


About
the
Journal

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 TARPC 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 ap-
propriate.

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.

Tssues 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. Unsolici-
ted nontechnical reports on research and related ac-
tivities are welcome.

Address correspondence to Editor, Arctic Re-
search, Division of Polar Programs, Room 620,
National Science Foundation, Washington, D.C.
20550.

Covers The Sondrestrom Radar Facility. This facility, located above the Arctic Circle in southwestern Greenland
and operated for NSF by SRI International, is a major hub for upper-atmospheric and solar—terrestrial
research. The principal instrument, an incoherent scatter radar with a 33-m fully steerable parabolic
antenna, is complemented by a wide range of instrumentation, including spectrometers, imagers, inter-
ferometers, magnetometers, riometers and a lidar. The Sondrestrom Radar Facility is the largest NSF-

supported facility north of the Arctic Circle.
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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 scientific disciplines: atmospheric
science, ocean science, biology, earth science, glaciology, engineering
and education. The total expenditures for FY 91 were $27 million.

NSF supports a formal Arctic research program
within the Division of Polar Programs (DPP). Oth-
er divisions and programs throughout NSF, prima-
rily in the Directorate for Geosciences and the Di-
vision of Environmental Biology in the Director-
ate for Biological Sciences (formerly known as the
Division of Biotic Systems and Resources in the
former Directorate for Biological, Behavioral and
Social Sciences), support Arctic research as part of
their overall funding. Research grants are provided
on the basis of unsolicited proposals and are peer-
reviewed.

In FY 91, NSF awarded funds for Arctic re-
search to 98 institutions in 38 states and the Dis-
trict of Columbia, representing 229 projects.
NSF’s support of Arctic research, including facili-
ties support and field operations, over the past sev-
eral years is shown below (in thousands of dol-
lars).

FY 85

DPP 7947

Other NSF 11482

programs
Total

FY 86

8005
10139

FY 87

8095
13799

FY 88

8211
14907

FY 89

10175
13556

FY 90

12310
11778

FY 91

14696
12455

19429 18144 21894 23118 23731 24088 27151

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 91, available from
the Division of Polar Programs, National Science
Foundation, Washington, DC 20550.

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 di-
visions of the Geosciences Directorate and from

FY 91 FUNDING (thousands)

Atmospheric Sciences 5147
Ocean Sciences/Ship Support 5351
Biological Sciences 3059
Arctic System Science/Glaciology 8168
Earth Sciences 2537
Engineering 122
Social Science/Education 2026
Coordination 221
Arctic Research Commission 497

other components of NSF as appropriate. ARCSS
is coordinated by the Division of Polar Programs.

Through a series of workshops and interactions
with a broad scientific community, ARCSS has re-
fined its goals and mandates. Its goals are:

» To understand the physical, chemical, bio-
logical and social processes of the Arctic sys-
tern that interact with the total earth system
and thus contribute to or are influenced by
global change, in order

» To advance the scientific basis for predicting
environmental change on a decade to centu-
ries time scale and for formulating policy op-
tions in response to the anticipated impacts of
rapid climate change on humans and societal
support systems.

ARCSS consists of two principal areas of en-
deavor: reconstruction of paleoenvironments and
process studies of present-day environmental
interactions. It consists of three principal compo-
nents: Paleoenvironmental Studies, Ocean/Atmo-
sphere/ Ice Interactions (OAII) and Land/Atmo-
sphere/Ice Interactions (LAII). Individual Science
Steering Committees (SSCs) for each component
facilitate and enhance the ARCSS program and
provide a focal point for communication with the
scientific community. Overall coordination and in-
tegration of the ARCSS components and individu-
al projects are accomplished by the ARCSS Coor-
dination Panel. The panel includes representatives
from each SSC, plus a few others to enhance the
scientific breadth and experience of the group.



Paleoenvironmental Studies

The first component of the ARCSS program to
be initiated was paleoenvironmental studies. An
element of that component is the second Green-
land Ice Sheet Program (GISP2), which is in the
process of retrieving a deep ice core from central
Greenland. The 3000-m-deep GISP2 core will
yield a high-resolution, 200,000-year history of
global change, including two interglacial and two
glacial cycles, the longest such record available
from the Northern Hemisphere. This program be-
gan with FY 89 funding. Its five-year field effort
will end after the summer of 1993. Investigators
will continue to analyze the ice core retrieved by
GISP2 and synthesize and publish their results for
years following the program. Funds released with
the cessation of field work will be invested in oth-
er components of ARCSS. Further discussion of
GISP is included in the description of NSF’s Gla-
ciology Program.

