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

Arctic Research contains

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

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

Arctic Research is aimed at national and inter-
national audiences of government officials, scien-
tists, engineers, educators, private and public
groups, and residents of the Arctic. The emphasis
is on summary and survey articles covering U.S.
Government-sponsored or -funded research rather
than on technical reports, and the articles are in-
tended to be comprehensible to a nontechnical

audience. Although the articles go through the
normal editorial process, manuscripts are not
refereed for scientific content or merit since the
journal is not intended as a means of reporting
scientific research. Articles are generally invited
and are reviewed by agency staffs and others as
appropriate.

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

Issues of the journal will report on Arctic topics
and activities. Included will be reports of confer-
ences and workshops, university-based research
and activities of state and local governments and
public, private and resident organizations. Unsolic-
ited nontechnical reports on research and related
activities are welcome.

Address correspondence to Editor, Arctic Re-
search, Office of Polar Programs, National Science
Foundation, 4201 Wilson Boulevard, Arlington,
Virginia 22230.

U.S. Coast Guard icebreaker Polar Sea, Canadian icebreaker Louis S. St. Laurent and Russian ice-
breaker Yamal rendezvous near the North Pole in late August 1994. The U.S. and Canadian ships
carried 70 scientists to the high Arctic to participate in the Arctic Ocean Section, a scientific expedi-
tion to increase our understanding of the role of the Arctic in global change, study Arctic pollution,
observe Arctic wildlife and map the ocean floor. Research support was provided by the National Sci-
ence Foundation’s Arctic System Science Program; the Office of Naval Research, the Canadian De-
partments of Fisheries and Oceans, Indian and Northern Affairs, and Environment; the U.S. Geolog-
ical Survey; the Canadian Coast Guard; and the U.S. Coast Guard.
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National Science Foundation

National Science Foundation research is concerned with the entire Arctic
region, including Alaska, Canada, Greenland, Svalbard, the Arctic Ocean
and adjacent seas, and the upper atmosphere and near space. Research falls
principally within seven major disciplines: atmospheric science, ocean
science, biology, earth science, glaciology, engineering and education.

The NSF supports a formal Arctic research pro-
gram within the Office of Polar Programs (OPP).
Other divisions and programs throughout NSF,
primarily in the Directorate for Geosciences and
the Division of Environmental Biology in the Di-
rectorate for Biological Sciences, support research
in and on the Arctic as part of their overall fund-
ing. Research grants are provided on the basis of
unsolicited proposals and are peer reviewed.

In FY 93, NSF awarded funds for Arctic
research to 114 institutions in 39 states and the
District of Columbia, representing 269 projects.
NSF’s support of Arctic research, including facili-
ties support and field operations, over the past
several years is shown below (in thousands of
dollars).

FY 87 FY 83 FY89 FY90 FY91 FY92 FY93

Funding (thousands)

FY 92 FY 93
Arctic System Science 11,638 12,560
Glaciology 2,070 3,007
Atmospheric Sciences 6,606 6,670
Ocean Sciences 3,270 3,045
Biological Sciences 5,410 5,533
Earth Sciences 3,105 2,397
Engineering and Technology 204 143
Social Science and Education 1,896 1,683
Coordination 747 813
Total 34,946 35,851

OPP

Other NSF
programs 13,801 14,906 13,549 11,778 12,455 14,308 13,779
Total 21,896 23,117 23,724 24,088 27,151 34,946 35,851

8,095 8,211 10,175 12,310 14,696 20,638 22,072

The following sections present highlights of
several major programs and selected projects. A
complete listing of NSF Arctic funded projects is
given in the publication Arctic Science, Engineer-
ing, and Education Awards: FY 1993, available
from the Office of Polar Programs, National Sci-
ence Foundation, Arlington, VA 22230.

Arctic System Science

The National Science Foundation established
the Arctic System Science (ARCSS) program in
1986. ARCSS is structured to be a regional com-
ponent within the U.S. Global Change Research
Program. Administration of the program utilizes
review expertise and financial support from the
Office of Polar Programs, the divisions of the
Geosciences Directorate and other components of
NSF as appropriate. ARCSS is coordinated by the
Office of Polar Programs. Through a series of
workshops and interactions with a broad scientific

community, ARCSS has refined its goals and man-
dates. These are aimed at understanding the role of
the Arctic in global change and how the Arctic
will respond to global change. ARCSS is an inter-
disciplinary program that examines the interac-
tions within and between the climatic, geologic,
biologic and socioeconomic subsystems of the
Arctic. ARCSS is predicated on the knowledge
that the Arctic system is sensitive to and important
in global change. The ARCSS program supported
65 projects totaling $12.56 million in FY 93.

ARCSS has four linked components:

» The Greenland Ice Sheet Project (GISP2);

* Paleoclimates from Lakes and Estuaries

(PALEY);
 Qcean/Atmosphere/Ice Interactions (OAIL);
and

« Land/Atmosphere/Ice Interactions (ILAII).
It is a phased, long-term program; GISP2 was ini-
tiated in 1989 and will end in 1997, PALE and
OAII began in 1990, with LAII beginning in 1993
and a new program, Synthesis, Integration and
Modeling (SIM), being established in 1994.

Science steering committees (SSCs) for each
component facilitate and enhance the ARCSS pro-
gram and provide a focal point for communication
with the scientific community. Overall coordina-
tion and integration of the ARCSS components
and individual projects are accomplished by the
ARCSS Integration and Coordination Panel. The



panel includes representatives from each SSC, plus
a few others to enhance the scientific breadth and
experience of the group.

In 1993 a report entitled Arctic Systems Science:
An Integration and Planning Report was published.
This and other workshop reports, science plans and
further information on the Science Steering Com-
mittees and Integration and Coordination Panel are
available from ARCSS.

NSF/ARCSS has been particularly successful
at establishing partnerships with other Federal
agencies. In 1992 and 1993 significant cost-sharing
on Arctic ocean science for ARCSS projects came
from the Office of Naval Research (ONR). ARCSS
anticipates considerable cost-sharing with NASA,
DOE, ONR and NOAA in the future on aspects of
common concern, such as Arctic climate and ocean
process and modeling research,

Paleoenvironmental Studies

GISP2 and PALE both contribute to understand-
ing the past climate, atmosphere and ecology of the
Arctic. This historical information gives valuable
insight into understanding system interactions and
predicting future dynamics.

The overall goal of GISP2 is to obtain a
200,000-year history of global climate and atmo-
spheric chemistry from the Greenland Ice Cap. This
very successful program began in FY 86, complet-
ed its field phase in FY 93 and will complete the
laboratory analysis of the ice core in FY 96. Some
of the exciting results from GISP2 are reported be-
low under Glaciology.

The overall goal of PALE is to construct paleo-
climatic history from the sediments of Arctic and
subarctic bogs, lakes and seas. A variety of proxy
indicators (for example, pollen, diatoms, sediment
chemistry and grain size) in the sediments yield
vital information on the responses of terrestrial and
marine ecosystems to climate and land-use change.
PALE is complementary to GISP2 and provides
information on local, regional and global changes.
An Arctic circumpolar network of sampled sites
has been established to describe the regional varia-
tion of climate over the past 18,000 years. Initial
analyses of this network have established that the
Arctic climate is not in phase around its perimeter.
PALE has been accepted by PAGES (PAst Global
changES) of the International Geological Biologi-
cal Project as a core project. In January 1994 a
workshop attended by PALE investigators led to
the publication of a volume of 36 extended ab-
stracts. One report confirmed that varved lakes
could provide regional chronologies with absolute
time intervals of approximately 50 years for the en-
tire Arctic. Next year a new project will be

launched in which PALE and GISP data will be
combined with written historical and archaeologi-
cal data. The project will focus on the Greenlandic
and Icelandic sectors of the Arctic and will bring
entirely new insights into the issue of sustaining
human settlements during the medieval warm pe-
riod and the Little Ice Age in these extreme envi-
ronments.

Contemporary and Process Studies

OAII and LAII are process oriented and rely
more on experiment and less on description than
GISP2 and PALE. An important goal of OAII is to
investigate the effects of energy exchange on the
water-column structure of the Arctic Ocean and the
interactions within the overlying atmosphere. Car-
bon sequestration, ecosystem dynamics, sedimenta-
tion and carbon deposition in the Arctic Ocean and
its interactions with the surrounding land and river
systems are also important topics of investigation.
OAII achievements are described below under
Ocean Sciences.

An objective of the major LAII study, called
LAII-Flux, is to investigate feedback processes
within the Arctic terrestrial system that modify glo-
bal climate change, climate variability and fluxes
of ice, fresh water, water-borne materials and
greenhouse gases. LAII will also assess the effect
of changing temperature and snow regimes on criti-
cal terrestrial organisms and their communities.
LAII-Flux has discovered that the Alaskan tundra
has shifted in the last 20 years from being a net
sink of carbon dioxide to being a net source. The
Arctic has been a net sink for millennia. If this
change is long-term, it could lead to major positive
reinforcement of global warming via the green-
house effect. LAII has joined ITEX (International
Tundra Experiment of the Man and the Biosphere
Program), which is a study of the effects of climate
warming on circumpolar plant species and commu-
nity dynamics.

