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About _ ThejoumnalArctic Research of the United _normal editorial process, manuscripts are not ref-

Statess for people and organizations interested iereed for scientific content or merit since the jour-

the learning about.S. Government-financed Arctic  nal is not intended as a means of reporting scien-
research activities. It is published semi-annually tific research. Articles are generally invited and

Journal (spring and fall) by the National Science Founda-are reviewed by agency staffs and others as appro-
tion on behalf of the Interagency Arctic Researchpriate.

Policy Committee and the Arctic Research Com-  As indicated in thé).S. Arctic Research Plan,
mission. Both the Interagency Committee and theesearch is defined differently by different agen-
Commission were authorized under the Arctic  cies. It may include basic and applied research,
Research and Policy Act of 1984 (PL 98-373) angnonitoring efforts, and other information-gathering
established by Executive Order 12501 (January activities. The definition of Arctic according to the
28, 1985). Publication of the journal has been  ARPA is “all United States and foreign territory

approved by the Office of Management and north of the Arctic Circle and all United States ter-
Budget. ritory north and west of the boundary formed by
Arctic Researcttontains the Porcupine, Yukon, and Kuskokwim Rivers; all
* Reports on current and planngds. Govern-  contiguous seas, including the Arctic Ocean and
ment-sponsored research in the Arctic; the Beaufort, Bering, and Chukchi Seas; and the

* Reports of ARC and IARPC meetings; and Aleutian chain.” Areas outside of the boundary are
* Summaries of other current and planned  discussed in the journal when considered relevant
Arctic research, including that of the State ofto the broader scope of Arctic research.
Alaska, local governments, the private sector |ssues of the journal will report on Arctic topics
and other nations; and and activities. Included will be reports of confer-
Arctic Researclis aimed at national and inter- ences and workshops, university-based research
national audiences of government officials, scienand activities of state and local governments and
tists, engineers, educators, private and public  public, private and resident organizations. Unsolic-
groups, and residents of the Arctic. The emphasisted nontechnical reports on research and related
is on summary and survey articles covetih§. activities are welcome.
Government-sponsored or -funded research rather Address correspondence to Editarctic Re-
than on technical reports, and the articles are in- search Arctic Research and Policy Staff, Office
tended to be comprehensible to a nontechnical of Polar Programs, National Science Foundation,
audience. Although the articles go through the 4201 Wilson Boulevard, Arlington VA 22203.

Covel’ Brown bear catching sockeye salmon (also known as red salmon) at Brooks Falls, Katmai National Park
and Preserve, Alaska.
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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.

National Science Foundation research is con- Funding (thousands)
cerned with the entire Arctic region, including FY 96 FY 97
Alaska, Canada, Greenland, Svalbard, the Arctic Arctic Natural Science 10,382 10,316
Ocean and adjacent seas, the upper atmosphereﬁmi!C gySFelmss_C'ence FF)’VOQ 1?22? 1?28;‘

. . el ICliC S0Clal >ciences Frog , s
a_nd near space. R_e_zsearch falls principally W|th|n_ Arctic Research Support 639 415
elght major SC|ent|_f|C resez_irch areas: atm_osphen(;\rctic Data/Info/Coord 339 364
science, ocean science, biology, earth science, Arctic Research Commission 500 500
glaciology, social science, engineering and scienééctic Logistics/Instrumentation 0* 4148
education Other NSF Science Programs 16,959 18,674
: _ Total 46,219 49,389

The NSF supports a formal Arctic research pro- _ _
gram within the Office of Polar Progran®RP. Included with other programs in FY 96.

Other Divisions and programs through®8F, pri-
marily in the Directorate for Geosciences and theAI’CtiC System Science
Division of Environmental Biology in the Direc-
torate for Biological Sciences, support research in  The National Science Foundation established
and on the Arctic as part of their overall funding. the Arctic System SciencARCSS program in
Most research grants are awarded on the basis 01989.ARCSSis structured to be a regional compo-
unsolicited proposals and are merit reviewed.  nent within the U.S. Global Change Research Pro-
In FY 97,NSFawarded funds for 358 Arctic  gram. Administration of the program uses review
research projects at 130 institutions in 38 states axgertise and financial support from the Office of
the District of ColumbiaNSFs support of Arctic  Polar Programs, the Divisions of the Geosciences
research, including facilities support and field opdbdirectorate and other componentd\NSF as
ations, over the past several years is shown beloappropriateARCSSis coordinated and managed
(in thousands of dollars). by the Office of Polar Programs. Through a series
of workshops and interactions with a broad scien-
tific community, ARCSShas developed goals and
Fyo2 FYO93 FY94 FYO95 FY96 FYO7 priorities aimed at understanding the role of the

OPP 20,638 22,072 24,205 25,809 29,118 30,715 " L
Ofher 14.308 13770 16270 10.986 16,059 18.674 Arctic in global change and how the Arctic will

Total 34,946 35851 40484 45195 46219 49,389 'eSpond to global changeRCSSis an interdisci-
plinary program that examines the interactions

within and between the climatic, geologic, bio-
The following sections present highlights of selegic and socio-economic subsystems of the Arc-
eral major programs and selected projects. A contic. ARCSSis predicated on the knowledge that
Current information about plete listing ofNSFArctic funded projects can be the Arctic system is sensitive to and important in

the research supported by g nq jn the publicatiorrctic Science, Engineer- global change.
ARCSS can be found on the.

ARCSS home page: "9’ and Education Awards: FY 19%Vvailable ARCSShas six linked components. The origi-
http://nsidc.colorado. “from the Office of Polar Programs, National Sci- nal ARCSSprogram included the Greenland Ice
edu/ARCSS/ ence Foundation, Arlington, VA 22230. Sheet ProjectGISP2), Paleoclimates from Lakes



and EstuariesPALE), Ocean/Atmosphere/ice changePALE is complementary tGISP2 and

Interactions QAIl) and Land/Atmosphere/ice provides information on local, regional and global
Interactions I(All ). Two new programs, Synthesis,changes. An Arctic circumpolar network of sam-
Integration and Modeling StudieSI{S) and pled sites has been established to describe the

Human Dimensions of the Arctic SysteRRC), regional variation of climate over the past 18,000

were established in 1994 and 1996, respectively.years.PALE has joined an international program,
Science steering committeexS(Gs) for each Circumpolar Arctic Paleoclimate Experiment

component facilitate and enhance #RCSSpro- (CAPE), to produce a reconstruction of the cir-

gram and provide a focal point for communicatiortumarctic environment for three time slices:

with the scientific community. Recommendations 2,000 years before the present (ybp), 6,000 ybp

for overall coordination and integration of the and 20,000 ybPALE has been accepted by

ARCSScomponents and individual projects are PAGES(PAst Global changES) of the Interna-

provided by théARCSScommittee. The commit- tional Geological Biological Project&BP) as

tee includes representatives from e88¢ as a core project.

well as an investigator not supportedARCSS

with disciplinary interest in that component of ~ Contemporary and Process Studies

ARCSSto enhance the scientific breadth and OAIl andLAll are process oriented and rely

experience of the group. more on experiment and less on description than
NSFHARCSShas been particularly successful GISP2 andPALE. An important goal oOAll is to

at establishing partnerships with other Federal investigate the effects of energy exchange on the

agencies. In 1996 and 1997 significant cost shar-structure of the Arctic Ocean and the interactions

ing on Arctic ocean science fBRCSSprojects within the overlying atmosphere. Carbon seques-

came from the Office of Naval Resear€iNR). tration, ecosystem dynamics, sedimentation and

Considerable cost sharing wittASA, DOE, ONR  carbon deposition in the Arctic Ocean and its inter-

andNOAA on current projects has occurred for actions with the surrounding land and river systems

projects dealing with Arctic climate and ocean  are also important topics of investigati@all

processes and modeling research. currently is conducting the Surface Heat Budget
of the Arctic OceanHEBA) project from a ship
Paleoenvironmental Studies frozen into the drifting ice pack in the Beaufort

Current information on GISP2 andPALE both contribute to understand-Sea.SHEBA is measuring the impact of clouds
scientific contributions from jng the past climate, atmosphere and ecology of and albedo on sea ice for a full annual cycle.
GISP2 may be found on the the Arctic, This historical information gives valu-  An objective of the All -Flux study is to inves-

GISP2 home page: http:// o . . . . i .
nside.colorado.edu/ARCSS)/ a_lble |nS|ghF mtp understanding syste_m interac- tlgate feedback processes W|th|r_1 the Arctic terre;-
index.html  tions. Starting in FY 98 the paleoenvironmental trial system that modify global climate change, cli-
components oARCSSwere incorporated into the mate variability and fluxes of ice, fresh water,
NSF program called Earth System History. water-borne materials and greenhouse gagds.
The overall goal oGISP2 was to obtain a his- also assesses the effect of changing temperature
tory of global climate and atmospheric chemistry and snow regimes on critical terrestrial organisms
from the Greenland Ice Cap. This very successfulnd their communities.All -Flux has discovered
program began in FY 86, completed its field phashat the Alaskan tundra has shifted in the last 20
in FY 93 and completed most of the laboratory years from being a net sink of carbon dioxide to
analyses of the ice core in FY $FISP2 results being a net source in winter. If this change is long
provided evidence of global changes in atmo-  term, it could lead to major positive reinforcing of
spheric circulation, chemistry and temperature thgtobal warming via the greenhouse effell -
have changed our perceptions of the intensity an&lux has been accepted as a core projelcBP.
rapidity of climate change during the most recentLAIll has joinedTEX (International Tundra Experi-
glacial-interglacial cycle. ment) ofUNESCOs Man and the Biosphere
The overall goal oPALE is to construct paleo- (MAB) program, which is a study of the effects of
climatic history from the sediments of Arctic and climate warming on circumpolar plant species and
sub-Arctic bogs, lakes and seas. A variety of proxgommunity dynamics.

, _ indicators (such as pollen, diatoms, sediment LAIl -Flux is testing, among other things, the
Current information on OAIl . s . . - - - i
research may be found on thechemlstry and grain size) in the sediments yield following three questions:
OAIl home page: http:/ Vital information on the responses of terrestrial » Whether greenhouse-gas-induced changes in
arcss-oaii.ccpo.odu.edu/ @nd marine ecosystems to climate and land use temperature and moisture are large enough to



trigger changes in trace gas fluxes from Arcti@he program is unique INSFin the variety of dis-
land areas; ciplines supportedANS supports research in space

» Whether climate change and the related sciences, atmospheric sciences, geology, biology,

oxidation of soil organic matter will increase glaciology and oceanography in the Arctic. Arctic
the nutrient flux to streams, lakes and the  Natural Sciences uses review expertise from the
Arctic Ocean; and Office of Polar Programs, the Divisions of the Geo-
» Whether Arctic trace gas feedbacks will be sciences Directorate and other component$SH
sufficient to affect climate beyond the Arctic. as appropriate. The Office of Polar Programs coor-
dinatesANS. A few science highlights follow.
Synthesis, Integration, and Modeling Studies

SIMS is an integrative program that links all of Glaciology
the ARCSScomponents to provide a suite of model Research in glaciology includes the study of all
simulations for understanding the behavior, feed-forms of naturally occurring ice and its history.
backs, dynamics and function of the interactive Some examples are studies of past climates and
Arctic system. Models are at all scales appropriat@mospheric paleochemistry from ice cores, ice
to building connections betweenll , OAll, PALE, stream and valley glacier dynamics, glacial geol-
GISP2 andHARC research, but those that provide @gy, glacial hydrology and the mass balance of
regional synthesis are emphasized. These modelsiountain glaciers and ice sheets. The research takes
are essential to theRCSSgoal of developinga  place primarily in Alaska, Greenland, Arctic Can-
model that will predict the natural responses to ada, Svalbard, Arctic Russia and Sweden. In addi-
global changes that affect the human condition. tion, some limited funding goes to support research

in high-altitude and mid- and low-latitude regions
Human Dimensions of the Arctic System of the Northern Hemisphere.

Human Dimensions of the Arctic System The program also supports research on new
(HARC), theARCSScomponent of thelSFHuman methods of studying glaciers and ice sheets, includ-
Dimensions of Global Change program, is a col- ing the development of improved remote sensing
laborative effort with the Arctic Social Sciences capabilities, drilling methods and methods for anal-
Program to integrate natural and social sciences yzing ice cores. In addition a variety of theoretical,
research that will demonstrate the interactions oflaboratory and data analysis projects are funded.
climate and human development with the use of  The U.S. National Ice Core LaboratoNICL),
natural resources. Arctic Native peoples have sudecated on the grounds of the Denver Federal Cen-
tained themselves through hunting, fishing, whal-ter in the same building as the U.S. Geological Sur-
ing and wage employment derived from petroleumvey’s Core Research Center, is operated jointly by
revenues. The continued sustainability of that culthe University of Colorado and the U.S. Geological
ture and regional development could be affected Burvey. TheNSFfunding is from both the Arctic
global environmental changes that may affect vegaéd Antarctic science programs.
tation and marine productivity, year-round sea ice The purpose of Arctic Glacier Studies projects
maintenance, and construction/land use practicess to increase understanding of the mechanisms
In the next five years, interdisciplinary groups willresponsible for the surge behavior of glaciers and
focus on developing models that predict natural réie seasonal fluctuations of glacier flow. Work has
sponses to global changes. Research at the natufatused on the role of subglacial water and basal
sciences—human dimension interface will increaswater pressure, ice temperature, internal deforma-
policy makers’ understanding of regional natural tion, electrical conductivity and turbidity of melt-
and social systems and build linkages between water. These parameters can be measured in bore-
communities in the Arctic. Those linkages will  holes in the ice at various places on the glacier. A
enhance the knowledge base necessary for exanmmdti-year study of the Greenland ice cover has
ing policy choices and risk assessments within thehown that the ice-covered area around the Green-
context of global and regional climate changes. land periphery has decreased over the past decade.

] ) Glacial Geological Studies
Arctic Natural Sciences Among the largest uncertainties in ice volume
changes during the late Quaternary are the areal and
The National Science Foundation established thetical extent of ice sheets over Franz Josef Land,
Arctic Natural SciencesANS) program in 1995.  Novaya Zemlya and the adjacent seas (Barents/



Kara). Deglaciation of Franz Josef Land and the  Conditions in the magnetosphere, ionosphere
northern Barents Sea occurred surprisingly early,and thermosphere can influence the performance
according to glacial geologists funded by the Arctand reliability of both space-borne and ground-
Glaciology program. Deglaciation of the Barents/based technological systems. Arctic observations
Kara Sea ice sheet may have been initiated by aare essential to understanding the physical pro-
rapid global sea-level rise 13 thousand years agacesses that govern space weatR8Es program
This sea-level rise would have destabilized this focuses on high-latitude observations aimed at
marine-based ice sheet, particularly in the deep understanding the coupling between the magneto-
troughs bordering the Russian Arctic seas. sphere, ionosphere and upper atmosphere and pre-
Studies on natural climate signals in ice cores dicting the weather in space. A specific emphasis
have relied on the information preserved in the icef NSFprograms is to understand Arctic and Ant-
caps about past atmospheric conditions. Over 50arctic conjugate phenomena. Conjugate studies
chemical species and physical properties have b@eoavide a unique tool to trace time-varying mag-
measured in ice cores and are used to reveal pastetic field lines and determine large-scale current
climatic conditions. Significant progress has also configurations in the magnetosphere.
been made in characterizing the atmosphere-to-ice
“transfer function.” For example, it has been shov@cean Sciences
that the transfer function is nonlinear and depends From 1995 through 1999 U.S. Navy submar-
on temperature, water accumulation and the abuimes were and will be deployedttee Arctic Ocean
dance of other species. (the SCICEX submarine cruises) for unprecedented
American scientists have been invited by Euromissions to support unclassified oceanographic re-
pean researchers to participat®&i®@RIP, a Green- search conducted by and for researchers from aca-
land ice sheet coring project that is being conductiinic institutions in the U.S., Canada and the
from a site several kilometers north of where the United Kingdom. These missions are dedicated to

two previous deep ice corgsIER2 and GRIP) providing an improved understanding of the Arctic
were recovered. The U.S. teams will measure stabtzan and the nature of its seasonal variations.
isotope ratios of snow and ice to infer climate The Arctic Ocean is the last frontier in ocean-