ARCSS is a ten-year effort, taking place concurrently
with expanded operational capabilities of U.S. re-
search platforms and improved monitoring capabilities

Paleoclimates of Arctic Lakes and Estuaries
(PALE), another element of the paleoenvironmen-
tal studies component, is a program to evaluate
terrestrial and near-shore climatic fluctuations and
the environmental response to changing climate
over the past 20,000 years by obtaining and ana-
lyzing lake and ocean sediment cores. This ele-
ment was initiated through the Division of Polar
Programs’ Polar Earth Sciences Program in FY
90. ARCSS funding for PALE began in FY 92.

Ocean/Atmospherellce Interactions

This component is designed to address the fol-
lowing priority areas: surface energy budget,
atmospheric radiation and clouds; circulation of
the Arctic Ocean; hydrologic cycle of the Arctic
Basin; productivity and biogeochemical cycling in
the marginal and adjacent seas; coupled modeling
of the air—-sea—ice system; and paleo-oceanogra-
phy of the Arctic.

This program began in earnest using FY 91
funds. A solicitation, responsive to science com-
munity input, was issued in 1991. The Northeast
Water Polynya (NEW) program, a multidisciplin-
ary program composed of 14 principal and co-
principal investigators, will undertake field re-

search in July 1992 using the U.S.C.G.C. Polar
Sea.

In addition to the NEW project, several individ-
ual proposals were funded to undertake early mod-
eling efforts and to analyze existing data sets. Bio-
geochemical studies will also be undertaken in the
Chukchi and Beaufort seas using the R.V. Alpha
Helix.

An interagency (NSF, ONR, NASA) solicita-
tion for proposals to establish a long-term mooring
array in the Western Arctic was issued. Data ob-
tained from this effort will be available to the
oceanography community.

Land/Atmospherellce Interactions

The Land/Atmosphere/Ice Interactions (LAII)
component of ARCSS emphasizes multidisciplin-
ary coordinated programs evaluating:

» Arctic feedback processes that may amplify

global climate change;

« Changes in Arctic hydrologic and biogeo-

chemical systems and their effects;

e Changes in biotic communities and how these

will affect Arctic and global systems; and

= How these changes in the Arctic will affect,

and be affected by, human activities.

Execution of all components of the program
will require coordination of field experiments and
laboratory studies, modeling activities, data syn-
thesis and space- and ground-based observation
systems. An efficient data and information net-
work is necessary to facilitate research on these
key areas. New modeling initiatives will be under-
taken to incorporate new information and our im-
proved understanding of Arctic processes into pre-
dictive models of the Arctic and the global climate
system.

The ARCSS program is a ten-year effort, tak-
ing place concurrently with expanded operational
capabilities of U.S. research platforms and im-
proved monitoring capabilities. The early phase of
ARCSS research will emphasize analysis and syn-
thesis of existing data, time series experiments that
must begin immediately, modeling and the design
of experiments. Observations that aid in planning
more intensive field efforts are also needed at the
earliest possible stage. The measurement program
will be coordinated as closely as possible with oth-
er ongoing and planned field programs to maxi-
mize the benefit derived from logistical opportuni-
ties.

Development of the ARCSS program has been
facilitated through the Arctic Research Consor-
tium of the U.S. (ARCUS) and the Joint Oceano-
graphic Institutions (JOI, Inc.). Workshop reports,



science plans and further information on the Sci-
ence Steering Committees and Coordination Panel
are available from the ARCSS Project Office of
ARCUS.

NSF funded 51 projects in Arctic system sci-
ence and glaciology, totaling $8.17 million in FY
91, including logistical and technical support of
the Polar Ice Coring Office (PICO) at the Univer-
sity of Alaska—Fairbanks and the scientific coordi-
nating activities of the University of New Hamp-
shire’s GISP2 Science Management Office
(SMO).