LAIlL is testing, among other things, the follow-
ing three hypotheses:

* Greenhouse-induced changes in temperature
and moisture are large enough to trigger
changes in trace gas fluxes from Arctic land
areas.

¢ Climate change and the related oxidation of
soil organic matter will increase the nutrient
flux to streams, lakes and the Arctic Ocean.

* Arctic trace gas feedbacks will be sufficient to
affect climate beyond the Arctic.

In response to requests by Alaska Native organi-
zations, LAII will expand to study the effect of
global change on food organisms such as geese
and caribou.



Glaciology

The Glaciology Program supported 24 projects
totaling $2.07 million in FY 92 and 33 projects to-
taling $3.01 million in FY 93. The research that
was supported includes the study of all forms of
naturally occurring ice and its history under a
broad multidisciplinary glaciology research pro-
gram. Some examples are studies of past climates
and atmospheric paleochemistry from ice cores, ice
stream and valley glacier dynamics, glacial geol-
ogy, glacial hydrology and the mass balance of
mountain glaciers and ice sheets. The research
takes place primarily in Alaska, Greenland, Arctic
Canada, Arctic Russia, Sweden and Washington
state. However, some funding supports research in
high-altitude regions of the midlatitudes and low
latitudes of the Northern Hemisphere.

The program also supports research on new
methods of studying glaciers and ice sheets, includ-
ing the development of improved remote sensing
capabilities, drilling methods and methods for ana-
lyzing ice cores. In addition a variety of theoretical,
laboratory and data analysis projects were funded
this biennium. These include studies of liquid-like
water in frozen porous media, a study of the
motion of particles in melting snow, and analyses
and syntheses of glaciological data from Greenland
and Alaska.

A new facility, the U.S. National Ice Core Lab-
oratory (NICL), was completed and began opera-
tions during this biennium. The NICL is located on
the grounds of the Denver Federal Center in the
same building as the U.S. Geological Survey’s
Core Research Center. The NICL is operated joint-
ly by the University of Colorado, Boulder, and the
U.S. Geological Survey in Denver. The NSF fund-
ing for partial construction, operation and mainte-
nance of this facility was provided partially by the
Arctic Glaciology Program.

Arctic Glacier Studies

The purpose of these projects was to increase
understanding of the mechanisms responsible for
the surge behavior of glaciers and the seasonal
fluctuations of glacier flow. Work has focused on
the role of subglacial water and basal water pres-
sure, ice temperature, internal deformation, electri-
cal conductivity and turbidity of meltwater, among
other variables that can be measured in boreholes
in the ice at various places on the glacier.

Scientists from the University of Washington
and the University of Alaska are examining the
structural changes in the basal zone of the Black
Rapids Glacier during a seasonal pulse in velocity
that occurs each year. Current theories of glacier

motion presume that water-pressure-induced
changes in the structure of cavities behind bedrock
bumps and/or properties of soft bed material cause
seasonal velocity changes by altering the speed of
the ice over the bed of the glacier. This work pro-
vides new information about the detailed form of
seasonal velocity variation and the relation to
water inputs and outputs.

The Bering Glacier in Alaska is the longest (191
km) and largest (5173.5 km?) glacier in North
America and is the largest surging glacier on Earth.
Surging is defined as periodic, very rapid move-
ments of large quantities of ice within a glacier,
alternating with much longer periods of near stag-
nation. The current surge was first detected in the
spring of 1993 and is still continuing. Scientists
from the U.S. Geological Survey, the University of
Alaska, the State University of New York-Oneonta
and the University of Wyoming were supported
through NSF’s rapid response program—Small
Grants for Exploratory Research (SGER)—to
study the ongoing surge of the Bering Glacier.

The work on the Bering Glacier funded by the
Arctic Glaciology program involves analysis of
synthetic aperture radar imagery, vertical aerial
photography, time-lapse photography and stream
gauge monitoring. Oblique-view aerial photo-
graphs of certain portions of the glacier are being
taken periodically to document glacier activity
throughout the year. Automated observations of
water and suspended and dissolved loads from
glacial outlets will monitor the subglacial hydraul-
ics, which, according to present understanding,
controls the propagation of surges.

Glacial Geological Studies

One of the largest uncertainties in ice volume
changes during the late Quaternary are the areal
and vertical extents of ice sheets over Franz Josef
Land, Novaya Zemlya and the adjacent seas (Bar-
ents/Kara). Deglaciation of Franz Josef Land and
the northern Barents Sea occurred surprisingly ear-
Iy, according to glacial geologists from The Ohio
State University and the University of Colorado-
Boulder funded by the Arctic Glaciology program.
Radiocarbon dating of driftwood and shells at the
marine limit and forams from adjacent marine sed-
iments indicate that glacier retreat began on Franz
Josef Land prior to 10,200 years ago. Deglaciation
of the Barents/Kara Sea ice sheet may have been
initiated by a rapid global sea-level rise 13,000
years ago. The sea-level rise would have destabil-
ized this marine-based ice sheet, particularly in the
deep troughs bordering the Russian Arctic seas.

Researchers from Northern Illinois University
and Appalachian State University are studying the



sedimentary record in Glacier Bay, Alaska, the site
of the largest documented marine deglaciation in
the world, in order to better understand marine
glacier terminus stability with changing climate
and marine conditions. The study is using the R/V
Alpha Helix for collecting data by seismic reflec-
tion profiling, side-scan sonar, and piston and
gravity coring. A cruise in 1993 collected over
880 km of high-resolution seismic lines, 71 sedi-
ment cores and 22 surface sediment grab samples.
One major finding from the preliminary shipboard
core descriptions is a repeated bedding style that
appears to be cyclic and may represent annual
depositional events. If so, the dating control on
these cores will be greatly enhanced.

Greenland Ice Sheet Project Two

On 1 July 1993, after five years of drilling, the
GISP2 program reached bedrock at a depth of
3053.44 m, after drilling several meters of silty ice.
Shortly thereafter the bedrock was penetrated to
a depth of 1.55 m. Several important scientific
observations have already been reported, both in
the scientific literature and in the popular press.
The interpretation of the paleoclimate record from
the GISP2 ice core will be further enhanced by ice
dynamics analysis and associated geophysical data
and computer modeling.

The depth—age relationships for the GISP2 core
have been developed from a variety of core varia-
bles, including annual layers of visual stratigraphy,
electrical conductivity, laser light scattering of
dust, stable isotopes, major anions and cations, in-
soluble particles, lead-210, total beta activity and
carbon-14 from occluded carbon dioxide in air
bubbles in the ice, plus ice dynamics modeling.
Annual layer counting (based on visual stratigra-
phy, electrical conductivity and laser-light scatter-
ing) appears to provide a viable dating tool to a
depth of at least 2600 m (about 65,000 years ago),
as suggested by observations during the 1993 field
season. The age at the bottom of the GISP2 core is
still unknown, but it could represent as much as
250,000 years of the Earth’s history.

One of the most dramatic climate events
observed in marine and ice core records is the
Younger Dryas, a return to near-glacial conditions
that punctuated the last glaciation. Multiparameter
annual layer counting of the GISP2 core has pro-
vided a high-resolution view of this event. The
end of the Younger Dryas is characterized by a
doubling of accumulation at GISP2 in perhaps one
to three years; the onset of this event is also char-
acterized by a large and abrupt change in accumu-
lation rate. Fluctuations in the electrical conductiv-
ity of GISP2 ice on the scale of less than five to

twenty years have been used to reveal rapid
changes in the dust content of the atmosphere dur-
ing the last glaciation, These rapid changes appear
to reflect a type of “flickering” between preferred
states of the atmosphere, which provides a new
view of climate change.

A comparison of the Holocene and glacial por-
tions of the GISP2 record indicates that sulfate
concentrations were low during the Holocene and
markedly higher during cold periods, reflecting
increased input of terrigenous dust to the glacial
atmosphere. In contrast, sulfur from marine bio-
genic sources, in the form of methane sulfonic
acid, is higher in concentration during warm peri-
ods and lower during glacial conditions. This sug-
gests a reduced contribution of oceanic sulfur to
the Arctic atmosphere during glacial climates.
This trend is dramatically different from that ob-
served in the Vostok ice core in East Antarctica,
where high-latitude oceanic sulfur emissions ap-
parently increased during glacial periods.

