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The journal Arctic Research of the United
States is for people and organizations interest-
ed inlearning about U.S. Government-financed
Arctic research activities. It is published by
the National Science Foundation on behalf of
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.
® Reports of ARC and IARPC meetings.
® Summaries of other current and planned
Arctic research, including that of the
State of Alaska, local governments, the
private sector and other nations.
* 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 refereeq
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 arereviewed 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 defini-
tion of Arctic according to the ARPA is “all
United States and foreign territory north of
the Arctic Circle and all United States terri-
tory 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 Chuk-
chi Seas; and the Aleutian chain.”’ However,
areas outside of the boundary are discussed in
the journal when considered relevant to the
broader scope of Arctic research.

The next two issues of the journal will re-
port on Arctic topics and activities. Included
will be additional reports of conferences and
workshops, university-based research and ac-
tivities of State and local governments and
public, private and resident organizations.
Unsolicited nontechnical reports on research
and related activities are welcome. Contact
the editor prior to submission for scheduling
and additional information.

The U.S. Coast Guard icebreaker Northwind (foreground) escorting the R/V Polarbjorn during

the deployment of the CEAREX program (see p. 44). The escort was completed at 82°43'
north, the northernmost escort by a U.S. icebreaker. This was the Jfinal mission for Northwind,
which is being decommissioned in January 1989 after 43 years of service. Northwind’s list of
accomplishments includes many ““firsts.”’ She assisted in the establishment of the facility at
Thule, Greenland. By completing the first passage of McClure Strait from the Beaufort Sea to
Melville Sound, she became the first ship to circumnavigate Banks Island. She was the first
ship to survey the East Siberian, Kara and East Barents seas, and she made the westernmost
penetration of the Laptev Sea by a U.S. ship. During the escort of the SS Manhattan through
the Northwest Passage, she became the Jirst ship to navigate the passage in both directions
during the same season. At the other end of the world, Northwind assisted in the establishment
of Little America on the Ross Ice Shelf, at the same time pioneering the use of helicopters for
ice reconnaissance.
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1987 and 1988 in Review

Prepared by deiry Brown
Arcoe Research of the
Linteed States edicor and
Hewd, Arctic Staff, Na
tional Scrence Foundution

Side-Looking Airborne
Radar (SLAR) image
collected by the U.S.

Geological Survey. This

image of the De Long
Mountains and the Arcric
Ocean shows the Dugout
Syncline, the Coke Basin
{Smiling Eskimo Syncline)
and the Igloo Mountain
Syncline.

The first issue of this journal, published
one year ago, presented reports from U.S.
Government agencies for FY 86. This issue
brings us up to date on current Federal pro-
grams and covers FY 87 and 88. The year
1988 may well prove to be the turning point
for the U.S. in the development of its role as
an Arctic research nation. The following high-
lights U.S. interagency and other major Arc-
tic accomplishments.

The Interagency Arctic Research Policy
Committee met on May 2, 1988, and instruct-
ed the staff to develop the draft biennial revi-
sion to the Arctic Research Plan in time for
the final submission to the President in July
1989. The Committee urged that the revisions
demonstrate several areas of coordinated pro-
grams.

The Arctic Research Commission issued its
annual report in January 1988 entitled Enter-
ing the Age of the Arctic, followed by a spe-
cial report on logistics. Logistics needs in de-
creasing order of priority are: an ice-capable
research vessel, land-based support, upgrade
of the U.S. rocket range, and Federal coor-
dination.

An TARPC-sponsored data workshop re-
sulted in a commitment to develop an Arctic
Environmental Data Directory (see p. 93).

An IARPC working group on logistics
chaired by Rear Admiral Moran, NOAA,
agreed to develop plans for coordinating
logistics, including a directory of Federal lo-
gistics; a summary will be published in the
next issue of this journal.

An IARPC-sponsored international sym-
posium on northern information resulted in
the publication of a U.S. report and a vision
statement for a polar information network.

The State of Alaska created the Alaska Sci-
ence and Technology Foundation. Its nine-
member board is developing guidelines for ad-
ministering an endowed grants program.

The Arctic Research Consortium of the
United States was founded, with member in-
stitutions representing the majority of the
U.S. universities involved in Arctic research.

After several years of preliminary discus-
sions, a group of international Arctic scien-
tists and administrators, including participants
from the Commission and IARPC, met in
Stockholm in March 1988. They recommended
that an International Arctic Science Commit-
tee be established. The composition and func-
tions of the IASC are under active discussion.

A major report was published on Arctic in-
teractions, a potential contribution to global
change programs.



The IARPC continued to coordinate infor- Readers may obtain further information on

mation on Federal funding devoted to Arctic some of these activities from the following
research and related activities. The FY 86-88 publications: _ .
retrospective of U.S. Arctic research expendi-  Report ofthe Arctic environmental data work-
tures is given below. The revised FY 89 and shop, March 21-24, 1988. Available from
estimated FY 90 funding will be presented in Office of International and Intergovern-
the Spring 1989 issue. mental Liaison Staff, NOAA, Room 4811
(LA4), 14th and Constitution Ave. NW,
Actual  Actual Actual Washington, D.C. 20230.
1986 1987 1988 Arctic interactions: Recommendations for an
Agency (Thousands of dollars) Arctic component in the IGBP. Available
from Office for Interdisciplinary Earth
Department of Interior 24,116 23,952 23,813 Z‘“Id‘esé U;,‘;\;’ P.0. Box 3000, Boulder,
Department of Defense 26,636 25,043 23,856 - ‘[’ °;‘}V° e I B st
National Science Foundation 18,144 21,894 23,118 WJef e e ol o 4 g
National Aeronautics and 7,999 13,423 16,850 une 1988. Glaciological Data Report GD
Space Administration 22 and INSTAAR Special Publication.
National Oceanic and Atmospheric 5,197 4,555 5,060 Available from WDC-A for QIac1qlogy,
AdministTation CIRES, Campus Box 449, University of
Department of Energy 5 436 3,610 2.927 Colorado, Boulder, Colorado 80309-0449.
Department of Health and Human 1,756 1,461 922 Enienrg t.he age of die Arctzc.': Op P ortunities
Services and .ob.llgatzons of an Ar_ctzc nation and
Smithsonian Institution 519 519 664 Logistic support of Arctic research: Find-
Department of Transportation 410 655 575 ;r.tg;and re;:lo(rjn men@atilons Zf t.}lleb?' ? a3
Environmental Protection Agency 400 300 0 B e ertar s m Fom s oommse
Department of State 16 8 4 U.S. Arctic Research Commission, Inter-
. tate Commerce Commission Bldg., Suite
t of A 1 = s
DepartieEOIEHICIIUTE =y 860 i 6333, 12th and Constitution Ave. NW,
Totals 91,479 96,280 98,656 Washington, DC 20423.




Helicopter-supported re-
search and monitoring ac-
tivities of the Department
of Interior over the trans-

Alaska pipeline heading
south from Prudhoe Bay.

M/ V Tiglax, a state-of-the-
art research vessel used by
the Alaska Fish and Wild-

life Research Center for
studies of oceanography
and seabird distribution.




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 Con-
servation Act. These activities are performed by six services or
bureaus, each with administrative and technical offices located in
Alaska. In FY 87, a total of $24.0 million was identified in sup-
port of these activities, and in FY 88, $23.8 million was expended.

Installing instruments in
an ice rubble field to
measure ice loads.

Minerals Management
Service

The Minerals Management Service regulates
the leasing, exploration and development of
oil and gas in the Federal waters of the U.S.
Outer Continental Shelf/Exclusive Economic
Zone (OCS/EEZ). The MMS is required by
law to assure that operations are safe and pol-
lution-free and that the ‘‘best available and
safest technologies’” are used in the develop-
ment of oil and gas. Also, the MMS must de-
termine the environmental cost and possible
multiple-use conflict in support of leasing and
subsequent development and production activ-
ities in the OCS/EEZ. Arctic research and en-
vironmental studies are conducted under the
Technology Assessment and Research Pro-
gram (TA&R) and the Alaska Environmental
Studies Program respectively. These studies
are conducted in concert with universities, pri-
vate companies, the states, and other Federal
agencies. An annual summary of Alaska OCS
activities is available from MMS OCS Infor-
mation Program, 1951 Kidwell Drive, Suite
601, Vienna, Virginia 22180.

MMS FUNDING

(thousands)
FY86 FY87 Fyey
Ottshore Minerals 288 219 121
Environmental Studies 10,340 8,343 7,128

Technology Assessment and
Research Program

The TA&R Program is responsible for as-
sessing and evaluating technology, equipment,
industry procedures and internal procedures
relevant to the post-lease exploration, develop-
ment and production of minerals on the OCS/
EEZ; applying engineering and research ap-
proaches to mitigate identified hazardous con-
ditions; and transferring the resulting infor-
mation to MMS regulatory personnel. MMS
regulators use this information in making reg-
ulatory decisions, issuing permits and review-
ing applications to install structures, pipelines
or other equipment, to drill for oil, gas or
other minerals, and to produce these miner-
als. The TA&R Program has projects in the
following areas: exhaust emission contirol; oil
spill containment and cleanup; well control;
risk, reliability and inspection; and structures,
pipelines and ice mechanics. TA&R Program
projects exclusively pertinent to Arctic and
Subarctic OCS/EEZ waters include ice loads
on structures and ice-structure interaction,
design criteria and structural materials, oil
transport and oil spill containment, and tech-
nology transfer.

Because research in the Arctic and Subarc-
tic is expensive, most of the projects are per-
formed jointly with other interested Federal
agencies, Canada, offshore industry and uni-
versities. All projects are accomplished by



Icebreaker wake in
the Beaufort Sea.

contract, and a small administrative staff is
maintained to ensure the maximum applica-
tion of research funds to a variety of projects.

Ice Loads on Structures and
Ice-Structure Interaction
Ice in its various forms is a basic hindrance
to Arctic offshore oil, gas and other mineral
operations. The forms of Arctic ice include
seabed permafrost, land-fast ice, pack ice, ice-
bergs and other moving ice floes, and spray
ice. In a continuing effort to provide better
engineering information relevant to ice resis-
tance requirements, the TA&R Program fund-
ed the following projects in FY 87 and 88:
¢ [ce stress measurements at the Canadian
platform ‘“Molikpaq;”’
¢ Verification of ice forces against Arctic
structures;
¢ Impact of annual ice with a cable-moored
platform; and
® Numerical modeling of ice-structure in-
teractions.

Design Criteria and
Structural Materials

Structural design criteria and structural ma-
terial information were developed for land-
based operations, and their application was
extended for use offshore. With the imple-
mentation of limit-state design, probabilistic-
based design criteria and partial safety fac-
tors, the applicability and limitations of cur-
rent structural design criteria and structural
material information for offshore applications
needs further evaluation. To provide a basis
for this evaluation for offshore Arctic appli-
cations, the TA&R Program funded projects
in FY 87 and 88 on probability-based design
criteria for ice loads on fixed structures in the
Beaufort Sea, and the punching shear resis-
tance of concrete offshore structures for the
Arctic.

Oil Transport and Oil Spill
Containment

As indicated by the recent OCS oil and gas
lease sale in the Chukchi Sea, the remoteness
and severe environmental conditions of the
Arctic and the past failures to locate commer-
cial quantities of oil and gas on the Alaska
OCS have not daunted the interest of the oil
and gas industry. Should hydrocarbons be
found, economical and safe methods of trans-
porting these hydrocarbons to shore must be
developed. Also, any accidental spills must be
cleaned up in all possible conditions, for ex-
ample, when there is open water, broken ice
or a solid ice cover. To ensure that adequate
information will be available to regulate the
development of Arctic OCS leases, the TA&R
Program funded the following projects in FY
87 and 88:

e Feasibility of Chukchi Sea transportation;

e Evaluation of waterjet barriers for con-

taining oil in the presence of broken ice;
and
¢ Field test for burning oil on open water.

Technology Transfer

Information about the problems of the
users of current technologies must be com-
municated to researchers. Also, information
about new technologies must be communi-
cated to users. In FY 87 and 88, to encourage
orderly technology transfer, the TA&R Pro-
gram provided funds for the Ninth Interna-
tional Conference on Port and Ocean Engi-
neering Under Arctic Conditions and the In-
ternational Workshop on Qil Spill Response.

For further information, see Technology
Assessment and Research Program for Off-
shore Minerals Operations, 1988 Report. This
report is available from the Department of
the Interior, Minerals Management Service,
12203 Sunrise Valley Drive, Mail Stop 647,
Reston, Virginia 22091.

Alaska Environmental
Studies Program

As the managing agency for the MMS OCS
leasing program in Alaska, the Alaska OCS
Region has conducted environmental, social
and economic studies to obtain information
needed to make sound leasing decisions as
well as to monitor human, marine and coastal
environments. In anticipation of shifts in in-
formation needs, the program has increased
studies to meet post-lease and monitoring in-



Bowhead whale in
the Beaufort Sea.

formation requirements. The detailed ration-
ale for the Alaska OCS Region’s program can
be found in the Alaska Regional Study Plan
(RSP), which is prepared annually.

A portion of the Alaska Environmental
Studies Program (ESP) is managed for the
MMS through an interagency agreement with
the National Oceanic and Atmospheric Ad-
ministration (NOAA), U.S. Department of
Commerce, and the Outer Continental Shelf
Environmental Assessment Program
(OCSEAP). Other environmental studies and
all social and economic studies are adminis-
tered and contracted directly from the MMS
Regional Office in Anchorage.

Endangered Species

The bowhead whale, an endangered marine
mammal that is of key importance to Native
culture, makes extensive annual migrations
through six OCS planning areas. Efforts to
define the habitat and migrations of endan-
gered whales and the potential effects of off-
shore operations on these species continued.
These studies included ongoing aerial moni-
toring of bowhead whales in the Arctic (now
conducted by MMS personnel) and a study of
the behavior of the Davis Strait stock of bow-
head whales. Also during FY 88, preparation
of an authoritative book on bowhead whales
and a study of the effect of production activi-
ties on Arctic whales were begun. A study ex-
amining the prediction of site-specific interac-
tion of acoustic stimuli and endangered whales
was completed. MMS has made several at-
tempts to implant satellite tags on whales.
The most successful involved attaching a sat-
ellite tag to a pilot whale that was being re-
leased from the New England Aquarium. The
tag functioned for 95 days and provided 479
locations over a 7600-km path. This is the
first successful long-term application of a sat-
ellite tag on a whale.

Living Resources

The Marine Mammal Protection Act of
1972 established a national policy to protect
marine mammal populations and to encour-

age their preservation to the greatest extent
feasible. Seabirds, waterfowl and commercial
fish species also are protected under various
international agreements.

MMS studies are focusing on the vulnera-
bility of marine mammals to noise disturb-
ance. Other studies are modeling the popula-
tion response of potentially sensitive marine
mammals, including sea otters and fur seals,
to hypothetical oil spills. Surveys of seabirds
and mammals using Unimak Pass continued,
including the first dedicated research effort on
bird habitat use in Unimak Pass during the
fall and winter. Approximately 275 conductiv-
ity, temperature and density (CTD) casts were
taken during the seasonal surveys of Unimak
Pass, which will provide a description of the
major ecological processes affecting the
seasonal occurrence of regional seabird
groups.

The potential effects of offshore oil and gas
operations on fisheries continue to be a major
focus of studies. A study of Arctic fish sensi-
tivities and habitats continued. A major effort
to better define the coastal fisheries and relat-
ed environment in the southern Bering Sea,
particularly in the North Aleutian Basin, also

Plankton tow gear being deployed in the Beaufort Sea.



continued. This work includes investigations
of the life stages and sensitivities of salmon,
king crab and herring, as well as the near-
shore physical oceanographic environment
that constitutes the habitat of these commer-
cially important species.

Environmental Monitoring

The MMS Alaska OCS Region has com-
pleted a three-year program that monitored
the long-term effects of oil and gas discharges
in the Beaufort Sea; a comprehensive report
summarizing the results is now available.
Monitoring continued on densities and distri-
bution patterns of ringed seals. The final re-
port on three years of aerial surveys of ringed
seals was issued in FY 88. Seabirds also con-
tinue to be monitored.

A multiyear study is underway to acquire,
curate and analyze marine mammal tissues.
The study is documenting baseline levels of
chemical contaminants in tissues in order to
monitor any increases potentially associated
with future oiland gas drilling and production.

Pollutant Transport

Potential oil spills are a major focus of the
environmental assessments for Alaska OCS
lease sales. A computer model for circulation
and oil-spill trajectories is being used to pre-
dict the movement and dispersal of spilled oil.
Another model for predicting the transport of
oil into and along a beach is also being devel-
oped. A complementary study to describe the
motion and distribution of oil droplets due to
turbulent action in the water column was
completed.

Efforts continued to improve knowledge of
actual circulation for model-confirmation pur-
poses. Fieldwork for the Beaufort Sea Meso-
scale Circulation Study was completed, and
the final report is due in FY 89. Data collec-
tion continued under MMS support to the
Arctic Ocean Buoy Program (ice-drifting
buoys). The results of this work will allow
MMS to increase the accuracy of the Oil Spill
Risk Analysis, which is a part of all offshore
lease sales.