Glaciology

The research that was supported includes the
study of all forms of naturally occurring ice and its
history under a broad multidisciplinary glaciology
research program. Some examples are studies of
past climates and atmospheric paleochemistry
from ice cores, ice stream dynamics, glacial geolo-
gy, hydrology and the mass balance of mountain
glaciers and ice sheets. The research takes place
primarily in Alaska, Greenland, Arctic Canada and
Washington state. However, some limited funding
goes to support research in high-altitude, mid- and
low-latitude regions of the Northern Hemisphere.

The program also supports research on new
methods of studying glaciers and ice sheets, in-
cluding the development of improved remote sens-
ing capabilities, drilling methods and methods for
analyzing ice cores. In addition a variety of theo-
retical, laboratory and data analysis projects were
funded in 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.

Arctic Glacier Studies

The purpose of these projects was to increase
the understanding of the mechanisms responsible
for the surge behavior of glaciers. Work has fo-
cused on the role of subglacial water in the surge
process. Internal deformation, basal water pres-
sure, ice temperature, electrical conductivity and
turbidity, among other characteristics, have been
measured in boreholes in the ice and at the termini
of various glaciers.

Scientists from the University of Alaska and
University of Washington have made automated
measurements since 1986 to define the seasonal
motion and stream behavior of Fels and Black
Rapids glaciers in Alaska. They also studied the

August 1987 to July 1988 surge of the West Fork
Glacier, Alaska; the maximum displacement was
about 4 km.

University of Alaska and University of Maine
scientists have been studying the Jakobshavn Gla-
cier in Greenland. They measured very high veloc-
ities (up to 22 m/day) on the floating terminus.
There was no seasonal variation of velocity. The
grounding line was defined, and an ice rise be-
neath the floating terminus was discovered. They
determined that the concave-up surface profile is
similar to Antarctic ice streams. Large calving
events occur and vary strongly with season. They
studied sheet-flow-to-stream-flow transitions us-
ing orthophoto maps of surface elevation and
velocity produced by photogrammetry, and they
determined the relationship to the types and distri-
bution of crevasses.

GISP2

During the summer of 1990 the GISP2 remote
field camp in the summit region of central Green-
land (latitude 72°34.79’N, longitude 38°27.11'W,
elevation 3203 m) was reoccupied, and more camp
facilities and a processing line for handling the ice
core were constructed. Drilling began again at ap-
proximately 200 m (where it had left off at the end
of the 1989 field season), and by the end of the
season, ice core had been recovered and processed
down to 335 m. The 1990 field season was the
first in which the new 13.2-cm-diameter deep
drill, developed by the Polar Ice Coring Office,
was used with the new drilling fluid chosen for the
GISP2 project, n-butyl acetate.

During the 1991 field season the camp was
again reoccupied, and two shifts of drillers work-
ing around the clock successfully drilled to 1510
m. The ice core between about 700 and 1300 m
was too brittle to process immediately and was put
in storage over the winter of 1991-92. This ice will
be processed during the 1992 field season.

Preliminary results of the GISP2 research have
been published in a variety of specialized journals,
and new results are being prepared for publication.
Some of these results include very accurate dating
(year-by-year) of the ice core obtained to date.
This dating has been accomplished using a combi-
nation of techniques, including visible stratigra-
phy, electrical conductivity measurements (ECM),
laser light scattering analyses of submicron parti-
cles, oxygen isotopes, chemical analyses and iden-
tification of volcanic time horizons. The estimated
age is about 700 A.D. at 336 m and approximately
9000 years B.P. at 1500 m.

A temperature history for the last 1000 years



has been obtained, showing a record that is very
different from the classical record for Europe. This
record has allowed an estimate to be made of the
natural variability of temperature, which is on the
order of 2°C. This temperature record shows a
cold period at the beginning of the 20th century,
with a warming since then. Warming peaked in
the 1940s and 1950s and is beginning to show evi-
dence of a renewed increase, although at the mo-
ment there is no clear greenhouse signal. Warming
of the magnitude predicted by various models
should be detectable above the natural variability.

Much Arctic upper-atmosphere research focuses on
understanding global change; the upper atmosphere
is critically sensitive to greenhouse gas changes—an
effective “thermometer” for global warming.

Analyses of carbon dioxide in air bubbles in the
ice core have demonstrated a constant atmospheric
level of CO, of 280+5 ppmv between 1530 and
1810. Thereafter the concentrations rose abruptly.
The record connects smoothly to the direct atmo-
spheric observations from Mauna Loa.