change in the last millennium and will analyze thegraphy. Important issues are related to the global
dust recovered from the ice cores to infer the donsarbon cycle and the distribution of biota, fresh-
nant wind regimes associated with paleoclimateswater balance, circulation, heating, transport of
sediments and pollutants, and spreading of the sea-
Atmospheric Sciences floor, as well as the volume, flow and properties of
Several investigators studied climate change, sea ice. Present emphasis is given to using Navy
how it is characterized, and its consequences forribelear submarines as a platform. Future emphasis
Arctic. The program supports research aimed at thél involve the USCGCHealyresearch vessel
physical understanding of the processes responsibider construction.
for climate change as well as the processes affected’he SCICEX submarine cruises have provided
by climate change. a unigue synoptic snapshot of the configuration of
The past four winters have seen the largest the Arctic Ocean. They have revealed changes in
ozone depletions ever recorded in the Arctic, andice thickness distribution (which plays a major
each year has seen more ozone depletion than thele in determining the overall heat and mass bal-
preceding one. Arctic ozone depletions have beeance at the surface of the ocean). The front that
far more dramatic than had been anticipated by separates Atlantic and Pacific waters appears to
most scientists. The program goals were to meashage moved from a position close to the Lomon-
stratospheric constituents and understand the pr@sov Ridge to the Mendeleev and Alpha Ridges.
cesses involved in ozone depletion and to study fhieis translates into a 20% increase of the area
effect of the increased UV radiation on biological dominated by the Atlantic waters. In parallel the
systems. Ozone is depleted during extremely coldpper ocean temperature has increased greatly, by
conditions, and ozone concentrations reach their1°C in some regions. These observed changes in
minima in the late winter and early spring. Strato-Arctic Ocean circulation and temperature may be
spheric measurements of ozone and studies of thdue to an increase in the temperature and volume
ozone depletion processes have revealed the impbdthe incoming North Atlantic water.
tance of natural effects such as volcanic eruptions Gakkel Ridge, the active spreading center in
in ozone depletion processes. the Arctic Ocean, is the slowest spreading portion



of the mid-ocean ridge system. Gravity surveys developed a multidisciplinary team approach to
carried out by th&CICEX program have revealed ecosystem studies.
that the crust is very thin, probably less than 4 km. Four other ecosystem projects were supported
Researchers have confirmed that a hot mud during FY 96 and 97. One of these ecosystem
volcano on the seafloor between Greenland and projects was designed to test the importance of
Norway is oozing mud, seeping gas and spewinggeomorphology in determining food web (trophic)
a gas-laden plume of warm water into the North structure. This research, termed the geomorphic—
Atlantic. Frozen methane hydrate caps the vol- trophic hypothesis, postulates that landscape char-
cano, whose slopes are inhabited by a species ofacteristics, including lake outflow gradient, lake
tubeworm most closely related to a group found idepth and lake area, determine the distribution of
Antarctica. fish species, which in turn controls the benthic and
Construction of a side-scan swath bathymetricpelagic trophic structure. This proposed work has
sonar and a high-resolution sub-bottom profiler four major components:
has started. This instrument, the Seafloor Charac- ¢ Assembling and interpreting a geographic

terization and Mapping Po&CAMP), will pro- information system database of lake area, lake
vide an unprecedented opportunity to map the depth and outflow gradient for lakes in the
deep Arctic OcearSCAMP will provide the data vicinity of the Toolik LakeLTER site;

sets necessary for the accurate digital terrain map- ¢ Sampling a subset of these lakes in an experi-
ping required for modeling ocean circulation. It ment designed to evaluate landscape control of
will also provide detailed mapping of the Arctic fish distributions and their impact on benthic

Mid-Ocean Ridge and of periglacial features (such and plankton food webs;
as iceberg plow marks on the continental shelves), « Sampling a group of experimental lakes, also
which are needed to understand the Holocene his- in the context of the geomorphic—trophic

tory of the Arctic. hypothesis; and
« Constructing food web models to test whether
Biological Sciences the geomorphic—trophic hypothesis governs

Research topics span a broad range of biologi- food web characteristics.
cal disciplines, with several projects multidisciplin- A second project was designed to improve the
ary and interdisciplinary in design. The biological understanding of how carbon—nutrient interactions
sciences component of the Arctic Natural Sciencei soils might affect the responses of Arctic tundra
Program supports research in all aspects of Arctiecosystems to global environmental change. This
biology, including topics in biological oceanogra- research was conceived in a global warming con-
phy and marine ecology as well as terrestrial andtext that predicts that a global temperature increase

freshwater ecology. would affect carbon—nutrient interactions at the
The two largest projects are the ongoing Longecosystem level. The central idea is that the pri-
Term Ecological ResearchTER) projects on mary production in Arctic ecosystems is often

tundra, freshwater and taiga ecosystems in Alaskstrongly nutrient limited, with virtually all of the

The Arctic (Toolik Lake) and Bonanza Creek nitrogen made available to vascular plants in tun-
LTER projects continue the successful pursuit of dra ecosystems coming from microbial mineraliza-
their individual project objectives and their parti- tion of soil organic matter.

cipation in the national network oTER sites. A third project, a Terrestrial Ecology and Global
TheLTER network and individualTER projects  Change TECO) research award, elucidated the

are actively developing research collaborations short- and long-term responses of Arctic tundra eco-
with scientists supported by other agencies and systems to climate change and associated changes in
scientists in other countries who share research soil water content and active layer depth. Physical

interests. changes associated with an increase in average
The ArcticLTER is a major interdisciplinary annual temperature in the northern latitudes (an
project located in the foothills of the Brooks increase in growing season length, a decrease in

Range on the North Slope of Alaska. Funding hasurface soil water content, and a decrease in the
supported a large group of biologists, ecologists, extent and distribution in snow and ice cover)
limnologists and hydrologists from major univer- have altered Arctic ecosystem function. This could
sities and research centers in the U.S. to study result in a significant positive or negative feed-
terrestrial and freshwater ecosystems. In conjuncback to global atmospheric carbon dioxide con-
tion with theLTER program, this project has centrations. This project will conduct net carbon



Beringia and the Arctic coastal regions, the micro-
bial processes responsible for mineralization
cycles such as carbon and nitrogen fluxes, bio-
logical adaptation to the Arctic environment, and
the hydrography of freshwater drainages.

Climatic data obtained by Arctic Natural Sci-
ences researchers studying changes in the perma-
frost indicate that Alaska is currently warming at
a rate of about 2°€ per century. Some of the dis-
continuous permafrost south of the Yukon River
in Alaska has warmed by as much as@.5

The continental shelf break of the Bering Sea,
which extends diagonally across the Bering Sea
basin, is the site of some of the most productive
water in the North Pacific. During the 1997 field
season, researchers detected very anomalous con-
TECO water table manipula- dioxide exchange measurements over the annuatlitions that included sea surface temperatuf€s 3

tion experiment at the cycle to determine both the warm- and cold- above normal, the first-ever-described phytoplank-
Prudhoe Bay oilfield.  season contributions to annual net carbon dioxidéon blooms in the Bering Sea, unusually large
exchange in Arctic tundra ecosystems. numbers of whales and an unusually large die-off
A fourth project, anotheFECO award, was of short-tailed shearwaters ranging between hun-

designed to develop a predictive understanding dreds of thousands to millions of birds. Research-
of the major classes of feedbacks from boreal fireers are now investigating the probable causes of
to climate as a basis for improved understandingthese changes in the Bering Sea.

of the changing role of the boreal forests in the The flora and fauna of tundra soils are among
Earth’s climate system. The goal of this project isthe least known components of Arctic biodiversity.
to understand certain processes that remain outsidendra soils are unique because of the presence of
of current general circulation modelSEMs). permafrost, highly acid or alkaline conditions, and
These processes reflect “surprises” that reduce thepeated cycles of freezing and thawing. The soil
reliability of GCMs for predicting climate change biota are generally small and difficult to identify or
because of limited understanding of the role of bieven detect, but recent evidence suggests that the
tic and ecosystem feedbacks to regional and glotmllk of the biological activity in the Arctic is due
dynamics. In addition to studies of paleoecologicaéb these organisms. Researchers have developed a
dynamics and fire and climate modeling, this pro+apid and innovative molecular-based technique
ject involves an integrative, large-scale field expethat promises to characterize bacteria and viruses
iment in the boreal forest. Measurements of foredby probing unique sequences of tHeiMA. Spe-
dynamics following burning, soil processes, tracecial probes are bonded to a microchip and buried
gas fluxes and paleoecological reconstruction of in the soil for a short time; subsequent laboratory
vegetation and climate will be integrated in the analysis enables comparisons between known
project. This research will be conducted in associaricrobial DNA and that of microbes that live in the
tion with the Bonanza CredKRER program in tundra.

Alaska. This project represents one of the few

extensive and integrative assessments of the feeHarth Sciences

backs between fire in boreal forest and global cli- The Earth Sciences Program supports research

mate dynamics. in a wide range of fields of geology, including
paleoclimatology, glaciomarine sedimentology,
Environmental research surficial processes, paleontology, petrology, tec-

The purpose is to understand the relationship tonics and solid earth geophysics. These projects
between physical and chemical processes as thefpcus on unraveling the history of Arctic glaciation
relate to the unique character of the Arctic enviroand understanding the past Arctic environments by
ment. Research projects in this area include the examining the sedimentary and paleontological
history, biology and dynamics of Arctic fauna andrecord of terrestrial coastal plain, continental shelf
flora, the physical and biological geography of and deep marine sediments.
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Arctic Social Sciences established the connection between new knowl-

In FY 96 and 97 the Arctic Social Sciences Proe—dge and its service to society.
gram supported traditional social science fields
such as anthropology, archaeology, linguistics anfFducation
sociology, in addition to less traditional interdisci-
plinary studiesTheChronicle of Higher Educa- NSF has linked research and education through
tion highlighted a project documenting the historycurriculum development, research experiences for
and contemporary practices of Greenlandic sealingidergraduatedR€U) and teacher preparation and
and whaling in its November 8, 1996, issue. Thisenhancement. In FY NSFreached out to mil-
research shows the importance of local knowledd®ns of students and teachers in preparation for
and resource use in the international context of National Science and Technology Week, April
conservation concerns. It also demonstrates the 1998, which focused on polar regions. Undergrad-
trend of establishing interdisciplinary linkages  uates at sever&EU sites have conducted remote-
between social scientists and natural scientists tosensing studies of glaciers and ice sheets and envi-
produce policy-relevant research results. ronmental and ecological studies specific to high
In another project the investigator accompaniélatitudes. An Arctic Research Consortium of the
Yup'ik elders to a Berlin museum to investigate United States (ARCUS) workshop held in 1997
and record the elders’ comments on the Yup’ik assembled 60 educators, curriculum specialists
artifacts collected from southwestern Alaska in and scientists to integrate education and research
1882-83 by Johan Adrian Jacobsen. Transcripts @nd develop collaborative projects. Projects such
the elders’ commentary will add immeasurably nds the Alaska Rural Systemic Initiative, Partners in
only to the documentation of this extensive collecScience, and Polaris integrate science and educa-
tion of artifacts but also to a broad understandingtion by building partnerships among students,
of Yup'ik knowledge and oral tradition. teachers and individual researchers. Finally the
The economic, political and spiritual ways of Alaska Native Science CommissioiNSC) has
the Attuans, peoples who once inhabited the wesprovided the primary link between the scientific
ern Aleutian Islands, formed the subject of anoth@ommunity and Alaska Natives. In its first year the
study. This project combined oral histories of the ANSC has organized and participated in work-
last Attuans and their descendants with findings shops on traditional knowledge, science education
from archaeological excavations. During 1997, and community involvement in science. These
archaeologists on Buldir Island uncovered and workshops have helped educate scientists about
excavated the only scientifically reported “house”the needs and desires of Alaska Native communi-
built of whalebones found in the Aleutian chain. ties and educated Native groups about the needs
Radiocarbon dates suggest that the house was baild conduct of science.
in the mid-fifteenth century.
The Arctic $ocial Sciences Program has also Arctic Research Coordination
cooperated with thARCSSprogram to support
social science components of multidisciplinary NSF supported a program of polar information
projects such as the study of changes in caribou and advisory services, provided support for the
populations and movements and the associated Interagency Arctic Research Policy Committee,
social changes in Alaskan and Canadian villagesprovided funds for the Arctic Research Commis-
whose members depend on caribou harvests. Ansion, and supported conferences, workshops and
important aspect of this project is the exchange aftudies to further develop and implement Arctic
knowledge between community experts and uni- research planning and policy.
versity-trained researchers. Indeed, a special fea- As required by the Arctic Research and Policy
ture of the Arctic Social Sciences Program has Act of 1984, a comprehensive Arctic Research
been the partnership between research and localPlan was prepared by the Interagency Arctic Re-
communities established, for example, through theearch Policy Committee and submitted to the
Alaska Native Science Commission. Additionally President, who transmitted it to Congress in July
Arctic social scientists have fostered community 1997. The fifth revision to the United States Arctic
involvement through educational activities and Research Plan included two major sections. The
joint research efforts. These partnerships have ndirst of these presented the Integrated Interagency
only strengthened the quality of research but alsdResearch Plans:



» Assessment of risks to environments and  and coordinating activities. Coordination with

people in the Arctic; global change programs is an integral part of Arc-
» Surface Heat Budget of the Arctic Ocean; tic program development and implementation.
* Beringian systems studies; and Improved communication at all levels is encour-
* Arctic data and information. aged through newsletters and journals.

The second major section was Agency Pro-
grams, which represents the objectives of Federal ) )
agencies, focusing on the period covered by this Engineering and Technology
revision (1998-2002). They were presented in

seven major categories: The Engineering, Geosciences, and Mathemati-
* Arctic Ocean and Marginal Seas cal and Physical Sciences Directorates support
» Atmosphere and Climate research in engineering, material sciences and
 Land and Offshore Resources permafrost. Research includes studies of the
e Land—Atmosphere—Water Interactions mechanical properties of ice, the hydraulic con-
 Engineering and Technology ductivity of frozen soils, metamorphism of dry
* Social Sciences snowpacks, three-dimensional analyses of ice, and
* Health. permafrost.
The Interagency Committee also addressed NSFalso sponsors a program for science-based
issues related to logistics support for Arctic and high-technology small business firms, the

research. The biennial revision of the U.S. Arctic Small Business Innovative Research Program
Research Plan serves as guidance for planning bl§8BIR) in the Engineering Directorate. SBIR is

individual agencies and for coordinating and interested in research on advanced concepts in
implementing mutually beneficial national and  scientific or engineering areas, particularly where
international research programs. the research may serve as a base for technological

NSF supports many other interagency planningnnovation.
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Department of the Interior

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

12

I Funding (thousands)
I\S/Ilrrl\?irals Management unding (thousand
e Ce Technology Assessment/Research 3,320 3,270
. . Environmental Studies 1,810 3,700
The Minerals Management ServiddMS) has  Total 4,130 6,970

the statutory responsibilities to manage the min-

eral resources located on the U.S. Outer Continen- TheTA&R program, which includes both Safety
tal Shelf OCS in an environmentally sound and 5 poliution Prevention Research, and Oil Spill
safe manner and to collect, verify and distribute gegnonse Research, continues as an essential and
mineral revenues from Federal and Indian Iands'integral element of theIMS regulatory program.