Ecosystems

The purpose of ecosystem studies is to learn
about habitats and biological and physical
processes that support important species. Eco-
logical studies were completed in three areas:
the Chukchi Sea, the Yukon River delta and
the North Aleutian Shelf lease area along the
Alaska Peninsula. An MMS-funded study, in
coordination with the NSF Inter-Shelf Trans-

port and Recycling Program, will attempt to
determine the processes responsible for inter-
annual variability in primary productivity, nu-
trient recycling and habitat utilization for the
northern Bering Sea and the central Chukchi
Sea. Fieldwork is completed for the Yukon
Delta Ecosystem Processes Study, which fo-
cused on the movement of saltwater into the
delta, juvenile fish use of the delta habitats,
and seabird uses of the delta front. The
Alaska Peninsula Coastal Ecosystem Study
focused on major ecological processes and bi-
otic relationships, particularly fish, birds and
mammals, their trophic relationships, and
sources of organic carbon.

Oil Spill Fates and Effects

Laboratory and field studies sponsored by
MMS have shown that there may be long resi-
dence times and extended recovery periods for
Arctic and Subarctic biological and physical
components and processes affected by hydro-
carbons. A predictive oil-weathering model is
in use that describes the physical and chemical
changes of oil spilled in open seas or in the
presence of sea ice.

Another project investigated the effect of
the water-soluble fraction of Alaska North
Slope crude oil on the chemosensory function
of adult coho salmon; the results suggest that
coho salmon can detect the presence of dis-
solved petroleum hydrocarbons at several
orders of magnitude below the levels seen (or
predicted) to cover large areas during oil
spills. In FY 88, a ficld experiment in Alaskan
waters investigated the effect of hydrocarbon
exposure on the behavior of salmon returning
to their natal stream.

Hazards

Hazards are physical processes that may ad-
versely affect exploration and development
structures. Active surface and near-surface
faulting are examples that have been studied
extensively in the past. In recent years, studies
that focused on sea ice mechanics and forces
were funded at a moderate level through the
MMS Technology Assessment and Research
Program (TARP). Recent ESP studies have
focused on possible constraints to oil and de-
velopment activities imposed by meteorologi-
cal or oceanographic conditions such as sea
ice movement, storm surges and extreme winds
and waves.

Social and Economic Studies
The Alaska OCS Region’s Social and Eco-
nomic Studies are unique within MMS. Be-



cause subsistence activities are important in
the culture of the Natives of coastal Alaska,
the study of the effects of offshore petroleum
development goes beyond conventional eco-
nomic considerations. Case studies and socio-
cultural and socioeconomic update studies de-
fine the social environment and describe the
variables that may change with new OCS ac-
tivities.

Recently completed studies have examined
the effects of development on institutions in
Barrow, Nome and the Pribilof Islands. Dur-
ing FY 87 the program began the first year of
a four-year field study to track social changes
to Bering Sea and North Slope inhabitants
due to OCS exploration and development ac-
tivities.

Several socioeconomic studies began in FY
87 in Point Hope and other Alaska communi-
ties. Two fisheries studies were begun, one to
obtain current and historical commercial fish-
ing data in the Bering Sea for the Northwest
and Alaska Fisheries Center, and the other to
use the data from previous studies to prepare
a model that would allow MMS to project
future fishing harvests in the Bering Sea.

Environmental Information
Management

The Alaska ESP for FY 87 and 88 included
approximately 40 studies in nine subject

areas, covering the three Alaska leasing re-
gions. The size and scope of this program ne-
cessitates mechanisms to integrate study
results.

Information Update Meetings are scheduled
for each planning area to allow recent multi-
disciplinary data from social and natural sci-
ences to be integrated into the environmental
assessment process. The results of these ef-
forts are published by OCSEAP and are also
used in environmental impact statements. An
Information Update Report was published for
the Chukchi Sea (Sale 109) in June 1987. In
November 1987 an Arctic Information Trans-
fer Meeting was held in Anchorage, Alaska,
and was attended by more than 150 scientists,
administrators, agency personnel and other
interested parties. In April 1988 MMS spon-
sored a workshop on the technical objectives
for fisheries oceanography in the Arctic.

The OCSEAP maintains an on-line bibliog-
raphy of project-related reports. MMS main-
tains lists of direct-contracted studies, includ-
ing endangered species, monitoring, oil-spill
modeling, and social and economic studies. In
1987 OCSEAP published eight volumes con-
taining 28 final reports. MMS has also funded
the preparation of several books; the book
The Gulf of Alaska: Physical Environment
and Biological Resources was published in
1987.

U.S. Geological Survey

The U.S. Geological Survey (USGS) con-
ducts both terrestrial and marine research in
the Arctic in a number of disciplines. Among
these are energy and minerals, natural haz-
ards, ice and climate, glaciology and Quatern-
ary geology, deep continental studies, the
magnetosphere and mapping.

Energy and Minerals

Energy and minerals research in the Arctic
is conducted both onshore and offshore to
systematically describe and understand the
geological settings where energy and mineral
resources may occur and to provide quantita-
tive assessments of the energy and mineral re-
sources of the Arctic for land use planning
and national need. The USGS carries on its

USGS FUNDING
(thousands)

FY8a6 FYR? FY88
Energy and Minerals 2,800 2,411 2,404
tatural Hazards 285 31y 1,209
tce and Climate 240 350 350
Hydriogy 0 310 NG
Glaciology and Quaternary 2510 200 200
Marine Geology 400 986 692
Magnetosphere 25 25 2
Mapping 2,300 652% 1,405

work in Alaska through several programs, the
most significant being the Alaska Mineral Re-
sources Assessment Program (AMRAP).
AMRAP provides an assessment of ‘‘the
oil, gas, and other mineral potential on all
public lands in the State of Alaska in order to
expand the data base with respect to the min-
eral potential of such lands,”” as directed by
Section 1010 of the Alaska National Interest
Lands Conservation Act (ANILCA). Other
active USGS energy and mineral programs are

9
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USGS survey project
in the Arctic Ocean
using the Coast Guard
Cutter Polar Star.

e The Geologic Framework Program, involv-
ing both general and specialized research on
the regional geology of the state;

e The Development of Assessment Techniques

Program, whose goal is improvement of the

ability to identify and evaluate mineral re-

sources;

The Critical and Strategic Minerals Pro-

gram, which identifies the potential of these

resources to meet national military and eco-
nomic needs;

The Evolution of Sedimentary Basins Pro-

gram, which studies depositional, structural,

diagenetic and thermal processes to predict
and evaluate water, mineral and petroleum
resources;

The Marine Geology-Exclusive Economic

Zone (EEZ) Program, which evaluates the

morphology and mineral potential of the

continental margin and which has sponsored
research cruises in the Bering Sea that sys-
tematically imaged the seafloor using Geo-
logic Long Range Inclined Asdic (GLORIA)
sonar surveys;

The Gas-Hydrate Program, which attempts

to determine the distribution, quantity and

environment of methane hydrate; and

e The Geothermal Investigations Program,
which focuses on studies of the nature, dis-
tribution and energy potential of geothermal

resources and which is now investigating Mt.

Spurr, Mt. Edgecumbe and Emmons Lake
caldera.

In September 1988, USGS conducted a geo-
logical and geophysical investigation of the
southern end of the Northwind Ridge of the
Arctic Ocean’s Amerasian Basin. Using the
Coast Guard Cutter Polar Star, data were ob-
tained to 75°N latitude. Among the data col-
lected were 9 box cores, 24 gravity cores, 9
piston cores, 1 dart core, 2925 km of bathy-
metry, 151 km of single-channel seismic re-
flection data, and 20 sonobuoy reflection pro-
files. One of the cores recovered by the expe-
dition was taken about 250 miles north of
Point Barrow, where the ocean is about 2.5
miles deep. This core is apparently the longest
ever collected from the Canada Basin or the
submerged mountain ranges that surround it.

A major study of the petroleum geology of
the Arctic National Wildlife Refuge (ANWR)
was released in late 1987. The study (USGS
Bulletin 1778) contains 23 technical papers
summarizing available information on the
geochemistry, geology, structure and petro-
leum potential of the ANWR area. Other pet-
roleum studies are investigating the oil and
gas potential of the Yukon-Kandik basin, the
Nenana basin, the Killik River and Chandler
Lake quadrangle, the North Slope and the
eastern Brooks Range.

A new Arctic publication, The National



Petroleum Reserve in Alaska, 1974-1982
(USGS Professional Paper 1899), is in press
and will be available for general distribution
in early 1989. This 956-page volume includes
39 papers on a wide range of research studies
that were part of the recent exploration pro-
gram mandated by the Naval Petroleum Re-
serves Production Act of 1976. The papers
address exploration history, resource assess-
ment, geologic framework, geochemistry, geo-
physics, paleontology, reservoir rocks and
special studies. These subjects were investi-
gated in response to several mandates of the
act, including continuation of exploration
drilling and a resource assessment of the en-
tire reserve. The report includes maps and il-
lustrations, as well as summary tables of the
28 new exploratory wells.

The quantity and quality of coal were as-
sessed from numerous sites in the central and
eastern portion of the Alaskan North Slope,
including Sagwon Bluffs along the Sagavan-
irktok River, Juniper Creek and the Shaviovik
River. A study of the thickest known Alaskan
Arctic coal bed, a 55-m-thick, Eocene coal
bed in the Death Valley area of the Seward
Peninsula, was also conducted. Coal is known
to exist in the offshore Alaskan Arctic, and
preliminary studies indicate potentially large
quantities. Investigations have been made of
the regional geochemistry, diagenesis, strati-
graphy, sedimentology, tectonic framework,
mineral potential and geologic processes of
Alaska North Slope basins.

Minerals being investigated include chro-
mite, tin, placer and lode gold, tungsten, plat-
inum, sulfides, lead and zinc. Environmental
geologic studies were made of coastal erosion,
sediment budgets and ice gouging in the Alas-
kan and Canadian Beaufort Sea, as well as
the offshore stratigraphy of the Chukchi Sea.

Collecting a 40,000-year-
old sediment core from a

lake on Saint Michael
Island in Norton Sound.

Inspecting beds containing dinosaur bones along the
Colville River.

Natural Hazards

The primary objective of USGS research on
Arctic natural hazards (earthquakes, volcanoes
and landslides) is to mitigate losses by provid-
ing data and evaluations essential for land use
planning. Research focuses on hazards related
to offshore lease areas, engineering design
and emergency preparedness decisions. Three
programs are actively investigating natural
hazards:

¢ The Earthquake Hazards Reduction Pro-

gram, which seeks to mitigate earthquake
losses by providing data and evaluations for
land use planning, engineering and emergency
preparations;

® The Volcano Hazards Program, which in-

cludes studies on assessing, reducing and
predicting volcanic hazards; and

¢ The Landslide Hazards Reduction Program,

which includes studies on assessing, reducing
and predicting landslides.

Ongoing studies are resolving geologic ele-
ments and seismogenic processes throughout
Alaska, with the goal of estimating long-term
earthquake potential, particularly in the Yak-
ataga, Shumagin and Unalaska seismic gaps.
Regional and global seismographic stations
are being operated. Engineering geologic maps
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have been completed for many 1:250,000-scale
quadrangles, including eight in the National
Petroleum Reserve in Alaska (NPRA). The
coastal plain portion of ANWR has also been
mapped. Other work includes studies of the
distribution, character and thermal regime of
permafrost, including a new evaluation of the
role of discontinuous permafrost in the An-
chorage area.

Ice and Climate

Ice and climate research is primarily con-
ducted by the Water Resources Division,
through its Ice and Climate Program. Its pur-
pose is to

e Investigate the role of all forms of surface

ice (sea ice, ice sheets, snow and glaciers)
and polar oceans in the variation of meso-
scale, regional and global climate;

e Develop aircraft and satellite techniques with
passive and active microwave to observe sur-

face ice and polar ocean phenomena in any
weather and at any time of day at time
scales ranging from daily to interannual;
e Develop numerical models for sea ice dy-
namics and thermodynamics, ice sheet flow
and glacier flow; and
Investigate the interaction of the upper
ocean and sea ice, especially in the marginal
ice zone.

Much work is conducted at the internation-
al level in the Arctic, primarily through long-
standing joint programs with NASA and the
French Space Agency (CNES). Studies are us-
ing satellite, aircraft and surface sensors to
make simultaneous observations of sea ice, ice
sheets, snow and oceans. The USGS role has
been both in the design of microwave sensors
for satellite missions and in the subsequent
analysis and use of the satellite data. For ex-
ample, the results of ten years of observation
of variations in sea ice cover as observed with
the Nimbus-7 multichannel microwave radio-
meter were reported in a joint USGS-NASA
publication in October 1988. USGS research-
ers continue to participate in planning and
carrying out aircraft remote sensing missions
in conjunction with the satellite missions and
in surface-truth experiments on drifting ice
stations, ships and ice sheets. USGS investiga-
tors are involved in the ongoing marginal ice
zone experiments being conducted in the
Fram Strait and East Greenland Sea. A joint
USGS-NASA study of the upper Colorado
River basin snowpack using Nimbus-7 SMMR
observations to measure snow water equiva-
lents is now entering its seventh snow season.
USGS researchers have developed numerical
models for sea ice dynamics and thermody-
namics in cooperation with other agencies,
particularly the Goddard Space Flight Center
of NASA. USGS-developed numerical models

Terminus of an iceberg-
calving tidewater glacier.
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of glacier flow and ice sheet flow are being
used in conjunction with remote sensing data
from surface-based radar sounders and air-
craft and satellite radars.

Glaciology and
Quaternary Geology

The goals of glaciology and Quaternary
geology research are to

¢ Understand the complete cycle of glacier be-

havior;

® Provide advice on specific glacial and engi-

neering geological hazards;

® Assess glaciers as a resource;

® Develop and use methods for predicting gla-

cier behavior;

¢ Interpret Quaternary geological environ-

ments and climate by reading the record of
events recorded in loess, permafrost, glacial
deposits, and marine and lacustrine sedi-
ments; and

® Assess the importance of Alaskan glaciers

for interpreting climate.
Individual aspects of this project are conduct-
ed by the Geologic and the Water Resources
Divisions.

Instrumentation is maintained at several
glaciers, including the Hubbard Glacier, in
different climatic areas to measure high-alti-
tude climate, snow and ice balance, and gla-
cier flow. Current projects are analyzing these
baseline data, developing new techniques in
glaciology and studying surging glaciers, ice-
dammed lakes and calving glaciers, both to
obtain new knowledge of these hazards and to
learn more about glaciological principles and
processes. A computer model relating climate
data from long-term weather stations to moun-
tain climate, glacier snow and ice storage, and
glacier runoff was developed for the Colum-
bia Glacier, Alaska, predicting its retreat.
Studies of the post-breakout effects of Russell
Fjord and Hubbard Glacier continue. A 1988
publication (USGS Circular 1018) documents
the recent activities of Hubbard Glacier.

Numerous detailed studies of late-Tertiary
and Quaternary marine, lacustrine, eolian and
glacial sediments and permafrost of the North
Slope and interior basins of Arctic Alaska
continue. These include assessments of the de-
positional environment of the Flaxman mem-
ber of the Gubik Formation; studies of Late
Wisconsin eolian activity and alluviation of
the Kobuk River valley; and thermal analyses
of the permafrost and hydrate stability zones
of the Kuparuk and Prudhoe Bay oil fields.

Deep Continental Studies

Deep continental research involves multidis-
ciplinary studies of the continental litho-
sphere, with an emphasis on deep crustal en-
vironments and processes that control or in-
fluence near-surface geology. The goal of
deep continental studies is to obtain informa-
tion about the composition, structure and dy-
namics of the Earth’s crust and upper mantle
in order to understand the occurrence of
energy and mineral resources and the pro-
cesses associated with major geologic hazards
such as earthquakes and volcanic eruptions.
In the Arctic, deep continental studies are
conducted as part of the Trans-Alaska Crustal
Transect (TACT) Program. The TACT pro-
gram applies a multidisciplinary approach to
study the Earth’s crust along a corridor from
the Pacific Ocean to the Arctic Ocean. This
program is coordinated with the Trans-Alaska
Lithosphere Investigations (TALI), which util-
izes earth scientists from the Alaska Division
of Geological and Geophysical Surveys, the
University of Alaska, other universities and
private industry. The TACT program, which
is entering its fifth year, is a major, integrated
multidisciplinary program designed to investi-
gate the geology, tectonics and deep crustal
structure along a north-south corridor follow-
ing the route of the trans-Alaska pipeline and
extending offshore across the Pacific and Arc-
tic continental margins.
TALI studies proposed tor the next several
years will examine
* The ongoing processes of subduction and ac-
cretion, key processes in the evolution of
Alaska and western North America;

® The deep configuration and history of rift-
ing of the Beaufort margin and the relation
of rifting to events in the Brooks Range and
Canada Basin;

® The configuration and history of the Denali
fault system, a late Mesozoic collision suture
reactivated as a major Cenozoic strike-slip
fault;
¢ The thickness, structures, roots and histories
of the many terranes recognized between the
Alaskan Range and the Brooks Range;

¢ The configuration and history of the Kaltag-
Tintina 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.

Recent TACT program accomplishments in-
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deep continental study.

clude the completion of deep crustal seismic
refraction surveys across the Alaska Range
and Tanana River basins. Geologic mapping
(1:63,360 scale) and specialized geologic stud-
ies have been extended to the Yukon River,
resulting in a completed geologic strip map
that covers the southern three-fifths of Alaska
along the transect. Other activities include
completion of magnetotelluric surveys from
the Gulf of Alaska to the northern Alaska
Range, extension of gravity and aeromagnetic
modeling to the northern Alaska Range, and
completion of an acromagnetic survey in the
Middleton Island region of the Gulf of Alaska.

Other Activities

The magnetosphere and mapping activities
remain essentially the same as presented in the
FY 86 report (see Arctic Research of the
United States, Fall 1987, p. 23).