Work is in progress to extract information on a
large number of variables that will provide data on
atmospheric composition and climate over the last
8000 years. Drilling at GISP2, which is expected
to sample the entire depth of the Greenland ice
sheet, is expected to be completed in 1993. This
core will provide a climate baseline record for the
Northern Hemisphere extending back some
200,000 years through two complete glacial-inter-
glacial cycles.

In addition to the coring research, several sci-
entific projects were conducted at the GISP2 camp
and in the vicinity to provide supplementary in-
formation about the site for interpretation of the
deep ice core results. These include snow pit and
shallow core studies and a variety of atmospheric
studies at the solar-powered clean air facility
(ATM) located 28 kim upwind from the main
camp. The research at ATM involves projects to
assess air-snow fractionation and to provide infor-
mation about the transfer mechanisms of material
from the atmosphere to the ice sheet. Fresh and
aged snow and vapor were sampled to identify
precipitation sources and postdepositional process-
es affecting the preservation of the chemical rec-
ord in snow pits and ice cores.

During this period, two new automatic weather
stations were installed downslope of the GISP2
camp (100 km west and south). This brings to sev-
en the number of automatic weather stations that

have been installed in the summit region of Green-
land. Four of these units are positioned in such a
way so as to be able to determine the vorticity and
divergence around the Greenland crest. This work
is in progress.

The 1990 field season included a test to deter-
mine the feasibility of using deep ice as a neutrino
detector using photomultiplier tubes lowered down
a six-foot borehole to a depth of 200 m. This work
has been repeated now at the South Pole and is pro-
viding some exciting new results for astro-
physicists.

In addition to the NSF-sponsored projects in
Greenland, NSF, through the Polar Ice Coring Of-
fice, provides support on a cost-reimbursable and
non-interference basis to other agencies for work in
Greenland. These include projects supported by the
U.S. Geological Survey, the National Aeronautics
and Space Administration, the National Oceanic
and Atmospheric Administration, the Department
of Energy, the Naval Command Control and Ocean
Surveillance Systems Center, the U.S. Air Force
and the U.S. Army Cold Regions Research and En-
gineering Laboratory.

Permission to work in Greenland is generously
provided by the Commission for Scientific Re-
search in Greenland and the governments of Den-
mark and Greenland. The 109th TAG Air National
Guard from Schenectady, New York, and the U.S.
Air Force Military Airlift Command from McGuire
Air Force Base in New Jersey provide transport to
and from Greenland. Support at Sondrestrom Air
Base in Greenland is provided by the U.S. Air
Force Space Command.

Atmospheric Sciences

Atmosspheric sciences programs supported 39
projects totaling $5.15 million. NSF funding sup-
ports atmospheric research in the lower atmosphere,
the upper atmosphere and the geospace regions
from the middle atmosphere to the sun. Research
projects include meteorology, climate dynamics,
tropospheric and stratospheric chemistry, aerono-
my, ionospheric physics, magnetospheric physics
and solar physics. Within these disciplines, research
involves studies of Arctic stratus clouds, Arctic
haze, long-range transport of aerosols and trace gas-
es over the Arctic Basin, polar stratospheric (nocti-
lucent) clouds, stratospheric chemistry related to
ozone depletion, auroral physics, airglow and au-
roral excitation and emission processes, magneto-
spheric—ionosphere interactions, and wave—particle
coupling processes.

Much Arctic upper-atmosphere research focuses
on understanding global change. The upper atmo-



sphere has miniscule thermal inertia compared to
the oceans and lower atmosphere and thus is not a
significant driver of weather and climate. Never-
theless, it is precisely this property that makes the
upper atmosphere critically sensitive to greenhouse
gas changes—an effective “thermometer” for glo-
bal warming. Model calculations performed at the
National Center for Atmospheric Research indicate
that surface greenhouse warming of 2-9°F would
lead to cooling in the upper atmosphere by 20—
90°F, depending on altitude. Such dramatic chang-
es would cause the upper atmosphere to change ap-
preciably. Important human economic consequenc-
es, such as increased satellite drag and altered radio
communications, would result.

