information. During
1986, the Soil Conservation Service completed
final correlation and manuscripts for soil sur-
veys in the Yentna, Copper River and Upper
Tanana areas. Field data collection and map-
ping were also completed for the Kantishna
Soil Survey area near the confluence of the
Tanana and Yukon Rivers, and field mapping
was completed on 42,880 acres of the North
Star Soil Survey.

A basic data requirement for a wide variety
of research activities in Arctic and Subarctic
environments is snow accumulation. Snow-

‘pack covers nearly every acre of Arctic

Alaska for 5-9 months of the year. It impacts
just about every outdoor activity, and the re-
sources and people of the Arctic region. The
Snow Survey Program coordinated and man-
aged by the Soil Conservation Service is a co-
operative program, in which all State and Fed-
eral land and resource management agencies
and soil and water conservation districts con-
tribute toward the basic data collection effort.
Alaska’s unique environment leads to a multi-
tude of activities that require snowpack data:
snowmelt runoff in permafrost areas; glacier
melt contribution to hydroelectric reservoirs;
glacier movements and glacier-dammed lake
burstout; flood dynamics; wildlife ecology;
winter survival; environmental responses of
anadromous fisheries during the freshwater
portion of their life cycles; frost penetration
in urban and agricultural areas; winter soil
moisture loss; and vegetative responses to
winter vehicle travel in the Arctic. The last
supports research on development of winter
access methods over sensitive Arctic vegeta-
tion types, the results of which are important
to both the oil industry and land managers.
The Soil Conservation Service contributes
to the research effort by striving to improve
methods and technology of collecting snow
and related climatological data. SCS has de-
veloped improved methods for field installa-
tion of sensors and automated data collection
systems in the Arctic environments. The Snow
Survey Program in 1986 consisted of a net-
work of 205 data collection sites. Of these, 18
are equipped with snow pillows; 24 provide
continuous temperature data; 9 provide soil
temperature; 5 provide solar radiation infor-
mation; 11 provide wind data; and 19 are
radio-telemetered. There are 38 precipitation
storage gauges, 30 of which provide continu-
ous record and 16 of which are equipped with
Wyoming windshields.
Current program priorities in Arctic Alaska
are:
¢ The development of proper grazing man-
agement on reindeer ranges in support of
reindeer herding as a traditional subsistence
activity.
¢ Classification and mapping of Arctic soils
to allow for wise land use management de-
cisions.
¢ Collection and management of snow data
in support of research efforts and planning
activities for other Federal, State and local
units of government.
Snow Survey Reports are available from
Soil Conservation Service, 201 East 9th
Avenue, Suite 300, Anchorage, Alaska 99501.
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First Meeting:
April 29, 1985

Chairman Erich Bloch welcomed the atten-
dees to this first meeting of the Interagency
Committee. He discussed the legislation which
authorized the Committee, and President Rea-
gan’s Executive Order of January 28, 1985,
which established it. He then reviewed the
purpose of the Committee and the action
taken by NSF to convene a staff representa-
tives group. The Committee is to develop and
establish a national Arctic research policy and
a five-year plan to implement that policy.

Senator Murkowski, the principal sponsor
of the Arctic Research and Policy Act, dis-
cussed the need for the Committee to objec-
tively examine Arctic science policy in light of
the important decisions that will need to be
made on how development of resources will
affect the Arctic. He discussed the intent of
the Arctic Research and Policy Act to develop
a comprehensive national science policy for
the Arctic, to obtain scientific knowledge in
order to make decisions, and to enable the de-
cision-making process to support the wise de-
velopment of resources. He indicated that sci-
entific knowledge could help resolve the con-
flicts between developers and the environ-
mental community.

Dr. A. Lincoln Washburn, member of the
Arctic Research Commission, presented a
comprehensive discussion of the Arctic, the
kinds of science that are important for an un-
derstanding of it, and the relation of science
in the Arctic to the national interest (see Sci-
ence, 233, August 8, 1986, for details of pre-
sentation).

James L. Malone, Assistant Secretary for
Oceans and International Environmental and
Scientific Affairs, Department of State, pre-
sented the proposed Arctic research policy.
He reviewed the role of the Department of
State in setting overall Arctic policy, through
the Interagency Arctic Policy Group (IAPG)
established by National Security Decision
Memorandum 144, and the relationship be-
tween overall Arctic policy and Arctic re-
search policy. He then presented the proposed
Arctic Research Policy statement. The state-

ment is organized according to four major
subject areas: national security, rational de-
velopment with minimum adverse environ-
mental or social impact, scientific research on
phenomena and processes best studied in the
Arctic, and promotion of mutually beneficial
international cooperation in Arctic research.
Mr. Malone stated that he believed the pro-
posed Arctic Research Policy statement to be
comprehensive, and asked the Chairman if
the Committee could adopt it. After some dis-
cussion, the Committee agreed to accept the
policy statement in principle.

Joseph Fletcher, Assistant Administrator
for Research, National Oceanic and At-
mospheric Administration, representing the
Department of Commerce, reviewed the re-
quirements of the Arctic Research and Policy
Act: to survey existing Arctic research, to de-
velop an integrated national Arctic research
policy, to develop a five-year plan to imple-
ment the policy, and to develop a single co-
herent multiagency budget for Arctic re-
search. He reviewed the accomplishments of
the staff representatives group, the policy de-
velopment process, the process of determining
research priorities, the role of the National
Academy of Sciences, and proposed activities
to be conducted by the Interagency Commit-
tee. He stated that the staff representatives
need policy guidance before they put together
the five-year plan, particularly as related to
budgetary constraints. He outlined several
scenarios that might be considered: no new
programs (i.e. a current-level-of-effort bud-
get), new programs balanced by the reduction
or elimination of established programs, and
development of two or three major new initia-
tives.

Mr. Bloch called for comments on the work
plan for completing the five-year plan as de-
veloped by the staff representatives. After
some discussion, the Committee agreed that
the staff representatives should develop the
five-year plan.

William Horn, Assistant Secretary for Fish,
Wildlife and Parks of the Department of the



Interior, reviewed the Federal budget picture,
and in particular research and development
spending in the Arctic. Arctic research was es-
timated to have received about $81 million in
FY 85 and a projected $84 million in FY 86.
Mr. Horn raised the question: ‘‘Does that
eighty-million-plus expenditure fit the type of
policies and priorities that this Committee and
the Arctic Research Commission want to es-
tablish?’’ Mr. Horn reviewed the budget-
reporting format developed by the staff repre-
sentatives group. The budget format identifies
expenditures according to major areas such as
national security and rational development.
Dr. Juan Roederer, Vice-Chairman of the
Arctic Research Commission, presented a
statement to the Committee from Dr. James
Zumberge, the Chairman of the Arctic Re-
search Commission. He stated that the Arctic
Research Commission looks forward to coop-
erating with the Interagency Committee in the
development of the five-year plan.
Mr. Bloch read the rules for public partici-
pation in meetings of the Committee, as they
were published in the Federal Register. He
then called on the following persons for their
statements:
Mark Winslow, representing the
Governor of Alaska

Judith Brady, Executive Director,
Commonwealth North

Dr. Walter Spring, Alaska Oil and Gas
Association

David Benton, representing the Alaska

environmental community

Second Meeting:
February 3, 1986

Since the agencies’ FY 87 budget requests
had not yet been transmitted to Congress, the
Committee, chaired by Erich Bloch, met in
executive session to discuss them. James De-
vine of the U.S. Geological Survey, represent-
ing the Department of the Interior, presented
the budget requests. He reported that agency
programs had been impacted by the
Gramm-Rudman-Hollings legislation, which
mandated a 4.3% reduction in total spending
authority.

At the beginning of the open session John
Negroponte, Assistant Secretary of the De-
partment of State’s Bureau of Oceans and In-
ternational Environmental and Scientific Af-
fairs, presented the proposed U.S. Arctic Re-

search Policy statement. He noted that the
statement was prepared within the guidelines
of overall U.S. Arctic policy, and that both
the Interagency Arctic Policy Group and the
Arctic Research Commission had provided
useful comments on the previously approved-
in-principle statement. The policy statement
(presented in full on page 2 of this journal)
was then unanimously adopted by the Com-
mittee.

Joseph Fletcher of the National Oceanic
and Atmospheric Administration described a
proposed process to be followed by the Com-
mittee for completion of the first five-year
Arctic research plan as required by Section
109 of the Arctic Research and Policy Act.
He noted that the only element of the process
yet to be completed was the section dealing
with recommendations for necessary program
changes. He described the staff representa-
tives’ proposal for a number of working
groups to address substantive portions of the
plan. These groups would indicate why the se-
lected area of activity is important, analyze
research needed to deal with the area, identify
research not now underway, and develop a
multiagency research plan based on the rec-
ommended program changes. Full participa-
tion in the review process would be afforded
to the non-governmental sectors specifically
identified in the Act. Several agency represen-
tatives described how they would complete
their sections of the plan. The Committee
then approved the proposed planning process.

Chairman Bloch then described to the
Committee the content of the formal biennial
report to Congress. The Committee members
approved the report for transmittal to Con-
gress.

Dr. Juan Roederer, Vice Chairman of the
Arctic Research Commission, presented a re-
port on the Commission’s activities. He dis-
cussed the Commission’s publication National
Needs in Arctic Research: A Framework for
Action.

Martha Fox of the Governor of Alaska’s
Washington office described the State of
Alaska’s Arctic Research Policy and its Sci-
ence and Engineering Advisory Committee.
She stated that the Governor of Alaska has
pledged the State’s full cooperation with the
Interagency Arctic Research Policy Commit-
tee.

Caleb Pungowiyi, Nome, Alaska, represen-
tative of the Inuit Circumpolar Conference,
presented a statement on behalf of the Native
residents of the Arctic.
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Joseph Price, Chief, Science and Technol-
ogy Division, Library of Congress, presented
a statement on behalf of the Library on the
dissemination of literature concerning Arctic
research.

Third Meeting:
March 23, 1987

Chairman Erich Bloch convened the meet-
ing. Dr. Jerry Brown of the National Science
Foundation presented a summary of the Unit-
ed States Arctic Research Plan. He noted that
the Plan may be best characterized as a na-
tional agenda for both short- and long-term
Arctic research, is consistent with the Arctic
Research Commission’s recommendations,
and represents a consensus built around Fed-
eral agency needs and extensive consultation
with the Commission, the State of Alaska,
Arctic residents, the private sector, public in-
terest groups, and reports of the National Re-
search Council. The Plan conforms with the
Arctic Research Policy statement (see p. 2).
Formal comments in support of the Plan were
made by Joseph Fletcher, Department of
Commerce; Edward Wolfe, Deputy Assistant
Secretary, Department of State; Wayne Mar-
chant, Deputy Assistant Secretary for Water
and Science, Department of the Interior; and
Dr. Juan Roederer, Vice Chairman of the
Arctic Research Commission. Chairman
Bloch asked for the Committee’s agreement
that the Plan be prepared for transmittal to
the President and the Congress by July 31,
1987, subject to minor editing. There being
no objection, Mr. Bloch directed the staff
representatives to complete the Plan.

Wayne Marchant presented the interagency
budget information. He noted that there was
an overall increase in the budget for Arctic re-
search projected from FY 86 actual obliga-
tions to the estimated budgets for FY 87 and
88. Some agency budgets showed an increase

while others were projected to decrease over
the three-year period. Major increases were
noted for NASA in support of the Synthetic
Aperture Radar facility in Fairbanks.

Mr. Bloch then raised the question of im-
plementation of the Plan. He noted that the
staff representatives have proposed an imple-
mentation strategy which includes oversight
and establishment of interagency groups to in-
tegrate and coordinate specific programs across
the agencies. Four groups have been proposed
initially, commensurate with the major sec-
tions of the Plan itself—atmosphere and
oceans; land; people, with emphasis on their
health needs and social changes; and logistic
support and coordination of data, informa-
tion and international activities. Such groups
should ensure fulfillment of the expectations
of the Act.

The groups would provide an analysis of
existing programs to facilitate design of inter-
agency research and schedules, identify re-
sources, ensure that the total Plan fits to-
gether, and design joint programs between ap-
propriate agencies when the need and the op-
portunity arise. These groups would submit
reports on a regular basis.

Mr. Bloch stated that if the Committee
agreed with this proposal, the next task would
be for the staff representatives to develop the
details of an implementation strategy. The
proposal was discussed by the Committee,
and was strongly supported. The staff repre-
sentatives were directed to report back to the
Committee on their progress in developing the
implementation plan.

Richard Gomez of the Department of De-
fense reported on a symposium and workshop
on DOD Arctic sciences, the proceedings of
which were scheduled for publication in late
1987.

Mr. Bloch reported that the Office of Man-
agement and Budget has approved publication
of an information journal called Arctic Re-
search of the United States. Agencies were
asked to provide written input to the journal.
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United States Arctic Research Commission
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search Commission Office,
3500 South Figueroa, Suite
114, Los Angeles, CA
90007.

First Meeting:
April 5, 1985

The Arctic Research and Policy Act of 1984
(Title 1 of Public Law 98-373) and Presiden-
tial Executive Order 12501 on Arctic research
dated January 28, 1985, established the Arctic
Research Commission. The members of the
Commission were appointed by President Rea-
gan on February 28, 1985, and duly sworn in
on March 1, 1985, by Judge Fitzgerald in An-
chorage (Zumberge, Rasmuson and Washburn)
and Judge Russel Holland in Fairbanks (Roed-
erer and Leavitt). The first open and execu-
tive meetings of the Commission were held at
the University of Southern California, Los
Angeles, California, from 9:00 a.m. to 4:20
p.m. on April 5, 1985.

Dr. James H. Zumberge called the first
meeting of the United States Arctic Research
Commission to order at 9:00 a.m. in the
Board Room, University of Southern Califor-
nia, Los Angeles, California. Following intro-
ductions of the Commissioners and attendees,
he reviewed the Arctic Research and Policy
Act of 1984 and drew attention to Sections
102(b), 104(a), 110(a) and 112 as being partic-
ularly relevant to the work of the Commis-
sion.

Dr. Zumberge requested comments on the
Act from the members of the Commission
and observers. Elmer Rasmuson pointed out
that the definition of Arctic as used in the
Act recognizes that Alaska’s Arctic-related en-
vironments are not bounded just by the Arctic
Circle. Rather the Arctic involves the concept
of a natural region with common environmen-
tal characteristics transcending latitude. George
Gryc noted that historically the concept of a
“PYK line’’ developed during the statehood
debate. At that time it was proposed that the
area below the PYK become the new State of
Alaska, and the area above be maintained as
a Federal territory. Dr. Juan Roederer noted
that the Polar Research Board uses as a work-
ing definition of the Arctic the concept that
Arctic-related processes determine what should
be considered Arctic. The ensuing discussion
emphasized the prevalence of transitional fea-
tures and indicated the need for some flexibil-
ity in employing the term ‘‘Arctic.”

Interagency Arctic Research

Policy Committee Activities

Dr. Peter Wilkniss, Director, Division of
Polar Programs, representing Erich Bloch,
Director, National Science Foundation, and
Chairman of the Interagency Arctic Research
Policy Committee, reported that Mr. Bloch
has been very active in supporting implemen-
tation of the Aci. The National Science Foun-
dation received Office of Management and
Budget authorization to reprogram FY 85
funds to begin implementation of the legisla-
tion. In addition, John Talmadge has been as-
signed to the Division of Polar Programs as
an Executive Associate for Arctic Research
and Policy. Dr. Wilkniss asked Mr. Talmadge
to review the steps taken and future plans of
the Executive Branch to implement the Act.

The National Science Foundation invited
staff level representatives of ten agencies to
form an interagency working group that held
four informal advance-planning meetings. On-
ly the interagency working group has met
prior to the first meeting of the Commission.
It has produced a draft of an Arctic research
policy, which essentially reviews the current
status of Arctic policy, national needs and
Arctic research policy.

The interagency working group has made
some progress on establishing an integrated
budget and on the five-year planning process.