The USGS operates three magnetic observa-
tories in Alaska, one of which is located at
Barrow on the Arctic coast. This station is
particularly important because it is the only
source of geomagnetic data close to the geo-
magnetic pole. It is at the geomagnetic pole
where charged particles following magnetic
field lines enter and leave the Earth. Geomag-

netic data are critical to our understanding of
how sunspots affect communications and how
the Earth’s internal magnetic field and the at-
mospheric magnetic field are related.

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

Publications

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

Geologic studies in Alaska by the U.S. Geo-
logical Survey during 1987: USGS Circular
1016, Branch of Alaskan Geology, 4200
University Drive, Anchorage, Alaska 99508-
4667.

Annual report of the U.S. Geologi .
USGS, Reston, Virginia 22092iglca1 ke



Evaluating the effect of
controlled burning on
wetland vegetation and
response by waterfow! at
the Yukon River Flats.

Fish and Wildlife Service

The Alaska Fish and Wildlife Research
Center addresses a wide variety of Arctic and
Subarctic research problems of national and
international scope, involving anadromous
fisheries; land and marine mammals; seabirds,
shorebirds and waterfowl; and the develop-
ment and application of new methodologies
to study fish and wildlife populations and
their habitats. Much of this research is fo-
cused on minimizing the impact of resource
development on fish and wildlife on National
Wildlife Refuges (NWRs) across Alaska. The
Fish and Wildlife Service (FWS) Arctic re-
search is conducted under five broad topics:
migratory birds, marine mammals, terrestrial
ecology, fisheries and cooperative research.

Migratory Birds

Alaska’s migratory bird population is large
and diverse. Over 40 million seabirds of 30
species use pelagic and coastal areas of
Alaska year-round. Millions of migratory
shorebirds nest in northern and western
Alaska. Alaska habitats support more than
70,000 swans, 1 million geese and 12 million
ducks that winter in all four North American

FWS FUNDING

(thousands)
FY&6 FYB7 SVHE
Marine Mammals 1,300 1,400 2
Migratory Birds 300 1,300 70
Fisheries Research 241 375 7E
Cooperative Research 250 300 325
Terrestrnial Ecology 600 525 1,12

flyways. The Center’s migratory bird studies
have focused on the ecology and population
dynamics of these seabirds, shorebirds and
waterfowl.

Seabirds

Black-legged kittiwakes have experienced
complete reproductive failures at colonies
throughout Alaska with alarming frequency in
recent years. In 1987, research was begun on
Middleton Island, in the north-central Gulf of
Alaska, to identify the specific causes of these
failures, which appear to be related to the
birds’ food supply. Studies are underway to
estimate the means and variability in the an-
nual survival of adult kittiwakes on Middle-
ton Island.

The M/V Tiglax, a 120-foot research and
refuge support vessel, entered its first year of
service with a christening ceremony in Homer,
Alaska, on July 2, 1987. With the coopera-
tion of the Alaska Maritime NWR, Center
personnel conducted studies of seabird distri-
butions and oceanography near colonies at
the west end of St. Lawrence Island in the
Bering Sea. This research is designed to iden-
tify environmental factors (particularly ocean-
ographic and prey factors) responsible for
offshore aggregations of seabirds and to de-
termine whether the times and locations of
these feeding aggregations were consistent.

Shorebirds

Personnel from the Yukon Delta NWR com-
pleted the third year of study of nesting bristle-
thighed curlews, which are considered deplet-
ed. Their study site at Curlew Lake is at the
most southerly portion of the breeding range,
which appears to extend north along Norton
Sound and onto the Seward Peninsula. Aside
from the Nulato Hills of the north Yukon
River delta, the only other area where bristle-
thighed curlews are known to nest is on the
Seward Peninsula. Employing a combination
of Landsat imagery, existing habitat mapping
and recent knowledge of habitats used by cur-
lews nesting on the Yukon delta, Center per-
sonnel extensively sampled the Seward Penin-
sula to determine the distribution and pumber
of curlews nesting in this area during 1988.
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Both Laysan and Christmas islands have a
history of hosting large numbers of bristle-
thighed curlews during their northward migra-
tion. Upon completion of a three-month field
effort on Laysan Island this fall, the Center
will have investigated all aspects of the cur-
lew’s life cycle throughout its entire range in
the same year.

Waterfowl

The Yukon Flats region is Alaska’s most
significant waterfowl nesting area, with an es-
timated population of 1.5 million ducks, geese
and swans. The Yukon Flats is also consid-
ered one of the most productive waterfowl
habitats in North America. The prairie pot-
hole and aspen parkland regions of the U.S.
and Canada have higher densities of water-
fowl on an annual basis, but the Yukon Flats
has a higher sustained rate of production.

Despite the importance of the Yukon Flats
to the continental waterfowl population, there
is a large void in our understanding of north-
ern wetland habitats. Historical information
provides strong evidence that fire was an inte-
gral part of the natural system of the Yukon
Flats. A long-term project to determine the
influence of fire in forming, expanding and
maintaining interior wetlands on Yukon Flats
NWR was initiated in 1987. The purpose of
this research is to determine changes in wet-
land vegetation composition and biomass fol-
lowing a controlled burn.

A cooperative effort between the Center,
the Canadian Wildlife Service and the Wash-
ington Department of Game was initiated in
1987 to better understand the timing of mi-
gration and the habitat use of staging Pacific
black brant and the origin of populations
wintering in the Puget Sound area. Backpack
radio transmitters were attached to brant
from nesting colonies in western Alaska and
the Canadian Arctic. This was part of an in-
tensive radio-tracking study of these birds at
Izembek Lagoon in southwestern Alaska,
where nearly the entire population of Pacific
black brant stage during their spring and fall
migrations. Several thousand radio contacts
with Canadian and Alaskan birds revealed
segregation of the high-Arctic, light-bellied
brant from those that were marked on Vic-
toria Island and the Mackenzie delta, Canada,
and the Yukon-Kuskokwim delta.

A study of the potential impacts of aircraft
overflights on the distribution, habitat use,
behavior and condition of molting brant was
initiated in 1987. The major molting area con-
sists of about 100 large, shallow basins in the

Teshukpuk Lake area a few kilometers inland
from the Beaufort Sea. In some years, up to
32,000 brant (about 20% of the Pacific popu-
lation) congregate on these lakes to molt dur-
ing July, August and September. Banding
studies indicate that these brant come from
nesting colonies in the Canadian High Arctic,
Wrangel Island and the Soviet mainland, and
the Yukon-Kuskokwim delta in western
Alaska. Aircraft flights near molting geese
have been shown to elicit escape behavior, but
the significance of these disturbances is un-
known. The Center is addressing this problem
through behavioral, energetic and habitat
studies.

Marine Mammals

The majority of the Center’s research on
marine mammals is issue-oriented, applied in
nature, international in scope, and in the case
of polar bears, sea otters and Pacific wal-
ruses, Congressionally mandated. Two objec-
tives guide most of this research:

e Assessment and mitigation of the impacts
of ongoing and proposed resource exploi-
tation on marine (and terrestrial) mam-
mals and their habitats; and

e Development of techniques and collection
of information relevant to the needs of
State, Federal and international manage-
ment authorities.

Pacific Walrus

Research on Pacific walruses continues to
increase the reliability of population and
trend estimates conducted by Soviet and U.S.
biologists. Although Pacific walruses have
been counted by aerial surveys many times,
biases associated with their distribution limit
the usefulness of these data. New satellite
tracking systems to collect data on location
and haul-out behavior were necessary to
quantify some of these biases. Pressure hous-
ings for satellite telemetry transmitters were
designed and evaluated. The new immobiliz-
ing drug Telezol was evaluated, and three
methods of drug delivery were tested during
the first field season at Round Island, Alaska.
The locations of the walruses wearing the
prototype transmitter are being studied, and
haul-out data will be analyzed in conjunction
with environmental conditions to investigate
factors affecting haul-out patterns.

Under the Marine Mammal Project of the
U.S.-U.S.S.R. Agreement on Cooperation in
the Field of Environmental Protection, and in



Releasing a sea otter
after surgical implantation
of a radio transmitter.

cooperation with the University of Alaska and
the National Marine Fisheries Service, Center
personnel participated in a walrus research ex-
pedition to the Chukchi Sea aboard a Soviet
ship. In the summer of 1988, two Soviet sci-
entists participated in field studies at Round
Island, Alaska, with Center personnel. Data
were collected on body size and condition, re-
production, food habitats, and the age and
sex composition of groups hauled out onto
the ice. Samples were collected for mitochon-
drial DNA and virological analyses and for
developing indirect methods to determine age.

Sea Otter

Development of the coastal zone, increasing
conflicts between shellfish resources, and legal
and illegal killing has justified continued re-
search on sea otters in Alaska. The eventual
goal is a zonal management program. Includ-
ed in this work are the development and anal-
yses of data bases on tourism and commercial
fisheries. Research focused on three locations
in Alaska where management problems al-
ready exist or are likely to occur: Kodiak Is-
land, Prince William Sound and southeastern
Alaska.

Research at Kodiak Island continues to em-
phasize the movements of radio-marked sea
otters, their feeding habits and the effects of
their foraging on subtidal benthic communi-
ties. Center biologists documented an unusual
die-off of sea otters at Kodiak Island during

the summer of 1987. The cause of the die-off
is not known, but paralytic shellfish poisoning
has been hypothesized as a likely agent.
Researchers from the University of Minne-
sota, in conjunction with the Center, initiated
a study of the movements, reproduction and
mating systems of sea otters in Prince William
Sound. Sixty animals have been radio-marked
so far, and preliminary results confirm that
sea otters move in and out of sheltered waters
seasonally. A new, small radio transmitter
that attaches to flipper tags was tested at Ko-
diak Island and Prince William Sound. The
new tag shows promise as a relatively non-
intrusive, short-term mark for sea otters.

Polar Bears

Natives along the Alaskan Arctic coast can
harvest polar bears without restriction. At the
same time the habitats of polar bears in
northern Alaska are increasingly being altered
by petroleum-related developments. The po-
tential combined effects of harvest and devel-
opment provide the driving force behind on-
going polar bear research in Alaska. It has
been hypothesized that there are separate
northern and western polar bear populations
in Alaska, and a major research objective is
to determine the size and status of the
populations that seasonally occupy coastal
waters adjacent to Alaska.

The use of satellite telemetry on polar bears
in Alaska has continued during FY 87 and 88.
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Telemetry data indicate that polar bears in the
Bering and Chukchi seas are seasonal resi-
dents from November through March but re-
treat northward with the pack ice during
April and May. Bears with radio transmitters
have remained in the northern and northwest-
ern Chukchi Sea adjacent to the Soviet coast-
line from June through October. To date, no
polar bear marked in either northern or west-
ern Alaska has permanently moved from one
area to another.

Four female polar bears marked in the
Chukchi Sea apparently denned in the vicinity
of Wrangel Island in Soviet territory during
the fall of 1987, as indicated by satellite tele-
metry data. These data corroborated two
trends observed in past years: the majority of
polar bears in the Beaufort Sea establish ma-

ternity dens in the drifting pack ice, and the
Arctic National Wildlife Refuge (ANWR) is
the only significant land denning area in
Alaska. Preliminary analysis of den success
data for the Beaufort Sea have suggested that
the production of cubs from land dens is sig-
nificantly greater than that from dens on the

sea ice.

Terrestrial Ecology

The focus of this program is on wildlife
ecology on FWS lands, where the FWS has
shared responsibilities with the State of
Alaska for the well-being of resident wildlife.
FY 88 marked a major increase in Congres-
sional appropriations related to the ANWR,
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Caribou fitted with satel-
lite telemetry collar.

particularly the evaluation of the refuge’s
coastal plain for potential oil and gas devel-
opment (referred to as *‘1002,”” after Section
1002H of the Alaska Lands Act of 1980).
These new studies, following up on informa-
tion needs identified in the 1002 Report to
Congress, are conducted by both the Center
and the FWS Regional Office in Anchorage.

Caribou

The Center continues to play a central role
in determining the importance of the 1002
area to the Porcupine Caribou Herd (PCH),
which migrates yearly to calve on the Arctic
coastal plain. The Center works closely with
biologists from ANWR, as well as from the
Alaska Department of Fish and Game, the
Alaska Cooperative Wildlife Research Unit,
the Institute of Arctic Biology (University of
Alaska), the Yukon Department of Natural
Resources, and the Canadian Wildlife Service
to understand why certain areas are used re-
peatedly by the herd. Additional work on pre-
dicting the potential impacts of oil develop-
ment on caribou in ANWR is being carried
out on the Central Arctic Herd (CAH), por-
tions of which live in the areas now under
petroleum development.

Satellite telemetry has uncovered several
new aspects of caribou ecology. For example,

the average daily distance traveled was the
same within a season for both herds, with the
greatest movements in July and the shortest
movements in February. Mean total distances
traveled were only slightly greater for the
highly migratory PCH animals than for the
resident CAH animals. It has often been as-
sumed that caribou are essentially sedentary
from late fall until they embark on their
spring migration. However, recent satellite
telemetry data suggest that PCH animals
often continue moving until well into Decem-
ber, occasionally switching from one tradi-
tionally used wintering area to another, be-
fore finally becoming sedentary for the re-
mainder of the winter. Multi-year monitoring
of individuals has revealed little fidelity to
specific winter ranges.

Little is known about why pregnant caribou
cows calve precisely where they do. Cows
often continue moving until just before par-
turition, and they continue their movements
only a week or two later, so the exact birth
site can be difficult to determine, Recent re-
sults from the activity sensors attached to sat-
ellite collars suggest that this short ““pause”’
for calving can be detected remotely, allowing
researchers to pinpoint calving sites.

Other Arctic Mammals

Biologists at the Center, working in coop-
eration with the FWS Alaska Regional Office,
the U.8. Geological Survey/Earth Resources
Observation Systems Field Office (Anchorage),
the North Slope Borough and private indus-
try, have incorporated numerous environ-
mental base maps, across several study areas,
into a geographic information system (GIS)
archive. Within the GIS, each point location
has been associated with several attribute vari-
ables such as telemetry data (animal identifi-
cation, date and time). A primary focus of
the Center’s analyses has been assessing and
mitigating the impacts of proposed gas and
oil development on wildlife inhabiting the
coastal plain of the ANWR. GIS graphics and
analyses contributed substantiaily to the bio-
Iogical sections in the Coastal Plain Resource
Assessment and Final Environmental Impact
Statement completed in 1987.

The Center continues to build its biclogical
data bases through ongoing satellite and radio
telemetry studies of caribou, polar bear, musk-
oxen, brown bear, wolf and Dall sheep. New
environmental data bases from satellites are
being investigated, such as applicaticn of
Landsat thematic and SPOT data for more
highly resclved vegetaiive classifications, and
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chinook salmon being in-
cubated at different
temperature regimes.

AVHRR and SAR data for mapping snow
and pack ice distribution. In addition to their
p.rimary function of providing animal loca-
tions, satellite collars can be useful in deter-
mining activity patterns without having to
DFleically observe the animal. Center biolo-
gists, in cooperation with other agencies, have
continued the process of calibrating collar-
Pased activity indices with the known behav-
ior of captive animals. Other studies using
.satellite collars include habitat use and forag-
Ing activity of muskoxen in Greenland, Dall
sheep in the central Brooks Range, wolves in
Alaska, and moose in south-central Alaska.

Fisheries

The Center continues research on salmon
that reproduce on the Kodiak and Kenai Na-
tional Wildlife Refuges in Alaska. The
Kodiak study addresses predator-prey, com-
petition and trophic relationships as possible
mechanisms for a marked decline in a popula-
tion of sockeye salmon at Karluk Lake. The
Kenai study is primarily a laboratory experi-
ment designed to determine if temperature
characteristics of different spawning areas are
related to the timing of spawning by chinook
salmon. Both studies have immediate applica-
tion for managers because salmon are a heav-
ily used natural resource that is intensively
managed in Alaska.

New genetic studies on fish of the Yukon
River, Bristol Bay and the North Slope were
initiated. The Yukon River salmon study is
designed to provide new data for international
negotiators on the origins and distribution of
salmon in that drainage. The Bristol Bay re-
search is designed to investigate the genetic
origins of salmon in areas where oil and gas
exploration is proposed. Finally, North Slope
studies are investigating genetic differences
among char populations so that managers can
ascertain the degree of similarity between

stocks and their possible vulnerability to oil
and gas development. The North Slope char
investigation is in its second year. The results
to date suggest that char should be managed
as discrete stocks because they apparently do
not interbreed. Genetic stock identification
appears useful in determining the percent
composition of mixed stocks of char in off-
shore waters subject to oiland gas exploration.

Cooperative Research

The FWS has a national program of coop-
erative research on fish and wildlife, in con-
junction with state natural resource agencies
and land grant universities. The University of
Alaska-Fairbanks houses both the Alaska Co-
operative Fishery Research Unit (CFU) and
the Alaska Cooperative Wildlife Research
Unit (CWU). A primary goal of the coopera-
tive research program is to provide graduate-
and postgraduate-level training for fish and
wildlife biologists. This is accomplished
through individual research projects of faculty
and graduate students; the FWS program
funds the administrative costs of the units.
Support for individual projects at the Alaska
units comes from a wide variety of sources:
Alaska Department of Fish and Game; Cana-
dian Wildlife Service; other Interior agencies
including U.S. Geological Survey, National
Park Service and Bureau of Land Manage-
ment; other Federal agencies including Na-
tional Science Foundation, U.S. Department
of Agriculture-Forest Service and Environ-
mental Protection Agency; and other FWS or-
ganizations, primarily the Alaska Fish and
wildlife Research Center and the FWS Re-
gional Office in Anchorage.