Models predict that increasing methane abundance will
lead to increasing hydrogen densities in the highest
regions of the atmosphere, where the resulting increase
in drag will reduce the lifetimes of orbiting satellites

Observations of the upper atmosphere already
have revealed appreciable cooling during the past
decade (about 5°F). The implied change in the low-
er atmosphere is small and nearly impossible to
measure because of uncertain assumptions in
weighting the enormous range of surface mea-
surements needed to determine a global average.
Clearly another advantage of the upper atmosphere
as a global change indicator is that its sensitivity to
local surface variability is far smaller than for the
oceans and the lower atmosphere.

The CEDAR program (Coupling, Energetics
and Dynamics of Atmospheric Regions) is a Global
Change initiative in the Upper Atmosphere Re-
search Section focused on exploiting these ad-
vantageous properties of the upper atmosphere in
support of national global change objectives. More
than half of its projects are directly related to or are
carried out within the Arctic. State-of-the-art opti-
cal and radar remote sensing equipment has been
deployed in the Arctic regions, and existing Arctic
facilities have been upgraded and employed in sup-
port of the CEDAR community campaign objec-
tives.

An important focus of CEDAR studies is the
enigmatic Arctic noctilucent clouds discovered in
1885, two years after the Krakatoa eruption inject-
ed massive amounts of water vapor into the strato-
sphere. These clouds, which form in summer near
an altitude of 50 miles, are the highest clouds on
earth. The dramatic increase in the brightness and
occurrence of noctilucent cloud displays since their
discovery is believed to be related to decreasing

upper-atmosphere temperatures and to increasing
levels of methane, which reacts with oxygen to
form water vapor. Incompletely understood radar
and lidar echoes from the region of noctilucent
cloud formation are believed to hold keys to deter-
mining their relationship to global change.

Models also predict that increasing methane
abundance will lead to increasing hydrogen densi-
ties in the highest regions of the atmosphere, where
the resulting increase in drag will reduce the life-
times of orbiting satellites. Sensitive measurements
of hydrogen airglow by a series of CEDAR-sup-
ported optical interferometric spectrometers distrib-
uted in Arctic and lower-latitude sites indicate that
the predicted effect could be confirmed in the near
future if careful measurements are continued. Cur-
rent measurements indicate an increase consistent
with predictions but only at a low confidence level.

The Geospace Environment Modeling (GEM)
program is using a combination of theory and ob-
serving campaigns in a systematic effort to develop
a general circulation model for the geospace en-
vironment, comparable to and inspired by general
circulation models used for the lower atmosphere.
GEM includes a comprehensive set of coordinated
observations of auroral emissions and associated
particle precipitation, electron densities and tem-
peratures, and electric fields and currents from the
Sondrestromfjgrd radar site, the Greenland magne-
tometer chain and other Arctic observing stations.

At the international level the Solar—Terrestrial
Energy Program (STEP) is an effort of the Interna-
tional Council of Scientific Unions (ICSU) to study
the generation, storage and transfer of energy and
matter from the sun to the earth’s surface. STEP
comprises 30 projects and 6 working groups. It in-
volves approximately 4500 scientists in 42 coun-
tries. Since the polar regions are the prime access
region to geospace, STEP has many Arctic science
linkages, including NSF’s CEDAR and GEM pro-
grams and a planned NSF-STEP initiative that will
focus on scientific issues generally falling outside
the Global Change initiative.

The Sondrestrom Radar Facility, located on the
southwest coast of Greenland and operated by SRI
International, is NSF’s largest permanent base
north of the Arctic Circle and a major hub of upper
atmospheric and solar—terrestrial research. The fa-
cility is essential to the Global Change initiatives of
CEDAR and GEM. The principal instrument is an
incoherent scatter radar with a 33-m-diameter para-
bolic 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 ca-
pabilities and usefulness of the radar, the Sondre-
strom facility also supports a wide range of instru-



ments (mostly university-owned), including spec-
trometers, images, interferometers, magne-
tometers, ionosondes and riometers. With this
broad panoply of instruments and capabilities, the
Sondrestrom facility attracts a continuous stream
of scientists. Over the last three years, 150 scien-
tists from over 50 institutions in 10 countries have
done research using the Sondrestrom facility.