Several other climatic events, such as the Little
Ice Age, which appears to span the period AD
1350 or 1450 to about AD 1900, have been stud-
ied in detail. GISP2 temperatures modeled from
oxygen isotopes reveal a relatively subdued tem-
perature effect at this site during the Little Ice
Age, and accumulation is slightly lower than dur-
ing the previous Medieval Warm Period. Carbon
dioxide values may dip slightly during the Little
Ice Age, whereas dust (as indicated by insoluble
particles, calcium, magnesium and potassium) and
marine sources (as indicated by sodium, chloride
and methane sulfonic acid) either increased in the
atmosphere or were transported more efficiently to
the site during this period.

In addition to providing a remarkable paleoen-
vironmental record, the GISP2 core provides our
first view of the basal conditions (clear ice into
silty ice into bedrock) beneath the central region
of a polar ice sheet. Analysis of the basal materials
(both the silt in the ice and the 1.55 m of bedrock)
will also provide information useful to those
studying the geology of Greenland. Preliminary
observations in the field indicate that the upper
1015 cm are a weathered “schist-like” rock that
grades into a very fresh “granite gneiss” below.

Drilling operations in 1992 collected core from
a depth of 1510 m to a depth of 2252 m. The ice
drilled in 1992 included samples from the last
glacial-interglacial transition, and preliminary
results collected in the field revealed details of cli-
mate change with a resolution and quality not seen
before in ice core drilling. Core processing was
continued in the field, as in previous seasons,
which allowed results, in the form of prepared ice
samples, water samples, filters and various forms



of data that were collected, to be returned from the
field directly to various laboratories at the end of
the season without additional handling of the core.
These included samples for isotopes of hydrogen
and oxygen, particulates, major ions, physical
properties, isotopes of occluded gases, isotopes of
helium, cosmogenic radionuclides and methane
sulfonic acid (MSA). Analyses performed directly
in the field included electrical conductivity (ECM),
visual stratigraphy, major ions, physical properties
and laser light scattering (both solid and liquid
measurements).

The atmospheric sampling camp—a remote,
solar-powered, clean sampling site—also operated
throughout the 1992 and 1993 seasons, with the
collection of aerosol samples, samples of fresh and
aging snow and other specialized samples. Limited
results are available so far for reactive gaseous spe-
cies, such as hydrochloric acid, nitric acid and hy-
drogen peroxide, but the 1993 season has yielded
continuous records of hydrogen peroxide and high-
resolution, short-duration records of concentrations
of gaseous acids in surface-level air. The impor-
tance of ice fog and dry deposition in the delivery
of atmospheric constituents to the snow surface has
been suggested and is the focus of continued sam-
pling. The six automatic weather stations installed
in the Summit region continued to operate during
the 1992 and 1993 seasons. Each is equipped to
monitor a variety of meteorological parameters (for
example, temperature, barometric pressure, wind
speed, wind direction, global short-wave radiation,
humidity and snow depth) and relay the output to
the ARGOS system.

Atmospheric Sciences

NSF Atmospheric Sciences programs supported
60 projects totaling $6.61 million in FY 92 and 48
projects totaling $6.67 million in FY 93. The Divi-
sion of Atmospheric Sciences supports a broad
spectrum of research activities encompassing
meteorology, climate dynamics, tropospheric and
stratospheric chemistry, acronomy, ionospheric
physics, magnetospheric physics and solar physics.
Lower atmospheric phenomena that are studied
include Arctic stratus clouds, Arctic haze, long-
range transport of aerosols and trace gases over
the Arctic Basin, polar stratospheric clouds and
stratospheric chemistry related to ozone depletion.
Upper atmospheric processes studied in the Arctic
include polar mesospheric clouds, auroral excita-
tion and emissions, ionization production and loss,
auroral current systems and magnetic storms. Be-
cause Earth’s magnetic field guides magnetospher-
ic and solar wind particles into the polar regions,

the Arctic is the ideal location for studying solar
wind-magnetosphere interactions and their influ-
ence on the near-Earth space environment.

Upper atmospheric research in the Arctic
includes work supported under two Global Change
programs. The CEDAR (Coupling, Energetics, and
Dynamics of Atmospheric Regions) program is
focused on the study of coupling between atmo-
spheric layers from the mesosphere to the exo-
sphere. CEDAR emphasizes support for develop-
ing and deploying advanced instrumentation and
facilities and establishing and maintaining a com-
prehensive database containing up-to-date atmo-
spheric measurements. The Geospace Environment
Modeling (GEM) program uses a combination of
theory and observations in a systematic effort to
study the magnetosphere and how it interacts with
Earth’s ionosphere and the solar wind. A general
circulation model for the magnetosphere, compara-
ble to and inspired by general circulation models
used for the lower atmosphere, is being developed
by GEM scientists. This model can be considered
one of the final products of the GEM effort. The
NSF-funded instruments in the Arctic regions play
an essential role in developing and validating this
model.

Much of the upper atmospheric research in the
Arctic is enabled through the establishment and
continued support of observational facilities. The
Sondrestrom Radar Facility, located on the south-
west coast of Greenland and operated by SRI Inter-
national, is NSF’s largest permanent base north of
the Arctic Circle and is a major hub of upper atmo-
spheric and solar—terrestrial research. The principal
instrument is an incoherent scatter radar with a 33-
m-diameter parabolic antenna. This radar is capable
of measuring electron densities, electron and ion
temperatures, and Doppler velocities over a large
field of view at all ionospheric heights. To further
the scientific capabilities and usefulness of the
radar, the Sondrestrom facility also contains a wide
range of instruments (mostly university-owned),
including spectrometers, imagers, interferometers,
magnetometers, ionosondes and riometers. In FY
93 a recently developed Rayleigh—aerosol lidar
began making measurements at Sondrestrom,
allowing studies of polar stratospheric clouds and
middle atmospheric densities and temperatures.
Another recent addition to the instrumentation at
Sondrestrom is a dual-frequency radar system that
provides coverage of atmospheric winds at alti-
tudes of 60120 km. This will enable studies of
the effects of gravity waves and tides in the polar
regions.

A particularly exciting development is the
selection of the Sondrestrom Radar Facility as a
testbed for a project to demonstrate the feasibility



of national “collaboratories,” a concept where in Longyearbyen, Norway, containing optical in-
emerging computer technology is used to enable strumentation for studies of auroral emissions and
scientists from all over the world to view dataand  atmospheric winds. NSF has continued to support
actively participate in real-time experiments. The the operation of magnetometers and VLF transmit-
collaboratory reduces many of the logistical com-  ters, all of which are used to determine the distribu-
plexities involved with performing experiments in  tion of high-latitude ionospheric current systems.
remote locations such as the Arctic. The projectis ~ Many of these Arctic instruments were supported

jointly funded by the Division of Atmospheric with funds provided by the CEDAR and GEM pro-
Science and the Division of Information, Robotics, —grams.

and Intelligent Systems. Experiments that have In FY 93 a prototype observing facility was con-
been conducted in the last year have demonstrated  structed for upper atmospheric research at Resolute
the effectiveness of the system in enabling scien- Bay in the Northwest Territories. The facility in-
tists in widely separated geographic locations to cludes faboratory work space and living quarters
collaborate, exchange information and modify for visiting scientists. Funding for the facility was
experiments in real time. The collaboratory has provided by the CEDAR program and the Office
the potential of becoming an important teaching of Polar Programs. The facility presently includes
tool as well by encouraging student participation an all-sky imager and a spaced-antenna drift instru-
in remote experiments. ment. Canadian scientists have also contributed

In addition to the instruments deployed at Son-  instruments to the facility. This facility is the first
drestrom, a number of other instruments for upper  phase of a proposed Polar Cap Observatory, which

atmospheric research have been deployed in the will include an incoherent scatter radar. Because
Arctic. For example, NSF has contributed with of the very high latitude of the site, this prototype
other agencies to develop a chain of HF radar facility is expected to provide measurements of
facilities that now stretches longitudinally from many unique polar phenomena, including the
central Canada to Europe. These instruments polar vortex, Arctic noctilucent clouds, the polar
measure the two-dimensional distribution of plas-  cap aurora, cross-polar cap convection and polar
ma convection over the polar regions, allowing cap ionization patches. Many of these observations

Location of the prototype ¢\ dies of auroral electrodynamics and coupling have direct relevance to the monitoring and diagno-

upper atmosphere research . .
Jacility at Resolute Bay, ~DPTOCESSEs to the solar wind and magnetosphere. sis of global change phenomena.
Northwest Territories. ~ Another continuing Arctic observatory is located The Polar Aeronomy and Astrophysics Program

in the Office of Polar Programs provides approxi-
mately $1 million per year to support research on
Arctic stratospheric ozone and to support upper
atmospheric studies that are coordinated with mag-
netically conjugate projects in Antarctica.

Two separate groups from the University of
Wyoming are flying instruments on balloons to
study the role that aerosols and stratospheric clouds
play in the chemical destruction of ozone. One of
those groups is developing long-duration (several
days) ballooning techniques so the chemical and
physical properties of a stratospheric air mass can
be continuously monitored as it circulates around
the North Pole in the wintertime polar vortex. This
development is being undertaken in collaboration
with scientists from the Russian Central Aerologi-
cal Institute. The other Wyoming group is flying
balloonsondes from Kiruna, Sweden, in collabora-
tion with several European investigators.