During the past year the CFU completed
four studies and conducted 15 continuing
studies. The CWU was involved in 18 ongoing
studies this past year, of which eight were
completed. A booklet was published onthreat-
ened and endangered plants of Alaska. An
evaluation of Pacific walrus subsistence har-
vest monitoring procedures enabled the sam-
pling protocol to be modified to adjust for
the timing and intensity of harvest for differ-
ent villages. A study of vegetation use by
muskoxen in the ANWR concluded that pre-
ferred vegetation types occurred throughout
the drainages of the Refuge; the muskoxen
occupied areas with higher proportions of
preferred cover types. Continuing projects in-
clude several studies of caribou, muskoxen
and migratory birds in Arctic Alaska.



For more information on cooperative re-
search, contact the Director, Cooperative Fish
and Wildlife Center, Region 8, U.S. Fish and
Wildlife Service, Washington, D.C. 20240,

Publications

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

Polar bear, Ursus maritimus, by S.C. Ams-
trup and D.P, DeMaster: in Selected
marine mammals of Alaska: Species ac-
counts with research and management rec-
ommendations (J.W. Lentfer, Ed.), Marine
Mammal Commission, Washington, D.C.,
1988,

Satellite telemetry: A new tool Jor wildlife re-
search and management, by S.G. Fancy,

L.F. Pank, D.C. Douglas, C.H, Curby,
G.W. Garner, S.L. Amstrup and W.I..
Regelin: U.S. Department of the Interior,
Fish and Wildlife Service, Resource Publi-
cation 172, 1988.

Did the 1982-1983 EI Nino-southern oscillg-
tion affect seabirds in Alaska?, by S.A.
Hatch: Wilson Bulletin, vol. 99, p.468-474,

Trophic levels and trophic relationships of
seabirds in the Gulf of Alaska, by G A,
Sanger: in Seabirds: Feeding biology and
role in marine ecosystems (J.P. Croxail,
Ed.), Cambridge University Press,
Additional details (including technical pub-

lications) related to the migratory bird,

marine mammal, terrestria] ecology and fish-
eries research are available from the Alaska

Fish and Wildlife Research Center Director,

U.S. Fish and Wildlife Service, 1011 East

Tudor Road, Anchorage, Alaska 99509,

Bureau of
Land Management

The Bureau of Land Management’s (BLM)
Arctic research program consists primarily of
inventory, monitoring and applied research
activities focused on energy, minerals and re-
newable resources. These activities cover over
32 million acres of surface and subsurface
lands and are performed entirely in terrestrial
and freshwater environments. The Bureau has
no marine or offshore responsibilities.

The Bureau’s Arctic research activities are
conducted under the authority of the Federal
Land Management and Policy Act and the
Petroleum Reserve Production Act. BLM also
has responsibility for developing plans for
managing the public lands and their resourc-
¢s. These plans take various forms, the most
common of which are resource management
plans (RMP) and habitat management plans

(HMP). Two of the most recent RMPs devel-
oped by the Bureau in its Arctic District are
for the Teshekpuk Lake Special Area and the
Utility Corridor. The Teshekpuk Lake area,
in the northeastern portion of the National
Petroleum Reserve in Alaska (NPRA), is
home to a wide variety of waterfowl] and
shorebirds. The area provides critical habitat
for black brant geese during the breeding and
molting periods each year, and it is also po-
tentially important as a transportation corri-
dor for North Sl-pe 0il and gas development
activities. The Utility Corridor is a north-
south strip of land of critical importance for
transportation of people, materials, petroleum
and perhaps, in the future, other mineral re-
sources. The RMP for the Utility Corridor,
initiated in FY 86, has required a continuing
process of research, data collection and analy-
sis, and development and evaluation of alter-
native management plans. It is a multi-disci-
plined study of resource values on over 15 mil-
lion acres of BLM-managed land in northern
Alaska. The final RMP, expected to be pub-
lished in FY 89, will address the multiple-use
issues of land disposal, development nodes,
mining, recreation, access and wilderness.

In association with development of the Util-
ity Corridor RMP, BLM has been conducting
an interdisciplinary study required under Sec-
tion 1001 of the Alaska National Interest
Lands Conservation Act (ANILCA) for lands
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Gathering information on
peregrine falcon chicks.

in the Central Arctic Management Area
(CAMA), located north of the Brooks Range
approximately 400 miles north of Fairbanks.
The study has provided important informa-
tion on wilderness and wildlife values, oil and
gas resource potential, and oil and gas trans-
portation within the CAMA. The study has
also provided a significant amount of special-
ized data that will help define guidelines for
management of the public lands within the
CAMA. The ANILCA 1001 Study, or CAMA
Report, will be completed and presented to
Congress by December 1988. An associated
document, the CAMA Wilderness Recommen-
dation and Final Environmental Impact State-
ment, was published in October 1988.

The Bureau’s Kobuk District in northwest
Alaska has recently completed an aquatic
HMP for the Norton Sound vicinity. This
HMP inventoried anadramous fish habitat
and identified habitat enhancement opportun-
ities. The Kobuk District also completed
HMPs for two Areas of Critical Environmen-
tal Concern (ACEC) in 1988. These plans es-
tablished management actions for evaluating
development on 200,000 acres of land in the
Ray Mountains and near Galena. Sections of
both these HMPs are concerned with moni-
toring caribou herds in the area of the ACECs.

During FY 88 and 89 the Bureau is prepar-
ing an HMP for the Colville River. This area

has one of the largest concentrations of cliff-
nesting raptors in the world, with the most
common species being peregrine falcons, gyI-
falcons and rough-legged hawks. The primary
objectives of this HMP are to assess the birds
of prey and their habitats and to evaluate the
suitability of the river for designation as a
special birds of prey area.

The Bureau’s renewable resources program
in Arctic Alaskaincludes several ongoing wild-
life habitat management programs. The Arctic
District inventories, monitors and collects
data on peregrine falcons, grizzly bear, Dall
sheep, caribou and fish, including recreational
opportunities for sport fishing. BLM cooper-
ates with the National Park Service and the
Alaska Department of Fish and Game in mon-
itoring caribou and grizzly bear populations.

Radio collars attached to representative ani-
mals are very effective in monitoring the
movements and population fluctuations of
these species. During FY 88, fishery resources
and recreational opportunities were studied
along accessible rivers along the Dalton High-
way. This area is within a few hours’ drive of
Fairbanks, and the demand for recreational
use is expected to increase dramatically in the
future. Additional inventory and monitoring
efforts for fish and recreational fishing op-
portunities are planned for the Utility Cor-
ridor in 1989, 1990 and beyond.

The Bureau is particularly concerned with
the protection and continued recovery of the
Arctic peregrine falcon along the Sagavanirk-
tok and Colville rivers. Although this falcon
has been removed from the endangered list, it
remains on the threatened species list. Recent
surveys indicate that the population is increas-
ing, with more breeding pairs returning to the
Arctic each summer. Another important pro-
ject for the District is the proposed introduc-
tion of the muskox into the central Arctic
area. The idea developed during the Utility
Corridor/CAMA planning process, and the
project was initiated in 1988. An extensive en-
vironmental assessment effort, including pub-
lic meetings in several North Slope villages
where there is considerable interest in the re-
introduction, is nearly complete. If the deci-
sion is to go ahead with the introduction, the
Bureau expects to complete transplant opera-
tions in FY 89 or 90.

The Bureau’s Arctic District, in cooperation
with the U.S. Fish and Wildlife Service (FWS)
and the Minerals Management Service, initi-
ated an important research effort in the Tesh-
ekpuk Lake area during 1987. This area pro-
vides habitat for a variety of waterfowl and



Traveling a newly marked
easement on the treeless,
snow-covered North Slope.

shorebirds, including black brant geese, which
use the area for breeding and molting each
year. The region is also potentially important
as a transportation corridor for North Slope
oil and gas development activities. The cur-
rent research effort is focused on the black
brant, the energetic requirements of this sensi-
tive species, and how development activities
might interfere with these requirements. The
project is planned to continue for five years,
and the data are expected to provide impor-
tant information for the Bureau to use in
making management decisions in the Teshek-
puk Lake area and other areas within the
Arctic where waterfowl habitat and develop-
ment activities may conflict.

In the Kobuk District, a number of inven-
tory and monitoring projects have been com-
pleted, and others are planned for FY 89.
Among the species being monitored are rein-
deer, caribou, moose and anadramous fish.
The Bureau, in cooperation with the Alaska
Department of Fish and Game (ADF&G), FWS
and NPS, is investigating the movements of
the western Arctic caribou herd and its inter-
actions with domestic reindeer populations.
Grizzly bear populations and habitat use on
the Seward Peninsula are being studied in co-
operation with the ADF&G and the NPS, and
a multi-year inventory effort is planned with
the FWS and ADF&G to evaluate moose hab-
itat and opportunities for habitat improve-
ment through the use of wildfire.

Monitoring of established oil and gas leases
in the NPRA is an important activity in the
Arctic District. Although no lease sales have

been held during the last three years because
of the oil price decline and lack of interest by
industry, the BLM continues to monitor those
oil activities that are in operation or have
been ‘‘mothballed’’ pending a change in cur-
rent economic conditions. Geophysical activi-
ties also continue to be monitored to assure
protection of other resource values. Under the
Bureau’s oil and gas program the potential
for surface and subsurface land exchanges
with the State of Alaska and Native corpora-
tions continues to be investigated in an effort
to facilitate the development of the area’s
mineral resources and consolidate blocks of
land for better management of NPRA’s wild-
life, cultural and other unique values.

The Bureau also recently completed the en-
vironmental impact statement for the Trans-
Alaska Gas System (TAGS) pipeline and re-
lated facilities. A grant for the right-of-way is
expected to be issued late in 1988. This will
clear the way for construction of a gasline
that will export North Slope gas to the Pacific
Rim countries.

Gold mining continues to be an active pro-
gram in northern Alaska. Under the authority
of the FLPMA and in accordance with the
1872 Mining Law, the Bureau monitors gold
mining activities and surface mining activities
associated with the development of locatable
mineral resources. Monitoring the extraction
of gravel and other kinds of mineral materials
important in Arctic construction and oil and
gas exploration and development activities is
also an important activity for the Bureau’s
Arctic District.

In other activities, the Arctic District has
been involved in an identification and on-the-
ground staking program of easements and over-
land trails on the North Slope since 1984. This
program is required by the ANILCA, Sec.
17(b). Approximately 350 miles of marked
easements and trails, whose locations are de-
termined in conjunction with the Bureau of
Indian Affairs, the North Slope Borough,
concerned Native groups, and local residents,
are now in place. The trails, selected to mini-
mize impacts to habitat, provide safe and sure
transportation routes between Barrow, Wain-
wright, Atkasuk and the Kogru River north-
west of Nuigsut. The District expects to stake
an additional 125 miles of easements and trails
in FY 89. To the west, in the Kobuk District,
inventories of cultural and historical values
are being continued in the mountains near
Nome and are expected to continue for sev-
eral more years. Historical values in this area
are primarily related to the gold rush days.
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Inspecting the teeth of an
immobilized wolf in Gates
of the Arctic National Park.
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National Park Service

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

As units of the National Park System, these
areas are managed to conserve the scenic, nat-
ural and cultural resources they contain for
the use of present and future generations of
people. Portions of Gates of the Arctic, Noa-
tak and Kobuk are included in the National
Wilderness Preservation System for the pur-
pose of preserving their wilderness character.
The principal uses of these units of the Na-
tional Park System are for resource preserva-
tion, recreation and inspiration. In addition,
they furnish a limited harvest of plant and
animal resources for customary and tradition-
al subsistence uses by rural residents, and, in
the Preserves, for sport hunting.

In managing these areas to conserve scenery
and resources while providing for noncon-
sumptive and consumptive uses, the National
Park Service conducts applied research on
topics identified in park resource management
plans. This research may include the physical,
biological, sociceconomic and cultural sci-
ences, depending on the nature of the man-
agement need. The research may be conduct-
ed by Park Service scientists, by contractors,
by co-operators or by independent scientists.
To meet the most pressing and immediate

mandates for management, the natural re-
source research emphasizes data-gathering on
resources that are consumed. Where possible
this research also focuses on other natural re-
sources, the processes that influence them,
and the changes over time. The cultural re-
source research similarly focuses on resources
that most directly relate to park mandates for
management, to resources at risk of being lost
due to natural or other causes, or to collec-
tion of baseline information.

Natural Resource Research

FY 87 and 88 natural resource research fo-
cused on species-oriented studies and surveys.
Wolf studies were conducted at Gates of the
Arctic and Noatak in cooperation with the
Alaska Department of Fish and Game. At
Gates of the Arctic the activities of 16 packs
were examined by tracking wolves with radio
collars. The results show the wolves to be
maintaining a stable land tenure system even
though they are using a highly migratory cari-
bou herd as an important prey base. The re-
sults also suggest that subsistence harvests
were not excessive during the period of study.
The methodology of the Noatak study is im-
portant because the wolves were monitored by
satellite-tracked radio collars, which may in-
crease the amount of data while eliminating
aircraft risks during winter darkness. More-
over, both of these studies, as well as other
studies and surveys of resources important for
subsistence (including moose, Dall sheep, sal-
mon and other fish, muskox, reindeer, brown
bear and effects of all-terrain vehicles on tun-
dra) that are being conducted in the north-
western park areas, have added importance
because of the ongoing development of the
Red Dog zinc mine site. A first report on all-
terrain vehicle effects at Gates of the Arctic



Archeological mapping
along the Chukchi Sea
coast in the Bering Land
Bridge National Preserve.

was published by the Cold Regions Research
and Engineering Laboratory.

Studies of wolves at Denali National Park
and Preserve, which is closely related ecolog-
ically to the Arctic, have monitored 10 packs
in close coordination with studies of caribou,
moose, Dall sheep and brown bears. Of 261
caribou calves radio-collared from 1984
through 1988, 40% died in May, with 47% of
the dead caribou killed by brown bears and
29% killed by wolves. These studies at Denali
of unmanaged animal populations are valua-
ble not only for park management purposes,
but also for the information they provide as a
comparison for studies of similar animal sys-
tems in other areas where the animal popula-
tions are subject to harvest by humans.

Basic resource inventory projects were initi-
ated at Aniakchak National Monument and
Preserve the Bering Land Bridge National
Preserve, and, to a lesser degree, several other
parks in or near the Arctic. The Aniakchak
work included a detailed limnological and
fishery survey of Surprise Lake, which lies
within the 6-mile-wide caldera but is con-
nected to the Pacific Ocean by the 27-mile-
long Aniakchak River that flows through a

deep gash in the east side of the caldera wall.
Other work included baseline water resource
inventories at Bering Land Bridge and Denali,
and development of plans to conduct such
work in the Noatak in 1989. In addition, lim-
ited air quality monitoring was initiated in
several of the northern parks.

The Regional Office continued development
of its region-wide geographic information sys-
tem (GIS) by acquiring needed staff and equip-
ment. The GIS will be used in fire manage-
ment, mining and minerals management, and
basic cultural resource and ecological inven-
tory and monitoring.

Cultural Research

Cultural research conducted by the Na-
tional Park Service during the past several
years focused on both cultural anthropology
and archeology. A four-year study of past
and present life patterns of the Dena’ina In-
dians of southwestern Alaska started in 1985
in Lake Clark National Park and Preserve
and neared completion in 1988. This study,
which approaches the Dena’ina from a holis-
tic perspective by covering demography, re-
source use, social and political organization,
world view and religion, has produced an eth-
nobotany of the Dena’ina and an archival-
interpretive videotape of traditional Dena’ina
fish storage techniques. The project has in-
volved close cooperation between the National
Park Service and the Dena’ina community,
resulting in an ethnography being coauthored
by a Dena’ina elder who also is a park
ranger. The National Park Service has award-
ed a contract for a similar project to be con-
ducted in the northwest parks between 1988
and 1991.

The Service conducted reconnaissance-level
archeological surveys in the interior portion
of the Bering Land Bridge National Preserve
in 1985 and along the preserve’s coastal lands
adjacent to the Bering Strait, Chukchi Sea
and Kotzebue Sound in 1986. These surveys,
which encompassed about 24,000 acres (less
than 1% of the preserve), documented 60 sites
in the interior area of the preserve represent-
ing cultural occupations from the Denbigh
Flint Complex (about 4200 years BP) to the
Historic Inupiat period (about 50 years BP)
and over 160 sites in coastal areas of the pre-
serve representing Denbigh Flint Complex,
Choris, Norton/Near Ipiutak, Kotzebue and
Historic Inupiat occupations. The majority of
archeological sites now known to occur in the
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Excavation of late Prehis-
toric house at Cape Espen-
berg in the Bering Land
Bridge National Preserve.
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preserve appear to represent the last 1000
years of the regional cultural sequence. In
conjunction with these archeological surveys,
research was conducted in Bering Land Bridge
on thaw lakes as repositories of paleoenviron-
mental information, on synthesizing data re-
garding the volcanic history of the Espenberg-
Devil Mountain maars, on barrier island ero-
sion and on sand ridge geomorphology. A re-
port of the Bering Land Bridge work to date
was published in 1988.

In 1988 the National Park Service also initi-
ated an excavation project in Bering Land
Bridge to investigate the extent and time
depth of prehistoric occupations of the Cape
Espenberg area adjacent to Kotzebue Sound
and to recover information from eroding
beach ridges. Information from this first of
four years of work indicates that the beach
ridge area was used intermittently in Arctic
Small Tool and Ipiutak times and heavily
from the Kotzebue Period through the late
prehistoric.