The Polar Research Board of the National
Research Council under a cooperative agree-
ment with the NSF is performing the impor-
tant task of assembling prior research recom-
mendations from the scientific community
and establishing priorities among them. The
results of the Board’s work will provide the
Commission and Committee with a solid
focus for discussion of needed next steps in
Federal Arctic research.

The National Science Foundation has initi-
ated contact with the various groups specified
in the Act. Cooperative interaction has been
initiated with the following:

The Governor of Alaska and his Sci-
ence Advisor, Dr. Richard Nevé.
Native Alaskans, highlighted by visits
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in March 1985 and planning for a grant

to stimulate comment on the emerging

five-year plan. In addition, the Mayor

of the North Slope Borough, George

Ahmaogak, made several important and

worthwhile points in a letter to NSF that

the interagency staff level group has al-
ready begun to take into consideration.
The private sector, including the

Alaska Oil and Gas Association and

public interest groups.

The Arctic engineering community, in-
cluding an NSF-sponsored workshop

held February 16 to determine priorities

and justify special attention in civil engi-

neering.

The first meeting of the senior representa-
tives to the Interagency Arctic Research Pol-
icy Committee will be held at the National
Science Foundation on April 29, 1985. Com-
missioner Washburn has agreed to deliver an
overview of the Arctic and Arctic research.
Vice-Chairman Roederer will represent the
Commission. During July 1985, staff mem-
bers of the Interagency Arctic Research Policy
Committee will hold a workshop to develop
the five-year Arctic research plan.

Following this review, Mr. Talmadge re-
quested that the Commission consider the
draft statement on Arctic research policy and
the approach the Interagency Arctic Research
Policy Committee had developed. Chairman
Zumberge pointed out that if the Commission
is to fulfill its ‘“‘charge’’ under the Act, it
must provide a separate and outside view. Dr.
Zumberge further notedthat the United States
had articulated an Arctic policy and that any
statement by the Commission should be con-
sistent with the current policy. Dr. Roederer
noted that National Security Decision Direc-
tive 90 establishes U.S. Arctic policy and that
Arctic research policy as called for in the Act
must comply with this Decision Directive.
There was general agreement by the Commis-
sioners on this point. After discussion, it was
agreed that the IARPC should officially
transmit its proposed statement on Arctic
research policy to the Commission for its con-
sideration.

Future Activities

Chairman Zumberge stated that all of the
Commissioners have other duties and respon-
sibilities and therefore are not full-time Com-
missioners. All have volunteered their services
at the request of the President of the United
States and have agreed to provide this service

to their country. Because of these other com-
mitments as well as constraints on financial
resources available to the Commissioners, it is
essential that they maximize the use of their
time and resources. The Commission does not
need to act as a whole; rather individual
Commissioners or groups of Commissioners
should hold ‘hearings,”’ gather information,
and report back to the full Commission on
their findings. Elmer Rasmuson supported
this approach and believes the Commission
should serve as a bridge between interested
groups. Oliver Leavitt commented that this
would be an effective approach; however, it is
important that all the Commissioners be
aware of, and approve, any individual Com-
missioner’s activities. It was agreed that the
Commission Office should serve as the clear-
ing house for all Commission activities, and
should be informed before any activities are
undertaken on behalf of the Commission.

Dr. Roederer concurred with the above ap-
proach and stressed the need to increase inter-
action between local Arctic residents and the
broader scientific community. The Commis-
sion needs to embark on an education cam-
paign to alert the broader U.S. scientific and
engineering community about Arctic research.
He suggested that lectures and articles about
Arctic research and the Act be submitted to
Science and other journals. He also stressed
the importance of informing the Alaska State
Government and Legislature about the activi-
ties of the Commission,

Mr. Rasmuson stressed the need to hold
more than one meeting a year in Alaska. He
suggested that a seminar format would be the
best approach in order to inform the public
about the importance of Arctic research. It is
necessary to involve and achieve public partic-
ipation and education in general and the news
media in particular. He stressed the need to
search out seriously and obtain the opinions
of different groups in Alaska, especially the
Native population, the University of Alaska,
environmental groups, and industry. Without
the broadest possible input, the chances of
success of the Commission will be diminished.
He expressed his disappointment that a repre-
sentative of the State Government was not at
this meeting.

Several observers commented on the role of
the Commission. Robert Friedheim noted that
the Commission’s role is to fit together the
different and divergent pieces of Arctic re-
search and policy. James Devine recommend-
ed that public hearings and information gath-



ering would serve to inform the broader com-
munity of the Commission’s existence and in-
terest. Joseph Fletcher suggested that the Act
provides the Commission with a clear license
to further Arctic research; however, if the
Commission is to have significant impact, this
license must be visibly exercised. The Com-
mission can provide a big picture and a long-
range view of Arctic research—something that
is hard for the mission-oriented agencies to
provide. The Commission can provide fresh
approaches and independent perspectives on
Arctic research. George Gryc commented that
for the Act to work, close working relation-
ships and feedback mechanisms will be re-
quired among all concerned. The IARPC can
serve as a fact-finding group and can identify
priority research needs. He believes the indi-
vidual agencies will, over time, reorient their
programs to address those needs. The Com-
mission can provide oversight of these activi-
ties and point out deficiencies.

Other Business

Albert Chapman, principal staff person for
the Interagency Arctic Policy Group (IAPG),
reported that the Group is concerned with
overall Arctic policy. The Group was estab-
lished by National Security Decision Memo-
randum 144 in 1971 and recently became
more active, conducting a study on U.S. Gov-
ernment services required in the Arctic. A fact
sheet was made available to the Commission.
Chapman noted that the results of this study
were currently under consideration by the Na-
tional Security Council.

Administrative Activities

The following actions and discussions took
place in Executive Session.

W. Timothy Hushen was selected to serve
as Executive Director.

For the remainder of FY 85, the National
Science Foundation has contracted with the
University of Southern California to serve as
the Commission’s fiscal and administrative
agent until such time as the Commission re-
ceives an appropriation from Congress. The
budget is very tight, allowing for only a 60%
time Executive Director, an administrative as-
sistant, and three meetings of the Commis-
sion. Chairman Zumberge has written to Sen-
ators Murkowski and Stevens requesting sup-
plemental funding for the remainder of this
fiscal year to allow the Commission to be-
come fully functional.

Dr. Zumberge reported that when the Com-
mission becomes fully funded it will open an

officein Alaska. The Commission has received
several offers of office space, but has not
made a decision pending input from the Com-
missioners. Mr. Rasmuson requested that he
be consulted before any decision is made. He
pointed out that active involvement by the Uni-
versity of Alaska and the State of Alaska is
essential to the success of the Commission. In
order to alert the State Legislature, Mr. Ras-
muson, Dr. Roederer and Mr. Leavitt will ar-
range to brief key legislators about the activi-
ties of the Commission.

Group of Advisors

Dr. A. Lincoln Washburn stressed the im-
portance of developing a mechanism to in-
volve the broader community in the Commis-
sion’s work. He suggested that a group of sci-
entific advisors be identified. Mr. Rasmuson
believes that representatives of the environ-
mental community, industry, and the State of
Alaska should be included on any group of
advisors. It was agreed that the concept of a
group of advisors should be pursued and con-
sidered at the next Commission meeting.

International Cooperation

Dr. Zumberge reported that several interna-
tional groups and nations have become more
active in establishing mechanisms to deal with
their Arctic research interests, including Swe-
den, Denmark and the Nordic Council. Non-
governmental groups have been formed to en-
hance international cooperation, including the
Arctic Ocean Sciences Board, Comité Arc-
tique International, and the International Per-
mafrost Association. The Commission’s atten-
tion was drawn to the final report on the
U.S.-Canada Arctic Policy Forum held in
Banff in October 1984.

Public Information

In order to alert the broader scientific and
technical community to the work of the Com-
mission, it was agreed that the Commission
would prepare and submit to interested scien-
tific journals a notice about its formation and
purpose. Journals to be notified include Arc-
tic, Polar Record and Science.

Second Meeting:
June 25-28, 1985

The Arctic Research Commission held a
series of public meetings in Alaska from June
25-28, 1985, as a step toward fulfilling its
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charge to develop and recommend an inte-
grated national Arctic research policy and to
assist the Federal Government in establishing
national Arctic research programs to imple-
ment the policy.

Public meetings were held in the Assembly
Chambers, Fairbanks North Slope Borough,
on June 25; in the Assembly Room, North
Slope Borough, Barrow, Alaska, on June 26;
and in the Auditorium of the Historical and
Fine Arts Museum, Anchorage, Alaska, on
June 28. More than 200 people participated.
(Presentations, background material, and a
list of attendees are available from the Com-
mission on request.)

On June 27 the Commission conducted a
site visit to an offshore drilling structure in
the Beaufort Sea and to the Kuparuk and
Prudhoe Bay oil fields. The Commission met
in executive session at Barrow on June 26,
1985. Observers present included James
Devine, USGS, and John Talmadge and Dr.
Jerry Brown, NSF. The following topics and
actions were discussed.

Interagency Arctic Research

Policy Committee Activities

Dr. Peter Wilkniss reported that in an at-
tempt to comply with the Arctic Research and
Policy Act reporting schedule, the Interagency
Arctic Research Policy Committee plans to
submit to Congress by the end of July 1985 a
status report that will include a detailed listing
of current Federal Arctic research activities,
5-year budget projections by agency, program
and national issue, and the Polar Research
Board report National Issues and Research
Priorities in the Arctic.

Mr. Talmadge (NSF) and Mr. Devine
(USGS), Interagency Committee staff repre-
sentatives, provided detailed information on
the budget estimates, indicating that they rep-
resent a good faith effort by the agencies to
identify research conducted in the geographic
area defined by the Act, and to estimate the
amount expended for each project. Because
many Arctic research activities are part of a
broader research effort, an estimate of the
Arctic-related activity is often difficult to
achieve. Therefore, the $83 million estimated
for FY 86 Federal support of Arctic research
is a ‘‘best estimate.”” The budget is divided
into categories for research expenditures and
monitoring and surveying activities, and com-
pares research expenditures with national is-
sues. Commission members suggested that the
methodology and assumptions should be
clearly stated in the report to Congress to

alert the reader that the budget is a ‘‘good
faith’’ estimate and to indicate the complexity
of the task. The NSF representative intro-
duced Dr. Jerry Brown, who will head the
NSF’s Arctic Research and Policy Staff.

Group of Advisors

Dr. A. Lincoln Washburn reported that he
had explored with several individuals and
groups the feasibility of and need for a group
of advisors. He noted that since by law the
membership of the Commission is limited to
five individuals, it is not possible for all the
research disciplines and interests to be repre-
sented. The Chairman emphasized that indi-
viduals serving on the Commission do not
represent any particular discipline; rather, the
Commission represents Arctic research in gen-
eral. The Commission needs a mechanism to
bring the broader scientific and engineering
communities into its work. The Chairman re-
quested Dr. Washburn to prepare a slate of
categories, with names of individuals who
might represent each, for discussion at the
next meeting.

International Cooperation

Individuals from several countries and non-
governmental activities have expressed interest
in the renewed U.S. efforts in the Arctic re-
gion, as reflected in the Presidential Memo-
randum of 1983 on Arctic policy, the Arctic
Research and Policy Act of 1984, and the
Presidential Executive Order of 1985 on Arc-
tic research. Since the last meeting of the
Commission, some of its members have met
individually with the Danish Minister for
Greenland, the Greenland Home-Rule Pre-
mier, and individuals from Sweden, West
Germany, Norway, Iceland and Canada, all
of whom expressed interest in furthering in-
ternational cooperation. Therefore, to assess
the possibility of improved international co-
operation in Arctic research, the Commission
will consider sponsorship of an international
meeting to consider research activities and
needs in the Arctic. Commission members
agreed to consider the possible scope of pro-
grams and participation for further discussion
at the next meeting.

State of Alaska Activities

The Arctic Research and Policy Act states
that the Commission should facilitate cooper-
ation between the Federal Government and
State and local governments with respect to
Arctic research, and should cooperate with
the Governor of the State of Alaska and with



agencies and organizations of the State that
he may designate. In addressing the public
meeting on June 28, 1985, Governor Sheffield
expressed the opinion that the State of Alaska
is vitally interested in Arctic research. He ex-
tended an invitation to the Commission to
hold a joint meeting with both Houses of the
Alaska State Legislature in Juneau in January
1986. Elmer Rasmuson reported that the
Alaskan Legislature is eager to assist the
Commission, and that the Governor has es-
tablished an office of science advisor. The
Commission agreed that it is critically impor-
tant to establish a firm working relationship
with the State, and at its next meeting, it will
consider possible locations for a branch office
in Alaska. The individual who would staff a
Commission Alaska office should have a
good working knowledge of Arctic research,
and the office should also maintain close ties
to the University of Alaska.

Future Activities

Although the Commission made a good
start in obtaining public participation in its
activities through the public meetings in Bar-
row, Fairbanks and Anchorage, individuals
from areas in western Alaska have not yet
had an opportunity to report on their research
needs. Therefore, the Commission agreed that
it should hold a series of public meetings in
that region during the following year. Mean-
while, to start the process of research identifi-
cation, some members plan to visit Bethel and
Kodiak to obtain input into Commission ac-
tivities.

Mr. Rasmuson alerted the Commission to
the need to identify possible problems and
disputes arising from conflicting goals and in-
terests. He noted that the meetings to date
have emphasized aspects of nonrenewable re-
source development in relation to subsistence
activities. Additional information is required
for renewable resources.

Public Information

The Chairman suggested that a report of
the Commission’s meetings should be submit-
ted for publication in Arctic, thereby provid-
ing a systematic record of the Commission’s
activities. The Commissioners endorsed this
suggestion and requested the Executive Direc-
tor to explore the possibility of publication
and report his findings at the next meeting.

The Commission considered a preliminary
draft of an article prepared by Dr. Washburn
for possible publication in Science. The Com-
mission endorsed preparation of the article

and noted that the timing would be appropri-
ate because of the emergence of two other re-
ports on Arctic research, one by the Polar Re-
search Board and the other by the University

of Alaska Foundation.

Other Business

In response to the Commission Chairman’s
letter to Congress requesting a six-month ex-
tension for the Commission’s review of the
five-year Arctic research plan, Representative
Fuqua had agreed to such an extension, citing
the relevant sections of the Act regarding the
development of the five-year plan.

By law, the Commission does not have ac-
cess to classified documents. Several members
believe that in order to be most effective in
carrying out its charge, the Commission
should be aware of classified activities. How-
ever, it was pointed out that a briefing on
such activities might unnecessarily complicate
and hinder its interaction. It was agreed that
only the Chairman should request a briefing
on U.S. defense activities in the Arctic.

Third Meeting:
September 19-20, 1985

The Arctic Research Commission held its
third meeting in the Board Room of the Uni-
versity of Southern California, September 19-
20, 1985. The main emphases of the meeting
were on 1) development of an Arctic research
policy statement, including goals and objec-
tives, and 2) consideration of the Commis-
sion’s report to Congress and to the President
due January 31, 1986.

Interagency Arctic Research Policy

Committee Activities

Dr. Peter Wilkniss reported on the activities
of the Interagency Arctic Research Policy
Committee. He called the Commission’s at-
tention to the draft report Federal Arctic Re-
search: Detailed Listing of Existing U.S. Pro-
grams, and noted that an earlier version of
this report had been submitted to the Com-
mission for its consideration. The Interagency
Committee has transmitted a draft of this re-
port to the Office of Science and Technology
Policy and the Office of Management and
Budget. The Interagency Committee plans to
submit the package to the Congress. The Na-
tional Research Council report National Is-
sues and Research Priorities in the Arctic will
be part of the package submitted to Congress.
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The Interagency Committee will hold a series
of workshops to begin the identification of re-
search priorities for the five-year Arctic re-
search plan.

State of Alaska Activities

The Commission has received an invitation
from Alaska State Senator Arliss Sturgulewski
to meet with the Senate Committee on Re-
sources. The Commission requested that the
Chairman write to the Governor and Senator
Sturgulewski suggesting that meetings with the
Alaska State Legislature and the Committee
on Resources be scheduled for January 31,
1986.