In support of these responsibiliti@8MS con-  theagR program does not address the econom-
ducts two major programs of research that are . of operations, which are in the purview of

relevant to activities in the Arctic. One, the Tech- industry. On the contrary, it specifically addresses
nology Assessment and Researbha(R) pro- the functional needs of théMS to provide for a

gram, focuses on engineering and technology 54 nd technology base for regulatory decisions to
issues. The other, the Environmental Stud€3 ( gngyre safe and pollution-free operations.
program,_fo_cuses on !ssues_related to assessing | the past the program was motivated by the
and predicting potential environmental and S0CiOtge 1o acquire basic engineering information nec-
economic impacts. essary to oversee the general development of off-
shore operations. As a direct result of research
funded by théTA&R program, regulatory changes
TeChnOIOgy Assessment and were initiated on the design and operation of
Research Program diverter systems, well control procedures and train-
ing requirements, the need for periodic platform
The MMS supports an active research progranminspections, methodologies for assessing the integ-
to understand the engineering constraints for  rity of older or damaged platforms, the reduction of
offshore operations, especially as related to the exhaust pollution offshore, and the development of
structural integrity of structures and pipelines,  oil pollution plans to ensure that the proper equip-
the prevention of pollution, and the technologies ment, personnel and procedures were available to
necessary to clean up an oil spill should one occuespond to an offshore oil spill, should one occur.
In essence, the program provides an independent However, the future has provided new goals and
assessment of the statusdgfStechnologies and, directions for offshore oil and gas research initia-
where deemed necessary, investigates technologives. This new emphasis is a result of past technol-
gaps and provides leadership in reaching solu- ogy developments, economic constraints within the
tions. The program also facilitates a dialogue industry and a continuing need to ensure that off-
among engineers in the industry, the research cosafore oil and gas operations can be conducted in a
munity andMMS in dealing with the many com- safe manner without harm to the environment.
plex issues associated with offshore oil and gas ~ With a sound appreciation for the current state
operations. of offshore technology, thBA&R program will



continue to focus its research efforts in the follow- TheTA&R program has funded a variety of
ing four areas: projects and major international workshops to
« Frontier areas of operations (both deep watedevelop a better understanding of the engineering
and the Arctic), including safety issues as wettonstraints for operating in the harsh Arctic envi-
as the integrity of structures and pipelines; ronment:
* Human and organization factors and how they ¢ International Workshop on Ice Scour and Arc-

can be addressed to mitigate accidents; tic Marine Pipelines;

 The aging offshore infrastructure, including * International Workshop on Human Factors in
platforms and pipelines; and Offshore Operations;

« Spill mitigation measures, including cleanup ¢ International Workshop on Composite Materi-
and containment technologies for an oil spill, als for Offshore Operations;
should one occur. * Pressure Ridge Ice Scour Experiment;

TheTA&R program is a contract research pro- < Risk Assessment for Ice Damage to Seabed
gram; that is, the research is not performed within  Facilities;
the agency but is conducted by academic institutions,» Methodology for Risk-Based Optimization of
private industry and government laboratories. Stud-  Pipeline Integrity Maintenance Activities; and
ies are performed in cooperation with the offshore < Safety and Integrity of Arctic Marine Pipe-
industry or with other agencies or governments. lines.
Thisaspect of the program provided an important ~ The International Workshop on Ice Scour and
multiplier of funding support, but probably of equal Arctic Marine Pipelines was held in February
importance is the discourse it provides with the in- 1998 in Mombetsu, Hokkaido, Japan, in associa-
dustry. tion with the 13th International Symposium on

The ability to work together to assess a particuokhotsk Sea and Sea Ice. It was a joint project
lar technology or the ratmale for future technical between théaMS, the Centre for Cold Ocean
developments helps both industry and governmentResources EngineerinG{CORE from Memorial
Such coopertion and dialogue allow us to under- University of Newfoundland, and Sakhalin Oil
stand each other’s needs and eliminate possible card Gas from Okha, Russia. The general aim of
flicts or misunderstandings concerning the engi- the workshop was to review the current under-
neering feasibility of an operational decision. As a standing of the mechanics of ice keel scour, the
result of this dialogue, a valuable exchange of inforability to model the scouring process, and the
mation is provided betweaiMS and the industry. application of models to the issue of pipeline bur-

ial and protection. The workshop attracted scien-

Safety and Pollution Prevention Research tists and engineers from Canada, Russia, the U.S.,

Arctic offshore operations have been hamperedapan, the U.K. and Norway.
more by the lack of commercially economic dis- Most attendees agreed that the 1996 Interna-
coveries than by technology. The industry has teninal Workshop on Human Factors in Offshore
ed to develop onshore resources in the Arctic witlperations held in New Orleans, Louisiana, was
just minimal exploration and development off-  long overdue. They felt it was time for profession-

shore. However, recently there has been an als representing industry, government and aca-
increased interest by the oil and gas industry in  demic institutions to discuss the status of human
Arctic offshore resources. factors offshore. The need was to review what was

Sea ice is still the most severe environmental done in the past, what we are doing now, and what
hazard posed by the Arctic relative to future off- we can do in the future to lower the risk and the
shore development. Such hazards include forcesnumber of human factors related to possible inci-
that moving sea ice may exert against offshore dents in offshore operations. The supportive
structures, icing of structures resulting from freezremarks, keynote addresses and theme papers pre-
ing spray, gouging of the sea floor by sea ice sented by government leaders, representatives
(which could interfere with buried pipelines), and from regulatory and certification agencies, and
interference with locating or cleaning up a potentimanagement of several international oil compa-
oil spill. Engineering data for these hazards will beies clearly demonstrated the importance of
come increasingly important as operations move human factors issues to both industry and govern-
from an exploration mode to a production mode ment. Six topics were selected to establish the sta-
and as structures are considered for deeper wateys of human factors spanning the life cycle of an
especially within the shear zone or pack ice. offshore facility: design, fabrication and installa
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tion, field operations, management system, stan-evaluation and sensor technology, and standards
dards and regulations, and science and applicati@amd codes for offshore composite components.
Each group was successful in capturing the stateThe important regulatory and certification con-
of the art utilized in offshore facilities from pre- cerns were discussed on the third day, followed by
liminary design to decommissioning. The issues summaries and reports from the individual session
discussed by each working group during the chairmen before the conclusion of the conference.
course of the workshop brought out the use and  The Pressure Ridge Ice Scour Experiment
benefits of human factors established in other  (PRISE is also being conducted B*COREand
industries, advances in human factors offshore, addresses the most likely transportation mode for
and barriers blocking further progress. commercial development of oil and gas prospects
In the First International Workshop on Com- in the Arctic—a product pipeline laid on or under
posite Materials for Offshore Operations held in the seabed. Marine pipelines in areas frequented
1993 in Houston, Texas, important recommenda-by ice will be threatened by grounded or scouring
tions were made by the participants. As a result dte masses, which occur periodically throughout
these recommendations and with the strong sup-the ice season. Pipelines must therefore be pro-
port of theMMS and Department of Energy, U.S. tected by trenching or burial to a safe, yet man-
petroleum companies formed an alliance with theageable and economical depth below the seabed.
domestic manufacturing industry, material suppli-The major question facing industry planners and
ers, engineering service companies, and the Unitegulatory and design engineers concerns the
versity of Houston to develop major technologicabepth of burial required or trenching and trench
initiatives to accelerate the utilization and deploy-backfill requirements. This question arises due
ment of advanced composite materials and structo an incomplete understanding of the ice below
tures for future deep-water offshore developmentthe incision scour deptRPRISEis designed to
One of the initiatives was the establishment of théncrease knowledge of the scouring process and
Composites Engineering and Applications Centerspecifically of subscour deformation processes.
(CEAC) for Petroleum Exploration and Produc- This integrated, multidisciplinary approach
tion at the University of Houston. progresses from the selection and development of
In view of the recent and current composite  theoretical and numerical models to corroboration
activities, and their potential impact and implica- of these models with results of small-scale, high-
tions for future offshore exploration, construction gravity centrifuge modeling and validation of
and production operations, especially in the Gulf model results with full-scale observations. The
of Mexico and the North Sea, CEAC and MEIS result of the program will be an industry-accepted
organized the Second International Conference astesign tool (a field-verified finite-element model)
Composite Materials for Offshore Operations, complete with a set of specific design guidelines.
which was held in October 1997 in Houston, In offshore environments where ice is present,
Texas. damage to subsea facilities from icebergs or pres-
Several critical topics were covered in the consure ridge keels may limit the application of these
ference, including various state-of-the-art develogmerging technologies. Ice damage of seabed
ments and applications as well as recent advancéacilities typically does not present a direct threat
in the fundamental science and engineering of offo human health and safety, but it can have severe
shore composites. A series of opening and keynoéavironmental consequences, as well as economic
lectures were given by internationally recognizedconsequences in terms of both repair costs and
experts to review the current state of develop- downtime. To determine the feasibility of pipelines,
ments and to assess the future opportunities of wellheads and other structures on the seabed, risk
composites offshore. On the first day of the meetassessment for ice damage must be performed.
ing, major current industrial developments were Unlike risk assessments for waves, winds and
discussed, ranging from composite production arather relatively well understood environmental
drilling risers, mooring systems, platform struc- parameters, approaches to assessing risk for ice
tures, drill pipe and equipment for extended reactoading are not well established. There can also be
and deviated drilling, tanks and high-pressure vesevere data limitations. With such limited informa-
sels, and other advanced applications. On the setien, risk itself is a random variable. The variance
ond day, critical issues addressed included new of this random variable (expressing the degree of
materials, jet-fire resistance, composite durabilityuncertainty of assessed risk) strongly affects the
advanced design and reliability, nondestructive results of risk analysis and therefore can have



important economic impacts. This variance can biategrity maintenance decisions have traditionally
reduced by increasing the amount and quality of been based on subjective assessments of pipeline
information, for example, new field investigationsjnspection data. More recently, engineering analy-
data from other sites with similar conditions, or sis of the data has provided a more rational basis
improved numerical models. Both the proponentgfor technical decisions.
of offshore hydrocarbon developments and the Risk analysis can transform inspection data into
regulatory agencies have a vested interest in maxiformation that is directly related to the opera-
mizing the accuracy of risk estimates and under- tor’s objective, namely to reduce the probability of
standing and quantifying the uncertainty in risk failure of individual segments within a pipeline
assessments. system in a balanced manner that acknowledges
Uncertainty in risk assessment has two main the potential difference in the consequences of
sources. First, there is uncertainty in environmenfailure associated with different line segments.
tal data. Some environmental parameters such as The potential economic benefits to pipeline
soil type may be well known or easily quantified operators of using a risk-based approach are signifi-
through a sampling program. Other parameters, cant. On one hand, any small reduction in failure
such as pressure ridge keel depths, may be poorhates resulting from better maintenance planning
known. Because these types of parameters vary would reduce the potentially high cost of failure.
seasonally and annually, short-term sampling proOn the other hand, if excessive conservatism in
grams cannot completely define the phenomenonepair strategies can be identified and eliminated,
Other information such as ice scour frequency costly premature maintenance activities may be
may be unknown and not easily measured. Data afoided.
this type must be estimated. Each parameter has a Post-scour examination of the PhadeR3SE
different level of importance in a risk analysis anccentrifuge model tests show that surface and sub-
a different degree of uncertainty associated with isurface scour-induced deformation structures
Knowingthe existence of these uncertaintids)S  observed from the Phase 2 full-size scour marks in
initiated a research project to establish a frame- the field could be reliably modeled in the centri-
work for assessing risks associated with ice damfuge. Sub-scour soil deformation empirical relation-
age to Arctic seabed facilities. Phases 1 and 2 ofships for the ice—soil interaction at steady state
the PRISEproject included phenomenological were developed from examination of the physical
(field) studies, theoretical studies and physical centrifuge model test data. The observed extent
experiments. and magnitude of sub-scour deformations for
Continuing industry interest, partly because of mean scour events were much larger than previ-
the potential offshore hydrocarbon developmentsously anticipated.
around Sakhalin Island, Russia, prompted Phase 3 ThesePRISEtests provided data for scour
of PRISEto extend the database of physical expedepths and widths as large as 1.49 and 30 m,
imentation and to adapt an existing commerciallyrespectively, in clay and 2.14 and 30 m in sand.
available engineering model to the design of pipeHowever, extreme events on the order of a 5-m
lines. depth and/or a 100-m width might be expected in
TheMMS is part of a joint industry program  areas with development potential. The current
(J1P), through the Center for Engineering ReseardPhase 3 program is determining the forces and soil
in Canada, directed at optimizing pipeline integ- deformation effects of extreme full-scale ice keel
rity maintenance activities using a risk-based  scour events in medium-dense sand and stiff clay
approach. The goal of tliéPis to develop models through the use of centrifuge modeling. These new
and software tools for estimating the risk levels experimental data are being used to expand the
associated with individual pipelines or individual empirical relationship to include extreme scour
segments within a pipeline system. The models events. However, the Phase 3 tests have also indi-
and tools developed will allow risk reductions  cated large and extensive normalized sub-scour
associated with various inspection and mainte- deformations for extreme ice scour events. This
nance activities to be quantified, providing a basisest series has been extended to simulate both the
for comparing alternatives. The overall frameworlce-scour conditions expected for the pipeline
will include an approach to evaluate potential riskdevelopment for Northar, Alaska, in silt, and
reduction benefits against the associated costs, for Sakhalin I, Russia, in sand. The new tests con-
allowing optimal decisions to be made regarding ducted in a dilatant silt have also shown large and
the choice of an integrity maintenance strategy. extensive normalized sub-scour deformations.
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These normalized deformations are apparently Qil Spill Response Research
larger than those observed in compressible materi- For the last several years thi&S has been the
als. It is this observation from centrifuge model principal U.S. agency sponsoring offshore oil spill
tests that eeds confirmation from further field evi- response research. Since the late 197081th8
dence and numerical simulations. In this regard théhas managed a comprehensive international Oil
TA&R program funded an effort to conduct a fieldSpill Response Research Prograd$RRB to
study to allow for direct observation of sub-scourimprove oil spill response technologies and proce-
deformation. dures as part of tHRA&R program. Th@OSRRP

The principle objective of this proposal isto  has improved existing capabilities to respond to
confirm the magnitude and extent of sub-scour open-ocean oil spills. THRRSRRPwas expanded
(zone 2) deformations in a dilatant soil, such as ain 1986 by coordinating and cooperative funding
compact silt. This confirmation is essential to of research within the purview of both Environ-
achieve thé®RISEgoal—developing the capability ment Canada and the U.S. National Institute of
to design pipelines and other seabed installationsStandards and Technology. This partnership is
regions gouged by ice, taking into account the sodontinuing, and many ®fMS'’s oil spill research
deformations and stress changes that may be caugedjects ardIPs whereMMS leverages its money
during a gouge event. The objective will be by as much as 6:1. TI@SRRPcomplies with Title
achieved by three activities: VII of the Oil Pollution Act OPA) of 1990 and

* Direct field observation of sub-scour deformaparticipates in the Interagency Coordinating Com-

tions under fresh ice scours in compact silt innaittee for Oil Pollution Research. TRESRRP

tidal estuary; receives its funding through tiGPA.

* Simulation of these field ice scour events by = The OSRRPresearch objectives are to:
centrifuge modeling; and * Develop oil spill detection technologies and

» Development of the existing numerical model  improve the efficiency and effectiveness of
to predict sub-scour deformation profiles in response and cleanup equipment to handle oil
dilatant materials, such as compact silt. spills at sea;

Althoughthe above projects address critical areas ¢ Improve the ability of response organizations

for Arctic offshore facilities, additional research is to burn oil in situ;

still required to demonstrate fully that the technol- < Increase our knowledge of the properties and
ogy is available to design, construct and operate behavior of oil spilled at sea;
facilities in this ice-laden region. In addition to the ¢ Develop new and innovative shoreline
development of numerical models, actual field pro- cleanup strategies;
grams are needed to improve the understanding of « Continue operation and maintenance of Ohm-
sea ice and the ice—structure interaction process.  sett, the National Oil Spill Response Test
Research is also needed to improve probabilistic Facility.
models for estimating year-round ice loads for per- ThroughMMS funding, scientists and engi-
manent production structures. There are added loezrs from the public and private sectors world-
uncertainties due to the extended exposure periodide are working to address gaps in information
of production structures, and these uncertainties and develop technology for cleaning up oil spills.
must be considered in the design process. TheseThis, in turn, will reduce the impact and environ-
areas will be addressed by &R program in mental damage caused by oil spills. Promising
the near future. results have been obtained in many areas, such as
Alaskan Arctic offshore oil and gas deposits burning of spilled oil, mechanical containment/
may be one of the major undeveloped petroleumcleanup devices and techniques, understanding the
resources remaining in the U.S. The capability tobehavior of spilled oil, airborne and satellite
drill exploratory wells in water depths up to 200 remote sensing of oil spills, and evaluating oil
feet in the Arctic has been proven. As noted previspill chemical treating agents such as dispersants.
ously, production in these areas has been negated In-Situ Burning.Research results from the
more by the lack of commercial, economic discovneso-scale burns in Mobile, Alabama (1991—
eries than by the lack of technology. The informa1994), the Newfoundland Offshore Burn Experi-
tion gained as activities are extended into deep ment, and more recently, the Alaska Clean Seas,
water and more hostile ice conditions, combined Emulsion Burn Experiments, indicate that burning
with extensive research, should provide a solid is a rapid, effective and environmentally safe
technological base for future operations. means for removing large quantities of oil from



the surface of the water. In public and governmerdf the models has been complet&dOFT-FT for
forums, burning has become accepted as a first personal computers has undergone two rounds of
response method. However, questions remain  beta testing. Based on input from users, several
about the effects of in-situ burning on both water significant new features have been added, includ-
and air quality. In addition, improvements are  ing multiple fire sources, a fuel properties data-
needed in equipment to conduct in-situ burns, sublase that can be modified by the user, optional
as durable fire-resistant booms, as well as reseaneter-specified emission factors, and the ability to
to extend the “window of opportunity” for use of specify different wind fluctuations over water and
in-situ burning as oil weathers and emulsifies. Thiand. This version is being prepared for general
following research projects address public and  distribution to the response community.
technical concerns about in-situ burning through ~ Work will continue on installing thALOFT-FT
experiments in the laboratory, in meso-scale testandALOFT-CT versions of the model on personal
and in full-scale tests at sea. computers on a routine basis. In this next phase,