At Cape Krusenstern National Monument
the Park Service in 1988 completed the second
year of a three-year archeological reconnais-
sance survey. The survey has identified 144

sites in addition to the beach ridge sites previ-
ously investigated.

The National Park Service also developed
interagency and international cultural resource
programs during 1988. In January it spon-
sored the first meeting of the Alaska Inter-
agency Archeological Group for the purpose
of increasing professional communication and
sharing of information among Federal and
State archeologists in Alaska. Topics addressed
in this and subsequent meetings included how
to improve the Federal archeology program,
new technology in archeology, the U.S. Arctic
Research Plan and Federally funded research
in the Arctic, and research questions that can
be addressed with data from Pleistocene
megafauna remains found in placer deposits.

The Park Service’s international activities
included hosting two Soviet preservationists
under terms of ArealV of the U.S.-U.S.S.R.
Agreement on Cooperation in the Field of
Environmental Protection to work on projects
in Sitka, Kodiak and Anchorage. In addition
the Park Service extended an invitation for a
Soviet archeologist to participate in a project
in the Bering Land Bridge National Preserve
in the summer of 1989. For more information



on the Alaska Interagency Archeological
Group, contact Susan Morton, National Park
Service, Anchorage, at (907) 257-2559. For
more information on the Park Service’s in-
volvement in the U.S.-U.S.S.R. agreement,
see the Spring 1988 issue of Arctic Research
of the United States or contact Leslie Starr
Hart, National Park Service, Anchorage, at
(907) 257-2668.

Publications

Readers may obtain further information on
some of the research described in this article
from the following publications:
Nuvendaltun Quht’ana: The people of Non-

dalton, by L. Ellanna and A. Balluta: in

press.

Beackridge archeology of Cape Krusenstern:
Eskimo and pre-Eskimo settlements around
Kotzebue Sound, Alaska, by J.L. Giddings
and D. D. Anderson: Publications in Ar-
cheology 20. National Park Service, Wash-
ington, D.C.

Tanaina plantlore: Dena’ina K’et’una, by P.
Kari: Alaska Natural History Association,
Anchorage, 1987.

Effects of all-terrain vehicle traffic on tundra
terrain near Anaktuvuk Pass, Alaska, by
C.H. Racine and L.A. Johnson: U.S. Army
Cold Regions Research and Engineering
Laboratory, Hanover, N.H., Special Re-
port 88-17, 1988.

The Bering Land Bridge National Preserve:
An archeological survey, by J. Schaaf: Re-
search/Resources Management Report No.
14, National Park Service, Anchorage.

Bureau of Mines

The Bureau of Mines conducts mineral
studies to provide information on mineral en-
dowments and the potential for mineral re-
source development. These activities include
evaluating the mineral reserve potential of
mineralized areas, estimating the inferred re-
serve base at specific deposits, and sampling
ores, especially for critical and strategic min-
erals. These programs are conducted and
managed through the Information and Analy-
sis Directorate in the Bureau of Mines. The
information is used by Federal policymakers,
land management and planning agencies, and
Congress, who make land use and policy deci-
sions that affect the availability, economics
and long-term supply of domestically pro-
duced minerals.

The Bureau’s Arctic program is composed
primarily of two activities: mining district
studies in Alaska and site-specific investiga-
tions on Federal lands to identify strategic
and critical minerals. Both programs are car-
ried out by the Alaska Field Operations Cen-
ter of the Bureau. The mining district studies
systematically identify and estimate mineral
reserves, characteristics of economic minerali-
zation, mineral extraction methods, metal-

Minerals

lurgical treatment methods, and production
potential, including relationships to known
mineral supplies. Bulk samples are collected
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. Site-specific investigations
follow up or. favorable results from the min-
ing district work.

The Bureau has developed a statistical
method for estimating the economic potential
of mineral resources. This method is being
used in the Juneau Mining District and the
Valdez Creek Mining District. The Bureau of
Mines is providing the Bureau of Land Man-
agement with an economic impact analysis of
the Steese~White Mountain area for their land
use planning.

A future project of the Bureau of Mines in
Alaska is a multi-year statewide assessment of
strategic and critical minerals. This program
will use a comprehensive geologic and engi-
neering approach employing modern technol-
ogies in remote sensing, mapping, geophysi-
cal, geological and geochemical techniques,
many of which were unavailable during previ-
ous investigations. The Bureau also intends to
evaluate innovative methods being developed
by Bureau research centers to resolve mining
and environmental problems. Proposed pro-
jects include less intrusive mining methods for
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using polyethylene oxide
to clarify placer wash
water, Livengood, Alaska.
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deposit definition and bulk sampling, in-situ
and magnetic methods for mineral separation,
and reclamation of waste disposal areas.

To help the placer mining industry of Alaska
comply with Alaska environmental regula-
tions, the Bureau of Mines’ Tuscaloosa Re-
search Center has conducted a series of dem-
onstration projects in Alaska. These were de-
signed to test the applicability of technologies
to improve discharge water quality and to de-
water slurries from mineral processing opera-
tions. Using the polymer polyethylene oxide,
placer discharge waters are treated to reduce
turbidity so that they conform to State of
Alaska standards. The flocculated material is
deposited in a disposal pit.

Heap leaching accounts for about a third of
the gold produced in the U.S. but has not
been extensively adopted in Alaska, which has
many small or low-grade deposits suited to
heap leaching. A problem that hampers heap
leaching in cold climates is that operations
must shut down during the winter because so-
lutions freeze and percolation through the
heaps cannot be maintained. There is great in-
terest in the process, and research has been
conducted on modifying heap leaching so that
it can be used in the Arctic and Subarctic.

An approach that was tried in Canada was
to build a heated building over the heap, but
this is practical only if there is a source of
waste heat. With a large heap this is not prac-
tical, especially if additional lifts are added to
the heap each year. In the colder parts of Ne-
vada, the leach solution is heated before it is
applied to the heaps, allowing a longer oper-
ating season before freeze-up. The cost of
heating the solution must be considered in
terms of the total economics of the project.
Another operation uses a drip irrigation sys-
tem, with the hosing under about two feet of
heaped ore in winter.

The U.S. Bureau of Mines is proposing a
research program to address these and other
cold weather problems. The program will in-
vestigate the addition of antifreeze, antiscal-
ants or catalysts that enhance reaction rates.
If the research is successful, small or low-
grade properties in the northern climates that
cannot afford the cost of conventional cyani-
dation plants may be brought into operation.



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 seven major scientific disciplines.: atmospheric sci-
ences, ocean sciences, biological sciences, earth sciences, glaciology,
engineering and education. The total expenditures for FY 87 were
521.9 million and for FY 88 were $23.1 million.

Arciic processes and in-
teraciions affecting
global climate.

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 Geosciences
and the Division of Biotic Systems and Re-
sources, support rescarch in and on the Arctic
as part of their overall funding. This dual
funding approach within NSF offers multiple
sources of support to researchers interested in
the Arctic. Research grants are provided on
the basis of unsolicited proposals and are
peer-reviewed.

Because of the increasing prominence of
polar research and the NSF’s related responsi-
bilities, the Chairman of the NSF’s National
Science Board established a special committee
in June 1986 to review the role of the NSF in
polar regions and to prepare a report of its
findings and recommendations for considera-
tion by the Board in June 1987. The purpose
of the study was to provide guidance to the
Board in shaping the most effective programs
to meet the opportunities in polar research
and thereby to enhance the contributions of
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polar research to national objectives and sci-
entific understanding.

The Board’s report, titled The Role of the
National Science Foundation in Polar Regions,
was published by NSF in June 1987 (as NSF
publication NSB §7-128). The report recom-
mended a doubling of NSF funding of polar
research over a three-year period and in-
creased emphasis for social sciences and engi-
neering research related to the Arctic.

NSF has begun to implement the Board’s
recommendations. The first major initiative,
Arctic Systems Science (ARCSS), will include
studies of recent Arctic processes and interac-
tions affecting global climate, and examina-
tions of paleoclimate and past ecological con-
ditions and responses.
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In FY 87 and 88 NSF awarded funds for
Arctic research to 88 institutions in 30 states
and the District of Columbia. There were 206
research projects in 1987 and 210 in 1988.
NSF’s support of Arctic research, including
facilities support and other field operations,
over the past several years is shown below (in
thousands of dollars):

FY82 FYys3 FYs4 FY85 FY8 FYB87 FY 88

Arctic Program (DPP)
Other NSF programs
Total

5,887 6,209 7,344 7,947 8,005 8,095 8,211
8,650 6,732 9,191 11,482 10,139 13,799 14,907
14,537 12,941 16,535 19,420 18,144 21,894 23,118
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Complete details on NSF Arctic funding may
be found in the publication Arctic Science,
Engineering, and Education Awards: FY 1 987
and FY 1988, available from Polar Coordina-
tion and Information, Division of Polar Pro-
grams, National Science Foundation, Wash-
ington, D.C. 20550.

Atmospheric Sciences

NSF expenditures in the atmospheric sci-
ences were $6 million in FY 87 and $7.5 mil-
lion in FY 88 and averaged 62 projects per
year. NSF supports Arctic atmospheric re-
search in meteorology, climate dynamics, tro-
pospheric chemistry, aeronomy, magneto-
spheric physics and solar—terrestrial physics.
Within these disciplines, research involves
studies of Arctic stratus clouds, Arctic haze,
long-range transport of aerosols and trace
gases over the Arctic Basin, precipitation and
dry deposition on glaciers and ice sheets, mag-
netosphere-ionosphere interactions, very-low-
frequency waves, auroras, and precipitation
of energetic particles from the magnetosphere
by VLF waves and magnetic pulsations.

These major research questions naturally
concentrate on the unique polar environment.
The Earth’s magnetic field focuses particles
and fields from near space into the polar up-
per atmosphere and ionosphere. Thereis, there-
fore, a complex, polar, high-altitude boun-
dary where the sun, magnetosphere, iono-
sphere and atmosphere tightly couple togeth-
er. The Coupling, Energetics and Dynamics
of Atmospheric Regions (CEDAR) program
addresses this area by remote sensing in the
atmosphere and mesosphere regions, which
are difficult to assess by satellites, balloons or
rockets. CEDAR is an approved program of
the NSF Global Geosciences initiative. Simi-
larly, a magnetosphere program is being

planned: Geospace Environment Modeling
(GEM), which addresses the magnetosphere’s
inputs to the polar atmosphere. Both of these
programs rely heavily on observation stations
in Alaska, Canada and Greenland. Instru-
ments are being upgraded and installed in
places such as Fairbanks (Alaska), Svalbard
(Spitsbergen) and Sondrestromfjord (Green-
land). The overall aim is to have a compre-
hensive view of the Arctic atmosphere suitable
for the interdisciplinary research objective of
“Global Geosciences.’’

Over the past few years it has become evi-
dent that unique and important chemical reac-
tions may occur in the polar stratosphere that
influence the global-scale composition of the
middle atmosphere. Much scientific interest
and debate has been stimulated by the finding
that a “‘hole’’ exists in the stratospheric ozone
layer over Antarctica during the austral spring,
and that this hole has apparently been enlarg-
ing during the past decade. Current evidence
suggests the need for more complete examina-
tion of the chemical reactions that might oc-
cur in the polar night stratosphere. The scien-
tific data available suggest that more informa-
tion about the chemistry of the stratosphere
over the Arctic may provide new insights
about the importance of the polar regions in
influencing stratospheric composition on the
global scale.

To study stratospheric ozone chemistry in
the Arctic, NSF supported research at the
University of Michigan and cooperated with
NOAA (see p. 52) to conduct exploratory
studies relating to the chemistry of the polar
night stratosphere. The objective was to meas-
ure key constituents of the Arctic stratosphere
from a ground-based site in Thule, Green-
land, during January and February 1988.
These studies provided the first evidence that
ozone-destroying forms of chlorine found in
the Antarctic stratosphere also form over the
Arctic during the winter.

The chemistry of auroral processes, includ-
ing the production of nitric oxide and its
transport to lower altitudes, is also a concern
of aeronomy research. Auroral research by
optical techniques is concentrated at Fair-
banks, Alaska, for the nighttime aurora and
at Spitsbergen for the daytime aurora. The
dynamics of the mesosphere and thermo-
sphere are investigated using spectroscopy of
airglow emissions and interferometric obser-
vations of upper atmosphere neutral and ion
wind velocities.

This work led to new discoveries of atmos-
pheric stratification in the mesosphere and



Principal regions of geo-
space to be investigat.ed by
the GEM program.

I: Magnetopause, boun-
dary layer and cusp.

II: Magnetosheath.

III: Polar cap and
magnetoftail.

IV: Plasma sheet and sub-
storm region.

V: Plasmasphere.

VI: Middle atmosphere.

lower thermosphere. Similar layers 1-2 km
thick with up to an order of magnitude en-
hancement above ambient have been observed
(but not simultaneously) for sodium abun-
dance, electron density, polar mesospheric
cloud particles, noctilucent cloud particles and
auroral luminosity, and they are drawing in-
creased research activity. Theories about this
layering involve wave-particle interactions
from above and below in both the neutral and
ionized constituents.

Combined rocket, radar and optical studies
have shown that high-resolution, ground-
based optical techniques are feasible for deter-
mining the height variability in atomic oxygen
abundance above the mesopause in the auror-
al region. This measurement is one of the
most critical needs in understanding the many
auroral and airglow emissions and the ozone
chemistry of that region.

Modeling, radar and optical studies have
improved an ionospheric-neutral coupled
global thermospheric circulation model. The
highlights of these studies were establishing
the importance of the orientation of the inter-
planetary magnetic field, demonstrating the
truly global impact on the circulation of polar
magnetic disturbances, and determining the
configuration of the ion convection pattern at
the polar cap.

Meteorology research is carried out in
Greenland (both along the coast 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
radiative heat balance as it is affected by

clouds. Analysis of data from the 1983 and
1986 Arctic Gas and Aerosol Sampling Project
(AGASP) over Alaska, Canada and Greenland
continues. A NOAA program is planned for
the eastern Arctic in spring 1989 (see p. 52).

A major research program in upper atmos-
phere physics, involving many investigators, is
a study of ULF wave-particle interactions.
There is a concentration of ionospheric, mag-
netospheric and ULF instrumentation located
inthe Roberval-Lake Mistissini, Quebec, area.
In addition, ionospheric and auroral instru-
mentation is maintained at Frobisher Bay,
N.W.T., and Sondrestromfjord, Greenland,
which are conjugate to similar equipment in
Antarctica.

A special program for upper atmospheric
facilities provides support for four large at-
mospheric observatories, including the inco-
herent scatter radar facility at Sondrestrom-
fjord. This facility is dedicated to providing a
better understanding of high-latitude magnet-
osphere-ionosphere-atmosphere coupling phe-
nomena and atmospheric dynamics. It is the
northernmost station in a chain of upper at-
mosphere observatories reaching from Green-
land to the magnetic equator. These facilities
are operated simultaneously to allow scientists
to investigate global-scale upper atmosphere
phenomena. Current research carried out by
staff and users of this facility includes investi-
gations into global modifications of the iono-
sphere and thermosphere triggered by energy
deposition into the polar ionosphere, joint
NSF-NASA-Air Force radar and sounding
rocket experiments of high-latitude ionosphere
irregularities, and joint radar and airglow ex-
periments of the high-latitude thermosphere.

The largest and perhaps most fruitful of
these experiments was the Coordinated Obser-
vations of Polar Electrodynamics (COPE)
rocket campaign conducted in 1985 and 1987.
Eighteen sounding rockets were successfully
launched from Sondrestromfjord. Real-time
diagnostics from the Sondrestromfjord radar
were used as the basis for many of the launch
decisions. The phenomena investigated spanned
magnetospheric, ionospheric and plasma phys-
ics, as well as coupling to the neutral atmos-
phere. The radar’s function went beyond sim-
ply diagnosing launch conditions for the
chemical release rockets; for example, the
radar was used to specify the magnetospheric
forcing function to which the neutral atmos-
phere responds. For the triple rocket salvo in
1987, which measured the spatial correlation
of electric- and magnetic-field fluctuations,
the radar specified the two-dimensional spa-
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Acoustic transceiver
being deployed in
the Greenland Sea.

tial variations in conductivity along the mag-
netic field lines traversed by the rockets. Such
a complete experiment could not have been
performed without the ground-based facilities
mentioned above.

Ocean Sciences

NSF expenditures in oceanography were
$6.8 million in FY 87 and $7.2 million in FY
88 and averaged 29 projects each year. The
high-latitude oceanic environment is an inte-
gral part of the global climate system. The
polar oceans are comparatively small but are
well defined and make a unique imprint on
processes that have far-reaching importance.
The cold surface waters of the polar oceans
allow the deep ventilation and vertical ex-
change that produce the intermediate and bot-
tom water masses of the global ocean. The at-
mospheric energy advection and exchange
processes that form the polar heat sink are
helping determine global climate variability.
All aspects of the global atmospheric and
oceanic circulation have their high-latitude ex-
pressions, modulated by the quasi-permanent
sea ice cover of the Arctic Ocean.

A study of the three-dimensional kinematics
of the Greenland Sea with a moored acoustic

array, together with supporting hydrographic
information, is the major NSF-sponsored con-
tribution to the Greenland Sea Project. The
array, in the form of a pentagon with a cen-
tral mooring at approximately 75°N, 2°W,
was emplaced in the summer of 1988 and is
scheduled for recovery in September 1989.
Supporting hydrographic data were obtained
on three cruises: Valdivia in June 1988, Polar-
stern in June 1988 and Haakon Mosby in July
1988.