The Commission received information that
Alaska State Senator Frank Ferguson had set
up a state liaison office for the Commission.
Kathy Hathaway will keep the Legislature in-
formed on the activities of the Commission.
The Commission agreed that during its meet-
ing with the Governor and Alaska State Leg-
islature in January it should discuss proce-
dures for formal liaison and an ongoing ex-
change of information with the Legislature.

Future Activities

The Commission considered a memoran-
dum prepared by Elmer Rasmuson in which
he outlined an approach to establishing re-
search priorities and a course of action in re-
lation to them. Mr. Rasmuson stressed that
the Commission has no funds to carry out re-
search; rather, it must serve as a focal point
for communication and information ex-
change.

The Chairman indicated that he would pre-
pare a list of possible research priorities for
Commission consideration. He emphasized
the need to understand the Arctic Ocean and
its related air-sea-ice interactions, to protect
the health and welfare of the population, to
understand and predict weather and climate,
to enforce data management, and to provide
information necessary for energy and resource
development with minimal environmental im-
pact. The Commission requested that Federal
research activities described in Federal Arctic
Research: Detailed Listing of Existing U.S.
Programs be compared with the NRC report
National Issues and Research Priorities in the
Arctic, the public testimony provided to the
Commission, and the University of Alaska
Foundation report.

Arctic Research Policy
The Arctic Research and Policy Act directs
the Commission to develop and recommend

an integrated national Arctic research policy
and to publish a statement of Arctic research
goals and objectives to guide the Interagency
Committee. Following detailed discussion, the
Commission approved in principle a draft
statement. The Commission requested that
these statements be distributed for additional
comment. (The final versions of the Commis-
sion’s policy and goals statement and objec-
tives statement appear in its January 1987 an-
nual report.)

Group of Advisors

Two approaches to the formation of a
Commission advisory group were considered.
One approach is to appoint a specific group
to serve in that capacity, with their names
made available to the public. Another is to
develop a list of advisors and solicit their ad-
vice as needed. The Commission agreed that
the Executive Director should initiate the
steps necessary to establish a formal group of
scientific and technical advisors. The Com-
mission decided that in some cases it would
be appropriate to have a government em-
ployee serve on the group of scientific and
technical advisors. In executive session, the
Commission considered a tentative list of
names and related biographical information,
and agreed that individuals appointed to the
group should have a set term of service.

Public Information

At its previous meeting, the Commission
decided that a systematic record of its activi-
ties should be published in a widely distrib-
uted journal such as Arctic. The Executive
Director reported that the editor of Arctic
had expressed interest in this suggestion. Mr.
Rasmuson suggested that the Commission
would want to have its own publication. After
a discussion of the most effective way to in-
form a broad community of ongoing Arctic
research activities, the Commission recom-
mended that the NSF and the Interagency
Committee publish a bulletin that would re-
port on the activities of the two groups and
related matters. Dr. Wilkniss agreed to ex-
plore this possibility.

Logistics

Mark Newell, Associate Director, UIC-
NARL, reported that the Barrow laboratory
facilities are to be transferred to the Native
corporation in the near future. He reported
that the UIC plans to have the laboratory fa-
cilities available to the research community
and that the cost of using the laboratory will
be competitive.



Administrative Activities

Timothy Hushen reported that he and the
Commission Chairman had worked with the
NSF and the Office of Management and Bud-
get, and with members and staff of the House
and Senate Appropriations Committees, to
secure a budget to support the work of the
Commission. The NSF reprogrammed funds
to provide the Commission with an initial
budget for FY 85. The Commission requested
and received, in the FY 85 Supplemental Ap-
propriations Act, an additional $100,000 to
support its operation for the remainder of FY
85 and for a portion of FY 86. The Commis-
sion and the NSF agreed that the Commis-
sion’s budget should be in addition to the
Foundation’s budget request, and that the
Commission would justify and defend the
budget before the Office of Management and
Budget and Congress. The Commission has
submitted, through the NSF, a budget request
to support its planned activities for FY 87.

The Commission had received letters of in-
vitation to establish an office in Alaska at the
Arctic Environmental Information and Data
Center located in Anchorage, the Geophysical
Institute located in Fairbanks, and Alaska Pa-
cific University in Anchorage. It would serve
as a communications center and provide in-
formation about the activities of the Commis-
sion and about Arctic research within the
State. The Commission concluded that the
University of Alaska’s Arctic Environmental
Information and Data Center would be the
most suitable place for its office.

Because the Commission does not have
funds to fully operate a regional office in the
FY 86 budget, the Executive Director was re-
quested to explore the possibility of arrange-
ments whereby the Commission would reim-
burse the Center on a limited basis for per-
sonnel and general office use.

Fourth Meeting:
November 14-15, 1985

The Arctic Research Commission held its
fourth meeting in the Board Room of the
University of Southern California on Novem-
ber 14, 1985, and held a public meeting at the
Applied Physics Laboratory of the University
of Washington, Seattle, on November 15,
1985. The main items of business at these ses-
sions were adoption of a statement of Arctic
research policy and objectives, the Commis-
sion’s mandated report to the President and

the Congress on January 31, 1986, public tes-
timony on Arctic research policy, and Arctic
research priorities.

Interagency Arctic Research
Policy Committee Activities

Erich Bloch, Director, NSF, and Chairman,
Interagency Arctic Research Policy Commit-
tee, noted that from his perspective the work-
ing relationship and cooperation between the
Committee and the Commission has been out-
standing. He stated that the Arctic Research
and Policy Act was badly needed and that the
Interagency Committee will provide leadership
within the Federal Government to ensure that
the relationship among the Federal agencies
remains good. He expects the Commission to
provide policy guidance. He stressed the need
to establish priorities and to reorient funds
for new programs from ongoing activities. Of
the current $55 billion Federal budget for
R&D, approximately $6-$7 billion goes into
university research. Mr. Bloch believes a
greater amount should be allocated to uni-
versity-based research. Over the next five
years he anticipates much closer international
cooperation in research. He stressed the need
for more joint research between the U.S. and
Canadian research communities, especially in
the Arctic.

Dr. Peter Wilkniss reported that two issues
of concern to Arctic science were raised at the
last Polar Research Board meeting: icebreak-
ing research vessels and deep ice coring-and
drilling. The Board is examining what the
United States can do to improve use of ice-
breakers as platforms for research. Regarding
deep ice coring, the Board is developing long-
term recommendations on ice drilling, includ-
ing the need for increased international coop-
eration. Dr. Wilkniss will brief the Presiden-
tial Commission on Space Research about re-
mote sensing needs and opportunities in the
polar regions. John Talmadge stated that the
Interagency Committee submitted its report to
Congress on July 31, 1985. The Interagency
Committee is holding a series of workshops
on ice and weather dynamics, health, terres-
trial ecology, energy and mineral research,
and marine ecosystems.

Dr. James Zumberge commended the Inter-
agency Committee especially on its prepara-
tion of the report Federal Arctic Research:
Detailed Listing of Existing U.S. Programs.
He also expressed the Commission’s apprecia-
tion for the NSF’s assistance, particularly in
obtaining the funds to support Commission
activities. Although Commission recommen-
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dations may not be acted on immediately,
over the longer term it may be able to get spe-
cial programs funded through Congress. That
the Commission does not seek research funds
for itself, but rather for the programs of
operating agencies, could be an advantage.

Arctic Research Policy and Priorities

The Arctic Research and Policy Act directs
the Commission to develop and recommend
an integrated national Arctic research policy
and to publish a statement of goals and ob-
jectives of Arctic research to guide the Inter-
agency Committee. Mr. Bloch stressed that the
Commission should take a long-term look,
and that there should be close linkage be-
tween Arctic research policy and research
goals and objectives.

The Commission reviewed the statement of
Arctic research policy, and of goals and ob-
jectives, that it had approved in principle at
its last meeting, and it considered a revised
version reflecting suggestions received since
that meeting. After additional discussion, the
Commission unanimously approved the state-
ments of Arctic Research Policy and of Goals
and Objectives as the guiding principles upon
which a detailed research plan can be based.
[See Commission Annual Report dated Janu-
ary 1987 for complete text.] The Commission
requested its Chairman to officially transmit
the policy statements to the Interagency
Committee.

The Arctic Research and Policy Act calls
for the identification of research priorities.
Based on the comments from public meetings
and on the reports National Issues and Re-
search Priorities in the Arctic and Federal
Arctic Research: Detailed Listing of Existing
U.S. Programs, Commissioners Washburn
and Roederer had developed approaches to
Arctic research and identified high-priority re-
search needs. After discussion of criteria for
establishing priorities, the Commission con-
cluded that different criteria should be em-
ployed, depending on circumstances. For ex-
ample, in regard to State and Federal cooper-
ation, fisheries and health research should re-
ceive high-priority attention. The Commission
urged the Chairman to emphasize the impor-
tance of joint Federal-State cooperation in
fisheries research (food chain ecosystem re-
search) and health research when he addresses
the Governor and Legislature of Alaska in
January.

Commission Reports
The Arctic Research and Policy Act states
that not later than January 31 of each year

the Commission shall submit to the President
and to Congress a report describing its activi-
ties and accomplishments during the immedi-
ately preceding fiscal year. The Commission
reviewed a preliminary draft and suggested
that the report cover only the first seven
months of the Commission’s existence, March-
September of FY 86. Mr. Bloch noted that
this report will be primarily a historical docu-
ment, and that policy recommendations can
be made separately. In addition, a transmittal
letter of two or three pages should be pre-
pared, highlighting Commission activities. A
package containing transmittal letter, report
of activities, and public testimony received
should be submitted to the two Congressional
Committees having oversight authority over
the Commission.

State of Alaska Activities

The Commission requested the Chairman to
write Governor Sheffield reconfirming its ac-
ceptance of the invitation to meet with him
and members of his cabinet and transmitting
the statements of Arctic Research Policy and
Goals and Objectives that the Commission
had endorsed. Dr. Richard Nevé, Science
Advisor, State of Alaska, said that he would
arrange for the Commission to meet with the
House and Senate Committees on Resources
and encourage the Governor to suggest to the
Speaker of the House and President of the
Senate that a joint meeting of the Legislature
be held with Dr. Zumberge as a speaker. The
Alaska State Governor’s Advisory Committee
on Science and Engineering will also meet
with the Commission on January 31. Dr.
Nevé is compiling a detailed list of Arctic re-
search programs conducted by the State of
Alaska. Elmer Rasmuson emphasized the
need to notify the heads of several of the
State agencies of this meeting and request that
they attend.

Future Activities

The Commission reviewed a list of activities
and possible actions to achieve its legislatively
mandated tasks.

1. Assisting the Interagency Committee in
establishing a five-year plan: The Com-
mission requested its Chairman to write
to the Chairman of the Interagency Com-
mittee commenting on the progress made
to date and the need for continued coop-
eration.

2. Cooperation between the Federal Govern-
ment and State and local governments:
The public meetings in Alaska and the



meetings scheduled with the Governor
and the State Legislature are major steps
toward fulfilling this objective.

3. Improving logistic planning and support
for research: The Commission requested
its Chairman to write to the Chairman of
the Interagency Committee suggesting
that the Committee consider undertaking
a study to assess capabilities of current
Arctic research platforms and logistic sys-
tems for support of research. To obtain
information on which to base recommen-
dations for improvements in logistic plan-
ning and support of research, the Com-
mission believes that such a study is need-
ed. The study should include bases, ships,
satellites, buoys, aircraft, and the like.

4, Improving access to and use of the data
and information resulting from Arctic re-
search: The Commission believes that cur-
rent efforts such as the Conference on
Northern Science Data Networks, to be
held in Anchorage November 18-21,
should be encouraged and assisted in the
development of an overall Arctic data
system.

5. Review of the President’s annual budget
request and a report to Congress on ad-
herence of the request to the five-year
plan.

Group of Advisors

Following review of a proposed slate of
nominees in executive session, the Commis-
sion authorized the Chairman to appoint 24
individuals to a Group of Advisors. Members
of the Group will provide advice on Arctic re-
search policy, goals and objectives of Arctic
research, national needs in the Arctic, and re-
search programs to address such needs. They
will also act as additional points of contact
with the research community and will inform
the Commission about problems and concerns
related to Arctic research. The Group of Ad-
visors will conduct its work primarily through
correspondence and by telephone. The mem-
bership will be made public as soon as written
acceptance from each nominee has been re-
ceived.

Other Business

On November 15, 1986, nine speakers pro-
vided verbal comments on Arctic research
policy and Arctic research programs at the
University of Washington. A list of partici-
pants and related documents and a transcript
of the discussion are available from the Com-
mission.

Fifth Meeting:
January 31, 1986

The Arctic Research Commission held its
fifth meeting jointly with Alaska State Gover-
nor Sheffield and his cabinet and with the
members of the Alaska State Legislature Sen-
ate and House Committees on Resources in
Juneau, Alaska, on January 31, 1986. The
main emphasis of the meeting was on further-
ing Federal/State cooperation in Arctic re-
search. The Governor and the Commission
took concrete action to recommend Federal/
State research efforts in the areas of fisheries,
health and data exchange. Chairman Zum-
berge and Governor Sheffield jointly signed a
letter requesting development of a protocol
for data exchange. In addition, the Governor
announced that he will introduce legislation to
create a State Research Policy to complement
the Arctic Research and Policy Act. The Gov-
ernor hosted a luncheon for the Commission
attended by members of the Legislature and
the State Advisory Committee on Science and
Engineering. The meeting with the joint Sen-
ate and House Committees on Resources re-
viewed the Commission’s current activities
and future plans. The Commission held a
short meeting with members of the Governor’s
Science and Engineering Advisory Committee.

The Commission, at a breakfast meeting,
modified and approved Chairman Zumberge’s
remarks to the Governor and Legislature and
the draft report National Needs and Arctic
Research: A Framework for Action.

State of Alaska Activities
Governor Sheffield noted that Alaska is the
United States’ only Arctic state, and that its
public health, economy, weather, and atti-
tudes are profoundly influenced by the Arctic.
The State has a strong commitment to scien-
tific and engineering research. The specific
goals and policy objectives of Alaska’s Arctic
research programs are:
® Improve the public health and well-being
of Alaska’s people.
® Adopt new technologies and adapt them
to Alaska’s needs and conditions.
¢ Investigate natural hazards such as earth-
quakes, volcanoes and permafrost, and
find ways to protect against those poten-
tial dangers.
¢ Develop and manage Alaska’s abundant
natural resources.
® Protect and preserve the unique features
of wilderness resources.
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¢ Build and maintain transportation and
communications systems.

e Identify and address social and economic
challenges.

e Put scientific knowledge to practical use
in the towns, villages, and lives of the
Alaskans.

To help reach those goals, the Governor
stated that he has taken these three important
steps:

1. Appointed a Senior Science Advisor, Dr.

Richard Nevé.

2. Named a Science and Engineering Advis-
ory Committee to work with Dr. Nevé
and coordinate State agency research
needs with industries and the University
of Alaska.

3. Asked the State Legislature to provide
partial funding for the Arctic Research
Commission’s office in Anchorage to en-
sure that the State’s efforts enhance and
complement those of this Federal Com-
mission.

He stressed how important it was for the
Arctic Research Commission to maintain an
active presence in Alaska. The Governor rec-
ommended three basic areas for Federal/State
cooperation: health, fisheries and information
systems.

Chairman Zumberge summarized the major
provisions of the Arctic Research and Policy
Act and pointed out that the Commission is
not an operating agency but must count on
the power of persuasion. He noted that with
respect to Arctic research directed towards
problem solving, the Commission had identi-
fied three areas that constitute the basis for
joint efforts by the State of Alaska and the
Federal Government:

1. The fisheries of the Bering Sea.

2. The health and welfare of humans who
live and work in the Arctic.

3. An Arctic information network.

To demonstrate the new partnership be-
tween the Commission and State, Governor
Sheffield and Chairman Zumberge signed a
letter requesting that the Committee for Natu-
ral Resource Information Management
(CONRIM) increase its efforts to produce an
Arctic information network design and plan
which will provide for the sharing of informa-
tion in health, oceans, atmosphere, fisheries
and other fields.