A recent project called Meso-Scale In-Situ BurnNIST will add a three-dimensional graphical ani-
Testing of Alaskan Crude Oils studied the ignitionmation of a smoke plume to the flat terrain model
and burning characteristics of five Alaskan oils to aid in visualizing the model output. In addition,
during Phases 1 and 2. Phase 3 involved approxia beta version of theLOFT-CT model for per-
mately 54 meso-scale (7-ft-diameter) burns with sonal computers will be develop&d.OFT-CT
fresh, weathered and emulsified Alaska North  requires input data on the terrain and a wind field
Slope and Milne Point crude oils in 6- to 12-in.- and requires substantially greater execution time
high waves at thaRCO Fire Training Ground thanALOFT-FT. ALOFT-FT is adequate in most
wave tank at Prudhoe Bay. The tests, conducted areas except where smoke is expected to move
August and September 1997, provided the infor- into mountainous terrain. Large mountains, such
mation necessary to design appropriate large-scais those found along the coast of Alaska, can have
tests offshore. Future large-scale tests will assess substantial impact on the smoke plume trajectory
the capabilities and limitations of using emulsion and requirdALOFT-CT.
breakers to extend the window of opportunity for  In a study of fire-resistant booms, six commer-
in-situ burning operations. cially available offshore fire booms produced by

The U.S. National Institute of Standards and five manufacturers were tested at Ohmsett between
Technology KNIST) ALOFT (A Large Outdoor Fire July and October 1996. The objectives of this first
Plume Trajectory) model is widely recognized as phase of the tests were to examine the sea-keeping
tool for computing and displaying smoke plume and oil-containing ability of the booms. The
trajectories from in-situ burning. In the event of abooms were tested to determine first-loss tow
burn, responders can rapidly accAE®FT pre- speed, oil loss rate, critical tow speed and wave
dictions and other in-situ burning data to predict conformance. No burning performance was meas-
the trajectory and concentrations of soot and otheired during these tests. Four of the booms per-
combustion products. T OFT model of smoke formed within speed and oil loss rates that have
transport is capable of predicting time-averaged been measured for regular commercial booms.
downwind concentrations of particulate matter One boom was found to be superior in wave con-
from a large fire. Model assumptions include a formance and critical tow speed, but this boom
uniform ambient wind blowing over relatively flat was at the lower part of the range for first-loss tow
terrain. The model has been expanded to includespeed. A prototype boom with a unique paddle-
the effect of varying wind velocity with altitude  wheel operating system was found in need of fur-
and the ability to calculate smoke plume concen-ther development.
trations as a function of time. The model has also Phase 2 evaluated five of the booms tested in
been expanded to calculate the soot production Phase 1 for thermal stress and mechanical perfor-
from multiple smoke plumes over flat terrain. mance when exposed to a liquid-fuel fire in

Two model versions now exiALOFT-FT for waves. The Phase 2 test series was conducted in
flat terrain andALOFT-CT for complex terrain September and October 1997 at the U.S. Coast
(mountainous regions, for example). Both the flatGuard Fire and Safety Test Detachment in Mobile,
terrain and three-dimensional complex terrain verAlabama. The test pan is 100 feet long by 30 feet
sions are operational on work stations, and both wide by 5 feet deep and contains a wave maker
versions can accommodate multiple fire sources.and an artificial beach. These tests were conducted
Development work on the computational portionsusing a test plan developed from &k&TM F-20
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Draft Standard Gide for In Situ Burning of Oil justable scanning capability that will allder se-
Spills On Water: Fire Resistant Containment Boomlection of the optimum swath to respond to various
The fire was burningidsel fuel floating on water.  spill conditions. This capability will aximize cover-
These experiments provided additional data on ttege on shorelines, broken ice conditions on water,
heat flux to the boom from a liquid-fuel fire. and other complicated surfaces.

Another project involves redesigning an existing The SLEAF has been designed to provide a
large stainless steel boom to reduce its size, weightl-time annotated map. This geo-referenced map
and cost. The stainless steel boom was first de- will be faxed or otherwise transmitted to oil spill
signed, constructed and tested in the early 1980gei$ponse personnel. The timely information pro-
was built to survive for extended periods in steepvided by theSLEAF sensor will help mitigate the
Arctic waves, carry high loads, withstand impactsharmful effects of an oil spill by ensuring a fast
from ice, and operate in flames for long periods. and effective response. TBEEAF will detect and
Because of the rigorous performance criteria in theassify oil in real time. Geo-referenced oil con-
original design, the boom is expensive, heavy anthmination locations will be easily visible on the
cumbersome to deploy manually. This project willhard-copy map output. Once tBEEAF has been
be completed in four phases: installed in Environment Canada’s aircraft, it will

» Redesigning the existing stainless steel boonindergo a period of flight testing to verify the prop-

to reduce cost, size, weight and handling probf operation of the system under airborne condi-
lems and to make it compatible with existing tions and ensure that the system complies with all
fire boom systems; design specifications.

« Constructing a 15-m (50-ft) prototype section Physical Behavior of QilThe objective of these

of redesigned boom for testing purposes;  projects is to improve our understanding of the

» Testing the boom with and without fire at behavior and fate of spilled oil and to develop mod-

appropriate testing facilities; and els to predict oil behavior. They also include meas-
« Refining the design of the boom and producinging the physical and chemical properties of oils
detailed engineering drawings. and including the results in a database. Elements to

A recent literature review on soot production be addressed include oil weathering, evaporation,
during in-situ burning of oil attempted to determineater-in-oil emulsification, dispersion, dissolution
the range of soot yield generated by in-situ burniragnd photo-oxidation.
of petroleum oils on water, and the effects of the A catalog of oil properties was first compiled by
size of the fire and the type of fuel used. The natienvironment Canada (EC) in 1984. TM#S has
ral variability of fires and the difficulty in measur- jointly funded the catalog program since 1989. The
ing soot yield precludes highly accurate, repeat- catalog was started to provide a single reference on
able measurements. However, very general concthie physical and chemical data relevant to oil spills.
sions can be drawn from the data. It appears thafThe current edition (December 1996) of the catalog
the soot yield from in-situ petroleum fires range contains information on over 380 types of crude
from approximately 1 to 10% for fires less than 1@ils and petroleum products, including many Outer
cm in diameter; 5 to 15% for fires in the 10- to 10Q@ontinental Shelf@CS crude oils. The catalog is
cm range; and 10 to 25% for fires greater than 1 available in electronic format and has been distrib-

Remote Sensing/Surveillanéeproject to uted to allMMS OCSregions and other Federal
develop a scanning laser environmental airborneagencies. The data are also available on a public
fluorosensor $LEAF) has the following objectives:bulletin board maintained by EC as well as online

 Develop laser fluorosensing technology for at the EC home page.

detecting oil on water, shorelines, debris, ice or The catalog contains many new items such as
weeds; adhesion measurements, evaporation equations, a

» Develop and test prototype instruments; and new form of distillation dateBTEX and C3 analy-

 Develop a new-generation instrument that preis. It is now possible to obtain over 800 pieces of

vides scanning capability. information for each oil. A new report format has

The SLEAF development is nearing completionbeen created that is more attractive and easier to
with delivery and aircraft installation set for Februdse. EC is currently negotiating with Elsevier
ary 1998. TheSLEAF system will employ a state- regarding printing of the December 1996 edition.
of-the-art laser optimized for fast deployment andThis year the main catalog will include some new
the detection of oil contamination on shorelines, oils, and the project will continue measuring proper-
land, snow and ice and at sea. It will have an ad-ties of oils and petroleum products for future updates



to the catalog. In addition, a “mini-catalog” wa®- techniques. To date, only post-spill studies have
pared for the Gulf of Mexico crude oils, and a sintbeen conducted, while these projects will evaluate
lar document will be prepared relating to oils cleanup techniques with basin-scale and field-scale
imported into the Pacific coast. trials on experimentally oiled sites after pre-oiling
The Behavior of Oil SpillsROSS project is conditions at the beaches have been studied.
designed to provide a comprehensive review of In July and August 1997 near Sveagruva, Sval-
information concerning the behavior of spilled oil.bard, Norway, experimental plots were established
The emphasis is on the behavior of oil spilled at for cleanup operations at three sites along a contin-
sea but will also include information on oil spilleduously oiled stretch of shoreline. A total of about
on land, in fresh water and in the ground. fihel 6000 L of oil was applied along a 3-m-wide swath
report will combine the literature on oil spill behavian the upper intertidal zone of the shoreline. Early
and findings from prawus jointly funded research results indicate that the surf washing technique was
projects withMMS. Over 5500 papers have been effective, with obvious removal of oil. Also encour-
collected and initially reviewed to date. This pro- aging was the use of fertilizers, in both slow release
ject will result in a series of volumes combining trend soluble forms. The nutrients stimulated micro-
review of the literature with data tables and unpubial activity and may enhance the effectiveness of
lished results. The oil-in-ice review has been conmechanical removal techniques.
pleted. Work is continuing on the sections on solu- The University of New Hampshire is in the sec-
bility, evaporation and emulsification. ond year of an effort to develop fast-current oil bar-
The currenBasics of Oil Spill Cleanumanual riers having substantially better performance char-
was published in 1983 by EC and is in the procesacteristics than the standard, single-vertical-barrier
of being updated. The manual explains what hapeil boom. These improvements include increased
pens to oil when it is accidentally spilled on watertow speeds and more effective oil retention in the
or land and the specific cleanup strategies that amew boom design. First-year work resulted in the
possible under varying environmental conditions.two-dimensional submerged plane concept that was
The draft chapters of the updated manual are undested in a laboratory flume using oils with a wide
going final review. Over 200 high-quality photo- range of properties. Second-year accomplishments
graphs have been collected and the line graphicsinclude the design, construction and testing of flex-
are complete. Negotiations with Lewis Publishersible, three-dimensional submerged plane systems
to publish the manual have taken place. that improved on the first cross-sectional design.
Shoreline CleanupThe Svalbard Shoreline  The goal is to fabricate one or more prototypes for
Project is part of a series of studies to better undéuml-scale testing.
stand the behavior of oil on shorelines and deter- In addition to further developing the submerged
mine the most appropriate response options. Shagne technology in a new boom design, there is a
line cleanup operations following a spill in a companion effort at the University of Rhode Island
remote area are limited by the constraints of avaito develop a computer model that evaluates and
able equipment and personnel and by the desire poedicts the causes of boom failure and oil loss.
minimize waste materials that require transport afithe computer model now operates in only two di-
disposal. In such cases the preferred option is to mensions. The model will be validated at the Ohm-
treat the oil on site so that natural environmental sett facility by comparing its predictions with actual
recovery is accelerated without a labor-intensive boom performance under controlled conditions.
effort. The Svalbard Shoreline Project, along withEventually this model may be used to evaluate and
the related Oil and Fines Interaction Basin Projecsuggest improvements to boom designs.
will investigate the effectiveness of traditional The fast-current boom prototype will be tested
shoreline cleanup techniques as well as the natukat JPSOiltrol, a manufacturer of oil spill response
processes that remove oil from shorelines. Speciabuipment. Field testing will include participation
emphasis will be placed on oil and fine particle in harbor response exercises conducted by the Pis-
interaction. cataqua River Cooperative, which is a consortium
The Svalbard Shoreline Project is evaluating tloé four petroleum product terminals on the fast-
cleanup techniques of surf washing, tilling, and tillnoving, tidally influenced Piscataqua River in New
ing combined with bioremediation at an exper- Hampshire. Final product evaluations will be con-
imentally oiled shoreline. These techniques haveducted at Ohmsett. If the tests are succesi#d,
been used frequently, but only qualitative data ar®iltrol intends to make the fast-current boom into a
available on the relative efficiencies of the variougsommercially viable product.
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Ohmsett The national oil spill response test  Alaska Environmental Studies
facility known as Ohmsett is located in Leonardo,program
New Jersey, on the grounds of Naval Weapons
Station Earle. Ohmsett is the only facility in the ~ As the managing agency for tSleasing
world where clients can test and evaluate full- ~ pProgram in Alaska, thBIMS Alaska Outer Conti-
scale oil spill response equipment with a variety dgfental Shelf@CS) Region has conducted environ-
crude oils and refined petroleum products. Equipmental studies to obtain information needed to
ment tests are conducted under controlled, repromake sound leasing decisions and to monitor the
ducible conditions, and the Ohmsett test tank hadidiman, marine and coastal environments. In Alaska
variable artificial wave maker. Ohmsett is also a more than $250 million has been spent on studies

unique facility to do research and development off? 150CSplanning areas in the Arctic, Bering Sea
new devices and techniques to detect, map, con-2nd Gulf of Alaska subregions. These studies cover

tain and clean up oil spills. a range of disciplines such as endangered species,
The Environmental Protection Agency built  living resources, fate and effects, and socioeco-

Ohmsett in 1973 and operated it until 1988, wherilomics.

MMS assumed management responsibikitylS Regional government leaders, traditional knowl-

directed its refurbishment between 1990 and 1992dge sources, environmental groups, oil and fishing

at a cost of over $1.5 million, extending the life ofindustry personnel, studies contractors and other

the facility by an estimated 15—20 years. scientists, and Federal, state and local agencies
The primary feature of the facility is a pile- help theMMS to identify environmental issues and

supported, concrete tank with a water surface  information needs. Information transfer meetings

203 m long by 20 m wide with a water depth of and workshops are convened to bring together

2.4 m. The tank is filled with 9.84 million liters of information from these key sources. The overlap

brackish water from nearby Sandy Hook Bay. Th&f shared knowledge results in a synthesis of infor-

tank has a movable, cable-drawn towing bridge Mation that identifies studies needed to meet the

capable of towing floating test equipment at gradc_urrent chus on postlease and monitoring informa-

uated speeds up to 3.3 m/s for at least 40 s. The tion requirements.

towing br|dge is equipped to |ay oil on the surface In 1993 theMMS established a Coastal Marine

of the water several meters ahead of the equip- Institute CMI) at the University of Alaska Fair-

ment being tested, so that reproducible thicknesgeanks UAF) to take advantage of environmental

and widths of test oils are achievable with minimaicientific expertise at local levels. Under a recently

wind interference. The principal operating systenféxtended cooperative agreement, NS com-

of the tank include a wave generator, a beach anfnitted $1 million per year for studies to be con-

a filter system. The wave generator and absorbeiducted by the€MI if matching state funds were
beach have the capability to produce regular available. The institute conducts research focused

waves up to 0.6 m high and up to 45 m long, as ©n environmental, social and economic studies rele-

well as a series of 0.7-m-high reflected waves. vant to both Federal and state offshore oil and gas
Because of improved marketing efforts, the ~and mineral resource management issuesURte

usage of Ohmsett has increased dramatically, frofrthool of Fisheries and Ocean Science, nationally

a total of only 32 days of testing at Ohmsett in Fyrenowned for its coastal/marine expertise, manages

93 out a possible maximum of 150 test days per theCMI. The institute creates an opportunity for the

year to 114 test days in FY 96. The client base hd4MS and the state to accomplish research pro-

increased to include academic research organizadrams that could not otherwise be carried out.

tions and commercial firms in addition to the tra-

ditional U.S. and Canadian government agenciesEndangered Species

Even with a major program of maintenance, refur- The bowhead whale, an endangered marine

bishment and upgrades to Ohmsett over the winterammal of high importance to Native cultures in

of 1997, which delayed the start of testing until the Arctic, migrates through areas in which oil and

June, there were still over 100 test days in FY 97gas have been discovered. Efforts to define the

In addition to testing and equipment developmentnigration corridors of bowhead whales and their

FY 97 saw Ohmsett being used as a “hands on” responses to offshore operations continued through

training facility for the first time by the U.S. Navy 1997 under the ongoing in-house Bowhead Whale

and the U.S. Coast Guard. Aerial Survey ProjectBWASP). Annual reports of



Scientist deploying a

hydrophone to study the &

effects of production noise
on marine mammals.

the fall bowhead migration are available through negligible. Under an ongoing extension of this
fall 1996. study, the researcher is drafting nine journal arti-
The BWASP provides real-time data on each cles about the main conclusions of this multi-year
fall migration of bowhead whales across the Alasstudy.
kan Beaufort Sea for implementing overall limita- A recently awarded multi-year study called
tions on seasonal drilling and geological/geophysBowhead Whale Feeding in the Eastern Alaskan
cal exploration. The fall 1996 report showed that Beaufort Sea: Update of Scientific and Traditional
the amulative median water depth at which whalesnformation will augment scientific and traditional
were observed is 37 m, with a high level of signifiknowledge about bowhead whale feeding in the
cance between the 1983 median water depth (34&astern Alaskan Beaufort Sea. The researcher will
m) and the median value for other years (1982— coordinate with area whale hunters and other key
1996). There also was a high level of significancestakeholders to develop hypotheses that scientists
between the 1989 median value (18 m) and the and subsistence hunters concur can be scientific-
median values for other years. Between-year dif-ally tested. Based on these hypotheses and a sum-
ferences in the median water depth at which mary of available scientific and traditional infor-
whales were spotted appear to be correlated to theation, the researcher will design and propose
general severity of sea ice during the fall migra- appropriate research options for determining the
tion. During the fall 1997 survey, observers spot-importance of the area to feeding bowheads, char-
ted record numbers of bowheads feeding near acterizing the ambient acoustic environment in
shore in the Beaufort Sea. the study area, and predicting sound levels of oil
Arecently completed study, Effects of Produc-and gas industry activity received by feeding
tion Activities on Arctic Whales, documented the whales.
effects of underwater noise on bowhead whales. The 1997MMS-sponsored Arctic Seismic
Experimental playbacks of operational sounds Synthesis and Mitigating Measures Workshop pro-
caused statistically significant alterations in the vided subsistence whaling captains and represen-
migration paths of individual whales, but the overtatives from theMMS, other agencies and industry
all biological significance was considered to be with opportunities to discuss their concerns about
s the effects of offshore seismic operations on bow-
e head whales. Recommendations for improved
=1 communications, technological improvements and
research needs were identified. The main conclu-
sions and recommendations have been incorpor-
ated into National Environmental Protection Act
(NEPA) analyses and planning documents.