In the Greenland Sea, one of the major un-
resolved questions is the degree to which the
water mass spins up in autumn and winter,
bringing deep isopycnals closer to the surface,
destabilizing the water column, and providing
the environmental conditions for deep convec-
tive events to take place. The acoustic array is
expected to define regionally coherent circula-
tion features and detect the convective events
themselves. The acoustic data provide a *“‘snap-
shot” of the actual ocean circulation every
four hours; the continuity of the roughly 2000
snapshots that will be obtained can produce a
precise description of the evolving circulation.
The horizontal resolution of the array will be
limited by the low number of source-receiver
pairs, but the resolution of the vertical struc-
ture, averaged over horizontal planes, is ex-
pected to be good. Additionally, observations
on reciprocal paths around the triangles that
form the subunits of the array will provide in-
tegrated circulation information on a relative-
ly small geographic scale.

During the deployment cruise the feasibility
of moving ship tomography was also tested.
As the ship circumnavigated the array, it low-
ered vertical receiving equipment at four-hour
intervals to record the signals transmitted by
the moored sources. The number of ray paths
was fmany times larger than the number of
available source-receiver pairs, and the sound-
speed field obtained over the approximately
nine days of circumnavigation had a much
higher resolution. The fidelity with which the
inverted acoustic data represent the actual
oceanic circulation field can be tested with the
simultaneously obtained current meter and
acoustic Doppler profiler data.

The multi-investigator program ISHTAR
(Inner Shelf Transfer and Recycling) in the
Bering and Chukchi seas continued to study
the seasonal and interannual variation in the
northward transport of water and its influ-
ence on biological processes. A total of 1194
oceanographic stations using over 200 ship-
days and four research vessels were employed.
In addition, 29 instrument moorings were de-



Location of the Greenland
Sea Tomography Experi-
ment, with five acoustic
transceivers deployed in
the form of an equilateral
pentagon and a sixth in
the center.
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ployed and recovered, several of which re-
mained deployed during the winter. A pro-
gram with Japan’s National Polar Research
Institute resulted in the deployment of sedi-
ment traps on several 1987 cruises.

Other projects studied the phytoplankton
blooms at the retreating ice edge to identify
the fate of the resulting organic material and
its utilization by consumer communities and
to compare production and carbon flux pro-
cesses with those at lower latitudes. Evidence
suggests that a considerably larger fraction of
the organic material in Arctic waters reaches
the sediments without being grazed by zoo-
plankton. In the Chirikov Sea, for example,
this material is grazed by benthic gammarid
amphipods, which appear to be a major com-
ponent of the diet of the gray whale. Radio-

00

nuclides (from early atmospheric bomb-testing
and from leaks from the Windscale and Cher-
nobyl nuclear power plants) can be used to
identify the movement of water masses with
time in order to develop a more accurate pic-
ture of the flow into and out of the two ma-
jor deep Arctic basins. A 1987 cruise aboard
the German research ship Polarstern identi-
fied ‘‘young’’ inflowing Atlantic water by its
Chernobyl signature, which may be followed
as it circulates through the Arctic over the
next few years.

Over the past several years the University-
National Oceanographic Research Laboratory
System (UNOLS) ships operated in the Arctic
in support of NSF-funded projects. For the
western Arctic these included the Alpha Helix
(the only NSF ice-strengthened ship, operated
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Typical diversity of
ecosystems near the
LTER site at Toolik Lake.
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by the University of Alaska), the Thomas G.
Thompson (University of Washington) and
the Thomas Washington (Scripps Institution
of Oceanography). Projects supported by
these ships included ISHTAR, amphipod pro-
duction, sea bird population dynamics, gray
whale feeding, sea otter foraging, and geolog-
ical and geophysical studies. In the eastern
Arctic the Endeavor (University of Rhode Is-
land) and the Knorr (Woods Hole Oceano-
graphic Institution) supported studies on the
ecology and population dynamics of gelatin-
ous zooplankton, the deployment of experi-
mental current meters, and the acoustic to-
mography project; several of these are joint
studies with the Office of Naval Research.
The NSF Division of Ocean Sciences manages
and provides funding for these ship opera-
tions, which in FY 87 was an estimated $2.3
million and in FY 88, because of an increase
in the number of cruises, was estimated to be
$3.0 million. These increases in direct science
support are reflected in the overall increased
funding of NSF Arctic research during FY 87
and 88.

Biological Sciences

NSF expenditures in the biological sciences
were $2.7 million in both FY 87 and 88 and
averaged 21 projects per year. Noteworthy
major activities in terrestrial biology were the
establishment of two Long-Term Ecological
Research (LTER) projects in Alaska, one in

boreal forest (taiga) and one in tundra. The
first site, Bonanza Creek Experimental Forest,
is 15 miles west of Fairbanks (lat. 64°45'N)
and lies within the zone of discontinuous per-
mafrost. Building upon a decade of intensive
ecosystem research, the new LTER studies
deal with both primary successional processes
in the flood plain of the Tanana River and
secondary succession in the uplands.

The Arctic tundra LTER site (lat. 68°38 'N)
is in the area of Toolik Lake at an elevation
of 2500 ft in the northern foothills of the
Brooks Range. Over the past decade the Uni-
versity of Alaska’s research camp at Toolik
Lake has emerged as a major center of eco-
logical research in northern Alaska. This site,
360 miles north of Fairbanks, is accessible
year-round by an all-weather road, although
the operations normally are limited to May
through September.

Funding for the Arctic LTER program
amounts to $450,000 per year and comes
from the Division of Biotic Systems and Re-
sources through their Ecosystem Studies Pro-
gram. The LTER program is coordinating a
number of other ecological research projects,
including a major aquatic research program
funded by the Division of Polar Programs.
Additional research on the biogeochemistry of
the terrestrial landscape is also supported by
the Ecosystem Studies Program.

Long-term aquatic research at Toolik Lake
began in 1975, with terrestrial ecologists start-
ing experiments and observations there in
1976. Since then, about 25-30 senior investi-




Experimentally divided lake
nearthe Toolik LTER site.

gators and many more students and techni-
cians from institutions in the United States
and Europe have conducted research at Too-
lik Lake. The Arctic LTER program at Too-
lik Lake is designed to build on this extensive
research base, to provide core funding for on-
going, long-term experiments, and to link ter-
restrial, lake and stream studies more explicit-
ly than has been possible in the past. The pro-
gram includes 15 principal investigators from
seven institutions, including the Universities
of Alaska, Cincinnati, Kansas, Massachusetts
and Minnesota. The lead institution is the
Marine Biological Laboratory, Woods Hole,
Massachusetts.

The heart of the program is a series of par-
allel, whole-ecosystem experiments in lakes,
streams and the major terrestrial ecosystems.
The experiments are of two kinds: “top-
down’’ manipulations of herbivores or preda-
tors, and “‘bottom-up’’ manipulations of
nutrient availability. The overall goal is to
separate the roles of animal consumers from
the plant and nutrient responses as controls
over terrestrial and aquatic ecosystems.

Manipulation produces major changes in
productivity and species composition within
trophic levels or guilds, and its effects can
often be traced clearly through several trophic
levels. For example, phosphorus fertilization
of the local river changed the entire basis of
the food web from heterotrophy to autotrophy
by stimulating algae growth. It also changed
the structure of the insect community by fa-
voring grazers over filter feeders, and it

sharply increased the growth of larval and
adult fish. An important reason for continu-
ing these experiments in the long term is that
not all species respond at the same rate, and
there is much to be learned by observing the
sequence of changes and interpreting its
causes.

A second major goal of the Arctic LTER
program is to advance understanding of how
mineral nutrients move over the Arctic land-
scape, from terrestrial to aquatic ecosystems.
This goal is especially important in the con-
text of human disturbance, because we know
that the structure and productivity of terres-
trial ecosystems is strongly nutrient-limited,
and that disturbance in general tends to in-
crease nutrient cycling rates and overall nutri-
ent availability. We also know that aquatic
ecosystems are strongly dependent on nutrient
inputs from the surrounding tundra. The re-
search is focusing on developing a model of
nutrient transport and using stable isotopes as
tracers to identify major sources, sinks and
pathways of element cycling. The evidence
collected to date suggests that primary pro-
ductivity in some sites may depend on nitro-
gen inputs from adjacent ecosystems for as
much as 10-20% of their annual nitrogen re-
quirement.

The biological and ecological research pro-
grams also support individual projects on a
variety of topics, including soil and plant de-
velopment, microtine population dynamics,
tree growth responses and marine mammals.

Renewed interest in the Arctic social sci-
ences, partly in response to the National Sci-
ences Board report, resulted in funding sev-
eral projects in cultural, social and physical
anthropology and archeology.

Glaciology

NSF expenditures in glaciology were $2.8
million in FY 87 and $2.1 million in FY 88
and averaged 26 projects per year. Glaciologi-
cal research yields information about the pa-
leoenvironment over periods as long as hun-
dreds of thousands of years. NSF and the gla-
ciological research community have formulat-
ed a glaciology research strategy to integrate
glaciological research with other global
change programs.

NSF supports a broad multi-disciplinary
glaciological research program that involves
the physics of glacier flow; mathematical
modeling of glaciers, ice streams and the
Greenland ice sheet; and the chemistry of ice
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Surface of the West
Fork Glacier, Alaska.

cores as indicators of long-term climate
change. The program supports research on
new methods of studying glaciers and ice
sheets, including development of improved
remote sensing capabilities, drilling methods
and methods for analyzing ice cores.

The principal thrust of the glaciological re-
search program is the deep drilling program
in Greenland, GISP II (Greenland Ice Sheet
Project II). GISP II and a corresponding Eur-
opean effort (GRIP, the Greenland Icecore
Program) plan to retrieve ice cores to the base
of the central Greenland ice sheet (a depth in
excess of 3000 m). Conditions at the proposed
drill site are such that the resolution of sea-
sonal layers in the ice will be possible back to
approximately 10,000 years, and the total rec-
ord could include the last 200,000 years. Dur-
ing 1987, glaciologists and geophysicists fo-
cused on the choice of drilling sites at Summit
in north-central Greenland. Because an ice
sheet is a dynamic, deforming medium, de-
tailed knowledge of the ice flow is necessary
for dating the deep ice. Even with indepen-
dent dating techniques, it is necessary to un-
derstand how, and from where, the ice has
flowed throughout the time span covered by
the ice cores. '

Other research and planning studies have
been concerned with developing equipment
and procedures for handling the ice cores
once they are recovered and the protocols for
sampling and analyzing ice cores, including
whether the analysis should be done in the
field or in the laboratory. These studies are
the necessary prelude to the full-scale GISP II
program, which is expected to begin in 1989

and continue for five years. In preparation
for GISP 11, a test coring program at DYE-3
in southeast Greenland was conducted during
the summer of 1988. The first increment of
funding ($2 million) for the polar ice coring
program is contained in the FY 89 budget of
the Division of Polar Programs and is consid-
ered the startup of the Arctic Systems Science
(ARCSS) program.

Other locations, such as Alaska and China,
are important sites for recovering ice core rec-
ords. These sites provide documentation of
the remote atmosphere and major atmospher-
ic circulation patterns.

In China, the Dunde ice cap at 38°N is in a
location where conventional long-term cli-
matic data are virtually nonexistent. A joint
project between the Ohio State University and
the People’s Republic of China successfully
recovered ice cores drilled to bedrock. These
cores are expected to yield information on
general environmental conditions over at least
the last 3000 years. Preliminary analysis of
data from these cores also indicate that each
ice core contains 10-13 m of Wisconsin gla-
cial stage ice. This is the first glacial stage ice
to be recovered from a nonpolar location.

In Alaska, researchers are investigating the
sudden surge of the West Fork (Susitna River)
Glacier after a quiescent period of about 40
years. Glacial motion is strongly influenced
by liquid water at its bed, among other fac-
tors. Observation programs at both the West
Fork Glacier and the Fels and Black River
glaciers in the Alaska Range are using time-
lapse photography and seismicity data from
the glacier.




Stratigraphic relationships
of Quaternary deposits in
a creek valley near Fair-
banks, Alaska.

Earth Sciences

NSF expenditures in the earth sciences were
$1.9 million in FY 87 and $1.6 million in FY
88 and averaged 35 projects per year. Geolog-
ical, geophysical and Quaternary research is
supported throughout much of the Arctic.
Projects seek to understand the tectonic evo-
lution and geologic history of the Arctic Basin
and to answer regional and local geologic
questions. Arctic regions demonstrate wider
swings in climate through geologic time than
temperate and tropical regions. Studies of the
paleoclimate are therefore not only significant
for understanding the geologic history of the
Arctic, but they yield important data on global
climatic history. Evidence of the paleoclimate
of the past 12,000 years is particularly well
preserved in the lake sediments and paleosoils.
Studies of shallow-water sediments and terres-
trial deposits are important for establishing a
detailed chronology of paleoclimatic and
paleoecologic events. A workshop was held at
the University of Colorado in May 1987 to
define the scientific questions and techniques
needed to extract additional paleoenviron-
mental information from high-latitude lake
sediments and their surrounding environment.

Several glacial, marine geology, and peri-
glacial and soils projects continue in Sval-
bard. Despite its small size and geographic
isolation, the Svalbard Archipelago is an ex-
tremely sensitive indicator of climatic chang-
es. The interaction between atmospheric circu-
lation, oceanic temperature and glacier activ-
ity has been a focus of research for several
years. In a collaborative research program be-
tween the University of Colorado and the
University of Bergen, a series of 14 piston
cores up to 14 m long were recovered from a
glacier-fed lake in western Spitsbergen. The
cores contain marine sediment at the base.
They indicate that glaciers left the region

Bedrock

Eva Formation (forest bed)
5 ka

Ester Ash Bed - 840 ka
Dawson Cut Formation (forest bed)

more than 10,000 years ago and that the re-
growth of local glaciers began about 4,000
years ago, although only within the last few
centuries were conditions severe enough to es-
tablish glaciers in the lowest cirques.

Several projects are examining the deposi-
tional history of interior Alaska. A detailed
geologic record of the past two million years
is preserved in the nonglacial sediments of the
Fairbanks area. Perennially frozen gravel,
loess and retransported loess with several in-
terbedded tephra layers preserve a rich floral
and faunal history and record climatic chang-
es in a periglacial Quaternary environment
only tens of kilometers from the glaciated
Alaska Range. The long-studied loess succes-
sion is one of the oldest and thickest in North
America (100 m). With geochemical and pet-
rographic identification and isothermal
plateau fission-track dating of tephra, paleo-
magnetic studies of loess, thermoluminescence
dating of loess and tephra, and examination
of new vertebrate fossil localities, the record
has become greatly refined and confirms an
interglacial age of Eva Creek Forest Bed
(125,000 years) and the Wisconsin age of the
overlying Goldstream Loess. A basal tephra
may be older than 840,000 years.

A project on the vegetational and climatic
history of southwestern Alaska is exploring
the relationship of modern pollen to modern
vegetation and climate. It involves collecting
and analyzing fossil pollen from lake sites to
describe the paleovegetation and paleoclimate.
These data, combined with previous palyno-
logical data, will enhance our understanding
of the late-Quaternary climate and vegetation
in northwestern North America.

In northern Alaska a study of Late Creta-
ceous vertebrate fauna suggests that Alaska

Old Crow tephra - 150ka
Ice wedge casts
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Ice wedges exposed
in silty permafrost
at a placer mining

operation on Eva Creek
near Fairbanks, Alaska.

was part of an intercontinental route of dis-
persal and that it supported a diverse fauna.
The discovery of concentrations of dinosaur
bones on the Alaskan North Slope opens the
possibility for the first assessment of the com-
position of this Cretaceous fauna. The U.S.
Geological Survey is investigating the inverte-
brate paleontology, paleobotany, tephro-
chronology and magnetostratigraphy of this
geological section. The site is yielding infor-
mation on the tolerances of some dinosaurs to
extremes in temperature and light regime.
This is important in assessing current hypoth-
eses concerning dinosaurian extinction, most
of which invoke either catastrophic or gradual
environmental change as the causal factor.

Engineering

NSF expenditures in engineering were
$750,000 in FY 87 and $900,000 in FY 88. An
average of 12 projects were supported each
year. Support in engineering, material sciences

and permafrost are provided from the Engi-
neering, Geosciences, Material Sciences and
Small Business Innovative Research (SBIR)
programs. Research includes studies of the
mechanical propeties of ice, the hydraulic
conductivity of frozen soils, metamorphism of
dry snowpacks, three-dimensional analyses of
ice, and permafrost. Support is also provided
for international conferences. A workshop to
further define priorities in cold regions engi-
neering was held in Hanover, New Hampshire,
in December 1988. The results will be report-
ed in a forthcoming issue of this journal.

Permafrost research in the U.S. is primarily
centered in Alaska, where extensive areas are
underlain by perennially frozen ground. In
addition, considerable areas of the Beaufort
Sea continental shelf are underlain by subsea
permafrost. Research continues on the distri-
bution and origin of frozen sediments, ground
ice and its properties, and recent climate
changes as recorded in ground temperatures.
The seafloor has significant engineering im-
portance in the production and transmission
of oil and gas. Basic research on terrestrial
permafrost has yielded significant data on pa-
leoclimate, recent changes in climate, and en-
gineering geology in areas with potential
energy and mineral resources. Of particular
interest will be conclusions from several pro-
jects that are studying permafrost-climate re-
lationships in the more southerly discontinu-
ous permafrost zone. It is here where a warm-
ing of several degrees could create severe envi-
ronmental and engineering problems as thaw-
ing of the ground accelerates.