The Commission met with the Senate and
House Committees on Resources from 2-4 on
January 31 in the State Capitol Building. Sen-
ator Arliss Sturgulewski, Chairman of the
Senate Committee, presided. The Commission

and Committees had a wide-ranging discus-
sion of Arctic and Alaskan research needs
and opportunities. Senator Fischer strongly
supported the Commission’s interdisciplinary
approach to problem solving. Members of
both Committees expressed support for the
Commission’s activities, requested that it call
on them if it needed their help, and invited it
to meet with them again next year.

Federal/State Cooperation

To build on the momentum developed dur-
ing the meeting with the Governor and Legis-
lature, the Commission at its dinner meeting
agreed to request Governor Sheffield to join
with it in requesting both NOAA and the
Public Health Service to nominate individuals
to serve on joint Federal/State task forces to
develop specific research agendas in the areas
of fisheries and health.

The letter to the Department of Health and
Human Services and the Alaska Department
of Health and Social Services should encour-
age the establishment of a joint task force to
identify health research needs and recommend
priority Federal/State cooperative research
programs to address those needs. Other items
that should be examined include data and in-
formation systems and identification of op-
portunities and needs for international coop-
eration. The letter to the Administrator of
NOAA and to the Commissioner of the State
Department of Fish and Game should stress
the need for the joint task force to identify
specific research needs and recommendations
in the Bering, Chukchi and Beaufort Seas.
The Commissioners requested Dr. Juan Roed-
erer and Timothy Hushen to report on and
discuss these recommendations at the Inter-
agency Arctic Research Policy Committee
meeting to be held in Washington on Febru-
ary 3, 1986.

Interagency Arctic Research
Policy Committee Activities

Dr. Peter Wilkniss reported the Gramm-
Rudman-Hollings budget reduction act re-
quires a 4.3% reduction across the board for
FY 86. The budget of the National Science
Foundation and the Commission have been
reduced by this amount.

The Interagency Committee continues to
hold planning workshops. A workshop on ice
and weather dynamics was held at the Cold
Regions Research and Engineering Labora-
tory, Hanover, N.H., in November 1985. Ter-
restrial and marine ecosystem workshops are
scheduled for March 1986, and an energy and



minerals workshop for May 1986. Draft rec-
ommendations will be available for public
comment prior to a workshop to be held in
Anchorage, Alaska, in November 1986.

The next Interagency Committee meeting
will be held at the National Science Founda-
tion on February 3, 1986. Major items will in-
clude formal adoption of an Arctic research
policy, comments from the Arctic Research
Commission, a work plan for dealing with re-
search priorities, agency budget requests for
FY 87, and educational items.

Commission Reports

As called for by the Arctic Research and
Policy Act, the U.S. Arctic Research Com-
mission made an initial assessment of national
needs and research in the Arctic and devel-
oped the statement National Needs and Arctic
Research: A Framework for Action, which
recommends an interdisciplinary research ap-
proach and broad priorities as a basis for de-
velopment of the Arctic Research Plan. It is
anticipated that recommendations on specific
projects of basic and problem-oriented re-
search will evolve from the broad framework.

The report identifies the Arctic Ocean, in-
cluding the Bering Sea and other marginal
seas and their seabeds, as a top priority target
for quantitative understanding. Other research
priorities identified include research on the
coupled land-atmosphere components of the
Arctic system, research on the high-latitude
upper atmosphere and its extension into the
magnetosphere, and research on the health-
cultural-socioeconomic system. From a re-
gional viewpoint the latter is of highest prior-
ity. After discussion of the document and
suggestion of some minor language changes,
the Commission unanimously approved the
report as a ‘‘working document.”” The Com-
mission believes that the document will be of
great assistance in the forthcoming workshops
sponsored by the Interagency Committee.

The Arctic Research and Policy Act states
that not later than January 31 of each year
the Commission shall submit to the President
and to Congress a report describing its activi-
ties and accomplishments during the immedi-
ately preceding fiscal year. A draft report has
been prepared. The Commissioners approved
the report U.S. on the Arctic Rim: Report of
the U.S. Arctic Research Commission to the
President and the Congress of the United
States of America, for the Period 1 March-30
September 1985 for publication with minor
modifications.

Chairman Zumberge reported that Oceanus

would publish a volume dedicated to Arctic
research in spring 1986. He has prepared the
introductory paper which describes the Arctic
Research and Policy Act and the work of the
Commission. The Commission will distribute
copies to key government officials at the State
and Federal levels, decision makers in indus-
try, and members of concerned public interest
groups. Mr. Hushen reported that the Com-
mission staff will prepare a short 1- or 2-page
newsletter which will report on the Commis-
sion’s activities.

Group of Advisors

At its last meeting, the Commission agreed
to establish a group of advisors. After the
meeting, Elmer Rasmuson suggested in a
memorandum that the Commission establish
another group to identify research needs of
concern to the State of Alaska. After discus-
sion of this suggestion, the Commission unan-
imously agreed that rather than establish its
own group it would look to the State Science
and Engineering Advisory Committee to play
this role. After a final review of the slate of
nominees, the Commissioners instructed the
Chairman to appoint the Group of Advisors.

Administrative Activities

Mr. Hushen reported that the Commission
had negotiated an agreement with the Univer-
sity of Alaska to open an office at the Arctic
Environmental Information and Data Center
in Anchorage, Alaska. Lyle D. Perrigo will
staff the office on a half time basis with the
title of Staff Officer.

Sixth Meeting:
April 28-29, 1986

The Arctic Research Commission held pub-
lic meetings in Kodiak and Anchorage, Alaska,
on April 28 and 29, 1986, respectively. The
meeting in Kodiak focused on research needs
in the area of fisheries and marine ecosys-
tems. The Anchorage meeting featured a lec-
ture by Oran Young on ‘‘Arctic Geopolitics
and Their Impact on Research.’”’ The meeting
in Anchorage was also open to public com-
ment on Arctic Research Policy. In all, over
150 people participated in the meetings and
discussions. In addition to the public meet-
ings, the Commission met with members of
the City and Borough Government of Kodiak
and participated in a demonstration of a cold
water survival suit, visited a surimi produc-
tion facility, and held discussions with mem-
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bers of the Fisheries Industry Technical Cen-
ter. The testimony and documents received in
the Kodiak and Anchorage public meetings

are available from the Commission on request.

Interagency Arctic Research

Policy Committee Activities

Dr. Peter Wilkniss reported that the Inter-
agency Committee has held workshops to de-
velop components of the five-year Arctic Re-
search Plan. Thomas Laughlin, NOAA, then
reported on the Workshop on Arctic Marine
Ecosystems Research, held in March 1986.
James Devine, USGS, announced that a
Workshop on Energy and Minerals will be
held on May 1 in Anchorage. Other work-
shops have dealt with health, land-based envi-
ronments, and weather and ice dynamics. The
reports of these workshops will be reviewed at
an Interagency Committee staff meeting in
May 1986, and a draft report will be assem-
bled. A preliminary draft of the five-year
Arctic Research Plan will be distributed for
public comment in late July 1986. A follow-
up workshop for additional review and com-
ment will take place in Anchorage in Novem-
ber 1986.

State of Alaska Activities

Dr. Richard Nevé, Science Advisor to the
Governor, reported that the Alaska Research
Policy Act was passed by the House of Repre-
sentatives by a 23-6 vote. The purpose of the
Act is to establish State research policy, prior-
ities, and goals, and to provide a plan for
basic and applied research for the State, in-
cluding natural resources and materials; phys-
ical, biological and health science; and social
and behavioral science. Elmer Rasmuson
commented that it is important for the State
Legislature to pass this Act as a demonstra-
tion of its willingness to work with the Fed-
eral Government in developing research pro-
grams to benefit both the State and the Na-
tion.

Congressional

David Garman, representing U.S. Senator
Frank Murkowski (R.-Alaska), reported that
the Senator is committed to work with his
colleagues to make the Arctic Research and
Policy Act a powerful tool to support Arctic
research. The Senator hopes that a new Fed-
erally funded initiative in the Arctic can be
tied to the Act.

Group of Advisors
The 24 individuals have accepted the invita-
tion to serve on a Group of Advisors to the

Commission. The Commissioners requested
that the list of members and their affiliations
be made public. [The names are published in
Commission reports.]

Fisheries Research

The Commission has selected as its highest
priority, research to understand the Arctic
Ocean (including the Bering Sea and other
marginal seas, sea ice, and the seabed), and
how the ocean and the Arctic atmosphere in-
teract. The Commission believes that this pri-
ority presents a special opportunity to develop
both an understanding of the ecosystem and
other conditions affecting the Bering Sea
fisheries and their fluctuations, and a new
cooperative relationship among Federal,
State, and industrial groups. Such under-
standing and cooperation could help to cope
with such problems as the dramatic and unex-
plained decrease of shellfish stocks. The Com-
mission and Alaska Governor Sheffield have
requested the Administrator of NOAA and
the Commissioner of the State Department of
Fish and Game to develop a detailed research
program to promote this effort.

At the Commission’s public meeting in Ko-
diak, local fishermen emphasized the need for
such research, and they agreed to participate
in the effort, including the donation of ship
and crew time to it. However, to develop and
implement a detailed research plan will take
about a year. In the interim, the Bering Sea
surveys conducted by NOAA must be contin-
ued to provide the necessary, uninterrupted
flow of baseline research, resource manage-
ment and resolution of management issues.

The Commission instructed the Chairman
to write to the President, to Senators Stevens,
Murkowski and Roth, and to Congressmen
Young and Fuqua requesting that the pro-
posed $4,014,000 reduction in support of Ber-
ing Sea fisheries ecosystem research be re-
stored in the FY 87 budget. Specifically, the
FY 87 budget calls for $4,671,000 to support
fisheries research in the Bering Sea, which is
reduced from the FY 86 level of $8,685,000.
The Bering Sea fishery is a national economic
asset that provides 40% of the seafood har-
vested from U.S. waters, as well as employ-
ment for some 50,000 people, with fishermen
from over 20 states participating in the
harvest.

International Cooperation

The Commission staff compiled a draft
document entitled Arctic Cooperative Re-
search Agreements and Major Arctic-Rim Re-



search Organizations: Initial Compilation.
The document identifies and provides an
overview of:

1. Current international cooperative agree-
ments on scientific research, including
governmental bilateral and multilateral
agreements and nongovernmental projects
and organizations.

2. Domestic Arctic research organizations.
The draft compilation identifies what is tak-
ing place in international Arctic research at
both governmental and nongovernmental
levels and ‘‘who and what’’ are some of the
key organizations in the United States and
other Arctic-rim countries.

After discussion of possible courses of ac-
tion, it was agreed that both multinational
and bilateral arrangements are needed and
should be encouraged. A U.S. polar research
institute might strengthen U.S. participation
in multinational research programs. There is a
special need to involve scientists from the So-
viet Union in discussions and efforts to en-
hance cooperative exchanges of scientific in-
formation. The Commission Chairman stated
that he would take advantage of the forth-
coming Scientific Committee on Antarctic Re-
search meeting to hold informal discussions
on Arctic international cooperation with key
individuals from several Arctic-rim nations.

Logistics

The two Polar class icebreakers operated by
the U.S. Coast Guard are the only U.S. flag
ships capable of supporting science in ice-
covered seas. The proposed new polar ice-
breakers with enhanced science support capa-
bilities will offer greater opportunities for
Arctic research. Chairman Zumberge plans to
schedule a meeting with the Commandant,
U.S. Coast Guard, to discuss what can be
done to maximize the use of the current ice-
breaker fleet in the best interest of the United
States and its research community.

Seventh Meeting:
July 23, 1986

The Arctic Research Commission held its
seventh meeting in the Board Room, Universi-
ty of Southern California, on July 23, 1986.
The meeting focused on the draft five-year
Arctic Research Plan and the public review
workshop, Arctic health activities, interna-
tional cooperation in Arctic research, and fu-
ture activities of the Commission.

Interagency Arctic Research
Policy Committee Activities

Dr. Peter Wilkniss reported that the NSF
National Sciences Board is conducting a re-
view of its programs. The review is expected
to involve representatives from the Office of
Science and Technology Policy, Office of
Management and Budget, Department of De-
fense, and the Commission. A global ice cor-
ing program is expected to be included as a
new initiative in the NSF’s FY 88 budget re-
quest. Member agencies of the Interagency
Committee have held workshops to develop
components of the five-year Arctic Research
Plan.

John Talmadge and Dr. Jerry Brown pro-
vided a review of the Interagency Committee
activities in developing the draft Plan, and
distributed copies to the Commission. A pub-
lic Interagency Consultative Workshop is to
be held in Anchorage from November 17-19,
1986, to review and refine the draft Plan. The
final version will be submitted to the Presi-
dent in July 1987. The Consultative Work-
shop will involve representatives from the five
groups specifically named in the Act: the
Commission, the Governor of the State of
Alaska, residents of the Arctic, the private
sector, and public interest groups.

The Plan consists of two parts: 1) Federal
Arctic Research: Draft Recommendations for
Necessary Programs, including the Commis-
sion statement National Needs and Arctic Re-
search: A Framework for Action, and the re-
search plans for weather and ice dynamics,
marine ecosystems, energy and minerals, land
environments, and health and culture; and 2)
Federal Arctic Research: Detailed Listing of
Existing U.S. Programs. In the discussion
that followed, Commission members pointed
out that the Plan does not include research on
the upper atmosphere.

Elmer Rasmuson commented that the Com-
mittee and Commission are not taking a prob-
lem-oriented approach. To accomplish the
goals of the Act, Mr. Rasmuson believes that
the research plan must be problem-specific;
the budget process should also be problem-
oriented. Dr. Juan Roederer pointed out that
Mr. Rasmuson had identified the major
dilemma that faces the Commission: it must
consider practical problems that are urgent,
short-term and pragmatic, but the research
that is needed to answer such questions is
mostly long-term, often esoteric, and multi-
disciplinary in nature.

Chairman Zumberge commended the Inter-
agency Committee on its careful adherence to
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the Arctic Research and Policy Act in prep-
aration of the draft five-year plan. He will
write to Erich Bloch, on behalf of the Com-
mission, to express its appreciation of the tre-
mendous effort that has gone into the draft
plan. The Commission agreed that its Group
of Advisors should be requested to review
the draft plan. Oliver Leavitt, Mr. Rasmuson
and Dr. Lincoln Washburn indicated that
they will participate in the Consultative
Workshop.

State of Alaska Activities

Timothy Hushen reported on behalf of Dr.
Richard Nevé, State Science Advisor, that the
Alaska Research Policy Act was signed into
law by Governor Sheffield on May 24, 1986,
and that it will come into effect on August
22, 1986. The purpose of the Act is to estab-
lish State research policy, priorities, and
goals, and to provide a plan for basic and ap-
plied research for the State, including natural
resources and materials; physical, biological
and health science; and social and behavioral
science.

Congressional

David Garman, representing U.S. Senator
Frank Murkowski, reported that the FY 87
budget is extremely tight; however, the Senate
supports Arctic programs that are contained
in the President’s budget request.

Arctic Health

Dr. George Hardy, Assistant Director of
the Centers for Disease Control, and Dr.
John Middaugh, State of Alaska Epidemiolo-
gist, Cochairmen of the joint Federal/State
Task Force on Arctic Health, reported to the
Commission on its work. In a letter to Chair-
man Zumberge and Governor Sheffield, dated
July 11, 1986, Robert Windom, Assistant Sec-
retary for Health, indicated that the Federal
working group will be pleased to confer with
their Alaska State counterparts on this impor-
tant research agenda and to work together to
expeditiously develop a joint research pro-
gram. Dr. Hardy noted that several compo-
nents of the U.S. Public Health Service—the
National Institutes of Health, Centers for Dis-
ease Control, Food and Drug Administration,
Alcohol and Drug Addiction Agency, and In-
dian Health Service—developed the Arctic
health plan, which is part of the five-year
Arctic Research Plan.