Currently a Rayleigh—aerosol lidar is being de-
veloped for Sondrestrom that will permit observa-
tions of stratospheric aerosols (including polar
stratospheric clouds), middle atmospheric densi-
ties and temperatures, and polar mesospheric
clouds. The lidar will become operational in early
1993.

A joint project between scientists from the Uni-
versity of Wyoming and the Russian Central Aer-
ological Institute, entitled “Study of North Polar
Vortex Phenomena,” flew balloon-bome instru-
mentation from four Arctic sites, two in Canada
and two in Russia. The instruments measure
ozone, aerosols and polar stratospheric cloud
(PSC) particles. There is some evidence for the di-
rect (non-photolytic) destruction of ozone by
PSCs, as well as the expected correlation between
PSC development and the photochemical destruc-
tion of ozone by chlorine. There is also evidence
of the destruction of ozone by aerosols from the
Mt. Pinatubo volcano. This was perhaps the first
NSF grant for research with a Russian co-principal
investigator.

The high-latitude oceanic environment has two unique
features: the low-salinity, low-density surface layer of
the Arctic Ocean and the cold surface layers of the
largely ice-free surrounding seas

The University of Maryland has built an imag-
ing riometer (Radio Ionospheric Opacity Meter)
called IRIS (Imaging Riometer for Jonospheric
Studies) for Sondrestromfjord, Greenland, and
South Pole Station, Antarctica. In addition, they
operate nonimaging riometers at Iqaluit, N.W.T.,
Canada, and McMurdo Station, Antarctica. The
IRIS pair provides, for the first time, the capability
of studying auroral morphology at opposite ends
of the same geomagnetic field lines, or “conju-
gate” auroral studies.

New York City Technical College, in collabo-
ration with AT&T Bell Laboratories, operates a
digital fluxgate magnetometer at Iqaluit, N.-W.T.,
Canada, as well as at South Pole and McMurdo
stations, Antarctica. This array, especially when
coordinated with magnetometers of other investi-

gators, allows the monitoring of ionospheric cur-
rents associated with auroral phenomena in both
hemispheres.

The University of New Hampshire, in collabo-
ration with the University of Minnesota and Augs-
burg College, operates an array of search coil
magnetometers at Sondrestromfjord, Greenland, as
well as at South Pole and McMurdo stations, Ant-
arctica. This instrumentation detects ultra-low-fre-
quency plasma waves,which propagate within the
earth’s magnetosphere. This work is closely coor-
dinated with similar measurements taken from
several NASA satellites operating within the mag-
netosphere. NASA has provided funds for that part
of the research.

Stanford University continues to analyze data
from very-low-frequency (VLF) radio waves de-
tected by receivers at Lake Mistasini, Quebec,
which were placed there specifically to receive
signals from a VLF transmitter at Siple Station,
Antarctica. These VLF waves are a sensitive probe
of the inner magnetosphere. This project also uses
satellite data.

Ocean Sciences

Ocean Sciences Programs supported 40 pro-
jects totaling $5.35 million in FY 91. Approxi-
mately two-thirds of the totals supported tradition-
al oceanographic and sea-ice research, while one-
third supported research in atmospheric chemistry,
primarily at the GISP2 site.

The high-latitude oceanic environment has two
unique features: the low-salinity, low-density sur-
face layer of the Arctic Ocean, which inhibits deep
vertical convection and allows the quasipermanent
ice cover to exist, and the cold surface layers of
the largely ice-free surrounding seas, which pro-
mote deep convection, ventilation of the deep
ocean and production of the intermediate and bot-
tom water masses of the global ocean. The Arctic
Ocean, and the surrounding Chukchi, Bering, Bar-
ents, Norwegian and Greenland seas, form an inte-
gral part of the global climate system.

FY 91 marked the conclusion of the Greenland
Sea Acoustic Tomography Program. The observa-
tions obtained by the six acoustic transceiver
moorings that had been deployed in the Greenland
Sea from 1988 to 1989 have been analyzed. The
repeated advance and retreat of the sea ice over
the array had a significant effect on the structure
of the upper layers, and in midwinter there was at
least one major deep mixing event on a horizontal
scale of about 100 km.