A group from the University of Denver has
established a high-resolution infrared Fourier trans-
form spectrometer in Eureka, NWT, Canada, to
measure trace atmospheric species. The principal
motivation is to track the chemistry causing ozone
destruction in the stratosphere.

The University of Maryland has now installed
imaging riometers (relative ionospheric opacity




meters) called IRISes at both Sondestromfjord,
Greenland, and Iqaluit, NWT, Canada, as well as
the original IRIS at South Pole, Antarctica. This
array can, for the first time, be used to study the
auroral morphology in both hemispheres at any
time of year or in any weather. NSF continues to
support magnetometers at several sites and to pro-
vide funds for data analysis to several groups.

Ocean Sciences

NSF Ocean Sciences programs supported 25
projects totaling $3.27 million in FY 92 and 19
projects totaling $3.04 million in FY 93. Much of
the NSF Division of Ocean Sciences (OCE) fund-
ing for Arctic research during these years was
channeled through the activities of ship support of
the R/V Alpha Helix, a study for a new replace-
ment Arctic research vessel and cosponsorship of
several Arctic Systems Science (ARCSS) research
projects with OPP/OAIL The ARCSS research pri-
marily involved two collaborative projects: Investi-
gating the Western Arctic and the Northeast Water
Polynya project. In 1993 the Ocean Drilling Pro-
gram undertook two legs within Arctic waters,
which accounted for most of the OCE funding for
that year.

The R/V Alpha Helix, operated by the Universi-
ty of Alaska, is the primary research platform for
Arctic research off Alaska and the Bering Sea.
This logistic support included onboard technical
support services and ship-based equipment acquisi-
tions. The Alpha Helix is becoming marginally ad-
equate to support major multidisciplinary research
projects in Arctic waters, and a major study has
been undertaken to plan for a potential replacement
vessel. During 1992 and 1993, the Alpha Helix
spent approximately 150 days each year at sea in
support of eight to ten research projects spanning
several scientific disciplines.

One project involved an ongoing investigation
of the transport and water properties in the Bering
Strait and over the Chukchi Shelf. The goal of this
research is to study the circulation and water mass
transformation processes on the Chukchi Shelf and
to measure the Pacific inflow to the Arctic, its
modification on the shelf and its influence on
shelf productivity and sea ice. Emphases are on
the Chukchi Shelf and water masses entering
through the Bering Strait. Core measurements in-
volve deploying current meter moorings to obtain
time-series measurements of temperature, conduc-
tivity, current velocity and sea-ice thickness, and
conducting shipborne, basin-wide CTD (conduc-
tivity, temperature, depth) and acoustic Doppler
current profiler (ADCP) surveys. The initial sam-

pling program was carried out during a fall 1993
cruise on the Alpha Helix. A total of 122 CTD sta-
tions were occupied, and vertical profiles of hori-
zontal current velocity were collected continuously
along cruise tracks with the vessel-mounted ADCP.

Concurrent with these activities, a number of
discreet water samples were taken throughout
sea-going operations for the analysis of dissolved
oxygen, oxygen isotopes, nutrients, helium, tritium
and dissolved barium. Ship support was also used
for studying marine mammal distributions in the
Chukchi Sea, relative zooplankton biomass in pro-
files and spatially discreet samples, brine produc-
tion and transport from the polynyas of the north-
ern Bering and Chukchi Seas, the variability of sea
ice draft distribution, causes and consequences of
this variability, and the role of ice cover in main-
taining climate. Future work funded through OCE
will contribute to continued deployment and recov-
ery of current array moorings, reoccupation of
CTD grids, continued chemical sampling, marine
mammal observations, the study of zooplankton
biomass, and continued data analysis and process-
ing.

The second major Arctic program partially
funded by OCE through ARCSS/OAII is the North
East Water Polynya (NEWP) project. Although
polynyas (open bodies of water in sea ice) may rep-
resent only a small part of the Arctic region, they
may account for large fractions of the midwinter
energy exchange between the atmosphere and the
ocean. They are believed to be sites of enhanced
biologi-cal activity and dense-waterformation.

In 1992 and 1993 the NEWP project undertook
two highly successful research cruises onboard the
USCG icebreaker Polar Sea. Samples were collect-
ed at 81 locations in the first year and 103 during
the second off the coast of Greenland. Studies
focused on physics, meteorology, tracers, particle
chemistry, pelagic and benthic biology, hydrogra-
phy, currents, air—sea fluxes, sedimentology and
remote sensing. The extensive field program col-
lected data for physical, hydrographic, meteorolog-
ical and current studies using ADCP arrays, sur-
face-drifter buoys, sediment traps, current meter
moorings and CTD casts throughout the cruise
track. Several moorings deployed during the 1992
cruise were recovered during 1993, and the data are
being analyzed. These data will help validate and
test hypotheses of polynya formation and preserva-
tion, as well as help clarify the roles of geostrophic
flow, upwelling, internal waves, currents and tides
in polynya phenomena.

To determine carbon flow, nutrient dynamics
and particle import-export within the polynya
region, a wide array of chemical and tracer experi-
mentation was completed in 1992 and 1993. Nutri-



ents (NO3, NO, POy, SiO4, NH3), oxygen, 3H,
3He, halocarbons, radionuclides (234Th and 2!0Pb),
suspended particles, CO, and deposited sediments
were measured at selected stations along the cruise
track. These measurements will help further define
the role of “new” biological production within the
polynya, the importance of particle sinking rates,
gas exchange across the air—sea interface, and the
spatial and temporal variations in particle fluxes
within the region. In addition, a large effort has
also been expended on understanding the biologi-
cal processes that influence production, respiration
and the trophic dynamics associated with polynya
phenomena. Data are currently being analyzed, and
the results will be published in upcoming journals
and workshops.

The OCE-sponsored Ocean Drilling Program
(ODP) undertook two legs (151 and 152) in Arc-
tic waters during FY 93. Leg 151, 30 July through
24 September 1993, focused on four partly ice-
covered sites: the Northern Gateway region (Yer-
mak Plateau and Fram Strait), the East Greenland
Margin, the Greenland—Norway transect and the
Iceland Plateau. A series of drillings were conduct-
ed to obtain cores for use in reconstructing the
temporal and spatial variability in oceanic heat
budgets and for studies of oceanic chemistry. In
addition, this leg served as a platform for studies of
circulation patterns in a preglacial, relatively warm
polar and subpolar ocean and the mechanisms of
climatic change in a predominately ice-free climat-
ic system. Cores containing records of biogenic
fluxes (CaCOj3, opal and organic carbon) and sta-
ble carbon and oxygen isotopes were collected for
studies of carbon cycle dynamics, productivity and
facies evolution and for biogeochemical compari-
sons with other depositional environments.

Sites for drilling were arrayed as either broad
transects to monitor spatial paleoclimatic variabil-
ity or closely spaced suites across a range of depths
to monitor vertical variability. Deep drilling sites
were chosen for specific purposes, such as to con-
strain the time of opening of the Fram Strait or to
monitor downstream sedimentological effects of
deep flow through narrow gateway constrictions.
In addition, sites were chosen to address the age
and nature of basement rocks in the Northern Gate-
way region.

From 29 September to 24 November 1993, leg
152 continued as the second in an eight-leg pro-
gram proposed by the North Atlantic Rifted Mar-
gin Detailed Planning Group (NARM-DPG) to
investigate rifted margins. The group has planned
studies of both volcanic and nonvolcanic margins;
leg 152 (63°N, Greenland transect) falls into the
latter category. The drilling sites are located
approximately 550 km south of the original center

of the Iceland hotspot, chosen for its apparent struc-
tural simplicity and relatively well understood plate
kinematic history. Four sites were chosen to con-
strain a number of features, including the timing of
breakup, the nature of the lithospheric deformation,
magmatic processes, flexural deformation rates,
emplacement mechanisms, geochemical and volu-
metric trends in the magmatism, spreading rates
prior to the formation of the first oceanic magnetic
isochrons, syn- and post-constructional subsidence
of the volcanic carapace, and the post-breakup sub-
sidence of the spreading ridge.

Biological Sciences

NSF Biological Sciences programs supported
33 projects totaling $5.41 million in FY 92 and 27
projects totaling $5.53 million in FY 93. These pro-
grams support research in all aspects of Arctic biol-
ogy, including biological oceanography and marine
ecology, terrestrial and freshwater ecology, and
solar irradiance monitoring (UV-B) at Point Bar-
row, Alaska. While research topics span a broad
range of biological disciplines, such as microbiol-
ogy, zoology and botany, several projects are mul-
tidisciplinary and interdisciplinary.