Dr. Middaugh, Chairman, State Task
Force, and a member of the Commission’s
Group of Advisors, reviewed ongoing activi-

ties in Arctic health research. The American
Medical Association supports Arctic health
research as they are convinced of its potential
application to national needs. The Interna-
tional Union for Circumpolar Health has
been established, based on the successful co-
operation developed during the International
Conferences on Circumpolar Health. The first
meeting of the Union will be held in Sweden
in June 1987. International cooperation with
the Soviet Union has resulted in an exchange
program between the University of Alaska
and the Soviet Medical Workers, which repre-
sents about six million health workers. The
joint task force planned to meet during the
American Public Health Association meeting
in September 1986. The Commission strongly
supports the work of the task force, and the
Chairman will write to the Governor stressing
the importance of the work of this task force
and encouraging Dr. Middaugh’s participa-
tion.

International Cooperation

Chairman Zumberge reported that he took
advantage of a recent meeting of the Scien-
tific Committee on Antarctic Research to hold
informal discussions with key individuals
from several nations engaged in Arctic activi-
ties on mechanisms for international coopera-
tion in Arctic research. Scientists from Po-
land, Sweden, the United Kingdom, the Fed-
eral Republic of Germany, Japan, France,
Finland, Norway, the Soviet Union and the
United States participated in the meeting. The
Group concluded that there is not an effective
organization to facilitate cooperation among
all the nations active in Arctic research. There
was general support for holding an Arctic in-
ternational forum, and the group agreed that
O. Rogne (Norway) would take the lead in ex-
ploring with the Soviets their interest in par-
ticipating in such a forum. The Swedish
Academy would probably agree to host such a
forum. The following individuals were identi-
fied as points of contact for planning: Rogne
(Norway), Zumberge (U.S.A.), Roots (Can-
ada), Taagholt (Denmark), Avsiuk (U.S.S.R.),
Mansukoski (Finland) and Bolin (Sweden).

Mr. Rasmuson noted that Soviet scientists
had participated in a recent meeting held in
Alaska on the oceanography and fisheries of
the North Pacific and stressed the importance
of working with them on specific projects
under bilateral arrangements. Dr. Roederer
suggested that Soviet participation would be
facilitated if any proposed meeting were held
under the sponsorship of the International



Council of Scientific Unions. Further, the
Commission might want to propose an Inter-
national Year of the Arctic.

Polar Research Centers

Commissioner Washburn suggested that the
United States should consider the need for
some type of polar institute to provide a
focus for international cooperation in Arctic
research. The Danes have established an insti-
tute, and a Canadian task force is examining
the issue. Dr. Roederer commented that the
proposed institute should focus on the Arctic;
Dr. Zumberge was not convinced that a new
organization was needed at this time. There
was consensus that any new institute should
not require a new facility. The Commission
agreed to explore this topic in greater detail at
future meetings.

Logistics

The Commission reviewed a staff paper
that outlined options in assessing logistic cap-
abilities and needs. It decided to sponsor a
workshop in conjunction with the Interagency
Consultative Workshop in Anchorage in No-
vember 1986 that would deal with require-
ments for both land- and marine-based logis-
tic systems, with emphasis on the Commis-
sion’s highest research priority, ‘‘research to
understand the Arctic Ocean... .”

Dr. Zumberge reported that he had met
with Admiral Yost, Commandant, U.S. Coast
Guard, to discuss ways to maximize the use
of Coast Guard icebreakers by the U.S. scien-
tific community. Admiral Yost stated that
Coast Guard officers are trained in the sup-
port of scientific research at the Coast Guard
Academy and that it considers such support
to be one of its important missions. Dr. Zum-
berge stressed the need to institutionalize the
Coast Guard’s commitment to the support of
science, so that it will remain an important
part of the mission. Cornelius Sullivan,
Chairman, Polar Research Board Committee
on Polar Ocean Platforms, reported that the
Board, in response to a request from the
Coast Guard, had surveyed over 100 research-
ers from industry, government, and universi-
ties who utilize Coast Guard icebreakers. The
Commission agreed to work with the appro-
priate agency representatives to obtain ice-
capable vessels to support research in ice-
covered waters.

Future Activities
The Commission would like to hold a meet-
ing to foster awareness of the United States as

an Arctic nation. The Chairman will explore
with the President of the National Academy
of Sciences its interest in participating in such
a meeting. Mr. Rasmuson stressed the need
for support for the Arctic in the President’s
Office, and Dr. Zumberge agreed to ask ap-
propriate individuals in the White House to
identify a high-level member of the Adminis-
tration to be the keynote speaker for the
meeting.

Public Information

An article entitled Arctic Research in the
National Interest by A. Lincoln Washburn
and Gunter Weller will appear in Science in
August. Arctic Research Priorities: Arctic Re-
search Commission Gets Down to Business by
Juan Roederer appeared in EOS in June. The
Commission endorsed publication by the In-
teragency Committee of a journal that would
provide a record of Commission, Interagency
Committee, and other activities pertaining to
Arctic research.

Eighth Meeting:
December 4-5, 1986

The Arctic Research Commission held its
eighth meeting at its Alaska Offices (707 A
Street, Anchorage, Alaska). The meeting fo-
cused on the Interagency Consultative Work-
shop (November 1986) to review the draft
five-year Arctic Research Plan, the interest of
the new State administration in research, re-
ports from Federal/State task groups, a pre-
liminary assessment of Arctic research logistic
needs, international cooperation in Arctic re-
search, and future activities of the Commis-
sion.

In conjunction with this meeting, Chairman
Zumberge addressed two Anchorage audi-
ences. The first address, titled ““U.S. Interest
in Polar Regions,”” was delivered to the Na-
tional Science Teachers Association. The sec-
ond was a presentation on the role of research
in Arctic resource development given at a
luncheon arranged by the Superintendent of
the Anchorage School District.

Interagency Arctic Research
Policy Committee Activities

Dr. Peter Wilkniss reported on the status of
the National Science Board (NSB) review of
NSF Arctic and Antarctic programs and re-
sponsibilities. The results should be wider un-
derstanding of research needs in both polar
regions and greater programmatic support.
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Commissioner Washburn gave the opening
address at the NSB review meeting at Stan-
ford University and Chairman Zumberge will
address the NSB committee in December on
‘“‘Policy Concerns of the Arctic Research
Commission.”’

Dr. Wilkniss reported that over 200 people
participated in the Interagency Committee’s
Consultative Workshop in Anchorage, No-
vember 17-19, 1986. Participants provided
many comments and suggestions on the draft
five-year plan. After the workshop, the Inter-
agency Committee staff met in Washington,
D.C., to consider how to respond. Informa-
tion given on existing Federal programs will
be included in the revised Arctic Research
Plan. The revised draft will include research
in upper-atmosphere physics, additional
material on engineering, and a more detailed
section on social, behavioral and cultural sci-
ences. It was noted that the Anchorage Chap-
ter of the League of Women Voters had done
an outstanding job as facilitators of the work-
ing sessions of the consultative workshop.

Chairman Zumberge was concerned that
steps be taken to incorporate the Plan in the
current Federal budgeting process. To wait
until FY 90 budget preparation would be
counterproductive; immediate efforts to influ-
ence allocations in FY 89, or even FY 88, are
needed.

State of Alaska Activities

Dr. Henry Cole, representing Governor
Cowper’s office, indicated the new Adminis-
tration’s interest in research in Alaska. Of
particular importance is the operation of the
three Federal/State task groups identifying re-
search needed in health, fisheries and infor-
mation systems. Those three groups are ad-
dressing needs that are of particular signifi-
cance to Alaska. Governor Cowper also hopes
that research emphasis can be placed on cul-
tural and social issues.

Federal/State Cooperation

Dr. John Middaugh, Alaska State Epidemi-
ologist and Cochairman of the Federal/State
Task Force on Arctic Health, presented three
proposals to the Commission for its consider-
ation and possible endorsement: Injury Con-
trol Research, Cancer, and Diet and Athero-
sclerosis. All three are national, as well as
Arctic, problems, cover topics that are ne-
glected, and were developed by a group of
knowledgeable peers. Anne P. Lanier, Direc-
tor, Alaska Centers for Disease Control, and
a member of the Federal/State Task Force,

supported the need for the work outlined in
the proposals. Donald Pickering, member of
the Alaska Science and Engineering Advisory
Committee, supported the three proposals,
particularly the proposed research on diet and
atherosclerosis. Benefits could accrue from
the use of commercially available natural fish
oil concentrates in reducing the risk of heart
attacks.

Timothy Hushen reported on the letter
from Joseph O. Fletcher, Assistant Adminis-
trator of Oceanic and Atmospheric Research,
National Oceanic and Atmospheric Adminis-
tration (NOAA) reporting on the initiative of
the task force on fisheries ecosystem research.
Because neither of the task group Cochairmen
could be present, the letter provided a report
of the formation of the task force, the min-
utes of its first meeting, and a proposal for
research entitled ‘‘Ice: Role of Sea Ice in
Controlling Arctic Ecosystems.”’

David Hickok, Director of the Arctic Envi-
ronmental Information and Data Center
(AEIDC), reported on data and information
matters, the work on CONRIM, the status of
an NSF-funded information networking pro-
ject, and the future of some AEIDC services
utilized by the Arctic science community.
CONRIM operates under a Memorandum of
Understanding signed by the Commission
Chairman and Alaska Governor Sheffield in
early 1986, as well as agreements with other
agencies. CONRIM functions for the Com-
mission as a Federal/State task force on data
and information matters. The mission of
CONRIM was expanded recently, and the
acronym CONRIM now stands for Council
on Northern Resource Information Manage-
ment. Its focus continues to be on data acqui-
sition and information transfer in Alaska.
CONRIM has three ongoing projects: the
preparation of an on-line directory of direc-
tories of natural resource information, an ex-
amination of the correlation of terrestrial eco-
system and natural resource data bases, and
an examination of ways and means for mak-
ing scientific and resource libraries in Alaska
more efficient. Mr. Hickok also reported on
the uncertain future of AEIDC and some of
its services such as preparation and publica-
tion of Current Research Profiles for Alaska.

Logistics

Lyle Perrigo reported that over 80 people
attended the Commission-sponsored logistics
workshop on November 18, 1986, in Anchor-
age, and that valuable information had been
acquired. The primary objective of the work-



shop was to secure a broader background on
logistic capabilities to support Arctic research,
on the current status of U.S. efforts, and on
what might be done to satisfy logistic needs.

Dr. Vera Alexander, Director of the Insti-
tute of Marine Science, University of Alaska-
Fairbanks, reported on a survey in the ocean-
ographic community on the need for an ice-
capable research vessel. The survey produced
information suggesting that there is sufficient
demand for research in ice-covered Arctic
waters to justify one ice-capable ship plus one
icebreaker-research vessel.

Johnny Aiken, UIC-NARL, presented a
report titled Home Porting the Arctic Science
Submarine at Barrow, Alaska to the Commis-
sion and asked for its consideration. The con-
cept will be considered in the Commission’s
study.

Oliver Leavitt brought to the attention of
the Commission a concept developed at the
Barrow October interagency workshop for the
formation and use of regional centers to con-
duct or otherwise aid Arctic research. Thomas
Albert added that experience at Barrow with
the Naval Arctic Research Laboratory (NARL)
suggests that a regional science center plays
an important educational role in the commun-
ity. North Slope residents, as a consequence,
have a positive picture of science and scien-
tists. This favorable attitude resulted in the
support of bowhead whale research by the
Borough. Mr. Aiken distributed copies of a
resolution by Mayor George Ahmaogak sup-
porting the concept of a regional center.
Others present, including Richard Nevé, con-
sultant, Irene Murphy, North Slope teacher,
and Mr. Hickok of AEIDC, also supported
this concept. Henry Cole noted that it provid-
ed a means of getting more science activity in-
to rural Alaska; however, he noted that the
current administration does not favor subsi-
dies for support facilities.

Commissioner Roederer summarized the
advantages of regional science centers as a
means of providing facilities for scientists
who normally reside elsewhere to readily un-
dertake scientific research; a means of trans-
ferring scientific information to local resi-
dents; and a source of employment for a lim-
ited number of local residents.

George Lapiene from Raven Systems & Re-
search, Inc., representing the Alaska office of
the Outer Continental Shelf Environmental
Assessment Program (OCSEAP), National
Oceanic and Atmospheric Administration,
spoke on the need for a centralized Arctic lo-
gistic planning and support function. Local

OCSEAP experience shows that substantial
savings in time and money can result from
improved planning and coordination.

International Cooperation

The Commission’s Chairman and Executive
Director will attend a meeting in Oslo, Nor-
way, on February 13, 1987, to discuss interest
in establishing a research forum to improve
cooperation in Arctic research.

Arctic National Wildlife Refuge

The Commission discussed what role, if
any, it might play in discussions of the rela-
tive merits of oil and gas exploration and de-
velopment on a part of the coastal plain in
the Arctic National Wildlife Refuge (ANWR).
The Commission has no authority to adjudi-
cate or resolve the dispute between the propo-
nents of different ANWR uses; however, it
might be able to ensure that the findings of
research and/or the need for additional re-
search are brought to the attention of deci-
sion-makers, as a basis for whatever action
might be taken. The Commission agreed to
maintain awareness of the debate on ANWR
use and directed the staff to gather informa-
tion about the public review process in
Alaska.

Administrative Activities

The Commission reached agreement with
the NSF Director that the Commission’s bud-
get should be an addition to the NSF budget.
The Commission will justify its budget sub-
mission to the Office of Management and
Budget and to members of Congress. It has
submitted through NSF a budget request of
$500,000 to support its FY 87 activities. Con-
gress is acting on the NSF’s FY 87 budget re-
quest, and has reduced the Foundation’s bud-
get for research and related activities by about
5%. This reduction would also apply to the
Commission.

Dr. Wilkniss reported that in reality the re-
duction for Arctic activities in the NSF would
be closer to 9%, because Congress had chosen
to protect certain programs from the 5% cut;
thus other programs would be reduced by a
greater amount. A Commission budget of
$475,000 would reflect the 5% reduction. To
offset reductions in other Arctic activities of
NSF, Chairman Zumberge agreed to reduce
the administrative charges of the University of
Southern California by $10,000. This reduc-
tion in overhead costs would not reduce the
amount available for the Commission’s work.
The overall Commission budget for FY 87
would be $465,000.
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Public Information

The Commission conducted a press confer-
ence on December 4, 1986. Reporters from
The Anchorage Daily News, The Anchorage
Times, Channel 11 TV, and KSKA Radio at-
tended. Their coverage resulted in four news-
paper articles, a five-minute broadcast on
radio, and a short statement on the 6:00 pm
TV news about the activities of the Commis-
sion. The Commission also held a reception
following its Thursday business sessions for
members of the Anchorage research commun-
ity; about 45 persons attended.

Ninth Meeting:
March 5-6, 1987

The Arctic Research Commission held its
ninth meeting in the Board Room, University
of Southern California, Los Angeles, Califor-
nia, on March 5-6, 1987. The meeting focused
on a review of the revised U.S. Arctic Re-
search Plan, logistic requirements to support
Arctic research, Federal/State cooperation in
fisheries ecosystems research, data and infor-
mation systems, social science research, and
the Arctic National Wildlife Refuge.

Interagency Arctic Research

Policy Committee Activities

Dr. Peter Wilkniss stated that the Inter-
agency Committee recently completed the in-
terim draft of the U.S. Arctic Research Plan.
In a letter dated March 4 to Dr. James H.
Zumberge, Chairman Bloch invited the Com-
mission to comment on the draft Plan and to
participate in the Interagency Arctic Research
Policy Committee meeting scheduled for
March 23, 1987.