Living Resources

An ongoing international cooperative study
called the Beluga Satellite Tagging Project
involves the coordinated efforts of th#MS, the
Canadian Fisheries Joint Management Committee
(Inuvik, NWT), the United Kingdom Sea Mammal
Research Unit, and Inuvialuit hunters to capture
and track the fall migration of beluga whales
through Alaskan Beaufort S€CSareas. Satellite
tags were placed on the belugas in the summer of
1997 by capture teams from the Canadian Beau-
fort Sea villages of Inuvik, Aklavik and Tuktoyak-
tuk. The teams relied on their local traditional
knowledge to identify the best shallow-water cap-
ture sites in Canadian Beaufort estuaries and the
latest time window for capture prior to the fall
migration. Satellite-linked time/depth recorders
and transmitter tags obtained detailed information
on beluga migration routes through oil and gas
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lease areas in the Beaufort Sea to determine detaildidtribution of juvenile flatfishes by identifying and
beluga migration routes to overwintering areas ofquantifying species-specific habitat preferences for
concentration, population estimates based on aetta most abundant flatfish speciesauthcentral
surveys, and habitat preferences as they relate tAlaska. The study identifies biologically sensitive
sea ice and continental shelf geomorphology.  areas and is critical to understanding the linkages
A nearly complete€MI study called Testing  between physical and ecological processes in the
Conceptual Models of Marine Mammal Trophic  Gulf of Alaska and Cook Inlet for use in anahyg
Dynamics Using Carbon and Nitrogen Stable  potential oil and gas leasing activities. éing the
Isotope Ratios found that there may be a split in preliminary findings of this ongoing study are
trophic status between populations of Steller seathat:
lions. Harbor seals also have moved upwards by ¢ In Kodiak Island bays, Kachemak Bay and

approximately half a trophic level. This finding is Izhut Bay, rock sole and either flathead sole
not incompatible with observed regime shifts in or Pacific halibut are the dominant species in
fisheries from an ecosystem dominated by crab, August;

capelin, herring and shrimp to one dominated in ¢ Depth and sediment are key factors for defin-
recent years by pollock and flatfish. The study ing Age-0 rock sole, Age-1 yellowfin sole,

also produced ocean maps of carbon and nitrogen Age-0 flathead sole and Age-0 Pacific halibut
isotope ratios in zooplankton taxa that are key to distribution; and

the support of commercially and ecologically  Kodiak Island bays, Izhut Bay and Kachemak
important top consumers. The database for the Bay have similar distributions of rock sole
maps is large enough to confidently assess year-  based on depth and sediment in August; flat-
to-year and geographic differences in productivity = head sole in Chiniak and Kachemak Bays also
regimes. have similar summer distributions.

A nearly completed project with the U.S. Fish ~ The sampled fish stomachs from this habitat
and Wildlife Service has found that sea otters  study will be used in anoth@MI study funded in
between Cape Hinchinbrook and Cape Spencer ih997: The Relationship of Diet to Habitat Prefer-
the Gulf of Alaska have increased in abundance ences of Juvenile Flatfishes in Kachemak Bay,
and expanded in range since the last survey of th&laska. A subsample of 80 juvenile flathead sole
area in 1987. stomachs will be examined to determine fish diets

TheMMS initiated a study in 1997 that is inves- indexed by prey biomass. In Phase 1 of two phases
tigating linkages between forage fish and their physite researcher will determine what hypotheses are
cal and biological environment in lower Cook Inlet testable, what power the statistical analysis will
and Shelikof Strait. The study is exploring the stahave, and what sample size will be necessary to
tus of forage fishes by multi-year samplingto  bring the power of the statistical tests to the appro-
determine their relative biomass, nutritional statupriate level prior to the Phase 2 analysis of more
and exposure to organic contaminants. The first than 1500 flathead and rock sole stomachs.
sampling, conducted in the Tuxedni Bay/Chisik Arecently complete€MI fish study, North
Island area of Cook Inlet in August 1997, netted Slope Amphidromy Assessment, concluded that
large numbers of Pacific herring, several speciessifible isotopes are effective indicators of fish feed-
smelt, Dolly Varden char, Pacific tomcod, many ing habits and life history patterns.
shrimp juveniles, mysids, many euphausids and
other fish species. The forage fish are currently Fate and Effects
undergoing analyses of proximate composition, In the first of two modeling studies begun in
stomach contents and cytochrome P450. The 1997, Sintef Applied Chemistry of Trondheim, Nor-
resulting data will provide a basis for decisions way, will re-evaluate the oil-weathering model cur-
regarding mitigations and for future damage rently used by thIMS Gulf of Mexico and Alaska
assessment, if necessary. This study will provide OCSRegions. The model shows how a specific oll
useful information for exploration monitoring and would weather after a spill as a function of physical
postlease environmental assessments for historiacanditions and oil characteristics, and it calculates a
current and future offshore operations in lower mass balance, how much oil evaporates, how much

Cook Inlet. disperses into the water, and how much remains in
Defining Habitats for Juvenile Flatfishes in Soutlthe slick. The study will evaluate the weaknesses
Central Alaska is a multi-ye@MI study that is and strengths of theCSOil Weathering Model and

examining seasonal changes in the abundance arecommend improved or alternative algorithms.



In the second modeling study the University ofcollect data from sportfishing-guide outfitters and

Alaska'’s Institute of Marine SciencBMS) is related businesses and from their clients. These
examining the differences in wind field represen- data will be used to:
tations from two meteorological models—one » UpdatelMPLAN (an economic model) input/

used by the European Center for Medium Weather output coefficients;

Range Forecasting, the other by the U.S. Navy * Hold focus group meetings in Kenai Peninsu-
Fleet Numerical Oceanography Center. The study la communities;

also examines how differences in the two models ¢ Ground-truth the Kenai Peninsula component

affect modeled oceanographic circulation in two- of theIMPLAN model and database;

dimensional and three-dimensional baroclinic » Extract information fromMPLAN for use in

shelf-circulation models. the Fisheries Economic Assessment model;
TheMMS also initiated studies of sediment  Analyze effects; and

quality in the Gulf of Alaska and the Beaufort Sea. < Evaluate scenarios.

Scientists from A.D. Little, Inc., are conducting The Exxon Valdeoil spill is likely the world’s

the sediment-quality study of depositional areas most studied spill; in addition to published reports,
in lower Cook Inlet and Shelikof Strait. During  there is an enormous amount of “grey literature.”
the summer of 1997, bottomfish, surface sedi- Exxon ValdeDil Spill Cleanup and Litigation: A
ments and sediment cores were collected for  Collection of Social-Impact Information and Anal-
chemical analyses (petroleum hydrocarbons andysis will collect, organize and synthesize all the
trace metals) and source fingerprinting, toxicity information about the oil spill, cleanup and asso-
bioassays and biomarker analyses. Also during tlogated litigation. It also will identify key social
summer of 1997 thiMS collected surface sedi- factors for analyzing this information to determine
ment samples and sediment cores in the nearshaedated effects on the human environment in local
Beaufort Sea between the Colville River and Barcommunities. Examples of social factors are social
ter Island for petroleum hydrocarbon and trace organization, cultural values, social health, access
metal analyses. to subsistence resources, subsistence hunting and
In addition, a final report on the adsorption of use of subsistence resources. The major product
aromatic hydrocarbons by marine sediments waswill be a CD-ROM containing an annotated bib-

completed by scientists at thi&\F Institute of liography with abstracts, key social factors and
Arctic Biology. This study examined adsorption analytical findings.
and desorption of benzene, naphthalene and Traditional knowledge is information possessed

phenanthrene on and from Cook Inlet sediments.primarily by Native American residents and
gained from experience in living on the land and

Socioeconomics water. The Inupiat of the Alaskan North Slope

Several new social and economic studies werdnave lived in the Arctic for countless generations
initiated in 1997. Economic and Social Effects of and have much knowledge of the biological and
Diminishing Oil and Gas Industry Activity on physical environment of both the marine and ter-
Alaskan Communities will document the expan- restrial ecosystems. However, because most of this
sion, decline and recovery of the Alaska economknowledge, which has adapted to changes in tech-
in the 1975-1995 period, which was driven largelgology and social/economic conditions, has been
by oil sector activity. This study will document  passed on orally from one generation to the next,
fluctuations in state oil and local government revdittle of it is in published form and even less is
nues with related effects on local governments anddexed. Some traditional knowledge has been
economies, oil company support of community written down, recorded, archived and, in some
institutions with related effects on those institu- cases, published, but because this knowledge
tions, and employment associated with (and not has not been indexed, it is often not available to
associated with) fluctuations in the oil industry ~ Western scientistdIMS has initiated an effort that
with related effects on individuals and householdsvill collect, catalogue and organize appropriate
Based on this analysis of economic history, the information identified by Inupiat community
researcher will formulate options that &S elders, North Slope Borough subsistence coordina-
and relevant public bodies can implement to miti-tors, Inupiaq Language and Cultural Center per-
gate the effects of similar economic fluctuations. sonnel, and members of the North Slope Scientific

A CMI study, An Economic Assessment of the Committee. The information will be attributed,
Marine Sport Fisheries in Lower Cook Inlet, will abstracted, key-worded and geographically refer-
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enced in a database. The resulting information Petroleum Reserve—AlaskdRRA) for explora-

will be indexed and abstracted on a CD-ROM, antibn. Recently the Alaska staffs of the Bureau of
copies will be provided to Alaskan Native commukand Management and thMS were requested
nities and Federal, state and local government to jointly prepare an environmental assessment of
agencies involved in environmental research andthe NPRA. In order to quickly prepafdEPA docu-

assessment. ments with high-quality science, a 199PRA
Symposium was coordinated by the Alagk@as
Information Transfer Region. The symposium, attended by over 100

The MMS organized a mjar Information Trans- people, effectively demonstrated the large quantity
fer Meeting during 1997. When industry announceaf new environmental, social and cultural informa-
a nearby oil discovery, the Federal and state govertion that has been collected since the last leasing
ments proposed to re-offer portions of the Nationahd exploration of th®PRA in the mid-1980s.

Fish and Wildlife Service

The U.S. Fish and Wildlife Service (FWS) con-Lake, one of the world’s largest known goose
ducts research, including inventories and monitormolting areas. Activities in interior Alaska includ-
ing, in the Arctic to generate information that will ed aerial surveys of breeding waterfowl, banding
help meet its resource management responsibili-of mid-continent populations of greater white-
ties. These responsibilities include conservation fronted geese, dabbling duck banding in support of
of migratory birds, certain marine mammals, Pacific flyway objectives, trumpeter swan produc-
endangered species, anadromous fishes and all tivity surveys, and trumpeter swan egg collection
biota inhabiting national wildlife refuges and othem support of the continental restoration program.
FWS lands. Western Alaska/Bering Sea activities included

In November 1993, FWS research programs breeding population and nesting surveys of three
were transferred to the National Biological Survegpecies of geese with diminished populations,
(NBS), a new bureau that was formed by combinwaterfowl breeding population surveys, Bering
ing the biological research functions of a numberSea winter spectacled eider surveys, emperor
of Interior Department bureaus. In 1996, NBS wagoose productivity and spring population surveys,
reorganized as the Biological Resources Divisionspring staging Steller’s eider population surveys,
under the U.S. Geological Survey. The FWS con-banding of cackling Canada geese in support of
tinues to conduct inventory and monitoring pro- Pacific flyway objectives, radio-tracking flights of
grams of biota in the Arctic at both the national king eiders in support of an Ecological Services
and international levels. project, and an aerial inventory of the extensive

1997 die-off of marine birds washing up on the

) ] shores of Bristol Bay and the Alaska Peninsula. In
Migratory Birds south-central Alaska and Prince William Sound

areas, the Waterfowl Management Branch con-

The FWS in Alaska is responsible for a varietyducted aerial surveys of Copper River Delta nest-
of population monitoring and research efforts in ing trumpeter swans and breeding bald eagles in
both the Waterfowl Management and Nongame the Susitna Valley, cooperative surveys of water-
Branches. The Waterfowl Management Branch isfowl use of a phosphorus-contaminated military
primarily responsible for long-term monitoring of firing range, a dusky Canada goose breeding pairs
waterfowl populations. As a result, activities weresurvey, and an aerial survey of waterbirds in
virtually identical for 1996 and 1997. Activities in Seward Bay in support of an Ecological Services
northern Alaska included aerial population moni- office. Southeast Alaska activities included an
toring surveys of threatened spectacled and aerial survey of wintering waterbirds (1997 only),
Steller’s eiders, an annual survey of breeding  a Chilkat Valley trumpeter swan survey, and a
waterfowl, and continued monitoring of molting summer waterbird survey of 20% of southeast
goose populations in the vicinity of Teshekpuk Alaska.



Snow geese flying over the
coastal plain of the Arctic
National Wildlife Refuge in
northern Alaska, with the
Brooks mountain range
in the background.

Marine Mammals

The FWS in Alaska is responsible for managing
three species of marine mammals: polar bears,
Pacific walruses and northern sea otters. Of these
three species, polar bears and walruses are char-
acteristic of Arctic regions. Populations of both
species are shared with Russia, and polar bear
populations are also shared with Canada. A major
focus of research on these populations relates to
international actions that are necessary to conserve
populations. The issue of harvest is important
because both species have been subject to legal or
subsistence harvest or both, and research seeks to
develop methods of defining and monitoring pop-
ulations so that local or region-wide populations
will not become depleted. Another issue addressed
by research is the identification of important habi-
tat areas and the potential impact of human activi-

The Nongame Branch of Migratory Bird Man- ties on areas that may be essential for the stability
agement (MBM) continued to investigate the of populations.
recovery of species negatively affected by the
Exxon Valdeil spill. MBM continued biannual  Polar Bears
surveys to monitor population trends of marine The Polar Bear Specialist Group (PBSG) was
birds in Prince William Sound. Other projects established in 1968 in response to concern for
were focused on the interactions of seabird predaverharvest of polar bears. The PBSG comprises
tors and their forage fish in Prince William Soundscientists and resource managers from the five
seabird surveys concurrent with hydroacoustic fishrctic nations that manage polar bears. A major
sampling, reproductive biology and foraging ecolfunction of the PBSG is to oversee research and
ogy of black-legged kittiwakes, and breeding andmanagement activities to ensure their consistency
feeding ecology of pigeon guillemots. The abun- with the 1973 international Agreement on the
dance, productivity index and prey selection of Conservation of Polar Bears, signed by all five
marbled murrelets were also investigated in the nations. Between 1989 and 1993 the FWS partici-
Sound. MBM conducted surveys of seabirds on pated in a study coordinated through the PBSG
Saint Lawrence Island, in cooperation with the  that was designed to determine the levels of chlo-
villages of Gambel and Savoonga, and continuedinated hydrocarbons in polar bears from eastern
surveys of seabird colonies in Prince William Russia, North America, Greenland and Svalbard,
Sound and on Kodiak Island. Norway. Findings were finalized in 1996 and have

Biologists with MBM conducted surveys on thebeen submitted for publication. Knowledge of the
Yakutat Forelands to assess their importance to distribution and trends in concentrations of
migrating shorebirds during the springs of 1996 organochlorine contaminants is important in
and 1997. Other landbird and shorebird survey determining the effects on all components of the
projects included breeding bird inventories of  Arctic ecosystem.