A major interdisciplinary project continues in
the foothills on the North Slope of Alaska. This
funding has supported a large group of biologists,
ecologists, limnologists and hydrologists from
major universities and research centers in the U.S.
to study terrestrial and freshwater ecosystems since
the mid-1970s. In conjunction with the Long-Term
Ecological Research (LTER) program, this project
has developed a multidisciplinary team approach to
ecosystem studies over the years. These scientists
have produced a large database on the physical,
chemical and biological cycles in the streams, riv-
ers and lakes, which has allowed long-term changes
to be identified in the region. One such change has
been the virtual extinction of two species of zoo-
plankton in Toolik Lake. Overall, the Toolik Lake
project has been successful in separating biotic and
abiotic factors that control the structure and func-
tion of aquatic ecosystems and in examining how
Arctic freshwater ecosystems are regulated relative
to known temperate freshwater ecosystems.

Arctic lakes and streams proved to be ideal for
long-term experimental manipulations of the sys-
tem. Results have shown, for example, that stream
fertilization can change a stream from heterotrophy
to autotrophy and that it can return to prefertiliza-
tion conditions when grazing insect populations
catch up with the new algal production. Other man-
ipulations of the lakes and rivers, such as removing
a top predator from the system, have shown top-
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down effects on the ecosystem. For example, adult
trout force yearlings into suboptimal habitats,
where the growth of yearlings is stunted compared
to those in the experimental river or lake. This
effect also cascades down several trophic levels,
where the increase in zooplanktivorous young trout
moved the structure of the zooplankton population
towards smaller sizes. Studies on manipulating
planktonic communities using field enclosures
have also allowed scientists to understand various
steps in the microbial loop that regulates bacterial
biomass. Concerning land—water interaction, stud-
ies have indicated a previously unmeasured path-
way where carbon dioxide from soil respiration
moves into streams and lakes and then into the at-
mosphere. In wet tundra this process may account
for as much as 20-50% of the primary production,
in contrast to temperate terrestrial systems, where
communities assimilate, recycle and bury most of
the fixed carbon in the system.

In Arctic terrestrial systems, several disciplinary
or small multidisciplinary projects are also sup-
ported. These projects focus on a wide range of
questions that address terrestrial communities and
populations ranging from soil microbes to mam-
mals and birds. A multidisciplinary terrestrial
project is focusing on the interactive role of soil
development on plant and algal establishment in
circumpolar deserts in the Canadian High Arctic.
The results so far have shown that landscape pat-
terns, soil climate and nitrogen-fixing cyanobacte-
ria in nutrient-poor soil are critical to the establish-
ment of plant communities in high-latitude desert
ecosystems. Studies on the metabolic adaptation of
polar bears during food shortages have shown why
these animals are so successful in fasting for long
periods of time. These bears possess a unique abil-
ity at any time of year to preserve body mass
through nitrogenous waste recycling. No other
mammal has been reported to possess this ability.
Research continues on the adaptations of Arctic
breeding birds to the extreme environmental condi-
tions and the brief high-latitude summer. Arctic
birds have evolved novel and rapid neuroendocrine
and endocrine mechanisms to allow adaptation to
changing reproductive conditions. This is unlike
many species breeding at lower latitudes.

In Arctic marine systems, scientists continue to
study the ecology and adaptation of marine organ-
isms exposed to short light periods, ice-covered
seas and low seawater temperatures. Investigations
on the photo-adaptation of large macroalgae or
kelp in the Beaufort Sea have shown that during
the extended summer light period Laminaria soli-
dungula stores most of its fixed carbon and delays
new frond tissue production until winter nutrients
are more abundant under the sea ice. This unique

photo-adaptation of reallocating carbon reserves
from the previous season allows the alga to utilize
winter nutrient inputs for growth, even in a low-
light environment. A multidisciplinary research
project on the foraging ecology of planktivorous
seabirds, particularly small auklets, in the western
Aleutian Islands, has shown that physical process-
es and hydrographic structure influence the distri-
bution and foraging behavior of these seabirds.
Physical processes in the system are important
conduits for delivering subsurface zooplankton
prey into surface waters for avian predation. Re-
lated oceanographic studies are also focusing on
hydrographic features in the Bering Sea that influ-
ence benthic communities at the St. Lawrence
Island polynya. Results have shown that the pro-
ductivity of benthic communities is most directly
affected by polynya dynamics compared to com-
munities in other offshore regions. A research
project focusing on primary and secondary
productivity of Arctic marginal seas has shown
that carbon cycling in cold seas is largely the re-
sult of an interactive response by the bacteria to
low temperatures and substrate concentrations.
These observations suggest that during the onset
of spring phytoplankton blooms, when tempera-
tures are near zero or below, components of the
microbial loop may be uncoupled from primary
production, resulting in a potential net export of
high-latitude shelf carbon to the deep ocean basin.

The two largest projects supported by the Bio-
logical Sciences Program during FY 92 and 93
were the ongoing Long-Term Ecological Research
(LTER) projects on tundra, lake and taiga ecosys-
tems in Alaska. The Arctic and Bonanza Creek
LTER projects have been described in some detail
in earlier issues of this publication. Both projects
continue the successful pursuit of their individual
project objectives and their participation in the
18-project national network of LTER sites. The
LTER network and individual LTER projects are
actively developing research collaborations with
scientists supported by other agencies and scien-
tists in other countries who share research in-
terests and who see productive advantage in
performing comparative and synthesis-oriented
projects.

Two other ecosystem-scale projects were sup-
ported in subarctic Russia during FY 92 and 93.
One project focused on using dendro-ecological
(tree ring) data to reconstruct the multicentury,
regional-scale forest-fire and climate histories of
taiga forests in Siberia. These reconstructed rec-
ords are being used to assess the temporal and
spatial changes and trends in fire activity that have
occurred in response to changes in climate and
land use. The patterns are being compared with



similar records from the western U.S. These data
are being used to develop models of future changes
in forest ecosystems in response to global climate
change and human land-use practices.

A second project in subarctic Russia focused on
the role played by dead and dying trees in the glo-
bal carbon cycle. Preliminary estimates indicate
that tree mortality contributes significantly to the
global carbon flow and that dead wood is a major
component of the global pool of stored carbon. If
these estimates are correct, it is important that
models of the global carbon budgets be modified
to include the dead-wood components.

The Biological Programs supported a neuroen-
docrinological project on photoperiodic responses
of Arctic birds. Although photoperiodic responses
are critical in many organisms, from plants to
humans, the location, sensitivity and neural con-
nectors of the photoreceptors in the vertebrate
brain are not known. Immunological techniques
are being used to locate in the brain the cell bodies
and neural terminals that are involved in photope-
riodic modification of circadian rhythms. New
insights into how changing the light periods affects
the nervous system and influences the timing of
biological events could lead to the development of
treatments for photoperiodic disorders in humans,
such as midwinter depression at high latitudes, jet
lag and disorders created by changes in work
shifts.

Other research supported by the Biological Pro-
grams included continued work on the Arctic and
subarctic components of the Flora of North Amer-
ica project, on thermoregulation by Arctic bumble
bees and on Arctic tundra response to elevated
temperatures and global climate change. An on-
going project receiving support was the role of
carbon—nitrogen interactions in Arctic ecosystem
response to disturbance and global climate change.

Funding was provided during FY 92 and 93 for
improvements in the collection of Arctic and sub-
arctic mammals housed at the University of Alaska
Museum. This is the only reference and voucher
collection in the state and provides an invaluable
resource for scientists and managers working with
Arctic mammal species. The funds will allow im-
proved cataloging and database management and
allow expansion of the frozen tissue collection (es-
sential to those doing molecular studies on Arctic
mammals).

The Biological Programs provided funds for
one symposium and one workshop in Arctic biolo-
gy. The symposium was on the endocrinology of
Arctic birds and mammals and was held in Los
Angeles. The workshop was on the biodiversity
and ecosystem consequences of climate change
and was held in Oppdal, Norway.

Earth Sciences

NSF Earth Sciences programs supported 54
projects totaling $3.10 million in FY 92 and 35
projects totaling $2.40 million in FY 93. The Polar
Earth Sciences Program supports research in a
wide variety of fields of geology, including paleo-
climatology, glaciomarine sedimentology, surficial
processes, paleontology, petrology, tectonics and
solid earth geophysics. However, the majority of
support has gone toward research in paleoclima-
tology, glaciomarine sedimentology and surficial
processes in the Arctic. Many projects receive sup-
port through split-funding agreements with other
NSF programs (ATM, EAR, INT) and other agen-
cies (NPS, NRL). Some projects involve collabo-
ration with foreign research programs (Canadian
and Russian, in particular). The field programs for
this research take place in Arctic Canada, Arctic
Alaska, Arctic Russia, Greenland and Svalbard.

