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About
the
Journal

The journal Arctic Research of the United
States is for people and organizations interested in
learning about U.S. Government-financed Arctic
research activities. It is published semi-annually
(spring and fall) by the National Science Founda-
tion on behalf of the Interagency Arctic Research
Policy Committee (IARPC) and the Arctic Re-
search Commission (ARC). Both the Interagency
Committee and the Commission were authorized
under the Arctic Research and Policy Act (ARPA)
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 Man-
agement 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; and

« Summaries of other current and planned

Arctic research, including that of the State of
Alaska, local governments, the private sector
and other nations.

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 ref-
ereed for scientific content or merit since the jour-
nal is not intended as a means of reporting scien-
tific research. Articles are generally invited and
are reviewed by agency staffs and others as appro-
priate.

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 ter-
ritory 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, Arctic Research and Policy Staff, Office
of Polar Programs, National Science Foundation,
4201 Wilson Boulevard, Arlington VA 22230.

COVE T’ Frostfire, an experimental prescribed fire of 900 acres, completed by USDA Forest Service Research in
cooperation with the USDI Bureau of Land Management (Alaska Fire Service) and the Alaska Depart-
ment of Natural Resources in July 1999 in the Caribou-Poker Creek Long-Term Ecological Research
(LTER) site near Fairbanks, Alaska. The Frostfire experiment was planned so future research in the

LTER can be better focused toward understanding the large-scale ecological consequences of fire in
permafrost-dominated boreal forests. Future research in the burned site is expected to make significant
contributions to improving our understanding of the importance of boreal forests to global change and

to understanding the ecology of the boreal forests covering much of northern North America and

northern Eurasia. :
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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, the upper atmosphere, and near space. Research falls principally within
eight major scientific disciplines: atmosphere, ocean, biology, earth science,
glaciology, social science, engineering, and science education.

The NSF supports a formal Arctic research pro- Funding (thousands)
gram within the Office of Polar Programs (OPP). , : FY 98 Ere
Other divisions and programs throughout NSF, frctic Natural Science oo e

. o . prog g . i Arctic System Science Prog 12,827 14,558
primarily in the Directorate for Geosciences and Arctic Social Sciences Prog 1,317 1385
the Division of Environmental Biology in the Arctic Education research 242
Directorate for Biological Sciences, support Arctic Research Support 1,897 469
research in and on the Arctic as part of their over- ~ /Aretic Data/info/Coord 65 L
all funding. Most research grants are awarded on fretic Research Commission 200 o8

. g o g . Arctic Logistics/Instrumentation 4,500 22,524
the basis of unsolicited proposals and are merit Other NSF Science Programs 17,383 17,386
reviewed. Total 49,013 66,922

In FY 99, NSF awarded funds for 418 Arctic
research projects at 147 institutions in 40 U.S.
states and the District of Columbia. NSF’s support
of Arctic research, including facilities support and
field operations, over the past several years is
shown below (in thousands of dollars).

port from the OPP, the Divisions of the Geosci-
ences Directorate, and other components of NSF
as appropriate. ARCSS is coordinated and man-
aged by the OPP. Through a series of workshops
and interactions with a broad scientific communi-

ty, ARCSS has developed goals and priorities

. FY91 FY92 FY93 FY94 EY95 FY96 FY97 FY98 FY99 . s ..
OPP 14,696 20,638 22,072 24,205 25809 29,118 30,715 31,630 49536 aimed atunderstanding the role of the Arctic in
Other 12,445 14,308 13,779 16,279 19,386 16,959 18,674 17,383 17,386 global change and how the Arctic will respond to
Total 27,151 34,946 35851 40,484 45195 46,077 49,389 49,013 66,922  global change. ARCSS is an interdisciplinary pro-
gram that examines the interactions within and
between the climatic, geologic, biologic, and
socioeconomic subsystems of the Arctic. ARCSS
is predicated on the knowledge that the Arctic sys-
tem is sensitive to and important in global change.