Alaska Army National Guard Training Areas and a In 1996 and 1997 the FWS continued to collect
breeding bird atlas of the Fort Richardson Army information regarding polar bears harvested by
base. A major effort was undertaken to assess bidative hunters in coastal villages for subsistence
habitat along Breeding Bird Survey routes in purposes. The majority of polar bears are killed
Alaska. MBM continued a fall migration banding during the winter, when advancing pack ice brings
station for passerines at Yakutat and collected in-bears into contact with coastal Alaska Natives.
formation on weather patterns and habitat use. Harvest numbers are therefore reported on a har-
Biologists also conducted breeding bird surveys vest year basis, which runs from July 1 through

and measured vegetation features on Research June 30. The Alaska harvests during the 1995-96
Natural Areas on the Tongass National Forest. and 1996-97 harvest years totaled 43 and 86 bears,
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the program is to monitor the activities of indus-
trial development in polar bear habitat and help
minimize impacts to polar bears, their habitat and
their availability for subsistence use. As part of the
incidental take regulations, the FWS was tasked
with developing a Habitat Conservation Strategy
for Polar Bears in Alaska. Completed in 1995, the
strategy identified important habitat areas for polar
bears; threats to polar bears and their habitat; land
ownership, treaties, laws and agreements that
affect habitat management; options for conserving
habitat; and research needs. In August 1997 the
FWS completed the repdtollection of Local
Knowledge Regarding Polar Bear Habitat Use in
Alaska This report summarizes information col-
lected during the development of the strategy from
Alaska Native polar bear hunters regarding areas
used by polar bears for denning, feeding and sea-
sonal movements. A database of den locations was
Female polar bear with cubs respectively. The recent harvest trend continues developed that includes all known locations of
on pack ice in the spring to be approximately 33% below the long-term  dens based on traditional knowledge, radioteleme-
near Prudhoe Bay, Alaska. ayerage. try and other anecdotal sources of information.
Tissue specimens (skull muscle, kidney, liver This information is used for land use planning
and skin) were also collected to assess the accu-activities with the oil and gas industry and other
racy of sex reported for polar bears harvested dupngoing activities in the Arctic. Local knowledge
ing subsistence activities. Samples from harvesteaf polar bear use of coastal beaches and barrier
animals were collected by FWS biologists and islands alerted scientists to the importance of ma-
Alaska Native taggers between 1985 and 1995 aride mammal carcasses as a food source for polar
submitted for genetic analysis. Specimens were bears. Marine mammal carcasses represent tons of
collected from polar bears of the southern Beau- potential food for polar bears and may be particu-
fort Sea population and from the Chukchi—Beringlarly important for the survival of females with
Seas population. The results indicate that some cubs and younger bears during the fall. To docu-
misidentification of sex and age does occur in thement the distribution and abundance of marine
field. Findings from this study are in preparation mammal carcasses, aerial surveys were conducted
for publication. in 1995-1997 along the Alaska coast from Nome
In 1996 the FWS, in cooperation with the Alaskdo the Canadian border. A summary report is in
NanuugCommission and the National Fish and preparation.
Wildlife Foundation, initiated a polar bear contam-
inant sampling program. Polar bears are ideally Walruses
suited for monitoring the level and distribution of ~ In 1996 and 1997 the FWS, in cooperation with
heavy metal and organochlorine levels in the Arcthe Eskimo Walrus Commission, continued to
tic ecosystem because of their position at the topmonitor the spring subsistence harvest of walruses
of the Arctic marine food chain and their wide disin the Native villages of Gambell, Savoonga, Dio-
tribution. Alaska Native hunters and taggers wergmede and Wales. FWS technicians and village res-
trained in the collection of biological specimens idents worked together to collect information on
from male polar bears harvested for subsistence the size and demographics of the spring harvest by
purposes. Samples from polar bear liver, kidney, conducting hunter interviews and obtaining bio-
fat and muscle tissue are analyzed for heavy metagical samples. This information is used to assess
and organochlorine concentrations. To date, tissue size and composition of the harvest and to
samples from 12 bears have been collected and study aspects of walrus population dynamics and
submitted for analysis. Collection activities will  life history.
continue until 60 samples are received. In 1996 and 1997 the FWS, the Alaska Depart-
The Incidental Take Program is another ongo-ment of Fish and Game and the Bristol Bay Native
ing monitoring effort in Alaska. The purpose of Association teamed up to monitor walrus numbers
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and human disturbances at terrestrial walrus hautombined mark—-recapture (mass marking) and
outs in Bristol Bay. Each summer, thousands of radiotelemetry study on fall chum salmon to pro-
male walruses migrate to Bristol Bay to rest, moltvide fishery managers with information on total
and replenish body reserves lost during the bree@nd stock-specific abundance, stock composition,
ing season. Bristol Bay, Alaska, represents criticalun timing and locations of undocumented spawn-
habitat for the largest aggregation of Pacific wal- ing areas in the upper Yukon Basin. Some Yukon
ruses in North America. Daily count data collecte®iver fall chum salmon travel more than 3500 km
by haulout monitors have been incorporated into before spawning, the longest freshwater salmon
database to monitor trends in walrus numbers anspawning migration in the world. Fishwheels oper-
habitat use patterns within Bristol Bay. Monitors ated in the mainstem Yukon River, upstream of the
also participated in a study to identify the effects Tanana River, are used to capture chum salmon for
of anthropogenic disturbances on haulout use anboth the marking and recapture events. Mark—
collaborated with Native hunters in the develop- recapture population estimates from 1996 and
ment and implementation of a harvest monitoringl997 compare favorably with independent esti-
and biosampling program centered on a subsis- mates derived from up-river harvests and escape-
tence walrus hunt at Round Island. ment monitoring. In 1997, remote tracking stations

Between 1975 and 1990 information on the sider radiotelemetry were installed at sites on the
of the Pacific walrus population was collected  U.S.—Canada border, and additional sites were
through a series of aerial surveys conducted located on major spawning tributaries within the
jointly by the U.S. and Russia. The last aerial surupper drainage.
vey flown in 1990 produced a population estimate In 1997 the FWS enumerated salmon escape-
of approximately 200,000 animals. Range-wide ments on four Yukon River tributaries, including
surveys were suspended in 1995 because of budthe Chandalar, South Fork Koyukuk, Gisasa and
getary constraints. Although there are no immediEast Fork Andreafsky Rivers. To maintain biodi-
ate plans to conduct another survey, future cooperersity and resource health an adequate number of
ative work to evaluate the size and trend of the salmon in any particular stock must be permitted
Pacific walrus population is considered a high prito return to their natal stream of origin. The num-
ority by both nations. In 1996 and 1997 the FWS ber that returns to spawn is called escapement.
began investigating the feasibility of using satellitEscapement information is used to schedule fish-
imagery to count walruses. This technology may ery openings and to ensure stock conservation, so
prove to be cheaper and safer than flying aerial it is crucial that fisheries managers have accurate
surveys. and timely information. The FWS has operated

floating resistance board weirs and split-beam

) ] sonar to ensure adequate escapement of salmon

Fisheries stocks on National Wildlife Refuges. Floating
weirs spanning 100 m have been used to count

FWS fishery research in the Arctic focuses on over 500,000 salmon in Yukon River tributaries.
Yukon River salmon, an anadromous resource The FWS has also pioneered the development of
shared by the U.S. and Canada. Allocation of thesplit-beam sonar technology to enumerate riverine
harvest has been an international issue. Researcpopulations of adult salmon.
objectives by the FWS have been to use state-of- The FWS Fish Genetics Laboratory initiated
the-art enumeration techniques to quantify salmotwo genetic stock identification projects in 1997.
abundance and monitor resource health and to em-a continuing effort to improve the utility of the
ploy genetic stock identification (GSI) techniquesGSI methods for stock discrimination, the Fish
to quantify genetic diversity and determine what Genetics Laboratory has initiated a three-year
portions of harvested populations are of U.S. andproject to improve stock discrimination of Yukon
Canadian origin. The Alaska Region of the FWS River fall chum salmon. This project supports
has participated in U.S.—Canada Yukon River interjurisdictional efforts to rebuild fall chum
Treaty negotiations under the Pacific Salmon  salmon stocks and improve the ability of managers
Treaty and has been instrumental in providing  to better allocate the catch among users. Molecular
technical guidance in support of the international genetic methods are being used to evaluate the
negotiations. As part of that effort the Fairbanks suitability of several classes of genetic markers for
Fishery Resource Office, in cooperation with the stock discrimination, with special emphasis being
National Marine Fisheries Service, is conducting placed on separating U.S.- and Canadian-origin
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fall chum stocks. Genetic profiles of representa- chemical technique on sheefish otoliths, which
tive spawning stocks from throughout the Yukon retain a chemical record of passage into salt
River drainage will be established using the new water. The distance between the spawning areas
genetic markers. The discriminatory performanceand salt water exceeds 2000 km, one of the longest
of the new markers will then be evaluated. recorded migrations for this species. Continuing
The second genetic study initiated in 1997 is awork next year may further expand our knowledge
three-year project to develop a genetic baseline of the migratory range of these Arctic fish.
for coho salmon. The new baseline will provide
fisheries biologists and managers a tool to achieve . .
biological diversity, conservation and harvest Inte_mfatlonal Clrcumpolar
goals. The project is phased to include collectionfCtivities— Area V
from spawning stocks in various regions of the
state (including the Yukon River), testing and Since 1972 the U.S. and Russia have been
development of genetic markers, and develop- involved in international negotiations regarding
ment of genetic profiles for the spawning stocks. the protection of nature and the organization of
The molecular genetic methods being used permiteserves. In 1994 the U.S.—Russia Environmental
the application of nonlethal sampling methods forAgreement was signed (renegotiated from the
collections, greatly simplifying the field logistics 1972 U.S.—U.S.S.R. Environmental Agreement).
and resulting in more collections in a shorter perilnder this agreement, conservation agencies and
od. The results of this project will have applicatiomther organizations in both countries actively
not only in Alaska but also throughout the entire sponsor exchanges of American and Russian spe-
geographic range of coho salmon. cialists in rare and endangered fauna and flora,
On the Selawik National Wildlife Refuge and refuges and reserves, migratory birds, marine
Kobuk Valley National Park, sheefish support submammals, fish husbandry and terrestrial/marine
stantial subsistence fisheries that are of great prageosystem biodiversity. Joint projects have made
tical and cultural importance to the residents of thegnificant contributions to the protection and
region. In cooperation with the Alaska Departmennhanagement of shared species.
of Fish and Game, the FWS initiated a study in The FWS is involved in a number of Area V
1994 to quantify the distribution, abundance, geniitiatives. The Conservation of Wild Species of
etics and life history characteristics of Selawik anBauna and Flora and the Protection of Natural
Kobuk River sheefish populations. Distribution  Areas project’s primary goal is to promote conser-
and abundance were assessed with mark—recaptuaion of individual species or groups of species
techniques. To locate spawning grounds, adult (especially migratory) and their habitats. Biolo-
sheefish were surgically implanted with radio gists from both countries continually exchange
transmitters to permit biologists to track their expertise and collaborate in field studies to con-
movements from airplanes and boats. The Fish tribute to scientific knowledge and foster a more
Genetics Laboratory characterized the genetic sufffective management approach. Six activities
structuring of the population using nonlethal tissueomprise the work of this project:
sampling and new molecular genetics methods. ¢ Implementation of the 1976 U.S.—Russia
Several FWS technical publications are in prepara- Convention Concerning the Conservation of
tion that will help guide managers in conserving Migratory Birds and their Environment,
this unique stock. which monitors and promotes the study and
In 1997 the FWS conducted research on shee-  protection of more than 200 bird species;
fish in the upper Yukon River. Sheefish are known ¢ Study and conservation of cranes, raptors and

to be highly migratory within many Arctic river other rare birds, including the establishment
systems and exhibit both anadromous and fresh- ~ and maintenance of stable, reproducing

water resident life history forms. The sheefish populations of rare and endangered species of
at the FWS research site were suspected to be birds, both in the wild and in captivity;
anadromous and to spawn in various areas « Study and conservation of rare and endan-
throughout the upper river, including the Yukon gered mammals;

Flats National Wildlife Refuge. Through radiote- * Study and conservation of protected natural
lemetry, the FWS confirmed that spawning areas areas, including military—civilian cooperation
occur on the Yukon Flats NWR. Anadromous in land management, and a small grants
behavior was verified by using a complex micro- program where the U.S. awards small grants



for technical assistance to nature reserves, and information regarding population estimates of
parks and other protected areas of Russia; sea otters in their ranges bordering these countries
 Cooperation among zoos in captive breedingwere summarized. The results of studies were pre-

of rare and endangered animals; and sented in areas such as sea otter food consumption
 Conservation and management of marine  and foraging including ecosystem effects, contam-
birds. inant exposure monitoring, and reproductive and

Another Area V initiative that FWS leads is thegenetic studies involving captive or rehabilitated
Aleutian Chain Biodiversity Project, which focuses sea otters. Several U.S.—Russia collaborative pro-
on joint studies of the species occurring in nationaljects were proposed in the area of genetics, con-
wildlife refuges of southeastern Alaska, the Alaskeaminant research, population monitoring and
Peninsula and the Aleutian Islands and the natureesearch into general sea otter biology and life his-
reserves of northeastern Russia, the Kamchatka tory. The next joint workshop is planned for 1999
Peninsula and the Commander Islands of Russiain Russia.

The establishment of a Sister Refuge program was The Animal and Plant Ecology Project focuses
proposed for 1996 where scientists and informa- on cooperative research into the ecology of single
tion will be exchanged regarding inventory and species and communities of fauna and flora in the
monitoring of brown bears, migrating raptors andU.S. and Russia. Activities include studies of:
coastal plant communities. » Rare and endangered species of plants and the

Over the years the Area V Environmental Pro- introduction of exotic species in both coun-
tection Agreement between the United States and  tries;

Russia has provided a conduit for the exchange of ¢ Northern migratory waterfowl, specifically
information. Cooperative studies of the biology, snow geese, Aleutian Canada geese, and
ecology and population dynamics of marine mam-  spectacled and Steller’s eiders;

mals species are also underway. FWS species * Holarctic mammals;

studied under the Area V initiatives include polar  + Chemical senses and communication in
bears, Pacific walruses and sea otters. animals;

The Polar Bear Specialist Group recognized * Application of contemporary technology, such
the need for unified conservation efforts between as sea ice mapping distribution, in studies of

the U.S. and Alaska for the shai@ering—Chukchi large mammals such as polar bears; and
Seas population of polar bears. After several « Wildlife health and disease, such as the effects
years of negotiations and public review, a draft of lead poisoning in waterfowl.

government-to-government agreement and com- The Area V Ichthyology and Aquaculture

panion Alaska—Chukotka Native-to-Native agree-Project seeks to improve fisheries management,

ment was completed in 1997. These agreementsincrease productivity through intensive fish cul-

would provide a basis for developing unified and ture, restore fishery resources, and exchange infor-

comprehensive management programs, includingnation on the physiology, nutrition, diseases, ge-

provisions for conducting joint research. The U.Snetics and reproductive biotechnology of mutual

Department of State has granted negotiating authdiish species.

ity for the development of this agreement. A nego- The FWS also leads the effort to facilitate

tiating meeting was scheduled for February 1998cooperation in wildlife trade and law enforcement
The routine exchange of publications and harvesttivities to provide technical assistance and train-

data between the U.S. and Russia has advanced ing for the conservation of endangered species in

understanding of walrus biology and helped the the Russian Far East. In addition, conservation

FWS track the status of the population. In 1997 education efforts are underway to enhance public

both sides began working to develop a database awareness of and commitment to the need to con-

that will consolidate data from aerial surveys,  serve wild species of flora and fauna, as well as

haulout counts, harvest data, disturbance studiegheir habitats.

biological collections and habitat studies. When

completed, this database will be made available t& . .

researchers and managers in both countries. In onservation of Arctic Flora

November 1997 the sixth U.S.—Russia Workshopand Fauna

on sea otters was held in the state of Washington.

Scientists representing Canada, Japan, the RussiarnThe FWS Alaska is the lead agency for Conser-

Federation and the U.S. attended. Research effoxtation of Arctic Flora and Fauna (CAFF), an inter-
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national initiative that falls under the umbrella for-CAFF’s focus is biodiversity, habitat conserva-

on CAFF, please contact merly known as the Arctic Environmental Protec-tion, species conservation within an ecosystem

Janet Hohn at
(907) 786-3544
or e-mail:

tion Strategy (AEPS), recently reorganized as theapproach and the integration of indigenous peo-
Arctic Council. CAFF is one of four programs  ples and their knowledge into the work of CAFF.

janet_hohn@mail.fws.gov formedunder AEPS, which was adopted by Canadl 1996 and 1997 FWS work under CAFF focused

Denmark/Greenland, Finland, Iceland, Norway, on inventory and mapping of Arctic vegetation,
Russia, Sweden and the U.S. in 1991. The FWS development of conservation strategies for murres
participates on the CAFF International Working and eiders, and development of a strategy and
Group, which was established in 1992 and consiststion plan for the Circumpolar Protected Areas

of scientists, conservation managers and indige- Network (CPAN). Future work of CAFF will be
nous peoples of the Arctic. CAFF provides a directed by the Strategy for the Conservation of
circumpolar forum in which a wide range of Biological Diversity in the Arctic Region.