Other engineering projects funded by NSF
include a study of the effects of building heat-
ing and solar heating on snow deposition on
roofs and a study of ice accretion rates and
icing loads for an array of simple structural
elements, including standard power transmis-
sion cables. Mathematical models of the creep
of polycrystalline ice are being used to predict
ice motion. Several materials engineering pro-
jects involve studies of the physical properties
of ice. The results of these projects will aid in
predicting the load-carrying capacity of ice
and the ice loading of structures such as
bridges.

NSF sponsors a program for science-based
and high-technology small business firms, the
Small Business Innovative Research (SBIR)
program. SBIR is interested in research on
advanced concepts in scientific or engineering
areas, particularly where the research may
serve as a base for technological innovations.
In FY 87 and 88, NSF funded research in the



Arctic under the SBIR program in the follow-
ing areas:

¢ The prediction of the effects of freeze-
thaw on materials and construction
design;

e Geophysical techniques to determine fro-
zen ground masses and the presence and
configuration of buried and surface mass-
es of ice;

® Sea ice profiling based on geophysical
data; and

® Cold climate clothing and protection.

Education

NSF expenditures in science and engineer-
ing education were $320,000 in FY 87 and
$350,000 in FY 88 and averaged eight projects
per year. Several programs in the Directorate
for Science and Engineering Education (SEE)
focus on improving science teaching and in-
creasing interest in science and engineering
careers among Native Americans. A grant
under the Young Scholars Program and sev-
eral supplements to research projects provided
Alaska Natives pre-college and undergraduate
opportunities to become involved with sum-
mer research experiences. Other projects at
the University of Alaska are focusing on the
teaching of science and mathematics in pre-
dominantly Native schools. One project will

Barrow high school
student working with a
researcher on a study
of thaw lakes.

develop, test and disseminate chemistry and
physics laboratory courses for prospective Na-
tive Alaskan elementary school teachers. In
addition, support was provided for a special
teacher’s workshop held in Fairbanks as part
of the AAAS Arctic Science Conference in
October 1988. In its continuing nationwide
program to reward excellence in science and
mathematics teaching, the Presidential awards
program recognized, in 1987 and 1988, four
Alaskan teachers from Kotzebue, Anchorage
and Fairbanks.

Within the Geosciences Directorate and in
support of interagency Arctic coordination,
several other activities are focusing on Native
involvement in research. A pilot project to
present research approaches and results to
local residents was undertaken in 1988. There
is additional interagency coordination of on-
the-job experiences in natural sciences and re-
sources. Portions of the Arctic Research Plan
are being translated into Inupiat. Several un-
dergraduate awards were made in support of
glaciology and atmospheric sciences.

Coordination

NSF expenditures for information, planning
and advisory services and for the Arctic Re-
search Commission were $700,000 in FY 87
and $740,000 in FY 88. NSF supports a pro-
gram of polar information and advisory ser-
vices, provides support for the Interagency
Arctic Research Policy Committee, provides
funds for the Arctic Research Commission in
its annual budget, partially supports the Na-
tional Academy of Sciences Polar Research
Board (PRB), and supports workshops and
studies to further develop and implement Arc-
tic research planning and policy.

A study is underway at the PRB, sponsored
by NSF and several other agencies, to develop
recommendations for an Arctic Social Sci-
ences Program. A workshop on research op-
portunities on federally protected lands in
Alaska was held in October 1987 and is re-
sulting in recommendations for the types of
research needed and the ways in which scien-
tists, residents of the Arctic and agencies can
work together on these lands. A June 1988
conference of northern librarians resulted in
recommendations and plans for a polar infor-
mation network. A proceedings volume is
availdble (Glaciological Data Report GD 22)
from CIRES, University of Colorado, Boul-
der, Colorado 80309.
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Department of Defense

Arctic research is conducted by all three services and includes vir-
tually all environmental sciences, engineering and health disci-
plines. A total of $25 million was devoted to basic research and
related testing in FY 87, and $23.9 million was expended in FY 83.

40

The Arctic research program of the Depart-
ment of Defense is designed to develop the
knowledge, understanding and capability to
conduct military operations in the Arctic as
the defense needs of the nation require. The
scope of current research ranges from human
performance in Arctic environmenis to Arctic
engineering to oceanography to atmospheric
and ionospheric research at high latitudes.

Because of their specific missions, the dif-
ferent armed services have different research
goals. The Army is strongly driven by require-
ments to understand the character and behav-
ior of Arctic terrain, cold-weather human per-
formance and Arctic engineering. The Navy’s
Arctic interest is obviously oceanographic, but
it also includes low-level weather conditions
over polar ice and their impact on ice behav-
ior and naval operations. The Air Force’s pri-
mary interest in the Arctic is the impact of
ionospheric processes on communications,
navigation and surveillance systems.

The Army’s concern with the Arctic stems
primarily from its troop units and installa-
tions located in northern regions. Three major
bases are located in Alaska. Forts Wainwright
and Richardson are home to the new 6th Light
Infantry Division, while Ft. Greely is home to
the Cold Regions Test Center and the North-
ern Warfare Training Center. The Alaska Dis-
trict of the Army Corps of Engineers, located
on Elmendorf Air Force Base and Ft. Rich-
ardson, has responsibilities in military con-
struction, water resources and environmental
impact permits. Additionally, the 10th Moun-
tain Division at Fort Drum, New York, must
be capable of operating in winter terrain.

Both nationally and internationally the Corps
of Engineers is called upon to provide construc-
tion and engineering services at cold weather
sites. These include Army bases in Korea,
Europe and the northern tier of the U.S., as
well as Air Force sites in Canada, Greenland,
iceland and Norway. The Army’s Arctic re-
search focuses on troop and engineering sup-
port for these northern environments.

There are five U.S. Army organizations if-
volvedin Arctic research: the Cold Regions Re-
search and Engineering Laboratory (CRREL),
Hanover, New Hampshire; the Cold Regions
Test Center, Ft. Greely, Alaska; the Natick
Research, Development and Engineering Cen-
ter, Natick, Massachusetts; the Army Re-
search Office (ARO), Research Triangle Park,
North Carolina; and the Medical Research
and Development Command, Ft. Detrick,
Maryland. The mission of CRREL is to study
the characteristics of cold regions and to use
this knowledge to solve the cold regions prob-
lems of the Army and other Federal and State
agencies. CRREL conducts the largest share
of the Army’s Arctic-related research, concen-
trating on snow and ice, and Arctic engineer-
ing, and it sponsors the Cold Regions Science
and Technology Bibliography at the Library
of Congress, which included over 4500 cita-
tions each year for 1987 and 1988. Natick
conducts research on cold regions clothing,
equipment and rations, while the Medical
R&D Command investigates basic cold physi-
ology and cold stress adaptation. ARO spon-
sors Arctic-related basic research in snow, ice,
atmospheric propagation of near-millimeter
waves (NMMW) in adverse weather including
snow, and NMMW backscatter from snow
surfaces. The ARO program provides support
to CRREL and other Army cold regions re-
search and development activities and is exe-
cuted largely through grants and coniracts to
the university research community.

The Army Cold Regions Test Center at Ft.
Greely, Alaska, is a test and evaluation activi-
ty focusing on cold weather operations; it



Troops of the Army’s
6th Light Infantry
Division training near
Ft. Wainwright.

does not conduct research. It performs techni-
cal testing for the Army Materiel Command
developers and for other DOD agencies and
services, government agencies such as NASA,
and industry. Its support facilities, instrumen-
tation and firing ranges allow it to test a
variety of military equipment and weapons.

Air Force efforts over the past several years
have concentrated on the high-latitude iono-
sphere, thermosphere and magnetosphere and
the coupling processes that take place there.
The objectives of the Air Force Arctic re-
search program are to develop the basic
understanding necessary for comprehensive
models and real-time support for DOD sys-
tems affected by ionospheric processes and to
develop predictive models that depend on
solar wind parameters. The program uses
multi-technique observations from a number
of high-latitude locations. The Air Force does
not maintain permanent facilities purely for
research.

The Navy’s Arctic and other high-latitude
activities range from basic environmental in-
vestigations to applied work. The Office of
Naval Research in Arlington, Virginia, sup-
ports basic, multidisciplinary efforts through
contracts, primarily with academic institu-
tions. The Naval Ocean Research and Devel-
opment Activity at Bay St. Louis, Mississippi;
the Naval Environmental Prediction Research
Facility in Monterey, California; and the Naval
Research Laboratory in Washington, D.C.,
perform both basic and applied research, with
an emphasis on acoustics, numerical modeling
and remote sensing. The Office of Naval
Technology in Arlington, Virginia, together
with a number of specific laboratories (the
Naval Underwater Systems Center in New
London, Connecticut; the Naval Ocean Sys-
tems Center in San Diego, California; the
Naval Surface Weapons Center in Silver
Springs, Maryland; and the Naval Civil Engi-
neering Laboratory in Port Hueneme, Cali-

fornia), are involved principally in applied re-
search and development.

The goal of Navy research in the Arctic is
to provide accurate knowledge of the environ-
ment for naval operations. In pursuing this
goal the Navy performs theoretical and ex-
perimental basic research on a range of Arctic
processes and phenomena. This research re-
quires a multidisciplinary perspective to per-
mit a full understanding of the phenomena
and processes, their statistics and dynamics.
Contributing disciplines in order of decreasing
emphasis include physical oceanography,
acoustics, ice dynamics, biological oceanog-
raphy, meteorology, geological oceanography,
chemical oceanography and geophysics.

Specific phenomena and processes of cur-
rent interest include mesoscale eddies, fine
structure and turbulence, ambient noise gener-
ation, acoustic propagation and attenuation,
air-ice-ocean stress, interaction of electro-
magnetic energy and ice, biomass productiv-
ity, lead development, deep convection, parti-
cle flux, ice-sediment interaction and high-lati-
tude frontal zones. Specific regions of focus
include the marginal ice zones, Fram Strait,
the Greenland and Norwegian seas, the Bering
and Chukchi seas, the Barents Sea and the
central Arctic.

Investigations for which additional funding
has been formally identified within the Office
of Naval Research are termed Accelerated Re-
search Initiatives (ARIs). ARIs are five-year
studies with fixed funding, established on the
basis of scientific merit, technical feasibility,
timelines and Navy relevance. Recent ARIs
within the ONR Arctic Sciences Program in-
clude the Marginal Ice Zone Experiment
(MIZEX), Remote Sensing, Arctic Acoustics,
Real-Time Environmental Arctic Monitoring
(R-TEAM), Arctic Oceanography and Arctic
Leads.

In addition there is a program supported by
direct Congressional appropriation termed the
University Research Initiative (URI). The Arc-
tic URI focuses on Ice Mesoscale Modeling
and Remote Sensing at Dartmouth College
and the University of Colorado.

Logistics support for the Navy’s basic re-
search program in the Arctic is contracted to
the University of Washington, which is re-
sponsible for establishing ice camps with the
required supporting planes and ships, estab-
lishing remote staging facilities, and support-
ing (and renting if necessary) at-sea platforms
for work in open water. Ships or planes are
chartered as necessary. They perform all these
services with a permanent staff of three.
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Winter construction ac-
tivities at Ft. Drum,

Arctic Engineering

DOD efforts in Arctic engineering are pri-
marily carried out by the Army’s Cold Re-
gions Research and Engineering Laboratory
(CRREL) in Hanover, New Hampshire, and
Fairbanks, Alaska. The research focuses on
the development of cost-effective facilities re-
sponsive to the Army’s mission in cold re-
gions. The emphasis in this area has increased
because of the establishment of the Army’s
10th Mountain Division at Ft. Drum, New
York. Specific areas of interest include the de-
sign, construction, operation and maintenance
of buildings, foundations, and water and
wastewater systems, as well as roads and air-
fields in cold environments.

At Ft. Drum the Army is spending $750
million on new facilities to support the troops
stationed there. During the design process,
CRREL provided data on snow loads for build-
ing design as well as cost-effective pavement
designs. The snow load criteria were recently
incorporated in Corps of Engineers and
American National Standards Institute stan-
dards for building design. Improved pavement
designs were adopted that will reduce the life-
cycle costs by minimizing low-temperature
cracking, a major cause of pavement failure
in cold climates.

Other pavement-related research has includ-
ed cold regions pavement design validation in
CRREL'’s Frost Effects Research Facility
(FERF). The 29,000-square-foot FERF pro-
vides a unique opportunity for full-scale eval-
uation of pavement designs. Full-size con-
struction equipment is used to build test sec-
tions. The facility’s ability to rapidly freeze

and thaw soils can provide several winters’
worth of data in a few months. In Alaska this
past summer, CRREL and other researchers
from the Corps of Engineers and Federal
Highway Administration conducted a field
evaluation of procedures for classifying un-
surfaced roads that should improve mainten-
ance management.

In a recent environmental engineering pro-
ject, a sludge freezing bed process was devel-
oped that can be used on all sludges produced
by water and wastewater treatment plants in
cold regions. The bed works on the principal
that natural freezing separates the solid and
liquid fractions of the sludge. During spring
thawing, the liquid drains away, leaving a
dry, odorless material that is easily handled
with mechanical equipment. Approximately
60% of the total cost of waste treatment is as-
sociated with sludge dewatering, so this new
procedure should have a major impact on
treatment costs.

Other efforts have focused on the develop-
ment of standard procedures and test equip-
ment to assist in designing, constructing and
operating facilities in cold regions. An infra-
red survey system has been established to di-
agnose potential roofing problems during the
construction warranty period. Procedures to
measure heat loss in building walls were re-
cently approved by the American Society for
Testing and Materials (ASTM), and a new
test to evaluate the frost heave potential of
soils has been submitted for ASTM’s consid-
eration. The new frost susceptibility test re-
duces evaluation time from two weeks to two
days. CRREL has constructed and calibrated
a snow-drift wind tunnel to conduct scale-
model studies of snow and ice build-up on
and around structures. The facility simulates
snow with activated clay. By varying the hu-
midity in the air stream, the precipitation
build-up can be varied from dry powder to
wet snow or icing conditions.

Permafrost, Frozen Ground
and Geology

DOD research on permafrost and frozen
ground focuses on design data and criteria for
construction of facilities in cold regions. A
major goal is the development of geophysical
subsurface exploration technology. Other pro-
jects include hazardous waste movement and
control in frozen soil, and the operation of
construction equipment such as augers in fro-
zen ground. Basic research is conducted to as-



Scale-model study of snow
drifts in CRREL's wind
tunnel.

sess and predict the disturbance and recovery
of permafrost terrain following natural and
man-induced change. The Army Research Of-
fice (ARO) and CRREL are the two principal
DOD organizations involved in this research.

Current progress hasincluded borehole stud-
ies to determine the dielectric and thermal
properties of frozen silt and alluvium; this is
providing fundamental data that are useful in
mapping permafrost distributions. Another
project in subsurface mapping has been the
evaluation of a galvanic resistivity technique
for mapping subsea permafrost. Other re-
search has developed a technique to determine
water movement through unsaturated frozen
soils. This effort is applicable to both model-
ing the frost susceptibility of soils and study-
ing the transport of hazardous chemicals in
frozen ground. Related work has looked at
volatile organic movement in freezing soils.

Three auger bits were evaluated to compare
their performance in both frozen soil and
concrete pavements. The augers used a bit de-
veloped by CRREL for frozen soil, a com-
mercially available bit, and a bit developed
for use on a Canadian Army engineer vehicle.
The commercially available bit performed the
best in both frozen soil and concrete. Associ-
ated efforts have led to the development of
light-weight drills and augers for collecting re-
search samples of frozen soils.

Snow, Ice and Hydrology

CRREL and (to a limited extent) ARO are
the primary DOD agencies conducting or
sponsoring research on snow, ice and hydrol-

ogy. The research focuses on identifying the
types, directions, magnitudes and processes of
natural and human-induced changes in cold
regions environments, determining their im-
pact on military and civilian systems and fa-
cilities, and providing the solutions necessary
for effective operations in those cold environ-
ments. The scope of this effort ranges from
fundamental research on the physical proper-
ties of snow and ice to closely focused, ap-
plied research on the operation of military
systems in winter. Other applied research in-
cludes the development of engineering solu-
tions to ice jam flooding on our nation’s
waterways.

Critical to this research is the development
of techniques and instrumentation to accu-
rately characterize the cold regions environ-
ment. For the past several years CRREL has
conducted major field experiments studying
the effect of winter conditions on electro-opti-
cal phenomena. As part of this effort an ex-
tensive array of snow and ice characterization
techniques and instrumentation has been de-
veloped. A recent winter field experiment spe-
cifically focused on the thermal and millimeter-
wave response of winter backgrounds.

The Corps of Engineers conducts an exten-
sive research program focused on water re-
sources planning and engineering. One of the
tools of this research is remote sensing tech-
nology, using available satellite information
from systems such as SPOT and Landsat in
combination with ground truth data provided
by hydrologic instrumentation such as snow
triangles and soil moisture sensors.

The ability to rapidly measure ice thickness
is important for military activities such as ice
bridging and naval operations. Several experi-
mental electromagnetic ice profiling systems
have been developed and evaluated. Impulse
radar systems have proven to be effective in
measuring the thickness of regular freshwater
ice, which is relatively nonconductive. Frazil
ice, which forms in rapidly moving water,
often collects in slushy accumulations in areas
of slower water and can effectively block
streams, causing flooding and erosion prob-
lems. Because of its higher conductivity, frazil
cannot be profiled well using impulse radar.
Recent studies have shown that magnetic in-
duction, a method of measuring ground elec-
trical conductivity, can be effective for pro-
filing frazil ice accumulations.