ARCSS has five linked components. The cur-
rent ARCSS program includes Ocean/Atmosphere/
Ice Interactions (OAII); Land/Atmosphere/Ice
Interactions (LAII); Paleoenvironmental Arctic
Sciences (PARCS); Russian—American Initiative
Arctic Sy stem Science on Shelf-Land Environments in the Arctic

(RAISE); and Human Dimensions of the Arctic

The NSF established the Arctic System Science ~ System (HARC).
(ARCSS) program in 1989. ARCSS is structured Science steering committees (SSCs) for each
to be a regional component within the U.S. Global ~ component facilitate and enhance the ARCSS pro-
Change Research Program. Administration of the gram and provide a focal point for communication
program uses review expertise and financial sup- with the scientific community. Recommendations

The following sections present highlights of
several major programs and selected projects. A
complete listing of NSF Arctic funded projects can
be found in the publication Arctic Science, Engi-
neering, and Education Awards: FY 1999, avail-
able from the Office of Polar Programs, National
Science Foundation, Arlington, VA 22230.



for overall coordination and integration of the
ARCSS components and individual projects are
provided by the ARCSS committee. The commit-
tee includes representatives from each SSC, as
well as an investigator not supported by ARCSS
with a disciplinary interest in that component of
ARCSS to enhance the scientific breadth and
experience of the group.

NSF/ARCSS has been particularly successful at
establishing partnerships with other Federal agen-
cies. In 1998 and 1999 significant cost sharing on
Arctic ocean science for ARCSS projects came
from the Office of Naval Research (ONR). Con-
siderable cost sharing with NASA, DOE, ONR,
and NOAA on current projects has occurred for
projects dealing with Arctic climate and ocean
processes and modeling research.

Paleoenvironmental Studies

GISP2, PARCS, and its predecessor, PALE,
contribute to understanding the past climate, atmo-
sphere, and ecology of the Arctic. This historical
information gives valuable insight into under-
standing system interactions. Starting in FY 98 the
paleoenvironmental components of ARCSS were
incorporated into the NSF program called Earth
System History.

The overall goal of GISP2 was to obtain a his-
tory of global climate and atmospheric chemistry
from the Greenland ice cap. This very successful
program began in FY 86, completed its field phase
in FY 93, completed most of the laboratory analy-
ses of the ice core in FY 97, and now has finished
its project goals. GISP2 results provided evidence
of global changes in atmospheric circulation,
chemistry, and temperature that have altered our
perceptions of the intensity and rate of climate
change during the most recent glacial-interglacial
cycle.

The PARCS program developed out of the ear-
lier Paleoclimates from Lakes and Estuaries
(PALE) program, which had the goal of construct-
ing paleoclimatic history from the sediments of
Arctic and sub-Arctic bogs and lakes. PARCS
incorporates the goals and focus of the PALE
project but recognizes that important and untapped
information about Arctic environmental history
also resides as tree-ring records and in sediments
from the marginal seas, continental shelves, slopes,
and abyss of the Arctic Basin. A variety of proxy
indicators (such as pollen, diatoms, sediment
chemistry, and grain size) in the sediments yield
vital information on the responses of terrestrial
and marine ecosystems to climate, land use

change, and the physical conditions and produc-
tivity of the Arctic Ocean, but additional new
proxies are sought. With the emphasis on variation
of climate over the last 20,000 years, the PARCS
program is a part of an international program, Cir-
cumpolar Arctic Paleoclimate Experiment (CAPE),
to produce a reconstruction of the circumarctic
environment.

Contemporary and Process Studies

OAII and LAII are process oriented and rely
more on experiment and less on description than
GISP2 and PARCS. An important goal of OAIl is
to investigate the effects of energy exchange on
the structure of the Arctic Ocean and the interac-
tions within the overlying atmosphere. Carbon
sequestration, ecosystem dynamics, sedimentation,
and carbon deposition in the Arctic Ocean and its
interactions with the surrounding land and river
systems are also important topics of investigation.
OAII has conducted the Surface Heat Budget of
the Arctic Ocean (SHEBA) project from a ship
frozen into the drifting ice pack in the Beaufort
Sea. SHEBA measured the impact of clouds and
albedo on sea ice for a full annual cycle. Although
the experimental phase of the project is now com-
pleted, analysis and modeling efforts to better
understand the impacts of solar heating on the cli-
matologically changing ice cap will soon begin.
The Shelf-Basin Initiative (SBI) was begun to bet-
ter understand the role of the large continental
shelf seas in terms of marine biological productiv-
ity and the exchange of water, nutrients, heat, and
energy with the permanently ice-covered central
Arctic basins.