Arctic conservation issues can be discussed.

' 1 Funding (thousands)
National Park Service unding (thousand:
The central mission of the National Park Ser- Cultural Resources 790 1,338
vice (NP in Alaska is no different than for the ~ Natural Ecology 1,650 2,431

rest of the U.S. ThNPSpreserves, unimpaired, 2@ 2,440 3,769

the natural and cultural resources under its stew-
ardship for the enjoyment, education and inspira-research activities. And in keeping with current
tion of present and future generations. As an Department of the Interior policy, tiNPShas
adjunct to this central mission, thNeSis also turned to theJSGSfor assistance with the larger
charged with cooperating with partners to extendand more complex biological research issues that
the benefits of natural and cultural resources conface the parks. Moreover, in step with the intent of
servation and outdoor recreation throughout the the Arctic Research and Policy Act, tReShas
U.S. and the world. actively sought the involvement and partnership of
The unique aspect of ttNPSs mission in other Federal agencies, the State of Alaska, adja-
Alaska is provided by the Alaska National Interestent northern nations, Native groups, educational
Lands Conservation AcCANILCA). Among other institutions and other interested parties in coopera-
things,ANILCA ensures the continuation of tradi- tive research endeavors.
tional subsistence pursuits in most of the park The research objectives in the NPS are driven
areas and allows sport hunting in the national preand guided by its major mission goals. These goals
serves. The vast size of the Alaska parks, com- were reaffirmed by the NPS’s National Leadership
bined with their ecological complexity, presents Council in the just-publisheti997 National Park
great management challenges. As recently demoS8ervice Strategic PlaThe specific goals that
strated by thé&xxon Valdenil spill, they are not  give general direction to its natural and cultural
free of threat and degradation from the impacts resource programs in the North are as follows:
generated by the modern industrial world. They » Natural and cultural resources and associated
remain vulnerable, and the wise management of values are protected, restored and maintained
these lands depends on the knowledge and infor-  in good condition and managed with their

mation that can only be supplied by solid and broader ecosystem and cultural context.

well-thought-out research and monitoring pro- » TheNational Park Service contributes to

grams. knowledge about natural and cultural re-
Recent organizational restructuring within the sources and associated values; management

agency, coupled with the creation of the National decisions about resources and visitors are
Biological Service (now the Biological Resources based on adequate scholarly and scientific in-

Division of the U.S. Geological Survey), has formation.

changed the way research is accomplished within  Park visitors and the general public under-
theNPS Today, in the more decentralizR@S stand and appreciate the preservation of parks
park staffs have assumed significantly greater and their resources for this and future genera-
responsibilities for charting and carrying out its tions.



Shared Beringian Heritage to make this important volume available in English
program translation to the world community of scholars.

A joint project of the Shishmaré&RA (Indian

The Shared Beringian Heritage Program of theReorganization Act) Council and theShas pro-
NPShas expanded its outreach and partnership vided detailed documentation of traditional place
activities during the 1996-97 fiscal years. In addi-names and connections to the land in the coastal
tion to its cooperation with universities throughoutzone of the Bering Land Bridge National Preserve
the nation, th&lPShas agreements in place with (BELA). A report on the study has been completed
state and Native organizations, both at the regiorad is scheduled for publication in 1998 or 1999.
and village level. Kawerak Incorporated, in partnership with the

The Beringia Panel continues to convene sev-NPS, is engaged in transcribing and cataloging 500
eral times a year to prioritize research proposals interview tapes with Eskimo people of the Seward
and to hear first-hand reports on current projects Peninsula. These tapes represent an invaluable
that are presented at the annual Beringia Days record of traditional life in the area.
symposium in the fall in Anchorage. This panel The purpose of a University of Alaska project
has been successful in bringing the interests of the to better define and understand the geomorphic
NPSand the Native corporations western Alaska and hydrological processes that govern the forma-
together in the areas of congation and research in tion of vegetation and waterfowl habitat in the
Beringia. Its members include management fromCape Espenberg wetlandsBELA. Research
theNPSand the Native corporations of western results demonstrate that these dynamic and com-
Alaska (Bering Strait8\ANA and Arctic Slope plex wetlands form one of the most important
Regional Corporations). “biological engines” in the region.

During this period, new Russian partners have The purpose of a cooperative venture with local
been developed and a working relationship estabelders, Native language teachers and the University
lished with the regional government of Chukotka.of Alaska Native Language Center is to record
The NPS’s goal is to facilitate the exchange of sclecal Inupiaq folk tales in their original dialects
entists and data across the frontier and to encourand settings and integrate them with a workbook
age a strong link between villages on both sides on Inupiaq orthography. The products will be used
of the Bering Strait. More and more Russian sci- to preserve and teach the Inupiaq language in the
entists and resource managers are attending Beraontext of local oral history.

gia Days, and increasing numbers of Beringia In cooperation with the King Island Native com-
research projects have a Russian partner or Rusmunity theNPSis sponsoring a study of the Wolf
sian component to their study. Dance, one of the most important ceremonies of

In the summer of 1997 an archeological reconthe King Island Eskimos. The research is being
naissance was conducted by researchers from theonducted by Deanna Kingston, a Native King
University of Washington in the upper headwatersslander and anthropologist. Since the Wolf Dance
of the Killik River within Gates of the Arctic was originally performed within the context of the
National Park and Presen®AAR). This is in Messenger Feast, where one community hosted
the general neighborhood of the now-famous  another, the study will illuminate relationships with
Mesa Site being excavated by the Bureau of Landther Eskimo groups in the Bering Strait region.
Management. The object of the work was to dis- TheNPS in cooperation with the Northwest
cover traces of the earliest inhabitants of Arctic Arctic Borough School District, has updated and
Alaska. Little evidence of early use of this area will soon publishKuuvangmiut Subsistence: Tradi-
was discovered, and researchers will address theiional Eskimo Life in the Latter Twentieth Century
implications of these findings in making future A revised version of this invaluable record of tradi-
predictions of likely locations where evidence of tional subsistence lifestyle will be published for the
Alaska’s earliest people might be found. first time, and the book will be made widely avail-

TheNPSfunded the translation and publicationable to bilingual school programs in eleven villages
of Nikolai N. Dikov's seminal work on the prehis- in northwest Alaska and to scholars around the
tory of BeringiaAsia at the Juncture with Ameri- world.
ca in Antiquity This book summarizes the results  Researchers from the University of Alaska Fair-
of Dikov's research between 1979 and 1986 in  banks are using a variety of scientific approaches
Chukotka and reports on the data gleaned from to decipher the key natural processes responsible
170 archeological sites. It was tR€Ss purpose  for the creation and maintenance of the Kobuk
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Sand Dunes in Kobuk National Park. Because the In close cooperation with the U.S. Fish and
dunes appear to also be a sensitive environment&Vildlife Service as well as the communities of
sentinel for the region, a better understanding of Savoonga and Gambell, Native Alaskan researcher
the dunes will also shed important light on the  Caleb Pungowiyi is directing a three-year study of
larger landscape and climatic history of Beringia. seabirds and seabird subsistence harvests on St.
A multi-year collaborative research effort involv-Lawrence Island. The study involves strong parti-
ing the University of Alaska Fairbanks, the Univer- cipation by the local islanders in making direct
sity of Massachusetts, the National Science Founbird colony observations and in sharing traditional
dation and several research institutions affiliated knowledge on bird management strategies.
with the Russian Academy of Sciences is attempt- Researchers from the Russian Academy of Sci-
ing to determine the extent of Cenozoic glaciatiorences, St. Petersburg, and the University of Alaska
in the Bering Strait and also characterize the chang-airbanks continued to explore the nature and
ing character of the paleoceanography of the regioaxtent of twentieth-century cultural exchanges
during the same time span. across the Bering Strait. Recent work centered on
A project developed in partnership with indi- the roles of the Chukchi, King Islander and Dio-
genous people on both sides of the Bering Strait mede Eskimos in these contacts. The intensity of
was designed to promote the continuation of tradeconomic and social relations across the waters of
tional intercontinental links and the revitalization the Bering Strait are much greater than originally
of cultural traditions associated with these cross-expeced, and new linguistic evidence has emerged
continental exchanges. This project specifically that suggests that the Yupik spoken in the village of
funded the attendance of regional dance groups Naukanski on the Russian side had its origins in
and video documentation of their performances af\laska.
the 1997 Northwest Alaska Native Trade Fair in
Kotzebue, Alaska.
Ernest Burch is comparing and documenting Cultural Resources
the social, political and economic institutions and
forces that characterized the traditional Inupiaq Multi-Park Studies
nations of the nineteenth century. As with his In its fifth and sixth years, the Gulf of Alaska
earlier-funded study on “international relations” Coastal Archeological Survey Project, funded by
among the Inupiaqg nations, which has been comthe Systemwide Archeological Inventory Program
pleted, the product will be a published book. (SAIP), resulted in the completion of surveys of
Research by the University of Alaska Fairbanksoastal areas within Lake Clark National Park and
on multiple exposures of an ancient ground surfac®reservel(ACL) and within Wrangell-St. Elias
buried under the 17,500-year-old Devil Mountain National Park and Preserw&/RST). The project
ash fall inBELA continued in 1996 and 1997. continues to be interdisciplinary, placing emphasis
Studies include plant and insect identification, pobn the construction of a regional model of prehis-
len analysis and the estimation of paleo-biomasstoric settlement patterns relative to Holocene sea-
and productivity. The results to date support the level changes, glacial action and the distribution
concept of a steppe—tundra environment during tlé subsistence resources along the coast. The
late Pleistocene, but a newly found surface pointsesearch is led by investigators from the Arctic
to the existence of a shrub tundra more similar toStudies Center, National Museum of Natural His-
today’s environment at around 35,000 years ago.tory, Smithsonian Institution, and University of
In cooperation with the Eskimo Society of Alaska Fairbanks through the U.S. Geological
Chukotka, the Naukan Native Company, the Pro-Service USG9, Biological Resources Division,
videniya Municipal Museum and the North Slope Cooperative Research Unit. The FY 96 investiga-
Borough, theNPSis supporting the development tions atWRST, on the north shore of Yakutat Bay,
of increased awareness of the values of the subs@éemonstrated at least 800 years of prehistoric
tence lifestyle and the potential benefits of the  occupation where no archeological sites had previ-
creation of an international park to the continua- ously been recorded. The sites provide a possible
tion of this traditional lifestyle. Local participation tangible link to Tlingit oral history, which men-
is critical to this project because it sponsors a vartions migrations into Yakutat Bay from the north.

iety of local efforts and studies ranging from The FY 96 investigations &ACL demonstrated a
marine mammal harvest counts to skin boat con-high-density late-prehistoric Dena’ina occupation
struction. on the north shore of Chinitna Bay in an area



where few definite archeological sites had been of this region, and the charcoal and tephra samples

previously reported. In Tuxedni Bay the project will help to develop a chronological framework

recorded a 3500-year-old site, the first site of thaffor the cultural occupation and major volcanic

time period recorded on the north shore of Cook events in the monument and preserve.

Inlet, and it extends the known geographical range Cultural resource staff also began work on an

of the early maritime Ocean Bay culture. In FY 9%thnographic overview and assessment. The study

project work shifted to laboratory analysis and  will define relevant neighboring groups with ties

preparation of final reports. The final reports for to park lands, identify traditional use areas and

the work in Kenai Fjords National PaikEFJ) determine future ethnographic research directions.

and Katmai National Park and Presem&TM ) Archival research will be combined with the col-

should be published in 1998. The final reports forlection of oral histories, and a comprehensive GIS

the work InGLBA, LACL andWRSTwill be pub-  cultural database will be developed to aid in evalu-

lished in 1999. ating information and designing future investiga-
Archeological overviews and assessments wet®ns.

completed foMWWVRSTandLACL, and four others

were initiated in Glacier Bay National Pa@dBA), Denali National Park and Preserve

Sitka National Historical Parls(TK), Gates of the In cooperation with the State of Alaska, Divi-

Arctic National Park and Presen@AAR) and sion of Subsistence, work was initiated on an

Klondike Gold Rush National Historical Park ethnographic overview and assessment of the park

(KLGO). The one aKLGO involved the Chilkoot and preserve as a whole. This is a two-year project

Trail and White Pass Units and is being accom- that will involve not only the NPS and the State of

plished through a cooperative agreement with theAlaska but also several neighboring tribal groups

University of Idaho. The outcome of these projectnd Alaska Native villages.

is the publication of synthesis documents that

compile, review and evaluate all existing archeo-Gates of the Arctic National Park and Preserve

logical data for a park and its immediate vicinity. ~ Archeological surveys in 1996 of two parcels

The results include an up-to-date park resource of land to be affected by the Anaktuvuk Pass land

information base and directions for future researagxchange resulted in identifying and recording

and management of the resources. seven new sites that range in age from approxi-
mately 5000 years old to historic Nunamiut. This
Alagnak Wild River project also initiated a monitoring program for

Another first systematic archeological survey previously recorded sites around Agiak Lake.
was conducted in 1997 at the headwaters of the A Native American Graves Protection and
Alagnak River and along the Nonvianuk River to Repatriation ActJAGPRA) study in the park
its confluence with the Alagnak River. Twenty-  seeks to determine culturally affiliated traditional
four previously unrecorded archeological sites  burial practices of the Native people associated
were identified. They document human occupationith park lands. This study will use published ref-
of the area from about 8000 years ago to historicerences, unpublished field data and interviews
times and include a large multi-component villagavith community members to identify distinguish-
with 69 features, two of which were large multi- ing surface features of gravesites. This information
room houses. A previously recorded site was alsavill be used by park management to protect sites
visited and mapped. This site has 38 house depré®m disturbance and to identify affiliated groups
sions, 25—-35 cache depressions, Russian Orthodox future consultation.
church ruins and a cemetery.

Glacier Bay National Park and Preserve

Aniakchak National Monument and Preserve In association with the Hoonah Indian Associa-

The first-ever systematic archeological surveytion, theNPSundertook in 1997 an effort to use
of this remote and poorly known region was con-the recently compiled Tlingit place name map as a
ducted in 1997. Twenty-one new archeological guide for locating and documenting former habita-
sites (11 prehistoric and 10 historic) were found tions and sacred sites in the park and preserve. The
and documented. The sites included several sizasurvey resulted in the discovery of eight archeo-
ble villages, one with more than 35 house pits. logical sites, including three fort sites. Two of the
Lithic and faunal data from these sites will help inforts are in Glacier Bay proper and are likely the
developing a picture of the culture and economy earliest sites thus far recognized in the bay. The
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forts areparticularly significant because they allow active cooperative management initiative. Melding

a heretofore unrecognized glimpse of the tumultuboth Western management models and traditional

ous human environment in the mid- to late 1800secological knowledge, this initiative concludes
that the overall objectives of agency and commun-

Katmai National Park and Preserve ity members and the conservation of healthy

In addition to revisiting and monitoring the resource populations is best met by negotiating

condition of 50 previously recorded sites along theo-management regimes that integrate agency and

coast of the park in 1996, the park undertook datéocal perspectives into a legitimate self-regulating

recovery excavations at the Mink Island archeo- system.

logical site within the Takli Island Archeological Archeological surveys were performed in

District. This work was undertaken in cooperatiorKobuk Valley National ParkKOVA) and Noatak

and consultation with the Council of Katmai Des-National PreserveNOAT) in 1996, and an addi-

cendants, a group representing all Natives who tional survey was conductedKOVA in 1997.

have traditional ties with Katmai lands. Natural The work inKOVA, done in collaboration with

weathering, wave erosion and recent vandalism Brown University, identified 14 new sites that

have contributed to the partial destruction of this ranged from paleoarctic to the historic 1898 gold

site. The excavations included units in both the rush in age and resulted in three major prehistoric

upper component of the site, which dates from village sites being mapped. The work\e@AT

2500 to 500 years ago, and the lower componentiesulted in architectural maps of stone qarigis at

which dates from 7000 to 4000 years ago. Work three late-prehistoric village sites (Feniak, Desper-

will be completed in 1998. ation and Burial Lakes) and initiated an ethno-
graphic cultural landscape study at Desperation
Lake Clark National Park and Preserve Lake. This study represents the first attempt at

In 1997 the first year of a three-year project toassessing the scope and problems associated with
map, analyze and interpret the Kijik National His-looking at archeological sites in the Arctic as part
toric Landmark was initiated. This year involved of a larger ethnographic landscape.
taking low-altitude aerial photographs of the 14-  In 1996 at Cape Krusenstern National Monu-
square-mile project area and producing detailed ment CAKR), in a collaborative effort with the
topographic maps. Included within Kijik are the Smithsonian Institution, the NPS began the pro-
remains of 12 Dena’ina settlements and approxi-cess of re-locating the more-than-500 archeologi-
mately 200 dwellings. The sites date at least frontal sites located by J. Louis Giddings and Douglas
the late prehistoric period, approximately AD D. Anderson, both of Brown University, in the

1600, until the abandonment of historic Kijik 1960s. Rebar monuments were established at each
Village in the early 1900s. site, and global positioning syste@R9 fixes

were obtained for each. In 1997 new aerial photog-
Western Arctic National Parklands raphy of theCAKR beaches was acquired to build

Responding to an impending severe decline detailed photogrammetric maps to be used to mon-
Screening for artifacts at in the Western Arctic Caribou Herd, tN@Shas itor beach erosion, to locate archeological sites
Kaiyak Lake in Noatak joined with other Federal, state, regional and conand other resources, and to inform future arche-
National Preserve. munity partners in northwest Alaska to form a proelogists of areas not examined by Giddings and
Anderson.