Geologic Record of Glacial and
Periglacial Environments

These projects focus on unraveling the history
of Arctic glaciation and understanding the past
Arctic environments by examining the sedimentary
and paleontological record of terrestrial coastal
plain, continental shelf and deep marine sediments.
Although the program supports many diverse pro-
jects in this general field, four major geographical
areas are the focus of particular interest at present:
western Alaska and eastern Siberia, the eastern
continental shelf of Greenland, the Hudson Strait,
and the Kara and Barents Seas.

Geologists from the Universities of Massachu-
setts and Alaska, working with Russian colleagues
on the coasts of the Chukchi and Bering Seas, are
undertaking an extensive revision of the Pleisto-
cene stratigraphy of the Chukchi Peninsula in an
effort to reconcile glaciomarine sedimentary rec-
ords from Siberia and Alaska. In a separate but
related project, geologists from the Institute of
Arctic and Alpine Research (INSTAAR) at the
University of Colorado are examining cores from
the bottom of the Bering Strait to determine pale-
oenvironmental conditions and constrain the tim-
ing of inundation of the Bering Land Bridge. This
work has important ramifications for the timing of
human migration into North America, a topic that
is particularly relevant in light of recently discov-
ered archeological sites in western Alaska.

Geologists from INSTAAR, collaborating with
Canadian geologists on two separate projects, are
investigating the glaciomarine sedimentary record
of East Greenland and the Hudson Strait. The sedi-
mentary record from continental shelf sediments of
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East Greenland help to constrain the history of the
Greenland Ice Sheet and are particularly important
in conjunction with ongoing paleoclimate studies of
the ice cores from the GISP2 and GRIP sites. Work
in the Hudson Strait is focused on determining the
nature, timing and periodicity of ice movements in
the strait, which is the major pathway for icebergs
from the Laurentian ice sheet during its existence
and disintegration.

Geologists and paleontologists from Woods
Hole Oceanographic Institution and the Ohio State
University, working with Russian colleagues, are
studying sediment cores and grab samples from the
Kara and Barents Seas in an attempt to constrain
the extent and history of an ice sheet thought to
have been centered on the Kara Sea during the last
ice age. This work has particular relevance to the
problem of a full and accurate accounting of the
water that was required to produce the change in
sea level since the end of the last ice age.

Geology and Geophysics

Several projects focus on understanding the tec-
tonic and petrogenetic evolution of the continents
and ocean basins of the Arctic. Geophysical pro-
jects have focused on the continental margins of
Alaska, northeastern Siberia and the Arctic Ocean,
whereas tectonic and petrogenetic studies of the
geologic record have focused on Greenland and
Svalbard.

Geologists from the University of Minnesota,
in collaboration with European geologists in an
ongoing study, are determining the thermal history
recorded in the rocks of central Spitsbergen. This
information places constraints on tectonic models
for both mid-Paleozoic collisions associated with
Pangaea assembly and rifting associated with the
opening of the Norwegian Sea and the separation of
Greenland and Scandinavia.

Geologists from Lamont Doherty Earth Observ-
atory, along with many oceanographers from sever-
al U.S. institutions, participated in a unique oppor-
tunity to study the Arctic Ocean basin from a U.S.
Navy nuclear submarine, the USS Pargo. The
LDEOQ group measured gravity variations along the
cruise track, which included several crossings of
the Lomonosov—Alpha Ridge complex. The data
appear to be of very high quality and will prove
useful to interpretations of the crustal structure
beneath the Arctic Ocean. In addition, NSF is con-
tributing to ongoing efforts of the Naval Research
Laboratory for aerogeophysical investigations of
the Arctic Ocean basin.

Completion of the ice core at Summit, Green-
land, by the GISP2 project yielded a substantial

bonus to geologists interested in the bedrock
underneath the ice sheet. A 1.55-m-long core of
rock was recovered with a special drill developed
by the Polar Ice Coring Office, with joint support
from NSF and the European GRIP project office,
to penetrate rock at the bottom of the ice core hole.
The core consists of schistose rock in the upper
part and granitic rock in the lower part, separated
by a breccia zone. Research is underway on this
core, which will be quite useful to constrain the
extent of crustal provinces identified from coastal
outcrops, but more significantly this technology
opens the way for direct studies of the sub-ice
lithosphere.

Engineering and
Technology

NSF Engineering supported five projects total-
ing $204,000 in FY 92 and three projects totaling
$143,000 in FY93. Support in engineering, mate-
rial sciences and permafrost are provided by the
Engineering, Geosciences, and Mathematical and
Physical Sciences Directorates. Research includes
studies of the mechanical properties of ice, the
hydraulic conductivity of frozen soils, metamorph-
ism of dry snowpacks, permafrost and three-~
dimensional analyses of ice.

NSF also sponsors a program for science-based
and high-technology small business firms, the
Small Business Innovative Research (SBIR) pro-
gram in the Engineering Directorate. 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 93 the SBIR program funded
projects on the use of microcellular thermoplastic
foams as construction materials for polar regions
and on fuel cells for a portable remote power sup-
ply in the polar regions.

Social Science

NSF Social Science programs supported 40
projects totaling $1.90 million in FY 92 and 34
projects totaling $1.68 million in FY 93. The Arc-
tic Social Sciences Program is part of the Office
of Polar Programs. The primary goal of the pro-
gram is to stimulate and support Arctic and north-
ern research within all social science disciplines.
The Arctic Social Sciences Program encompasses
research in cultural, social and physical anthropol-
ogy, archaeology, ethnology, history, geography,
sociology, psychology, linguistics, political sci-
ence, law, economics and related subjects. In addi-



tion, the program is designed to encourage cross-
disciplinary research and collaboration with indig-
enous people and northern residents.

Following the recommendations of the National
Academy of Sciences/Polar Research Board (PRB)
report Arctic Social Sciences: An Agenda for
Action (1989), three overarching research themes
were identified for the program: community via-
bility, rapid social change and human-environ-
ment relations. These priorities refer to issues be-
ing faced by northern residents and indigenous
people throughout the North and past and future
conditions relating to human adaptation and envi-
ronmental change.

Although the Arctic is a geographically delim-
ited region, research proposals relating to Arctic or
northern conditions or issues may be submitted to
the program. The Arctic is viewed as an integrated
part of global environmental and human systems.
Projects that are international (circumpolar) in
focus are especially encouraged.

The Arctic Social Sciences Program has
assumed special responsibilities towards northern
residents, particularly the indigenous people of the
North. All projects must obtain the informed con-
sent of subjects and relevant local organizations
before fieldwork can be undertaken. A statement
of “Principles for the Conduct of Research in the
Arctic” was prepared by the Interagency Arctic
Social Sciences Task Force and serves as a guide
for all principal investigators wishing to do re-
search in Arctic regions.

In 1992 the Arctic Social Sciences Program
received 37 research proposals from 25 institu-
tions in 18 states, and in 1993, 44 proposals from
27 institutions in 20 states. During these two
years, awards totaling $4.04 million were made.
These figures include commitments for projects of
up to five years’ duration. The awards comprise
13 doctoral dissertations, 21 research projects and
project supplements and 4 workshops or confer-
ences. The proposal subject matter reflects the
multidisciplinary and cross-disciplinary character
of the program. Awards in FY 92 and 93 encom-
pass physical, social and cultural anthropology, vi-
sual anthropology, archaeology, sociology, politi-
cal science, demography, linguistics, oral history
and science education.

The individual studies focus, for example, on
climate change and human adaptation in the North
Atlantic region and Alaska, community involve-
ment in natural resources management, prevention
of fetal alcohol syndrome, preservation of and
access to Native oral histories, documentation and
recording of Native languages, the impact of
northern industrial development on adolescents,
comparisons of Alaskan and Siberian Native wel-

fare, and decision and risk science relating to re-
source development and Arctic contamination in
both regions.

The Arctic Social Sciences Program is in a
unique position within NSF to address the human
dimensions of global change. This multidisciplin-
ary social sciences program is incorporated within
the natural sciences framework of the Office of
Polar Programs, in particular the Arctic Systems
Science Program. Seven archaeological projects,
including three dissertations, were supported in
these two fiscal years, and they best demonstrate
the productive linkages between the social and
natural sciences. A multiyear North Atlantic Bio-
archaeology (NABO) project is being jointly sup-
ported by the Human Dimensions of Global
Change Program, the ARCSS Program and the
Arctic Social Sciences Program. Information
aboutboth marine and terrestrial ecosystems is
being recovered from archaeological sites in Can-
ada, Greenland, Iceland, the British Isles and
Scandinavia. Other archaeological projects are
being carried out in Labrador, Alaska (including
Kodiak and the Aleutian islands) and Siberia.