Dr. Wilkniss reported on the National Sci-
ence Board (NSB) review of the NSF’s role in
the polar regions. Craig Black (member of the
NSB review committee) stated that a draft of
the Committee’s report is in preparation after
five months of hearings and that the report
will be presented to the NSB at the May 1987
meeting. He also stated that the NSB Com-
mittee comments on the Arctic Research Plan
will carry a considerable amount of weight.
Dr. Wilkniss noted that the Committee is not
only conducting hearings, but some members
visited Antarctica, and some will visit the
Arctic in April. He also reported that Alaska
Governor Cowper met with the Director of
NSF and that the Governor stated that his ad-
ministration will give a high priority to sci-

ence and technology. Dr. Wilkniss further re-
ported that with the deactivation of the U.S.
Coast Guard icebreaker Glacier, the United
States will have only two Polar class icebreak-
ers. The U.S. Congress desires that the Navy,
Coast Guard and NSF reach agreement on an
icebreaker package that the Office of Man-
agement and Budget and Congress can sup-
port.

State of Alaska Activities

Henry Cole stated that Governor Cowper is
trying to identify funding for an Alaska Sci-
ence Foundation. Chairman Zumberge said
that if the foundation turned out to be a real-
ity, its establishment would send a strong sig-
nal to the Federal Government that the State
is no longer ‘‘a ward’’ of the Federal Govern-
ment.

Arctic Research Plan

The Commission reviewed the document
that had been revised based on the Anchorage
Consultative Workshop and found it to be a
highly comprehensive plan for Arctic re-
search. Dr. Jerry Brown stated that the Inter-
agency Committee meeting will hopefully ap-
prove the Plan atits March 23, 1987, meeting.

Chairman Zumberge posed the question as
to how we can be assured that the Plan is
looked at by those who make decisions for
budgetary dollars. Dr. Brown indicated the
budgets reported in the Plan are consistent
with agencies’ requests and that each agency
requests and justifies its budget based on mis-
sion needs. OMB is an observer on the Inter-
agency Committee and is aware of the con-
tents of the present draft Plan.

David Garman commented that the Plan
appears to have been successful in promoting
interagency cooperation and coordination and
that the next step should be for Congress to
provide enthusiastic oversight of the Plan.

Oswald Girard stated that DOI hoped to
use the Plan to justify additional Arctic re-
search efforts. As a result of the Plan the
DOI has taken a hard look at its Arctic pro-
grams, and the Geological Survey is consider-
ing an Arctic Geological Program initiative
for FY 89.

Thomas Laughlin commented that the exis-
tence of the Plan has assisted in furthering
Arctic programs within NOAA. What is now
needed is for the Congress, with advice from
the Commission, to select a series of priority
research thrusts from the overall Plan. The
Commission agreed that it should take a more
aggressive stance to make sure the Plan’s rec-
ommendations are implemented.



In the spirit of cooperation that has devel-
oped between the Commission and the Inter-
agency Committee, the Commission requested
the Chairman to provide the Committee with
the following comments on the interim draft
Plan:

1. From the Commission’s perspective, the
letter and spirit of the Arctic Research
and Policy Act are indeed being imple-
mented through this document.

2. Some emphasis should be given up front
to the fact that this is the first five-year
Plan ever produced, and that therefore
it is only the first step in the Arctic re-
search planning process.

3. The Commission specifically noted that
the comprehensive social science section
should become part of the Federal Arc-
tic research program. This research will
have a direct impact on the residents of
the U.S. Arctic. Therefore, any imple-
mentation of the social science plan
must involve the Arctic residents and
Alaskan institutions. This involvement
should therefore start in the planning
phase and carry through to the reporting
of results.

Logistics

The Commission is charged with recom-
mending to the President and Congress re-
search to address national needs in the Arctic
and the attendant logistic facilities required to
support such research. As a follow-up to the
Anchorage logistics workshop the Commis-
sion staff is conducting a survey of the facili-
ties that are available. Chairman Zumberge
stated that there is a need for a polar research
vessel to operate in the Arctic. After a lengthy
discussion of the actions it should take, the
Commission requested that the Chairman pre-
pare a letter to the President and members of
Congress pointing out that at the present time
the United States does not have a polar re-
search vessel to operate in the ice-covered seas
of the Arctic. The letter should point out that
the situation is further aggravated by the re-
cent deactivation of the U.S. Coast Guard
icebreaker Glacier. The Commission urges
that the United States lease, or lease with an
option to buy, a polar research vessel to alle-
viate the short-term need for such a vessel in
the Arctic. Over the longer term, however,
upgrading at least one of the planned U.S.
Navy additions to the national research fleet
or some other approach to acquiring a dedi-
cated ice-worthy Arctic research vessel,
planned and equipped for a variety of scien-

tific missions, is needed in the national inter-
est and is strongly recommended by the Com-
mission.

International Cooperation

Chairman Zumberge reported that follow-
ing a preliminary, exploratory discussion in
June 1986, scientists and observers from Can-
ada, Denmark/Greenland, Finland, Iceland,
Norway, the Soviet Union, Sweden, and the
United States met in Oslo on February 13,
1987, to discuss the need for an international
Arctic science organization. The objectives
would be to facilitate international coopera-
tion in Arctic science, including exchange of
information and data, and furthering research
of mutual interest and benefit. A small work-
ing group was formed to prepare a paper
summarizing the arguments for and against
the creation of a new international Arctic sci-
ence forum and outlining the ways in which it
might be organized. This paper will be circu-
lated for discussion within each country, after
which the representatives plan to meet again
to discuss whether and how to proceed.

Federal/State Cooperation

Former Alaska Governor Sheffield and the
Commission had identified three areas in
which Federal/State cooperation in research
could be especially beneficial and pay long-
term dividends in the areas of fisheries ecosys-
tem research, health, and data and informa-
tion exchange. The charge to each was to
identify research needs and to recommend co-
operative Federal/State programs.

Eddie Bernard, Federal Co-Chairman of
the Task Force on Fisheries Ecosystem Re-
search, presented a briefing on a high priority
NOAA research initiative titled ‘‘Ice: The
Role of Sea Ice in Controlling Arctic Ecosys-
tems.’’ It deals with the effects of sea ice on
Arctic marine ecosystems and recommends re-
search to test the hypothesis that interannual
variation of maximum ice extent and seasonal
ice retreat accounts for the major year-to-year
variability in the biological productivity of the
Bering and Chukchi Seas. This research was
identified as being of critical importance by
local Alaskan fishermen at a Commission
public meeting held in Kodiak in April 1986.
The Commission found the proposed research
initiative to be a well-thought-out program
and would recommend that resources be made
available to support its implementation.

The Task Force on Health identified three
high-priority research initiatives: injury con-
trol, cancer, and the relationship of diet to
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atherosclerosis and cardiovascular disease.
The Task Force calls for development and in-
tegration of data into a comprehensive injury-
surveillance system that could serve as a
model for other State and Federal programs.
In regard to cancer, study of patterns of the
occurrence of cancer among Native Alaskans
could yield clues to possible genetic, viral, en-
vironmental, and other causes and improve
strategies for prevention and treatment. The
third research initiative would focus on possi-
ble reasons for the low rate of cardiovascular
disease among Alaska Natives in comparison
to the high incidence in the lower 48 states
and Western Europe.

David Hickok, member of the Commission’s
Group of Advisors, reported on the informa-
tion systems for the U.S. Arctic. The Council
on Northern Resource Information Manage-
ment (CONRIM) provides Federal/State and
university linkage in Alaska. There is still a
problem of making information from industry
available in the public domain. Hickok stated
that the Federal/State Task Force on Data
and Information Exchange would make rec-
ommendations to the Commission in the near
future.

Social Sciences Research

Dael Wolfle, member of the Commission’s
Group of Advisors, provided an analysis of
the Arctic social science section of the draft
Plan. The report identifies 116 high-priority
recommendations in three broad areas: social
pathology, land transfer and archeology. Wil-
liam Fitzhugh, member of the Commission’s
Group of Advisors, described the evolution of
the social science section of the Plan. There
was general agreement that social science re-
search was neglected throughout the govern-
ment agencies.

Elmer Rasmuson commented that he believes
social science research should be problem-
oriented. Oliver Leavitt pointed out that
social science research benefited when prob-
lems were identified by the Native communi-
ties. The Commission concluded that to help
resolve the issues facing social science re-
search, a lead agency should be designated for
social and behavioral research on Arctic
topics. In addition, the Commission noted
that social science research is of great impor-
tance to the residents of the Arctic and will
have a direct impact on them. Therefore, any
social science research must involve the Arctic
residents and Alaska institutions. This in-
volvement should start in the planning phase
and carry through to the reporting of results.

Arctic National Wildlife Refuge

The Commission received a briefing from
the Department of the Interior on the current
status of the ANWR Environmental Impact
Statement and from the Wilderness Society on
possible environmental impacts and effects of
oil and gas exploration, and especially im-
pacts on the Porcupine caribou herd. The
Commission has no authority to adjudicate
such issues, but it believes strongly that the
best scientific information needs to be made
accessible to decision-makers.

Other Business

Mr. Leavitt suggested that the Commission
brief Senators on the importance of the Arctic
to the United States. Senator Stevens strongly
supports this idea and offered to arrange a
seminar with other key Senators in September
1987.

Tenth Meeting:
July 6-10, 1987

The Arctic Research Commission held its
tenth meeting in Arctic Alaska and Canada
from July 6-10, 1987. The purposes of the
public meetings and site visits were to report
on the status of implementation of the Arctic
Research and Policy Act, identify research
needs of the residents of the Arctic, visit on-
going and proposed development sites in the
Arctic, and assess the logistic requirements to
support Arctic research.

Public meetings were held in Kotzebue on
July 6 and Kaktovik on July 9. The Commis-
sion visited the Red Dog Mine development
on July 7, visited the Endicott offshore oil fa-
cility, held a meeting with officials from the
oil and gas industries and State of Alaska rep-
resentatives, and received a guided tour of the
Arctic National Wildlife Refuge on July 8.
The Commission received a briefing by repre-
sentatives of the Canadian Polar Continental
Shelf Project at Tuktoyaktuk and the Depart-
ment of Indian and Northern Affairs Labora-
tory in Inuvik, Northwest Territories, Can-
ada, on July 10, 1987.

Kotzebue Public Meeting

Chairman Zumberge called the public meet-
ing to order at the Northwest Arctic Borough
offices in Kotzebue, Alaska, on July 6, 1987.

Mayor Chuck Greene, Northwest Arctic
Borough, stated that he looked forward to es-
tablishing a good relationship with the Com-
mission, and explained that most often the re-



search activities which have taken place in the
Borough have excluded the local community,

and it is time that the community becomes in-
volved in order to enhance the research done.

David Garman spoke on behalf of Senator
Frank Murkowski, stating that the Senator
wished to draw attention to the fact that the
Commission was appointed to advise the
President and Congress on Arctic research,
and that it had held several public meetings in
Alaska to date, although it was only required
to hold one per year. He commended the
Commission for strengthening its Alaska pres-
ence with its Anchorage office.

Jerry Covey, Superintendent, Northwest
Arctic Borough School District, stated that
the school district would like to become more
involved in the area of research and cooperate
with the Commission. Alaska State Senator
William Hensley stated that he was supportive
of the Commission’s efforts in Arctic re-
search, but would like the permanent resi-
dents of the Arctic to become more involved
in research, not only be the subjects of these
studies.

Generally, the recurring theme of the testi-
monies presented in Kotzebue was that of co-
operation. The local residents stressed that
any agency conducting research on the local
people should involve them in that research.
Specifically, the Natives should be involved in
the planning and conduct of the research, and
a complete cooperative effort should exist.

Oliver Leavitt commented that the concerns
of the residents of the North Slope Borough
were the same as those of the residents of
Kotzebue and the Northwest Arctic Borough,
and that he was glad to see the people of Kot-
zebue accepting research and realizing the
need for it.

Vice-Chairman Roederer noted the common
denominator in the testimonies presented and
said that the Commission needs to help solve
the problem of scientific isolation. The basic
points expressed by those presenting testi-
mony were: 1) need for a better understand-
ing between the scientific community and the
local residents; 2) support of a Commission
office in Alaska, particularly Kotzebue; and
3) encouragement of scientific education and
the need for scientists to emerge from the Na-
tive communities.

Site Visits

Cominco Alaska, operator of the Red Dog
Mine development on behalf of the NANA
Regional Corporation, provided the Commis-
sion with a briefing and tour of the proposed

mine site. Members of the Commission were
also briefed on and provided an overflight of
the Noatak National Preserve and the Kobuk
Valley National Park by the National Park
Service based in Kotzebue.

Representatives of Standard Alaska Pro-
duction Company provided a tour of the En-
dicott oil production facility located on man-
made islands in Prudhoe Bay, the first off-
shore oil production facility in the U.S. Arc-
tic. The current drilling practice of reusing
drilling mud has essentially eliminated the
need for a spoil site.

In order to obtain a first-hand understand-
ing of the Arctic National Wildlife Refuge
and its wildlife population, and the potential
effects that oil and gas exploration might
have, the Commission toured the refuge with
Department of the Interior officials. Congress
is considering whether or not to open the ref-
uge to oil and gas leasing. As stated previous-
ly, while the Commission does not have the
authority to adjudicate such issues, it believes
strongly that the best scientific information
needs to be made accessible to decision-
makers.

Kaktovik Public Meeting

Chairman Zumberge called the public meet-
ing to order on July 9, 1987. Mayor Loren
Ahlers, City of Kaktovik, shared observations
about research in their geographic area and
stated that residents found no problem with
research per se but were troubled by the fail-
ure of scientists to apprise local residents of
study results and significance.

Testimony was provided in both Inupiat
and English. It was stressed that the indigen-
ous people want to participate in research
programs.

Other points made by those presenting testi-
mony were that 1) the causes of alcoholism,
as well as ways to avoid alcohol and drug
abuse on the North Slope, should be investi-
gated; 2) research should be undertaken on
how to allow hunting in development areas;
3) more research should be undertaken to de-
fine the interrelationship between muskoxen
and caribou and other species in northern
Alaska. Special emphasis was placed on the
integral role that subsistence culture plays in
the local ecosystem.

Logistics

Arctic logistics was the topic of several
meetings during the course of the Commis-
sion’s meetings in Alaska and Canada. The
Commission is charged by the Arctic Research
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and Policy Act to recommend research to ad-
dress national needs and the attendant logistic
facilities required to support such research.
Information is needed on the location of all
airfields in Alaska, the existence and condi-
tion of bunkhouses, the presence of and
equipment in field laboratories, and the de-
tails needed to assure efficient land-based lo-
gistics. Henry Cole, Science Advisor to the
Governor of Alaska, provided a status report
on the efforts of his office to compile and
publish information about the location and
capabilities of terrestrial logistics facilities in
Alaska. This catalogue of facilities should be
completed by late 1987. Andrew Robinson,
NOAA, reported on the research logistics sup-
port system that NOAA had developed to
support outer continental shelf research. He
believes that the system could be modified to
support other research efforts in the Arctic.

Lyle Perrigo described the status of the
Commission’s study of research logistical sup-
port systems, planning and coordination proc-
esses. Analysis of the literature, input from a
November workshop, and results from a
number of interviews all suggest a need for a
planning and coordination process for Arctic
research logistics, especially in the field of
land-based systems. Three options for coor-
dination and planning were described: 1) a
national system, 2) a system of two or more
autonomous regional groups, and 3) the
status quo.

Dr. Juan Roederer commented that any
change in the status quo should be done in
such a manner that bureaucracy and arbitrari-
ness are avoided. Perhaps the first step in
promoting increased efficiency and lower

costs should be to establish and operate a na-
tional/regional referral system.

Joseph Bell, supervisor of the Barter Island
DEW Line complex, briefed the Commission
on July 9, 1987, about DEW Line installa-
tions in Alaska, commented on their use by
various parts of the Department of Defense,
and provided a tour of their facilities at Kak-
tovik. The Barter Island and Barrow installa-
tions routinely accommodate visitors and
DOD research groups. Four of the six Alaska
sites have hangars and supporting facilities;
currently those installations are used primarily
for storage purposes. Dew Line complexes in
Alaska have quarters, storage space, and
other facilities that might be used to support
Arctic research. Some coordinating mechan-
ism with the Air Force must be emplaced,
however, before those logistical assets can be
used by the research community.