An objective of the LAII-Flux study was to
investigate feedback processes within the Arctic
terrestrial system that modify global climate
change, climate variability, and fluxes of ice, fresh
water, water-borne materials, and greenhouse
gases. LAII also assessed the effect of changing
temperature and snow regimes on critical terrestri-
al organisms and their communities. LAII-Flux
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 in winter. If this
change is long term, it could lead to major positive
reinforcing of global warming via the greenhouse
effect.

These terrestrial studies were expanded under the
new Arctic Transitions in the Land—Atmosphere
System (ATLAS) project. ATLAS is examining a
series of terrestrial sites across the gradient from
boreal forest in central Alaska to the tundra in



northern Alaska. Detailed understanding of the
plant—soil ecosystem in each site may allow pre-
dictions about the likely impact of global warming
on the northward migration of terrestrial ecosys-
tems. In close association with ATLAS, the United
States Tundra Experiment project (USTEX), a part
of the ITEX (International Tundra Experiment), is
using the same sampling methodologies to evalu-
ate tundra plant growth as used by all other partic-
ipating countries. The use of these common meth-
ods will allow direct comparison of the regional
tundra responses to climate change.

The Russian—American Initiative on Shelf-
Land Environments in the Arctic (RAISE) is
designed to foster closer collaboration between
Russian and U.S. scientists. As most of the river
flow into the Arctic Ocean is from the major Rus-
sian rivers, evaluating the impacts of climate
change on the Arctic would be difficult without
collaborative studies within Russia. Current
projects include an investigation of the hydrologic
cycle in tributaries of large Russian rivers, which
would allow a better understanding and prediction
of river flow, and an evaluation of sediment dis-
charge from large eastern Russian rivers.

Human Dimensions of the Arctic System

Human Dimensions of the Arctic System
(HARC), the ARCSS component of the NSF
Human Dimensions of Global Change program, is
a collaborative effort with the Arctic Social Sci-
ences Program to integrate natural and social sci-
ences research that will demonstrate the interac-
tions of climate and human development with the
use of natural resources. Arctic Native peoples
have sustained themselves through hunting, fish-
ing, whaling, and wage employment derived from
petroleum revenues. The continued sustainability
of that culture and regional development could be
affected by global environmental changes that
may affect vegetation and marine productivity,
year-round sea ice maintenance, and construction
and land use practices.

In the next five years, interdisciplinary groups
will focus on developing models that predict natu-
ral responses to global changes. Research at the
natural sciences—human dimension interface will
increase policy makers’ understanding of regional
natural and social systems and build linkages
between communities in the Arctic. Those link-
ages will enhance the knowledge base necessary
for examining policy choices and risk assessments
within the context of global and regional climate
changes.

Arctic Natural Sciences

The National Science Foundation established
the Arctic Natural Sciences (ANS) program in
1995. The program is unique in NSF in the variety
of disciplines supported. ANS supports research in
glaciology, atmospheric sciences, ocean sciences,
earth sciences, contaminants, biological sciences,
and environmental research.

Glaciology

Research in glaciology includes the study of all
forms of naturally occurring ice and its history.
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 glacier mass balance.
The research takes place in Alaska, Greenland, the
High Canadian Arctic, Svalbard, Russia, Iceland,
Norway, and Sweden. In addition, some limited
funding goes to support research in high-altitude
and midlatitude regions of the Northern Hemi-
sphere.

The program also supports research on new
methods of studying glaciers and ice sheets,
including the development of improved remote
sensing capabilities, such as synthetic aperture
radar (SAR) interferometry. In addition, declassi-
fied intelligence satellite photos are providing
information on decadal-scale changes.

The U.S. National Ice Core Laboratory (NICL),
located at the Denver Federal Center, is operated
through an interagency cooperative agreement
with the U.S. Geological Survey. The NSF fund-
ing is from both the Arctic and Antarctic science
programs and the Paleoclimate Program.

One of the important areas of research is to bet-
ter understand the mechanisms responsible for the
surge behavior of glaciers and the seasonal fluctu-
ations of glacier flow. Work has focused on the
role of subglacial water and basal water pressure,
ice temperature, internal deformation, till rheolo-
2y, electrical conductivity, and turbidity of glacial
meltwater. These parameters are measured in bore-
holes in the ice at several locations on the glaciers.
Recent studies of the Greenland ice sheet have
shown that the ice-covered area around the south-
ern Greenland periphery has receded over the past
decade.