The PRB has called on NSF to develop research
related to societal needs. The Arctic Social Scienc-
es Program was conceived of as addressing specific
concerns: health and well being, community-based
economic viability, and the effects of rapid social
change on Native minorities. An example of an
ongoing effort is the four-year project, Compara-
tive Analysis of Social Transition in the North.
This study is integrating social and health statistics
in Alaska and Siberia in order to define relation-
ships between society and health using a cross-
cultural perspective. Three Native Alaskans work-
ing with northern education have received disserta-
tion grants, and a three-year grant for research on
childrearing practices has been awarded to the
Northwest Alaska Borough. Future commitments
of this kind will help to sustain the program and
guarantee the involvement of Native minorities in
science, education and economic growth.

Coordination

NSF Arctic coordination and information pro-
grams supported seven projects totaling $747,000
in FY 92 and five projects totaling $813,000 in FY
93. NSF supported a program of polar information
and advisory services, provided support for the In-
teragency Arctic Research Policy Committee, pro-
vided funds for the Arctic Research Commission,
and supported conferences, workshops and studies
to further develop and implement Arctic research
planning and policy.
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Department of the Interior

The Department performs biological and physical research; conducts
mapping, monitoring and assessment programs throughout Alaska and
its offshore regions; and manages Department of the Interior lands in
Alaska. These activities are performed by eight services or bureaus,
each with administrative and technical offices located in Alaska.

The contact person for the
TA&R program is Dr.
Charles E. Smith, Research
Program Manager, Tech-
nology Assessment and Re-
search Branch, Minerals

Management Service, 381 El-
den Street, MS-4700, Hern-
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don, Virginia 22070-4817.

Minerals Management
Service

The adequacy of technology for use in areas
that have yet to yield a potential resource (but may
in the future) is an elusive concept. It is difficult to
demonstrate adequacy before there is a specific
need for the technology or before there is signifi-
cant experience with the technology to develop a
useful database. The petroleum industry has shown
in the past, as the search for oil and gas moved far-
ther offshore and into the hostile regions of the
Arctic, that it has the ability to conduct operations
in a safe and reliable manner. Economics, not limi-
tations on technology, has usually determined
when a field can be produced. However, the devel-
opment of petroleum basins in ice-infested waters
will involve new concepts and technologies that
will be used for the first time. Various aspects of
these new technologies remain to be proven, and
considerable research and development funds are
being expended to develop safe and reliable con-
cepts.

The Minerals Management Service (MMS)
assesses the nature, extent, recoverability and
value of leasable minerals on the Outer Continen-
tal Shelf (OCS). Within this framework, MMS has
the statutory authority to regulate the exploration
and development of oil, gas and mineral resources
on the OCS. A major part of this effort is to ensure
that such developments are safe and pollution-free.
The MMS conducts a research program to deter-
mine the engineering constraints to offshore oper-
ations and to provide a formal technology base for
MMS operations personnel at a time when the oil
and gas industry is moving into more hostile fron-
tier environments in search of resources.

Technology Assessment and
Research Program

The Technology Assessment and Research
(TA&R) program is a contract research program;
that is, the research is not performed within the
agency but is conducted by academic institutions,

Funding (thousands)

FY 92 FY 93

Technology Assessment
and Research 3250 3090
Environmental Studies 2165 1722
Total 5415 4812

private industry and government laboratories. Stud-
ies are performed in cooperation with the offshore
industry or with other agencies or governments.
This aspect of the program provides an important
multiplier of funding support, but probably of
equal importance is the discourse it provides with
the industry. The ability to work together to assess
a particular technology or the rationale for future
technical developments helps both industry and
government. Such cooperation and dialogue allows
us to understand each other’s needs and eliminates
possible conflicts or misunderstandings concern-
ing the engineering feasibility of an operational
decision. As a result of this dialogue, a valuable
exchange of information is provided between
MMS and the industry.

Exploration activities in the Arctic offshore
have been hampered more by the lack of commer-
cially economic discoveries than by technology.
Sea ice in its various forms is the most severe
environment in the Arctic, creating potential haz-
ards much greater than those for open-ocean oper-
ations. Such hazards range from the forces that
moving sea ice may exert against offshore struc-
tures and the icing of structures resulting from
freezing spray, to the gouging of the seafloor by
sea ice (which could interfere with buried pipe-
lines), to interference with locating or cleaning up a
potential oil spill. Engineering data for these haz-
ards will become increasingly more important as
operations move from an exploration mode to a
production mode and as structures are considered
for deeper water, especially within the shear zone
or pack ice.

Safety and Pollution Prevention Research
The TA&R program is funding a variety of pro-
jects to develop a better understanding of the engi-
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neering constraints for operating in the ice-infested
Arctic.

The most likely transportation mode for com-
mercial development of oil and gas prospects in
the Arctic and subarctic offshore regions will be
by a product pipeline laid on or under the seabed.
Marine pipelines in areas frequented by ice will be
threatened by grounded or scouring ice masses that
occur periodically through the ice season. Pipelines
must therefore be protected by trenching or burial
to a safe, yet manageable and economical, depth
below the seabed. The major question facing indus-
try planners, regulators and design engineers con-
cerns the depth of burial required or the trenching
and trench backfill requirements. This question
arises due to an incomplete understanding of the
ice below the incision scour depth. The TA&R pro-
gram is funding a pressure ridge ice scour experi-
ment, which is designed to increase knowledge of
the scouring process and specifically of subscour
deformation processes. This integrated, multidisci-
plinary approach includes:

* Selection and development of theoretical and

numerical models;

* Corroboration of these models with results of

small-scale, high-gravity centrifuge modeling;

* Validation of model results with full-scale

observations; and

*» Development of an industry-accepted design

tool (a field-verified, finite-element model)
complete with a set of specific design guide-
lines.

The TA&R program is also funding a project to
develop a comprehensive report on the current state
of the practice for spray-ice technology. Spray-ice
technology is relatively new, and no comprehen-

sive source of information exists on designing and
building engineering structures with spray ice.
Much of the information on spray ice is propri-
etary within a number of oil companies that have
invested in the research and development of this
technology. To a lesser extent, information on
spray ice resides with individuals in private con-
sulting companies who carried out some of the re-
search for the oil companies. Over the past several
years, a number of papers have been published for
engineering meetings and in scientific journals on
various aspects of spray-ice development and its
application. This project will make a comprehen-
sive review of the state of the art in spray ice de-
velopments and combine this information into a
single publication that can be used as a guide for
future considerations by the verification of de-
signs submitted by the industry.

Another TA&R project is designed to develop
and verify engineering reliability analysis proce-
dures to allow quantitative evaluation of the alter-
natives from management of human and organiza-
tional errors in the operation of offshore facilities.
Human error accounts for 60-80% of the failures
of marine systems. Recent examples include the
Piper Alpha platform explosion in the North Sea
and the Exxon Valdez tanker grounding in Prince
William Sound, Alaska. Traditional engineering
approaches used in the design, construction and
operation of marine systems have largely ignored
this aspect. If the marine safety record is to be
improved, engineers must address this aspect.
This is particularly true for existing marine sys-
tems, where there have been dramatically in-
creased pressures for environmentally safe and
economically sound operations. It is also very
important for the development of new innovative
marine systems (such as very deep water plat-
forms, pipelines and floating structures), where
experience does not exist to ensure proper man-
agement of potential human errors. This study
will offer information on how to control the hu-
man error sources.

A joint university—industry—government con-
sortium was formed to conduct studies to eluci-
date the structure—property relationships that gov-
ern the mechanical properties of saline ice. A
prime consideration is to establish physically
based constituting causes. Major areas of consid-
eration will be the effects of interrupted loading
on the compressive strength of saline ice and the
effects of grain size, brine volume, crack orienta-
tion and temperature on the fracture toughness of
saline ice.

The TA&R program is also funding a project
to carry out theoretical research on the fundamen-
tal mechanisms governing the deformation and
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Experiment, conducted in
August 1993, offshore St.
John’s, Newfoundland.

failure of sea ice, including the effects of its heter-
ogeneous microstructure, and to develop physi-
cally based constitutive models to represent that
knowledge. The theory developed from this pro-
gram will provide a rational basis for addressing
complex and important problems in ice mechan-
ics, such as predicting the material and structural
scale interactions during indentation and penetra-
tion that are not now amenable to analysis. The
multiple crack interaction problem will be anal-
yzed by generalizing recent theories that are capa-
ble of modeling a given population of strongly in-
teracting “straight” cracks of specified length at
different locations. In particular, the theory to be
developed should be capable of describing the
micromechanics of growing and winged micro-
cracks, whose presence in compressed ice is now
gaining acceptance.

Oil-Spill Research

The MMS is expanding its oil-spill response
technology program in view of the recent spill in
Prince William Sound, Alaska. The TA&R pro-
gram is striving to attain significant technological
improvements or milestones in five years. Much
emphasis is being placed on the burning of oil in
place on the ocean surface. High burn efficiencies
have been measured on both fresh and weathered
crudes of various types under laboratory condi-
tions. The TA&R program is funding several pro-
jects to develop a better understanding of the tech-
nologies required to clean up spills.