Administrative Activities

The business meeting at Kaktovik focused
on discussion of Commission operations,
membership, and leadership. Dr. Zumberge
announced plans to resign as Chairman later
in the summer. He indicated that Executive
Director Timothy Hushen, who is on a leave
of absence from the National Academy of
Sciences, will need to return to the Academy.
The salient points of the discussion were: 1)
the need for continuity in the work of the
Commission, and 2) the future location of the
headquarters of the Commission. Two sites
were discussed as future locations: Washing-
ton, D.C., and Alaska. It was felt that the
new Chairman should state his preference re-
garding office location.
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An Act

Be it enacted by the Senate and House of Representatives of the
Unuited States of America in Congress assembled,

TITLE I—-ARCTIC RESEARCH AND POLICY
SHORT TITLE

Sec. 101. This title may be cited as the “Arctic Research and
Policy Act of 1984".

FINDINGS AND PURPOSES

Sec. 102. (a) The Congress finds and declares that—

(1) the Arctic, onshore and offshore, contains vital energy
resources that can reduce the Nation's dependence on foreign
oil and improve the national balance of payments;

(2) as the Nation's only common border with the Soviet
Union, the Arctic 1s critical to national defense;

(3) the renewable resources of the Arctic, specifically fish and
other seafood, represent one of the Nation's greatest commer-
cial assets;

(4) Arctic conditions directly affect global weather patterns
and must be understood in order to promote better agricultural
management throughout the United States;

(5) industrial pollution not originating in the Arctic region
collects in the polar air mass, has the potential to disrupt global
weather patterns, and must be controlled through international
cooperation and consultation;

(6) the Arctic is a natural laboratory for research into human
health and adaptation, physical and psychological, to climates
of extreme cold and isolation and may provide information
crucial for future defense needs;

(7) atmospheric conditions peculiar to the Arctic make the
Arctic a unique testing ground for research into high latitude
cor:dmunications, which is likely to be crucial for future defense
needs;

(8) Arctic marine technology is critical to cost-effective recov-
ery and transportation of energy resources and to the national
defense;

(9) the United States has important security, economic, and
environmental interests in developing and maintaining a fleet
of icebreaking vessels capable of operating effectively in the
heavy ice regions of the Arctic;

(10) most Arctic-rim countries, particularly the Soviet Union,
Arctic technologies far more advanced than those cur-
rently available in the United States;

(11) Federal Arctic research is fragmented and uncoordinated
at the present time, leading to the neglect of certain areas of
research and to unnecessary duplication of effort in other areas
of research;

(12) improved logistical coordination and support for Arctic
research and better dissemination of research data and infor-
mation is necessary to increase the efficiency and utility of
national Arctic research efforts;

(13) a comprehensive national policy and program plan to
organize and fund currently neglected scientific research with
respect to the Arctic is necessary to fulfill national objectives in
Arctic research;

(14) the Federal Government, in cooperation with State and
local governments, should focus its efforts on the collection and
characterization of basic data related to biological, materials,
geophysical, social, and behavioral phenomena in the Arctic;

(15) research into the long-range health, environmerital, and
social effects of development in the Arctic is necessary to miti-
gate the adverse consequences of that development to the land
and its residents;

(16) Arctic research expands knowledge of the Arctic, which
can enhance the lives of Arctic residents, increase opportunities
for international cooperation among Arctic-rim countries, and
facilitate the formulation of national policy for the Arctic; and

(17) the Alaskan Arctic provides an essential habitat for
marine mammals, migratory waterfowl, and other forms of
wildlife which are important to the Nation and which are
essential to Arctic residents.

(b) The purposes of this title are—

(1) to establish national policy, priorities, and goals and to
provide a Federal program plan for basic and applied scientific
research with respect to the Arctic, including natural resources
and materials, physical, biological and health sciences, and
social and behavioral sciences;

(2) to establish an Arctic Research Commission to promote
Arctic research and to recommend Arctic research policy;

(3) to designate the National Science Foundation as the lead
agency responsible for implementing Arctic research policy; and

(4) to establish an Interagency Arctic Research Policy Com-
mittee to develor a national Arctic research policy and a five
year plan to implement that policy.

ARCTIC RESEARCH COMMISSION

Sec, 103. (a) The President shall establish an Arctic Research
Commission (hereafter referred to as the "Commission”).

(bx1) The Commission shall be composed of five members ap-

inted by the President, with the Director of the National Science

'oundation serving as a nonvoting, ex officic member. The members
appointed by the President shall include—

(A) three members appointed from among individuals from
academic or other research institutions with expertise in areas
of research relating to the Arctic, including the physical, biolog-
ical, health, environmental, social, and behavioral sciences;

(B} one member appointed from among indigenous residents
of the Arctic who are representative of the needs and interests
of Arctic residents and who live in areas directly affected by
Arctic resource development; and

(C) one member appointed from among individuals familiar
with the Arctic and representative of the needs and interests of
private industry undertaking resource development in the
Arctic.

(2) The President shall designate one of the appointed members of
the Commission to be chairperson of the Commission.

(eX1) Except as provided in paragraph (2) of this subsection, the
term of office of each member of the Commission appointed under
subsection (bX1) shall be four years.

(2) Of the members of the Commission originally appointed under
subsection (bX1)}—

(A) one shall be appointed for a term of two years;

(B) two shall be appointed for a term of three years; and

(C) two shall be appointed for a term of four years.

(3) Any vacancy occurring in the membership of the Commission
shall be filled. after notice of the vacancy is published in the Federal
Register, in the manner provided by the preceding provisions of this
section, for the remainder of the unexpired term.

4) A member may serve after the expiration of the member’s
term of office until the President appoints a successor.

(5} A member may serve consecutive terms beyond the member’s
original appointment.

(dX1) Members of the Commission may be allowed travel expenses,
including per diem in lieu of subsistence, as authorized by section
5703 of title 5, United States Code. A member of the Commission not
presently employed for compensation shall be compensated at a rate
equal to the daily equivalent of the rate for GS-16 of the General
Schedule under section 5332 of title 5, United States Code, for each
day the member is engaged in the actual performance of his duties
as a member of the Commission, not to exceed 90 days of service
each year. Except for the purposes of chapter 81 of title 5 (relating to
compensation for work injuries) and chapter 171 of title 28 (relating
to tort claims), a member of the Commission shall not be considered
an employee of the United States for any purpose.

(2) The Commission shall meet at the call of its Chairman or a
majority of its members.

(3) Each Federal agency referred to in section 107(b) may desig-
nate a representative to participate as an observer with the Commis-
sion. These representatives shall report to and advise the Commis-
sion on the activities relating to Arctic research of their agencies.

(4) The Commission shall conduct at least one public meeting 1n
the State of Alaska annually.

DUTIES OF COMMISSION

Skec. 104. (a) The Commission shall—

(1) develop and recommend an integrated national Arctic
research policy;

(2} in cooperation with the Interagency Arctic Research Policy
Committee established under section 107, assist 1n establishing
a national Arctic research program plan te implement the
Arctic research policy;

(3) facilitate cooperation between the Federal Government
and State and local governments with respect to Arctic re-
search;

(4) review Federal research programs in the Arctic and sug-
gest improvements in coordination among programs;

(5) recommend methods to improve logistical planning and
support for Arctic research as may be appropriate and in ac-
cordance with the findings and purposes of this title;

(6) suggest methods for improving efficient sharing and dis-
semination of data and information on the Arctic among inter-
ested public and private institutions;

(7) offer other recommendations and advice to the Inter-
agency Committee established under section 107 as it may find
appropriate; and

(8) cooperate with the Governor of the State of Alaska and
with agencies and organizations of that State which the Gover-
nor may designate with respect to the formulation of Arctic
research policy. )

(b) Not later than January 31 of each year, the Commission

all—

(1) publish a statement of goais and objectives with respect to
Arctic research to guide the Interagency Committee established
under section 107 in the performance of its duties; and

(2) submit to the President and to the Congress a report
describing the activities and accomplishments of the Commis-
sion during the immediately preceding fiscal year.
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COOPERATION WITH THE COMMISSION

Sec. 105. (aX1) The Commission may acquire from the head of any
Federal agency unclassified data, reports, and other nonproprietary
information with respect to Arctic research in the possesaion of the
agency which the Commission considers useful in the discharge of
its duties.

(2) Each agency shall cooperate with the Commission and furnish
all data, reports, and other information requested by the Commis-
sion to the extent permitted by law; except that no agency need
furnish any information which it is permitted to withhold under
section 552 of title 5, United States Code.

(b) With the consent of the appropriate agency head, the Commis-
sion may utilize the facilities and services of any Federal agency to
the extent that the facilities and services are needed for the estab-
lishment and development of an Arctic research policy, upon reim-
bursement to be agreed upon by the Commission and the agency
head and taking every feasible step to avoid duplication of effort.

(¢} All Federal agencies shall consult with the Commission before
undertaking major Federal actions relating to Arctic research.

ADMINISTRATION OF THE COMMISSION

Sec. 106. The Commission may—

(1) in accordance with the civil service laws and subchapter
III of chapter 53 of title 5, United States Code, appoint and fix
the compensation of an Executive Director and necessary addi-
tional staff personnel, but not to exceed a total of seven compen-
sated personnel;

(2) procure temporary and intermittent services as authorized
by section 3109 of title 5, United States Code;

(3) enter into contracts and procure supplies, services, and
personal property; and

{4) enter into agreements with the General Services Adminis-
tration for the procurement of necessary financial and adminis-
trative services, for which payment shall be made by reimburse-
ment from funds of the Commission in amounts to be agreed
upon by the Commission and the Administrator of the General
Services Administration.

LEAD AGENCY AND INTERAGENCY ARCTIC RESEARCH POLICY COMMITTEE

Skec. 107. (a) The National Science Foundation is designated as the
lead agency responsible for implementing Arctic research policy,
and the Director of the National Science Foundation shall insure
that the requirements of section 108 are fulfilled.

(bX1) The President shall establish an Interagency Arctic Re-
search Policy Committee (hereinafter referred to as the “Inter-
agency Committee’).

(2) The Interagency Committee shall be composed of representa-
tives of the following Federal agencies or offices:

(A) the National Science Foundation;

(B) the Department of Commerce;

(C) the Department of Defense;

(D) the Department of Energy;

(E} the Department of the Interior;

(F) the Department of State;

(G) the Department of Transportation;

(H) the Department of Health and Human Services;
(I) the National Aeronautics and Space Administration;
(J) the Environmental Protection Agency; and

(K} any other agency or office deemed appropriate.

(3) The representative of the National Science Foundation shall
serve as the Chairperson of the Interagency Committee.

DUTIES OF THE INTERAGENCY COMMITTEE

Skec. 108. {a) The Interagency Committee shall—

(1) survey Arctic research conducted by Federal, State, and
local agencies, universities, and other public and private institu-
tions to help determine priorities for future Arctic research,
including natural resources and materials, physical and biologi-
cal sciences, and social and behavioral sciences;

(2) work with the Commission to develop and establish an
integrated national Arctic research policy that will guide Fed-
eral agencies in developing and implementing their research
programs in the Arctic;

(3) consult with the Commission on—

(A) the development of the national Arctic research
policy and the 3-year plan implementing the policy;

(B) Arctic research programs of Federal agencies;

(C) recommendations of the Commission on future Arctic
research; and

(D) guidelines for Federal agencies for awarding and
administering Arctic research grants;

(4) develop a 5-year plan to implement the national policy, as
provided for in section 109;

(5) provide the necessary coordination, data., and assistance
for the preparation of a single integrated, coherent, and multi-
agency budget request for Arctic research as provided for in
section 110;

(6) facilitate cooperation between the Federal Government
and State and local governments in Arctic research, and recom-
mend the undertaking of neglected areas of research in accord-
ance with the findings and purposes of this title;

(T) coordinate and promote cooperative Arctic scientific re-
search programs with other nations, subject to the foreign

policy guidance of the Secretary of State;

(8) cooperate with the Governor of the State of Alaska in
fulfilling its responsibilities under this title;

(9) promote Federal interagency coordination of all Arctic
research activities, including—

(A) logistical planning and coordination; and
(B} the sharing of data and information associated with
Arctic research, subject to section 532 of title 5, United
States Code; and
(10) provide public notice of its meetings and an opportunity
for the public to participate in the development and implemen-
tation of national Arctic research policy.

{b) Not later than January 31, 1986, and biennially thereafter, the
Interagency Committee shall submit to the Congress through the
President, a brief, concise report containing—

(1) a statement of the activities and accomplishments of the
Interagency Committee since its last report; and

(2) a description of the activities of the Commission, detailing
with particularity the recommendations of the Commission with
respect to Federal activities in Arctic research.

5-YTAR ARCTIC RESEARCH PLAN

Skc. 109. (a) The Interagency Committee, in consultation with the
Commission, the Governor of the State of Alaska, the residents of
the Arctic, the private sector, and public interest groups, shall
prepare a comprehensive 5-year program plan (hereinafter referred
to as the "Plan”) for the overall Federal effort in Arctic research.
The Plan shall be prepared and submitted to the President for
transmittal to the Congress within one year after the enactment of
this Act and shall be revised biennially thereafter.

(b) The Plan shall contain but need not be limited to the following
elements:

(1) an assessment of national needs and problems regarding
the Arctic and the research necessary to address those needs or
problems;

(2) a statement of the goals and objectives of the Interagency
Committee for national Arctic research;

(3) a detailed listing of all existing Federal programs relating
to Arctic research, including the existing goals, funding levels
for each of the 5 following fiscal years, and the funds currently
being expended to conduct the programs;

(4) recommendations for necessary program changes and
other proposals to meet the requirements of the policy and goals

as set forth by the Commission and in the Plan as currently in
effect; and

(5) a description of the actions taken by the Interagency
Committee to coordinate the budget review process in order to
ensure interagency coordination and cooperation in (A) carrying
out Federal Arctic research programs, and (B) eliminating un-
necessary duplication of effort among these programs.

COORDINATION AND REVIEW OF BUDGET REQUESTS

Sec. 110. (a) The Office of Science and Technology Policy shall—
(1) review all agency and department budget requests related
to the Arctic transmitted pursuant to section 108(aX5), in ac-
cordance with the national Arctic research policy and the 5-year
pr%gram under section 108(aX2) and section 109, respectively;
an
(2) consult closely with the Interagency Committee and the
Commission to guide the Office of Science and Technology
Policy's efforts.

(bx1) The Office of Management and Budget shall consider all
Federal agency requests for research related to the Arctic as one
integrated, coherent, and multiagency request which shall be re-
viewed by the Office of Management and Budget prior to submission
of the President’s annual budget request for its adherence to the
Plan. The Commission shall. after submission of the President's
annual budget request, review the request and report to Congress on
adherence to the Plan.

(2) The Office of Management and Budget shall seek to facilitate
planning for the design, procurement, maintenance, deployment,
and operations of icebreakers needed to provide a platform for
Arctic research by allocating all funds necessary to support ice-
breaking operations, except for recurring incremental costs associ-
ated with specific projects, to the Coast Guard.

AUTHORIZATION OF APPROPRIATIONS; NEW SPENDING AUTHORITY

Sec. 111. (a) There are authorized to be appropriated such sums as
may be necessary for carrying out this title.

(b) Any new spending authority (within the meaning of section 401
of the Congressional Budget Act of 1974) which is provided under
this title shall be effective for any fiscal year only to such extent or
in such amounts as may be provided in appropriation Acts.

DEFINITION

Sec. 112. As used in this title, the term “Arctic” means all United
States and foreign territory north of the Arctic Circle and all United
States territory north and west of the boundary formed by the
Porcupine, Yukon, and Kuskokwim Rivers; all contiguous seas,
including the Arctic Ocean and the Beaufort, Bering, and Chukchi
Seas; and the Aleutian chain.