In addition to profiling frazil ice, tech-
niques have been developed to control its
build-up and prevent ice jam flooding., Wilm-

-ington, Illinois, has experienced ice jam floods
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Tactical bridging exercise
on the Imjin River in Korea.

on the lower reaches of the Kankakee River,
In 1982 an ice jam caused $9 million in dam-
ages. During the winter of 1987-88 CRREL
demonstrated a water distribution system that
took warm water from a power plant cooling
pond and mixed it with the river flow, where
it melted frazil ice build-up in the river, re-
ducing the ice jam threat.

The establishment of the Army’s new 6th
Light Infantry Division (6th ID) in Alaska has
heightened interest in Arctic research that af-
fects military operations. Water supply is a
key element for supporting troops in the field.
A major project was initiated in 1988 to pro-
vide expedient methods for locating water in
the Arctic. The major goal of this research
has been to determine the feasibility of using
various radars, including microwave systems,
to locate unfrozen water under ice covers on
lakes and rivers. Terrain features such as frost
mounds and ice pressure ridges on rivers are
potential source indicators. Research is also
being conducted to assure that Army water
purification units can operate effectively in
winter environments.

Another military capability of interest to
the 6th ID is tactical bridging in winter. Re-
search in this area has focused on the devel-
opment of improved ice bridging techniques
using geotextiles for reinforcement, and the
evaluation of tactical bridging systems in win-
ter. In January 1987 several methods for rapid-
ly clearing a river ice cover to permit launch-
ing of an Army floating tactical bridge were
demonstrated on the Imjin River in Korea. A
combination of explosives, chain saws, bull-
dozers and bridge boats were used to develop
an open channel in the river into which the
floating bridge sections could be launched.

Oceanography

Results from the Marginal Ice Zone Experi-
ments (MIZEX) continue to be published. A
comprehensive census of mesoscale eddies in
the Fram Strait MIZ has established that they
range in scale from 10 to 50 km radius, with
15 km typical. Possible generation mechan-
isms include flow instabilities enhanced by the
divergence in the wind stress at the ice edge
and topographic steering of the larger-scale
circulation. A striking instability mechanism
produces a local off-ice jet that develops into
two counter-rotating (cylonic-anticyclonic) ed-
dies or a vortex pair. Synthetic aperture radar
(SAR) data show that a characteristic length
scale of vortex pairs along the ice edge is 30
km, with persistence of several days or more.
In general the cyclonic eddies have interior
density structure with upward vertical dis-
placement at the center, often resulting in a
weakening of the stratification. The cooling
of the intermediate water elevated to the sur-
face may be sufficient to initiate deep convec-
tion. Ice edge frontogenesis may also effec-
tively reduce stratification, preconditioning
deep convection initiated by surface layer
cooling. During high-resolution MIZ tran-
sects, several narrow, well-mixed, ‘‘chimney-
like’” features have been observed with widths
of 5-10 km and vertical extents of more than
250 m. Evidence of deep vertical mixing has
also been suggested by the uniform distribu-
tion of phytoplankton biomass and photosyn-
thetic parameters. An important global
consideration is the role of such processes in
the ventilation of Greenland Sea intermediate
and deep water.

Overall, ocean dynamics seems to determine
the location of the ice edge, while atmos-
pheric dynamics determine the ice concentra-
tion and the rate of ice advection toward the
edge. Existing data document MIZ scales of
variability and define specific states of the
system useful for model diagnosis but are
limited in their ability to address dynamical
evolution. Planned experiments during the
Coordinated Eastern Arctic Experiment
(CEAREX) will build on these results for
sampling design and feature tracking.

The accuracy of remote sensing of the MIZ
using passive microwave sensors has been re-
fined through specific emissivity signatures ex-
tended to 90 GHz and through the study of
multiyear floe processes. The interaction of
snow-laden multiyear floes and surface gravi-
ty waves that can penetrate more than 10 km
intc the pack at the MIZ results in seawater



infiltration and enhancement of the brine vol-
ume at the snow-ice interface and in the snow
itself. This effect may be of major importance
in explaining the discrepancy between the low
multiyear ice fraction derived from satellite
SMMR and the high concentrations reported
by direct observations.

With respect to water column particle flux,
the entire Nordic Seas and at least the south-
ern Arctic Ocean (Yermak Plateau area) are
now established to be carbonaceous, dominat-
ed by cocciliths, rather than silicious as in the
southern oceans. The carbon-to-silicon ratio
for new sediment in this region consistently
exceeds 1.0, in contrast to 0.03 in the Weddell
Sea. The implied large capacity of the Nordic
Seas for fixing carbon dioxide and storing it
in the seabed may be an important compo-
nent of the global carbon budget. The high
correlation between biogenic carbon and the
fine lithogenic fraction supports the hypothe-
sis that accelerated settling of aggregated fine
particles is the major mechanism of vertical
sedimentation in the eastern Arctic.

In the central Greenland Sea and along the
Barents Sea shelf, the particle flux maximum
near the bottom occurs duringlate fall or early
winter, offset by three months from the time
of maximum primary productivity in the sur-
face water. Concentrations during the fall-
winter peak exceed amounts during other sea-
sons by two orders of magnitude. Along the
continental margin, this flux maximum is as-
sociated with an energetic shelf-to-basin trans-
port of carbon-rich sediment. Such processes
may have implications in locating hydrocar-
bon deposits. The timing and vigor of the
near-bottom sediment transport peak is hy-
pothesized to result from convectively driven

circulation during active freezing conditions
interacting with residual settled summer bio-
mass. Plans are to investigate these processes
further as part of a future shelf-basin interac-
tion study.

To expand understanding of multidisciplin-
ary processes in the eastern central Arctic, a
number of investigations are underway. On
August 4, 1987, an advanced amphibious
oceanographic buoy, the Arctic Environment-
al Drifting Buoy (AEDB), was deployed at
86°N, 22°E from R/V Polarstern through a
1-m hole bored through 6 m of ice using a
newly designed steam jet auger. The AEDB
drifted about 2500 km southward through
Fram Strait with the ice and currents to where
it was retrieved off Iceland in April 1988.
This transect provided measurements of a
number of variables within the ice and upper
ocean through several distinct regimes over a
range of seasons. The platform consisted of a
vertical array of sensors, 125 m long in this
case, tethered to a 1.5-m-diameter steel and
composite sphere. The sphere housed satellite
locating and data telemetering transmitters,
temperature sensors and strain gauges, with
external interface to a 60-level ice temperature
profiler. The vertical array included tempera-
ture and conductivity sensors, fluorometers,
transmissometers, electromagnetic and
downward-looking acoustic doppler (ADCP)
current meters, a sediment trap and an auto-
mated seawater filtration device. The ADCP
alone yielded over 10,000 velocity profiles
(16-m resolution) through the upper 200-300
m of the water column, enabling an unprece-
dented characterization of the Arctic internal
wave environment. Analyses of both the ice
and ocean data sets and the engineering per-
formance during MIZEX continues.

Many of the distinctive biogenic and sedi-
mentological features, as well as the ice distri-
bution and movementin the eastern Arctic, are
related to the presence of relatively warm water
advected northward from the Atlantic into the
Arctic Ocean through Fram Strait and the
Barents Sea. The objectives of CEAREX are
to understand the structure and function of
mesoscale and small-scale (10 km to 1 m) pro-
cesses in this Arctic Ocean exchange of mo-
mentum, heat and biomass and to understand
the associated acoustic coherence and ambient
noise fields. From September 1988 through
May 1989, a number of coordinated investiga-
tions will be staged from ships, ice camps and
aircraft.

During Phase 1 the sampling base was the
Polarbjorn frozen into the central pack ice
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Numerical model showing
the current through the
Bering Strait.
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north of Svalbard during fall and early win-
ter. Phase 2 will further investigate the open
water of Whaler’s Bay in this region during
mid-winter from the Polarbjorn, having re-
cently drifted out of the ice pack. In Phase 3
the Polarbjorn will be joined by the R/V
Hakon Mosby and SAR-equipped aircraft to
study the Barents and northern Greenland sea
marginal ice zones. Finally in Phase 4 ocean-
ography and acoustics ice camps, as well as
aircraft with SAR and meteorological sensors,
will be deployed north of Fram Strait while
the Polarbjorn pursues eddy tracking in the
Fram Strait MIZ.

Building on the MIZEX results, the evolv-
ing dynamics of MIZ and subice eddies will
be addressed, including their role in the mean
circulation and in net seasonal biological pro-
ductivity. Air-ice~ocean momentum flux will
be studied through detailed measurement of
atmospheric and oceanic boundary layer
structure, together with ice floe stress and de-
formation fields. Below the boundary layer
the partition of energy in the upper ocean
among internal waves, mixing and dissipation
will be investigated. Mechanisms of ambient
noise generation in interior pack ice will be
isolated, and causes of temporal and spatial
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variability in low-frequency coherence will be
evaluated.

A net effect of operative ice mechanics and
thermodynamics is reflected in the complex
geometry of the upper and lower surfaces.
The form and composition of these surfaces is
also critical for scattering and absorption of
electromagnetic and acoustic energy, central
for both theradiation budget and remote sens-
ing techniques. The inaccessibility of the
lower surface and an uncertain correlation be-
tween surfaces has limited advances in under-
standing ice deformation and acoustic interac-
tion. To address these issues, joint imaging
experiments have been undertaken during
spring 1987 and 1988 using coordinated sub-
marines and aircraft. In 1987 the submarine
obtained over 6000 km of upward-looking
sonar data, 3000 km of side-scan profile and
4500 km of upward-looking video record. Si-
multaneously over segments of these transects
a commercial Cessna and a NASA P-3 ob-
tained X-band SAR and scanning passive
microwave imagery and radiometer measure-
ments. The precise correlation in space and
time between surface and subsurface plat-
forms as well as the two-dimensional side-
scan perspective makes this a unique data set.
An initial result is the clear discrimination of
first-year and multiyear ice by the texture of
the lower surface. Analysis continues on
roughness parameters, SAR and passive mi-
crowave validation, intersurface coherence
and optimal multisensor techniques.

In the western Arctic, cooperative studies
with NOAA continue to address the relative
importance of synoptic meteorology, ocean
advection and local cooling and surface di-
vergence in controlling fall ice cover in the
Bering Sea. Hydrographic data from cruises,
moored current meter measurements, and a
data set from a small-scale process study off
Nome are currently being analyzed to test re-
gional numerical models of Bering and Chuk-
chi circulation and local analytical models of
coastal polynya maintenance. In a cooperative
field expedition with USGS to discover the
unknown origin of the Chukchi Cap, meso-
zoic siltstones were recovered from the base
of the Chukchi Plateau, suggesting a contin-
ental origin for this feature. Further westward
the extent and persistence of a seasonal winter
polynya in the Sea of Okhotsk have been de-
termined from satellite data. Modeling has in-
dicated that this polynya may be a major
source of Pacific intermediate and deep
water.

Numerical and laboratory modeling have
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provided insight into specific processes.
Under-ice oceanic boundary layer models
have been refined to include distinctly differ-
ent parameterizations for momentum and
heat fluxes. Medium-resolution (20-km) Bar-
ents Sea and Bering Sea limited area models
have incorporated more realistic boundary
conditions. Basin-scale models have improved
ice rheology physics using a granular media
approach. Laboratory modeling has estab-
lished the critical height of a developing
mixed layer when a stable salinity gradient is
heated from below, analogous to the water
mass within the Arctic halocline, and has
characterized the effect of internal waves ex-
cited by mixed layer turbulence, applicable to
stratified (meltwater) near-surface conditions
in summer. Scale modeling of acoustic inter-
action in a plate-water system, similar to the
ice-ocean interface region, has demonstrated
the importance of plate discontinuities in re-
distributing acoustic energy.

A number of new instrument systems are in
advanced stages of development and testing.
For ocean sampling, a light-weight (7-kg),
compact (1.3-m-long) autonomous vehicle for
under-ice temperature and conductivity tran-
sects has been field tested. Arctic-modified

(80 Hz) SOFAR floats have been developed
and deployed, with further deployments
scheduled for spring 1989. A subsurface fixed
mooring system (RTEAM), designed to tele-
meter data from a remote, vertical array
through an ice cover for relay by satellite in
near-real time for a year, has passed the
prototype stage and has been deployed in
Fram Strait. A precise tomography array of
six subsurface transceiver moorings on a four-
hour transmission schedule is in place for one
year (1988-1989)in the Greenland Sea to study
water mass structure, convective overturn, cir-
culation and large-scale vorticity. A test of
enhanced resolution has been performed by cir-
cumnavigating the transceiver array with a
ship-suspended hydrophone array (moving ship
tomography). For ice sampling, stress sensor
arrays for floe-scale strain measurement are
being evaluated in situ for consistency and
stability. Side-scan sonar for mapping the
lower ice suface has been implemented, and its
performance is being assessed. For acoustic
data acquisition, the Arctic Remote Autono-
mous Measurement Platform (ARAMP) has
been field tested, and six units are in produc-
tion for deployment in CEAREX (spring 1989).
ARAMP has been designed to simultaneously
measure a related set of atmospheric, oceanic
and acoustic variables with both high-capacity
internal data logging (laser disk) and telem-
etry options. The sensor type and distribution
are flexible, and the system configuration can
be modified to meet specific sampling objec-
tives. Technological innovations are incorpor-
ated in a large-aperture (30-km) acoustic ar-
ray. Ice-mounted array elements necessitate
precise tracking and data transmission sys-
tems, which are now operational,

Lower Atmosphere Research

The Office of Naval Research is conducting
a variety of polar atmosphere studies. The ob-
jectives of the tropospheric and atmospheric
boundary layer research are to define the
causes of severe Arctic storms known as Arc-
tic lows and to understand the origin of Arc-
tic haze and aerosols.

The research on Arctic lows involves air-
craft and satellite measurements to define the
likely conditions for the genesis of these
storms. The theoretical efforts include defin-
ing the generating mechanisms and improving
understanding of the physics of the storms.
The ultimate objective is to develop reliable
predictive models using satellite and other
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Infrared image of a
typical Arctic low.

available data. The definition of these storms
has been advanced, and promising predictive
models are being developed. Field work from
ships has focused on the boundary layer dy-
namics of the ice, ocean and atmosphere, as
well as the relationship to the development of
Arctic lows.

Tropospheric aerosols are monitored by the
ground station at Fairbanks, Alaska, and in
the recent past by the AGASP (Arctic Gas
and Aerosol Sampling Project) in cooperation
with NOAA. Aircraft data have shown that
convection over Arctic leads can transport
aerosols up to 4 km in altitude. The mechan-
isms for the production of these aerosols are
being studied, and the origin of haze and
aerosols measured over this Arctic region are
being determined.

Reflecting the lack of knowledge about the
evolution of the low-level Arctic atmosphere,
a new effort is being started by ONR to study
and understand the change in the boundary
layer as it moves out over the polar ice cap.

Upper Atmosphere Research

For the past several years there has been a
strong basic research program at the Air
Force Geophysics Laboratory (AFGL). This
program has concentrated on high-altitude
polar-cap ionosphere, thermosphere and
magnetosphere studies and the coupling pro-
cesses that take place there. The program,
which combines multi-technique observations
from a number of high-latitude locations with

a strong theoretical modeling capability, has
provided a much improved understanding of
polar-cap ionospheric features (e.g. polar cap
“patches’’ and polar cap arcs), thermospheric
dynamics, and satellite drag and magneto-
spheric energy transfer processes. Understand-
ing the basic coupling processes and being
able to explain high-latitude features is impor-
tant in its own right, but it also helps mitigate
potential problems for Air Force systems that
operate in the region.

Within the high-latitude polar-cap iono-
sphere, convection transport velocities play an
important role in determining plasma density
variations. Models of the convection pattern,
which have been developed recently, provide
these velocities for different interplanetary
magnetic field configurations. When these
patterns are incorporated into AFGL-devel-
oped theoretical models in the polar-cap iono-
sphere, the resulting calculated densities quan-
titatively demonstrate that polar cap ‘‘patch-
es’’ of enhanced ionization are produced by
solar ultraviolet radiation rather than by pre-
cipitating energetic electrons and that their
“patchiness’” is caused by the time variation
in the convection patterns themselves. An-
other ionospheric feature, sub-visual polar
cap arcs, on the other hand, are produced by
energetic particle precipitation and are collo-
cated with convection shear reversal boun-
daries. These two features are now fairly well
understood as a result of several Air Force-
sponsored rocket, satellite and ground-based
coordinated campaigns using optical photo-
meters and imagers and coherent and incoher
ent scatter radar facilities.

Both of these features are responsible for
producing severe radio scintillation activity
that adversely affects Air Force communica-
tions and space track radar systems. In the
case of polar cap arcs, the processes involved
in generating plasma instabilities are associat:
ed with plasma velocity shears and have been
identified and verified quantitatively. This
work explains why scintillation activity and
sub-visual polar cap arcs are observed togethe:

In addition to the high-latitude plasma der
sity and transport observations, neutral wind
velocities have been measured simultaneously
from both ground-based and satellite-borne
Fabry-Perot interferometers; the pattern tha
emerges is that very strong coupling between
high-speed plasma drifts and the neutral at-
mosphere causes the neutral wind pattern to
mimic plasma flow under most conditions
when the Interplanetary Magnetic Field is
characterized by a southward vector.