One project will:

« Continue laboratory and field evaluations of

in-situ burning of spilled oil with an emphasis
on the quantities and behavior of airborne and
waterborne pollutants, using burning and non-
burning conditions for comparisons;

* Provide field verification and mesoscale find-
ings, with an emphasis on health and safety
issues;

« Investigate the efficiencies of in-situ burning
with a wide range of crude oils and products
(laboratory scale); and

» Investigate and improve the efficiencies of
burning emulsions in realistic wave conditions.

Two full-scale experimental burns were con-
ducted offshore St. John’s, Newfoundland, in
August 1993. Participating in the experiment were
234 scientists and observers, plus ship and aircraft
crews, eleven major vessels, eleven smaller ves-
sels, three helicopters, two fixed-wing aircraft, four
radio-controlled helicopters, four remote-
controlled sampling boats, a tethered blimp and a
remotely operated submersible. An experimental
fireboom was tested to destruction, and oil was
successfully burned in an unconfined mode. The
burns were monitored with over 200 samplers and
sensors, and 120% of the planned samples were
taken. Sampling has yielded data on over 2000
parameters and substances. Data analysis and veri-
fication continues.

An In-Situ Burning Oil Spill Workshop was
conducted in January 1994 in Lake Buena Vista,
Florida, to present the current state of knowledge
and to determine future research needs required
to improve our understanding of in-situ burning.
Response managers who have recently used this




technique described their experiences. Two panels
were convened: Environmental, Health and Safe-
ty, and Operational Implications. The panels ex-
amined the existing information and identified
specific research needs that have not been met.
The results of the workshop will be used by MMS
to refine future research efforts to address the
highest-priority issues.

The TA&R program provided funds for the
operation and maintenance of the Ohmsett
National Oil Spill Response Test Center. Work
will continue there to define the state of the art
for various oil-spill response equipment and to
improve innovative oil-spill response strategies.
The MMS sponsored the refurbishment of the
facility, and testing resumed in June 1992. During
FY 93, testing of three oil-spill containment
booms and skimmer systems and one temporary
storage device was completed. Final reports and
videos are available.

A TA&R project is developing an airborne
fluoroscanner, which is a remote airborne surveil-
lance system that can discriminate between spilled
oil and spurious targets that appear as oil to exist-
ing sensors. The system should generate a real- or
near-real-time display for rapid dissemination to
the responder. The current experimental system
was built using a dual laser system and was exten-
sively tested in the laboratory. Field testing is
underway. This system does not have a scanning
capability, which is required for operational feasi-
bility, nor does it have all-weather capabilities, as
laser energy attenuates in atmospheric moisture.
It is, however, a major breakthrough in remote oil
detection and identification. The nonscanning
laser system was successfully flight tested at a
specially constructed facility at the Canadian
Coast Guard Base Petewawa in May 1993. Future
work will consist of completing the development
of the scanning operational prototype, which was
begun in June 1993. This year’s work will consist
of designing a new-generation unit to include
capabilities to scan and image the slick area, con-
structing a prototype unit to incorporate these new
features, and testing portions of the prototype in
the laboratory.

The TA&R program is also developing an air-
borne thickness sensor, which will quantify and
map the thickness of oil slicks on the surface of
the water. Slick thickness can vary by four orders
of magnitude, with 90% of the oil occupying only
10% of the space. A spill response can be substan-
tially increased if efforts can be concentrated on
thicker portions of the slick. A laboratory instru-
ment was altered to allow it to fly in a DC-3 air-
craft. It was flight tested at a specially constructed
facility at the Canadian Coast Guard Base Pete-

wawa in May 1993. The instrument worked well on
the ground, but it failed to function when it was
flown. The problem was analyzed in depth and
found to be the microphonics of the instrument

and the nonlinearity of the laser beams (vibrations
caused the lasers not to fire). Work has started to
upgrade the sensor to eliminate the problems
caused by vibration of the aircraft. The reconfig-
ured prototype will again be mounted in an airplane
and flight tested. Once operational problems are
overcome, design work will begin on an actual air-
borne operational unit.

To develop an accurate understanding of the be-
havior and fate of spilled oil, the TA&R program is
funding a study that addresses oil weathering, evap-
oration, water-in-oil emulsification, dissolution and
photooxidation. This project will continue to study
spilled oil to acquire an understanding of the long-
term behavior and to develop models to predict this
behavior.

A study of oil-spill chemical treating agents
consists of four parts:

» Study of dispersant action mechanisms;

* Development of tests for new categories of

spill-treating agents;

» Testing of new spill-treating agents; and

» Testing of new dispersant concepts.

Work will continue to develop standard-test proto-
cols for evaluating the performance for 11 categor-
ies of chemical treating agents, to evaluate existing
agents, including dispersants, and to continue the
development of new oil-spill dispersants and chem-
ical treating agents.

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 information needs, the program has
increased studies to meet post-lease and monitoring
information requirements. In 1993 the MMS estab-
lished its second Coastal Marine Institute (CMI)
through a five-year cooperative agreement with the
University of Alaska Fairbanks and the State of
Alaska. Research conducted through the CMI will
focus on environmental and socioeconomic studies
that are relevant to OCS oil and gas and marine
mineral resource management issues. With the pro-
vision to match funds for relevant research, the
CMI creates the opportunity for the MMS and the
State to accomplish research programs that could
not otherwise be carried out.
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Satellite tag on a bowhead
whale in the Beaufort Sea.

Endangered Species

The bowhead whale, an endangered marine
mammal of importance to Native culture, makes
extensive annual migrations through six OCS
planning areas. Efforts to define the habitat and
migrations of endangered whales and the potential
effects of offshore operations on these species
continued. These studies included ongoing aerial
monitoring of bowhead whales in the Arctic. An
annual survey report is available for the fall 1992
observations. Also, a comprehensive scientific text
on bowhead whales was published in 1993. Field
work for the study of the effects of production
activities on Arctic whales was rescheduled from
1993 until 1994. MMS has sponsored the devel-
opment and field testing of satellite tags on whales
for several years. Bowhead whale tagging efforts
in the Arctic in 1992 were successful; the principal
investigators are analyzing data and preparing
manuscripts for peer-reviewed scientific journals.
A study to develop an improved biopsy technique
for cetaceans was completed in 1993. The study
developed a method to evaluate the transport of
toxins in integumentary tissue and established
baseline measures of tissue contamination in free-
ranging endangered whales. It also assessed the
possible ability of humpback whales to metabolize
man-made chemicals and petroleum hydrocarbons
that may contaminate their tissues.

Living Resources

The Marine Mammal Protection Act of 1972
established a national policy to protect marine
mammal populations and to encourage their pres-
ervation to the greatest extent feasible. Seabirds,
waterfowl and commercial fish species also are
protected under various international agreements.
A two-year study completed in 1993 utilized satel-
lite tags applied to male northern fur seals and

northern sea lions in an effort to better understand
their pelagic distributions, particularly during the
winter. Also, a field manual designed to minimize
the effects of human-polar bear encounters near
gas and oil industry activities was published in
1993.

In 1992 a report was received that detailed a
multiyear, multiagency study of Kasegaluk
Lagoon. The study, based on a series of low-level
aerial surveys, determined the summer distribution,
habitat utilization and relative densities of selected
waterfowl and other avifauna. A marine mammal

* “portion of the study focused primarily on the use of

this area by beluga whales and spotted seals.

Environmental Monitoring

A cooperative agreement was established with
the Environment and Natural Resources Institute at
the University of Alaska Anchorage in 1993 to
perform a water quality study in Cook Inlet. The
preliminary results from two field sampling efforts
in June and August 1993 suggest that Cook Inlet is
still a relatively pristine body of water, notwith-
standing its 32-year history of oil exploration,
development and production. The results of this
survey are comparable to those of the Cook Inlet
Regional Citizens Advisory Council, which per-
formed a similar, but less comprehensive, study
in 1992.

Seabirds continue to be monitored through an
intra-agency agreement with the U.S. Fish and
Wildlife Service. Several Bering Sea and Chukchi
Sea seabird colonies are being monitored each
summer using standardized monitoring protocols
developed by both agencies. Parameters monitored
include numbers of birds on pre-established plots,
reproductive success and feeding habits. Seabird
colonies at the Diomede Islands and Cape Lis-
bourne were studied in 1992, along with pelagic
surveys of seabirds in the Barren Islands area.

A multiyear, multiagency project to acquire,
curate and analyze marine mammal tissues contin-
ued through 1993. The study archives tissues for
future analyses and is sampling baseline levels of
chemical contaminants in tissues to monitor any
increases that might be associated with future oil
and gas drilling and production.

Social and Economic Studies

The Alaska OCS Region’s social and economic
studies are unique within MMS. Because subsis-
tence activities are important to many aspects of
Native societies in Alaska, the study of the effects
of offshore petroleum development goes beyond
conventional economic considerations. Case stud-
ies and sociocultural and socioeconomic update
studies define the social environment and describe