Public
information

Report.

15 USC 1108

98 STAT. 1248

15 USC 4109,

Report.

15 USC s110.

2 USC 651

15 USC 4111



Executive Order 12501

Executive Order 12501.  January 28, 1985

By the authority vested in me as Presi-
dent by the Constitution and laws of the
United States of America, including the
Arctic Research and Policy Act of 1984

(Title I of Public Law 98-373) (“the Act”), it
is hereby ordered as follows:

Section 1. Establishment of Arctic Re-
search Commission. There is established the
Arctic Research Commission.

Sec. 2. Membership of the Commission.

(a) The Commission shall be composed of
five members appointed by the President,
as follows:

(1) three members appointed from among
individuals from academic or other research
institutions with expertise in areas of re-
search relating to the Arctic, including the
physical, biological, health, environmental,
social, and behavioral sciences;

(2) one member appointed from among
indigenous residents of the Arctic who are
representative of the needs and interests of
Arctic residents and who live in areas di-
rectly affected by Arctic resources develop-
ment; and

(3) one member appointed from individ-
uals familiar with the Arctic and representa-
tive of the needs and interests of private
industry undertaking resource development
in the Arctic.

The Director of the National Science
Foundation shall serve as a nonvoting ex
officio member of the Commission. The
President shall designate a Chairperson
from among the five voting members of the
Commission.

(b) In making initial appointments to the
Commission, the President shall designate
one member to serve for a term of two
vears, two members to serve for terms of
three years, and two members to serve for
terms of four years as provided by Section
103(c) of the Act. Upon the expiration of
these initial terms of office, the term of
office of each member of the Commission
shall be four years.

(¢) Each of the Federal agencies repre-
sented on the Interagency Committee es-
tablished by Section 7 of this Order may
designate a representative to participate as
an observer with the Commission. These
representatives shall report to and advise
the Commission on the activities of their
agencies relating to Arctic research.

Sec. 3. Meetings of the Commission.

The Commission shall meet at the call of
the Chairman or a majority of its members.
The Commission annually shall conduct at
least one public meeting in the State of
Alaska.

Sec. 4. Functions of the Commission.

(a) The Commission shall:

(1) develop and recommend an integrat-
ed national Arctic research policy;

(2) assist, in cooperation with the Inter-
agency Arctic Research Policy Committee
established by Section 7 of this Order, in
establishing a national Arctic research pro-
gram plan to implement the Arctic research
policy;

(3) facilitate cooperation between the
Federal government and State and local
governments with respect to Arctic re-
search;

(4) review Federal research programs in
the Arctic and suggest improvements in co-
ordination among programs;

(3) recommend methods to improve logis-
tical planning and support for Arctic re-
search as may be appropriate;

(6) suggest methods for improving effi-
cient sharing and dissemination of data and
information on the Arctic among interested
public and private institutions;

(7) offer other recommendations and

advice to the Interagency Arctic Research
Policy Committee as it may find appropri-
ate; and

(8) cooperate with the Governor of the
State of Alaska, and with agencies and orga-
nizations of that State which the Governor
may designate, with respect to the formula-
tion of Arctic research policy.

(b) Not later than January 31 of each
year, the Commission shall:

(1) submit to the President and Congress
a report describing the activities and ac-
complishments of the Commission during
the immediately preceding fiscal year; and

(2) publish a statement of goals and objec-
tives with respect to Arctic research to
guide the Interagency Arctic Research
Policy Committee in the performance of its
duties.

Sec. 5. Responsibilities of Federal Agen-
cles.

(a) The heads of Executive agencies shall,
to the extent permitted by law, and in ac-
cordance with Section 105 of the Act, pro-
vide the Commission such information as it
may require for purposes of carrying out its
functions.

(b) The heads of Executive agencies shall,
upon reimbursement to be agreed upon by
the Commission and the agency head,
permit the Commission to utilize their fa-
cilities and services to the extent that the
facilities and services are needed for the
establishment and development of an Arctic
research policy. The Commission shall take
every feasible step to avoid duplication of
effort.

(¢) All Federal agencies shall consult with
the Commission before undertaking major
Federal actions relating to Arctic research.

Sec. 6. Administration of the Commission.
Members of the Commission who are other-
wise employed for compensation shall serve
without compensation for their work on the
Cormmission, but may be allowed travel ex-
penses, including per diem in lieu of sub-
sistence, as authorized by law for persons
serving intermittently in the government
service. Members of the Commission who
are not otherwise employed for compensa-
tion shall be compensated for each day the
member is engaged in actual performance
of duties as a member, not to exceed %3
days of service each calendar year, at a rate
equal to the daily equivalent of the rate for
(GS-16 of the General Schedule.

Sec. 7. Establishment of Interagency
Arctic Research Policy Committee. There is
established the Interagency Arctic Research
Policy Committee (the “Interagency Com-
mittee”). The National Science Foundation
shall serve as lead agency on the Interagen-
cy Committee and shall be responsible for
implementing Arctic research policy.

Sec. 8. Membership of the Interagency
Committee.

The Interagency Committee shall be
composed of representatives of the follow-
ing Federal agencies or their designees:

(a) National Science Foundation;

(b) Department of Commerce;

(c) Department of Defense;

(d) Department of Energy;

(e) Department of the Interior;

(f) Department of State;

(g) Department of Transportation;

(h) Department of Health and Human
Services;

(i) National Aeronautics and Space Ad-
ministration;

() Environmental Protection Agency;

(k) Office of Science and Technology
Policy; and

(1) any other Executive agency that the
Director of the National Science Founda-
tion shall deem appropriate. The Director
of the National Science Foundation or his
designee shall serve as Chairperson of the

Interagency Committee.

Sec. 9. Functions of the Interagency Com-
mittee. (a) The Interagency Committee
shail:

(1) survey Arctic research conducted by
Federal, State, and local agencies, universi-
ties, and other public and private institu-
tions to help determine priorities for future
Arctic research, including natural resources
and materials, physical and biological sci-
ences, and social and behavioral sciences;

(2) work with the Commission to develop
and establish an integrated national Arctic
research policy that will guide Federal
agencies in developing and implementing
their research programs in the Arctic;

(3) consult with the Commission on:

(a) the development of the national Arctic
research policy and the 5-year plan imple-
menting the policy;

(b) Arctic research programs of Federal
agencies;

(¢) recommendations of the Commission
on future Arctic research; and

(d) guidelines for Federal agencies for
awarding and administering Arctic research
grants;

(4) develop a 5-year plan to implement
the national policy, as provided in section
109 of the Act;

(5) provide the necessary coordination,
data, and assistance for the preparation of a
single integrated, coherent, and multi-
agency budget request for Arctic research,
as provided in section 110 of the Act;

(6) facilitate cooperation between the
Federal government and State and local
governments in Arctic research, and recom-
mend the undertaking of neglected areas of
research:

(7) coordinate and promote cooperative
Arctic scientific research programs with
other nations, subject to the foreign policy
guidance of the Secretary of State:

(8) cooperate with the Governor of the
State of Alaska in fulfilling its responsibil-
ities under the Act; and

(9) promote Federal interagency coordi-
nation of all Arctic research activities, in-
cluding:

(a) logistical planning and coordination;
and

(b) the sharing of data and information
associated with Arctic research, subject to
section 552 of title 5, United States Code.

(b) Not later than January 31, 1986, and
biennially thereafter, the Interagency Com-
mittee shall submit to the Congress through
the President a report concerning:

(1) its activities and accomplishments
since its last report; and

(2) the activities of the Commission, de-
tailing with particularity the recommenda-
tions of the Commission with respect to
Federal activities in Arctic research.

Sec. 10. Public Participation. The Inter-
agency Committee will provide public
notice of its meetings and an opportunity
for the public to participate in the develop-
ment and implementation of national Arctic
research policy.

Sec. 11. Administration of Interagency
Committee.

Each agency represented on the Commit-
tee shall, to the extent permitted by law
and subject to the availability of funds, pro-
vide the Committee with such administra-
tive services, facilities, staff, and other sup-
port services as may be necessary for effec-
tive performance of its functions.

Ronald Reagan

The White House,
January 28, 1985,

[Filed with the Office of the Federal Regis-
ter, 4:20 p.m., January 28, 1985)

119



Forthcoming Meetings

Seventh (1988) International Conference and
Exhibit on Offshore Mechanics and Arctic
Engineering, OMAE’88

7-17 February 1988, Houston, Texas, U.S.A.

Contact: Dr. Jin S. Chung, OMAE Symposium

Committee, Colorado School of Mines,

1500 Illinois Street, Golden, CO 80401, U.S.A.

Phone (303) 273-3673 or 420-8114

Telex 910-934-0190 CSM GLDN

Third International Symposium on the Okhotsk
Sea and Sea Ice

14-16 February 1988, Mombetsu, Hokkaido, Japan

Contact: Mr. Yoshio Onishi, Symposium on the

Okhotsk Sea and Sea Ice, Mombetsu City Hall,

Saiwacho 2, Mombetsu, Hokkaido, 094 Japan

Symposium on Ice Dynamics

14-20 February 1988, International Glaciological
Society, Hobart, Australia

Contact: The Secretary General, IGS

Lensfield Road, Cambridge CB2 1ER, England

Telephone: Cambridge 355974

Facsimile: Cambridge 336543

Advancing Sustainable Development Through
Northern Conservation Strategies—Policy
Conference

16-19 February, 1988, Vancouver, British
Columbia, Canada

Contact: Felicity Edwards, Program Manager

The Banff Centre School of Management

P.O. Box 1020, Banff, Alberta, Canada TOL 0CO

Telephone (403) 762-6137

Telex Artsbanff 03-826657

Fax (403) 762-6444

The 7th Northern Research Basins Symposium/
Workshop: Applied Hydrology in the
Development of Northern Basins

May 25-June 1, 1988, Ilulissat/

Jakobshavn, Greenland

Contact: Danish Society for Arctic Technology

c/o0 Greenland Technical Organization

Hauser Plads 20

DK 1127 Copenhagen K, Denmark

Northern Libraries Colloquy 12: Northern Infor-
mation:The Global Connection

5-8 June 1988, University of Colorado, Boulder,
Colorado, U.S.A.

Contact: Ann Brennan, WDC-A for Glaciology,

CIRES, Campus Box 449, University of Colorado,

Boulder, CO 80309, U.S.A.

POLARTECH ’88

15-17 June 1988, Norwegian Institute of Technology
Studies Administration, Trondheim, Norway

Contact: Norwegian Institute of Technology

Studies Administration, N-7034

Trondheim-NTH, Norway

Fifth International Symposium on
Ground Freezing

July 26-28, 1988, Nottingham, England

Contact: R.H. Jones

Dept. of Civil Engineering

University of Nottingham

NG72RD, England

Phone 44 602 50 61 01 Ext. 3518/2676

Telex 37346 (UNINOT G)

V International Conference on Permafrost

2-5 August 1988, Trondheim, Norway

Contact: V International Conference on Permafrost
(VicoP), Norwegian Institute of Technology
Studies Administration, N-7034

Trondheim-NTH, Norway

Phone 47 7 59 52 54

Telex 55637 nth ad n

2nd International Symposium on Cold Regions
Development

9-13 August 1988, Hokkaido Development
Engineering Centre, Harbin, China

Contact: Harumi Sasaki

Hokkaido Development and Engineering Center

6-1, South 1, West 9

Chuu-Ku, Sapporo, Hokkaido, 060, Japan

Phone (011) 271-3028

FAX (011) 271-5115

Offshore Northern Seas Conference and Exhibition
23-26 August 1988, ONS, Stavanger, Norway

Ninth IJAHR Symposium on Ice

23-27 August 1988, Hokkaido University,
Sapporo, Japan

Contact: Hiroshi Saeki, Dept. of Civil Engineering,

Hokkaido University, Kita 13, Nishi 8, Kita-Ku,

Sapporo 060, Japan

Fax: 011-717-4745

Telex: 932302 Hokuen J

Arctic Division AAAS, Science Education

7-10 October 1988, Fairbanks, Alaska

Contact: Neal B. Brown, Geophysical Institute,
University of Alaska, Fairbanks, AK 99775-0800
Phone (907) 474-7558

Sixth Inuit Studies Conference

17-20 October 1988, University of Copenhagen,
Copenhagen, Denmark

Contact: Jens Dahl, Institute of Eskimology,

Fiolstraede 10, 1171 Copenhagen K, Denmark

Phone 01-159166

Second National Student Conference on Northern
Studies

24-25 November 1988, Conference Centre,
Ottawa, Ontario, Canada

Contact: National Student Conference on Northern

Studies, Association of Canadian Universities for

Northern Studies, 130 Albert Street, Suite 1915,

Ottawa, Ontario, Canada K1P 5G4

Phone (613) 238-3525



Contributors and IARPC Staff Representatives

Other than the lead arti-
cles, this issue of Arctic
Research of the United
States is based primarily
on information provided
by the staff representatives
of the Interagency Arctic
Research Policy Commit-
tee (names italicized) or
agency staff members.

Department of Defense—Colonel Ted S. Cress
Army—Edmund A. Wright (CRREL)
Navy—Thomas B. Curtin (ONR)

Air Force—LTC James P. Koermer

Department of Interior—James F. Devine and

Oswald Girard, Jr.

Minerals Management Service—John Gregory

and Fred Sieber

Geological Survey—Oswald Girard

Fish and Wildlife Service—Larry Pank
(Anchorage)

Bureau of Land Management—John Haugh

National Park Service—Al Lovaas (Anchorage)
and John Dennis

Bureau of Mines—Priscilla Young

National Science Foundation—Charles E. Myers

and Jerry Brown (Staff Chairman)

Department of Commerce—7Thomas L. Laughlin

(NOAA)
National Aeronautics and Space Administration—
Kenneth Jezek
Ocean Science—Kenneth Jezek
Atmospheric Science—Timothy E. Eastman
Land Processes—Diane E. Wickland and Miriam
Baltuck

Department of Energy—Helen C. McCammon
Ecological Research—George Hendrey
Carbon Dioxide Research—Tom Gross

Department of Health and Human Services—

Deane A. Johnson
Centers for Disease Control—Anne P. Lanier
and Deane A. Johnson
National Institutes of Health—Susan B. Spring
and David L. Klein
Smithsonian Institution— William W. Fitzhugh
and Stanwyn G. Shetler
Department of Transportation—Richard Miller
Coast Guard—Richard Hayes, LCDR P. Tebeau
Maritime Administration—Frederick Seibold
Environmental Protection Agency—Kenneth Hood
Cold Climate—James C. McCarty
Department of State—Harlan K. Cohen and
Raymond V. Arnaudo
Man and the Biosphere—Charles W. Slaughter
(Forest Service, Fairbanks)
Department of Agriculture '
Forest Service—Calvin Bey
Soil Conservation Service—Burt Clifford
(Anchorage)
Reports of Meetings
Interagency Arctic Research Policy Committee—
Charles E. Myers
United States Arctic Research Commission—
W. Timothy Hushen and Lisa Ramirez
Editors
Stephen L. Bowen and Donna R. Valliere,
Cold Regions Research and Engineering
Laboratory

Interagency Arctic Research Policy Committee staff representatives with Chairman Erich Bloch (August 27, 1987). Seated, left to
right: Harlan Cohen, Department of State; Kenneth Hood, Environmental Protection Agency; Chairman Erich Bloch; Deane John-
son, Department of Health and Human Services; Thomas Laughlin, Department of Commerce. Standing, left to right: Robert
Thomas, National Aeronautics and Space Administration; Valery Lee, formerly Department of Commerce; William Fitzhugh, Smith-
sonian Institution; James Devine, Department of the Interior; Edward Harrison, Department of Defense; Jerry Brown, National Sci-
ence Foundation; Charles Myers, National Science Foundation; Raymond Arnaudo, Department of State; Ozzie Girard, Department
of the Interior; John Talmadge, National Science Foundation; George Martin, U.S. Coast Guard, Department of Transportation.
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