A three-year study of the thermal, mechanical
and electrical characteristics of sea ice as func-



tions of growth conditions was begun. These prop-
erties of sea ice are complex, depending on exter-
nal factors such as air and ocean temperature, salin-
ity, dissolved gas content, winds and currents at the
ice—ocean interface, as well as the immediate
growth history itself. Theoretically defined models
of sea-ice growth and development could not be
adequately tested because of the lack of indepen-
dently derived data. One early result of this project
has been the development of an instrument for
measuring seismic velocities in small ice samples
for nondestructive observations of the elastic mod-
ulus of sea ice.

The thermal, mechanical and electrical characteristics
of sea ice are complex, depending on external factors
such as air and ocean temperature, salinity, dissolved
gas content, winds and currents at the ice—ocean inter-
face, as well as the immediate growth history itself

The study of Arctic atmospheric chemistry pro-
cesses continued in connection with the GISP2
program. Proper interpretation of the proxy cli-
matic data recovered from the analysis of the ice
core requires a detailed understanding of the ex-
change of gases and aerosols between the atmo-
sphere and the snow surface, as well as their post-
depositional chemical changes. Current studies fo-
cus on wet and dry deposition processes, scaveng-
ing in the atmosphere, sublimation and the loss of
deposited material back into the atmosphere. Subtle
variations, such as the concentration of soluble gas-
es in snow and the temperature dependence of
chemical equilibria at the snow—air interface, need
to be studied and defined.

Biological Sciences

Biological Sciences Programs supported 18
projects totaling $3.06 million in FY 91. While the
program supports research in all aspects of Arctic
biology, most of the work focuses on questions in
ecosystem studies, population biology and physio-
logical ecology.

The major field program supported during FY
91 was the multi-investigator ecosystem project at
Toolik Lake, in the foothills of Brooks Range,
Alaska. The goal of the project is to understand and
predict how the tundra lakes and streams function
and how they respond to change. Long-term exper-
imental manipulations of the system, including nu-
trient additions and lake trout manipulations, have
shown that Arctic systems often do not respond for

many years. In addition, it was found that long-
term responses are not often predictable from short-
term responses.

Studies of lake primary productivity and its con-
trol have shown that the lakes are strongly limited
by phosphorus availability. The overall level of
algal biomass can be predicted from the phosphorus
inflow. By dividing the lake with a curtain and
treating half the lake with nutrients, whole-system
experiments on the mechanisms of nutrient cycling
were possible. The results showed that phytoplank-
ton biomass and primary production responded im-
mediately to added nutrients. Zooplankton, fish and
most benthic organisms respond after one or two
years or not at all. One reason for the lag was that
much of the phosphorus added to the lake was
tightly bound to the iron-rich sediments and was
not recycled to the overlying water. Other studies
of the aquatic system have suggested that Arctic
lakes and streams may act as gas conduits to the
atmosphere, with the carbon dioxide flux from the
water to the atmosphere. This is in contrast to the
terrestrial system, which is thought to be a sink for
atmospheric carbon in the Arctic.

A range of topics were supported as single-
investigator projects, including studies of Arctic
marine macroalgae, terrestrial plant communities
and marine mammals. Research on metabolic
adaptation for fasting in polar bears required mon
itoring changes in body composition and physio-
logical processes during times of feeding and fast-
ing. It was shown that polar bears probably recycle
their nitrogenous wastes in ways similar to winter-
dormant black bears. Studies of the behavioral
ecology of sea otters are focusing on the foraging
ecology and demography of sea otters at Amchitka
Island, Alaska. Research on plant succession in
coastal terrestrial ecosystems in the high Arctic fo-
cuses on the role of cyanobacteria in carbon accu-
mulation and nitrogen fixation. The results showed
that these nitrogen-poor lowlands have a rich and
dominant cyanobacterial flora, which, through ni-
trogen fixation, provide the major source of nitro-
gen in high-Arctic ecosystems. Other studies of ni-
trogen cycling focused on nutrient additions to
moss—willow hummock and sedge—moss commu-
nities.

The Long-Term Ecological Research (LTER)
network established by NSF beginning in 1980 of-
fers a number of advantages to the ecological re-
search community in general and to Arctic-oriented
ecologists specifically. These include:

» The emplacement of two LTER projects in the
U.S. Arctic region: the Toolik Lake project de-
scribed in the Spring 1990 issue of this publi-
cation and the Bonanza Creek project located
near Fairbanks, Alaska;