Among the largest uncertainties in ice volume
changes during the late Quaternary is the extent of
ice sheets over Franz Josef Land, Novaya Zemlya,
and the adjacent seas. Deglaciation of the Barents/
Kara Sea ice sheet may have been initiated by a



rapid global sea-level rise 13,000 years ago. This
sea-level rise would have destabilized this marine-
based ice sheet, particularly in the deep troughs
bordering the Russian Arctic seas.

Studies on natural climate signals in ice cores
have relied on the information preserved in the ice
caps about past atmospheric conditions. Over 50
chemical species and physical properties have
been measured in ice cores and are used to reveal
past climatic conditions. Significant progress has
also been made in characterizing the atmosphere-
to-ice “transfer function.” For example, it has been
shown that the transfer function is nonlinear and
depends on temperature, water accumulation, and
the abundance of other species.

Atmospheric Sciences

Several investigators are studying climate
change, how it is characterized, and its conse-
quences for the Arctic. The program supports
research aimed at the physical understanding of
the processes responsible for climate change as
well as the processes affected by climate change.

Conditions in the magnetosphere, ionosphere,
and thermosphere can influence the performance
and reliability of space-borne and ground-based
systems. Arctic observations are essential to
understanding the physical processes that govern
space weather. NSF’s program focuses on high-
latitude observations aimed at understanding the
coupling between the magnetosphere, ionosphere,
and upper atmosphere and predicting the weather
in space. A specific emphasis of NSF programs is
to understand Arctic and Antarctic conjugate phe-
nomena. Conjugate studies provide a unique tool
for tracing time-varying magnetic field lines and
determining large-scale current configurations in
the magnetosphere.

Tropospheric ozone plays a key role in the
oxidative chemistry of the troposphere and has an
important impact on the radiative balance of the
atmosphere. Understanding the processes that
control the origin, trends, distribution, and effects
of tropospheric ozone is a high priority in atmo-
spheric chemistry research. Research continues
toward understanding the production and loss of
tropospheric ozone through remote sensing, in-situ
measurements of trace gases and radicals involved
in ozone photochemistry, and chemical and trans-
port modeling studies.

Ocean Sciences
From 1995 through 1999 U.S. Navy submar-
ines supported civilian scientists on cruises under

the Arctic Ocean ice cap. These cruises, known as
Science Ice Experiments (SCICEX), were
designed to support unclassified oceanographic
research proposals funded by NSF and ONR. The
missions were dedicated to improving our under-
standing of the Arctic Ocean and the nature of its
seasonal variations.

The Arctic Ocean is the last frontier in ocean-
ography. Important issues are related to the global
carbon cycle and the distribution of biota, fresh-
water balance, circulation, heating, transport of
sediments and pollutants, and spreading of the sea-
floor, as well as the volume, flow, and properties
of sea ice. NSF and ONR have developed a new
draft agreement to continue to use submarines to
conduct science experiments when feasible.

The SCICEX submarine cruises have provided
a unique synoptic snapshot of the configuration of
the Arctic Ocean. They have revealed ice thick-
ness distribution (which plays a major role in
determining the overall heat and mass balance at
the surface of the ocean). The front that separates
Atlantic and Pacific waters appears to have moved
from a position close to the Lomonosov Ridge to
the Mendeleev and Alpha Ridges. This translates
into a 20% increase of the area dominated by the
Atlantic waters. In parallel the upper ocean tem-
perature has increased, by 1°C in some regions.
These observed changes in Arctic Ocean circula-
tion and temperature may be due to an increase in
the temperature and volume of the incoming North
Atlantic water.

Gakkel Ridge, the active spreading center in
the Arctic Ocean, is the slowest spreading portion
of the mid-ocean ridge system. Gravity surveys
carried out by the SCICEX program have revealed
that the crust is very thin, probably less than 4 km.

A side-scan swath bathymetric sonar and a high-
resolution sub-bottom profiler were mounted in
1998-99 on the submarine’s external hull. This
instrument, the Seafloor Characterization and
Mapping Pod (SCAMP), provided an unprece-
dented opportunity to map the deep Arctic Ocean.
SCAMP provided data necessary for the accurate
digital terrain mapping required for modeling
ocean circulation and for determining where pis-
ton coring or dredging should take place along the
Arctic Mid-Ocean Ridge.

Earth Sciences

ANS supports research in a wide range of fields
of geology, including paleoclimatology, glacioma-
rine sedimentology, permafrost, glacial geology/
geomorphology, surficial processes, paleontology,



petrology, tectonics, and solid earth geophysics.

The paleoenvironmental studies focus on under-
standing the past Arctic environments by exam-

ining the sedimentary and paleontological record
of terrestrial coastal plain, continental shelf, and
deep marine sediments.

The tectonic evolution of the Arctic Ocean
Basin and the Bering Sea are major scientific prob-
lems that need to be addressed. Tectonic activity
such as subsidence, uplift, and seafloor spreading
have opened the basin since the mid-Mesozoic.
New geological and geophysical studies will help
our understanding of the evolution of the basin,
which is a crucial missing link in understanding
much of the Arctic history. Data collected using
SCAMP has greatly improved our knowledge of
parts of the Arctic seafloor, but substantially more
mapping, geophysical measurements, and profiling
need to be done before we have a complete picture
of the basin.

Permafrost is ubiquitous in cold climates, and
its occurrence and thickness increase during cold
periods and decrease in warmer periods. Discontinu-
ous permafrost is ice-rich permafrost that is thaw-
ing or degrading; its temperatures range from —5°
to -2°C. Therefore, its occurrence and distribution
are particularly sensitive to climate changes. Recent
studies have shown that increases in air temperatures
in the Arctic have been greater than increases in
temperatures in the temperate climates. Such tem-
perature increases should have been reflected in an
increase in permafrost temperatures, but a number of
other parameters such as the depth and duration of
annual snow cover can also affect the permafrost. As
a result, there is concern about the future of perma-
frost and response to warming trends.

Closely related to the concerns about the perma-
frost thawing is the role of the tremendous volume
of clathrates or frozen gas hydrates that are associ-
ated with and found below the permafrost and off
the shelf areas. Gas hydrates are frozen methane
and water that can hold methane at concentrations
approaching that of liquefied natural gas. Methane
hydrates could have a major influence in stabiliz-
ing climate during periods of major cooling; more
important is the concern over the stability of these
deposits during a warming trend. Large releases of
methane could increase atmospheric concentrations
of methane. Furthermore they could also change
the strength of sea floor sediments, which could
affect seafloor stability.

Contaminants
The newest area of research in ANS is the study

of contaminants. ANS encourages research on the
physical, chemical, and biological processes that
sequester and disperse contaminants. Quantifica-
tion of these processes for a variety of contami-
nants, including heavy metals, radionuclides, per-
sistent organic pollutants (such as pesticides and
industrial chemicals), hydrocarbons, ozone (and
its precursors), and aerosols derived from various
parts of the Arctic, is fundamental to appreciating
and mitigating their impact on human physical and
socioeconomic systems.

Environmental Research

The purpose of NSF’s ANS environmental
research is to understand the relationship between
physical and chemical processes as they relate to
the unique character of the Arctic environment.
Research projects in this area include the history,
biology, and dynamics of Arctic fauna and flora;
the physical and biological geography of Beringia
and the Arctic coastal regions; the microbial pro-
cesses responsible for mineralization cycles such
as carbon and nitrogen fluxes; biological adapta-
tion to the Arctic environment; and the hydrogra-
phy of freshwater drainages.

Climatic data obtained by ANS researchers
studying changes in the permafrost indicate that
Alaska is currently warming at a rate of about
2.4°C per century. Some of the discontinuous
permafrost south of the Yukon River in Alaska has
warmed by as much as 1.5°C.

The flora and fauna of tundra soils are among
the least known components of Arctic biodiversity.
Tundra soils are unique because of the presence of
permafrost, highly acid or alkaline conditions, and
repeated cycles of freezing and thawing. The soil
biota are generally small and difficult to identify
or even detect, but recent evidence suggests that
the bulk of the biological activity in the Arctic is
due to these organisms. Researchers have devel-
oped a rapid and innovative molecular-based tech-
nique that promises to characterize bacteria and
viruses by probing unique sequences of their
DNA. Special probes are bonded to a microchip
and buried in the soil for a short time; subsequent
laboratory analysis enables comparisons between
known microbial DNA and that of microbes that
live in the tundra.

Biological Sciences

Research topics span a broad range of bio-
logical disciplines, with several projects multi-
disciplinary and interdisciplinary in design. The
biological sciences component of the Arctic Natu-