Also atCAKR, archeological excavations were
conducted in 1997 at the erosion-threatened sites
of Agiagruat and Aitiligauraq. The work at the
former was done in association with Washington
State University, and a preliminary assessment of
the artifacts collected indicates a late-Western
Thule occupation dating to the 14th or 15th centu-
ries AD. The latter, which was undertaken as an
archeological field school jointly with Brown Uni-
versity, involved two turn-of-the-century Inupiaq
semi-subterranean houses. This time period was
one of transition and trauma for the Inupiat, and
the analysis of the material will focus on the juxta-
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sites, their relative chronology (from 2700 years ago
to the protohistoric) before and after a significant
volcanic eruption, the lithic technology represented,
and its association with recently identifielolsaian
source material traded elsewhere in Alaskaigex!

the park with invaluable resource data on the uncer-
tain prehistory of the area.

Natural Resources

Denali National Park and Preserve

Scientific research in Denali National Park and
Preserve is critical to understanding and document-
ing resource conditions, providing information for
park management decisions, and resolving threats
to natural conditions. The park provides a unique
opportunity for comparative studies that look at
environmental response in pristine areas versus

Partially excavated housepit position of items of traditional and Euro-Americarintensively manipulated areas. Denali is a vast

in Cape Krusenstern
National Monument.

Note the fallen roof timbers
inside the house.

manufacture. wilderness over six million acres in size; document-
ation of the presence and condition of resources is a
Yukon—Charley Rivers National Preserve massive task. To accomplish this taskX®Scon-

In cooperation with the Alaska Department of ducts and supports a substantial interdisciplinary
Fish and Game, Subsistence Division,MRScon- natural resource inventory, monitoring and research
ducted an ethnographic study of the Han Gwitch’grogram. This program is implemented through
people. The purpose of the study was to produceefforts by park scientific staff, cooperating state
an illustrated manuscript that would celebrate an@dnd Federal agencies, and various academic institu-
document Han culture and history. The Han com+ions. During any given year, there are nearly 100
munity of Eagle Village, the Tr'ondek Hwech'in individual studies or projects underway.

First Nation in Yukon Territory, and Parks Canada  Wildlife research has been important in Denali
were consultants on this study. Study topics includethce 1926, when the first thorough inventory of
an overview of source materials; Han band territowildlife in the park was started. Examples of 1996
ries and settlement patterns; traditional subsistenard 1997 projects include the ecology of moose
practices; social organization; expressive culture(USF9, the nesting ecology of migratory golden
changes in Han culture brought by contact with tleagles KIPS), the ecology of grizzly beard $GS-
fur trade, the gold rush and missionaries; and theBRD) and investigations into predator—piegribou—
Han people today. wolf) relationships SGS-BRD). Information to

deal with wolf management, one of the most contro-
Wrangell-St. Elias National Park and Preserve versial resource issues in the park, continued to be

In 1996 an archeological survey of the his-  developed through an extensive monitoring pro-
toric mining townsite of Chisana was completed. gram using radiotelemetry. Other studies continued
Although historic accounts mention 400-500 log in 1997 include documenting wildlife behavioral
cabins at Chisana in its heyday, the survey docu-response teehicular use along the park road. For ex-
mented only 125 structures. Stream erosion and ample, the effects of such vehicular use on Dall sheep
the construction of an airstrip and other facilities migratory routes were examined and identified.
on adjacent private land account for the decimation Denali’s Long-Term Ecological Monitoring
of much of the original townsite. (LTEM) program continues to be developed jointly

In 1997 the first extensive archeological surveyy park staff andUSGS-BRD Studies from this pro-
specifically targeted at identifying prehistoric sitegyram are contributing to a fundamental understand-
was carried out in the Wiki Peak area near the ing of park resources. Watershed-based studies for
Canadian border. An unexpectedly high density this program are wide-ranging in scope and have
of prehistoric sites (65) was encountered and  focused on such resources as soils, water chemistry,
recorded. The discovery of a large concentration sihall mammals, birds and vegetation. Otfi@&M
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studies parkwide were aimed at monitoring weatheof activity, distribution, behavior and human inter-
and determining the regional effects inate on action. The intent of the study is to determine the
glaciers. level of bear and human activity, bear and human

Recent studies have reflected a shift in interest tgpatial and temporal use, and bear-human interac-
learning more about the park’s abiotic resources. tions along the Kulik River during periods of high
Examples of such projects include investigating tla@d low seasonal use by commercial operators and
characteristics of the Cantwell formation volcanicguide services. The Kulik River is a representative
unit. Paleontology studies were continued by the site similar to other drainages within the park that
USGS A study of the phenomena of surging gla- are experiencing exponential growth in terms of
ciers continued on the Muldrow Glacier. Studies visitation and bear—human contact.
dealing with roadside impacts (trail deveaiognt) Concerns have been raised about the health of a
and road dust were also continued. Closelgted prized rainbow trout population in the Alagnak River
studies on the environmental fate and impact of and its upstream tributaries in Katmai National Park.
dust palliatives were conducted. Air quality sam- In cooperation with the/SGS-BRDand the Alaska
pling efforts continued and were expanded in 199epartment of Fish and Game, questions regarding
to include ultraviolet B monitoring. Investigations the rainbow trout population structure of the Alag-
related to other park issues and threats included nak drainage are being addressed. It is unknown
such things as assessing channel response to stighather the rainbow trout in various rivers, lakes
restoration, monitoring gravel extraction from alluand tributaries of the watershed are represented by
vial floodplains, and documenting the freeze—thawa single, well-mixed population with readily mixed
transition on a regional scale in boreal forests usisigawning aggregations or whether there are dis-
satellite dataNASA). crete populations having independent spawning

Although the park is a vast and often forbiddingroups. While it is generally believed that seasonal
area in which to conduct research and monitoringnigrations occur, little is known about the detailed
this vastness has been made far more managealpatterns of movement or population intermixing.
by park staff through the application of global posturthermore, little is known about the locations
tioning systems and geographic information sys- and relative importance of juvenile rearing areas.
tems. Arcinfo and ArcView software are used by Because of limited knowledge of these basic life
the park staff involved in research efforts; this prdiistory characteristics, it is difficult to assess the
gram is supported by a full-tin®!S specialist. relative impacts of the increasingly popular sport
Additionally, efforts are being directed at automatfisheries. Therefore, beginning in 1997 a five-year
ing all resource data and information, as well as study was initiated to increase basic understanding
developing and cataloging traditional information of the population dynamics of Alagnak watershed
such as specimens, maps and written records. trout and to improve technical capabilities for

assessing the overall health of Alaska rainbow

Katmai National Park and Preserve trout populations in general.

Genetic analyses and color-banding programs
are being used in cooperation with the U.S. Fish Lake Clark National Park and Preserve
and Wildlife Service antdSGSBiological Re- The Johnson River watershed, located in the
sources Division to assess the degree of populateoutheast part of Lake Clark National Park and
differentiation and movements among geographiPreserve, with glacial headwaters on the Mt. lli-
cally separate groups of harlequin ducks. The priamna volcano and draining east to Cook Inlet, has
mary area of study encompasses arefastafl by  been the focus of a water resource and fisheries
the Exxon Valdepil spill on the northeast coast of thimventory from 1995 to 1997. A continuously
Alaska Peninsula (Katmai Natiorfaark) and the  recording stream gaging station was established on
Kodiak Island Archipelago (Kodiak Natial Wild- the river in 1995 in a cooperative effort between
life Refuge) along the Shelikof Straits and Prince theNPSand theUSGS Water quality sampling,
William Sound. Harlequin ducks were captured in aquatic invertebrate sampling, fish trapping and
molting drives, genetic sampleke collected, and stream sediment analyses were conducted on the
legbands were applied with site-specific colors andainstem and tributaries of the Johnson River and
individual alphanumeric codes before release. in Bear Creek, a neighboring small clear-water

An Alaskan brown bear study was conducted stream. In addition to baseline information gathered
along the Kulik River corridor cooperatively with for the watershed in light of future development in
the USGS-BRD for purposes of detecting patternthe area, data collected on the Johnson River will



prove useful to the National Water Quality Assesghe University of British Columbia and the North
ment for Cook Inlet, part of a national water qualiGulf Oceanic Society to identify individual killer

ty program administered by tliSGS whales and monitor resident and transient pod
movements in waters adjacent to the park. These
Kenai Fjords National Park data may enable a better understanding of the

A multi-agency coastal lake and lagoon inventorgffects of transient killer whale predation on the
and monitoring program began in 1996. Cloudy park’s declining harbor seal populations. In 1998,
Cape Lagoon, adjacent to the western shore of  park staff and scientists from the Alaska Seal.ife
Taroka Arm, was thérst lake to be inventoried.  Center and the North Gulf Oceanic Society will
Survey data collected included outflow stream andeploy a remote hydrophone close to the mouth of
beach profiles, lake bathymetric profiles, and temResurrection Bay. Hydrophone data will determine
perature and conductivity profiles through a rangeycles of occurrence of transient killer whales
of depths and lake level recordings. Water, plankalong portions of the park coastline.
ton, fish and invertebrate samples were collected. Temperature dataloggers were deployed at
In 1996, 14 sockeye salmon spawners were couritiree coastal locations and tweitfGlacier loca-
ed in the shallow gravel bottom area of the lagootipns in 1997. A knowledge of seasonal temperature
however, all juvenile salmonids captured were regimes will enable a bettenderstanding of sea-
coho salmon. In 1997, many more sockeye spawsenal cycles oflbral and faunal occurrence, distri-
ers were observed in the lagoon, even though nobution, condition and productivity. This program
surface flow was observed in the poorly defined will be expanded ir1998.
stream channel linking the lagoon to Taroka Arm.  Park staff also conducted the first cycle of

A second lake or lagoon will be surveyed in  campsite impact monitoring since an initial 1993
1998, and Cloudy Cape Lagoon will be resampledampsite impact inventory. To date, approximately
A recording rain gauge and lake level recorder wilO campsites have been identified and monitored.
be deployed at Cloudy Cape Lagoon in an effort Preliminary results suggest that approximately
to determine how quickly the lake level responds90% of the sites showed little increased impact
to rainfall events. These data will help resource due to human disturbance. However, some sites
managers determine when salmon are entering thazated in more sensitive environments exhibited a
system and will be useful in developing models marked increase in size. Other less-utilized sites
that predict the fate of salmon runs in this systemexhibited some degree of recovery. The final

The coastal bald eagle population has been results of the 1997 monitoring are anticipated in
monitored in the park since 1986. Results from thearly 1998.

1996 season and preliminary results from the 1997

monitoring season suggest a greater number of Bering Land Bridge National Preserve

nest failures than expected. Final results are TheNPSis developing an assessment protocol
expected in early 1998. for reindeer ranges in western Alaska. The pre-

In 1997, park resource managers, biologists froserve, located on the Seward Peninsula of Alaska,
the National Marine Mammal Laboratory (Seattle, is the onlyNPSunit in the system with mandated
Washington), the Alaska Department of Fish and reindeer grazing. Existing herd management prac-
Game, and the University of Alaska Fairbanks tices that have evolved over the last century give
(Institute of Marine Science), and a visiting Russiammore attention to acres of range than to quality of
scientist collaborated for the first-ever live capture range. TheNPSis hoping to change that focus.
of harbor seals using floating glacier ice as a pri- Donald Spalinger of the University of Alaska
mary haulout. The team used a modified floating giknchorage, who is developing a monitoring proto-
net to capture the seals. Once captured, the animatdl, completed a second field season in 1997,
condition was determined and vital statistics (sex, working with Keith Owen of Texad&M Univer-
weight, etc.) recorded. Blood and tissue samples sity. The team is collecting specific information on
were collected from each animal, and a small radicrange condition and diversity. The goal of this
transmitter was attached to the rear flipper. Collectegbrk is to produce a detailed guide to range
data will help to provide an understanding of indi- assessment for reindeer ranges in western Alaska.
vidual harbor seal condition and movements withinAfter more field work and consultation in 1998,
the fjords and may be used to assess causes of a @mSpalinger and thePSwill produce a monitor-
tinued poplation decline. ing handbook for distribution to reindeer herders,

Park staff assisted killer whale researchers froland managers and other interested parties. The
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goal is to have the handbook available to herderswvere collected as part of a cooperative project
by the spring of 1999. with the Selawik National Wildlife Refuge to doc-
In 1977 Douglas and Diane Schamel returned ument the harvest of wolverines on Federal lands
to Cape Espenberg to study the nesting habits ofwithin northwest Alaska. Carcasses will be necrop-
red-necked phalaropes and other shorebirds. Thisied todetermine the sex and age of harvested
fourth year of field work complements studies  wolverines, the reproductive characteristics of
done in the late 1970s by the couple and providefemales, and the nutritional condition of each ani-
excellent data on trends over an extended periodmal. In FY 98 the project will expand its objec-
The Schamels have been able to re-locate their tives to determine the survival and productivity
original study plots and use exactly the same locaf wolverines using a radio-collared sample.
tions and techniques. Collateral to their shorebird
study the team is monitoring numbers, hatching Gates of the Arctic National Park and Preserve
success and predation on common eiders. Prelimi- Using standard National Wetlands Inventory
nary data indicate that numbers and breeding sughotointerpretation and cartographic conventions,
cess are down for all species. Predation of eggs letlands identification, classification and mapping
jaegers, foxes and reindeer has reduced hatchingvere completed on elevéiSGSquadrangles cov-
success. The Schamels will return to the field in ering the upper Kobuk River watershed.
1998 for a final season with hopes of gathering A botanical reconnaissance was conducted in

more specific data on common eiders. the Walker Lake National Natural Landmark

(NNL) and parts of the adjacent Arrigetch Peaks
Noatak National Preserve and NNL. A total of 350 species, including 214 vascu-
Kobuk Valley National Park lar plants and 136 macrolichens, were inventoried.

The fifth year of moose population monitoring Thirty-one of the vascular plants represented addi-
in Noatak National Preserve was completed withtions to known park flora, and nine represented
the cooperation of the Alaska Department of Fishlarge range extensions. Thirty-seven of the lichen
and Game. The purposes of the study are to delispecies were new to the park’s flora, and 26 were
eate census areas and document survival of radiaew to the Brooks Range.
collared moose. Currently a radio-collared sample In FY 97 theNNL biological reconnaissance
of 70 moose is monitored four times during the effort was expanded to provide baseline data on
year to document survival and movements. Durinigchen flora and floristics for the entire park. More
1997 the project expanded its objectives to docu-than half of the park’s species are lichens and
ment calf production and survival using intensive bryophytes, yet surprisingly little was known
monitoring of radio-collared cows during the calv-about their presence and distribution. Lichens
ing period in June. were inventoried across two broad transects of the

Annual monitoring of Noatak National Preserve park, resulting in approximately 30 new records
sheep entered its eleventh year in 1997. Aerial-  for the park and a clearer idea of the parkwide dis-
mum count surveys documented the third year oftribution of taxa. The project also provided training
significant lamb production following a five-year to botanists from other park units and agengiab;

absence of productivity. Adult numbers also lished a guidebook to Alaskan genera of macro-
increased in the Baird Mountains because of lichens, and produced a visitor center display. The
immigration of sheep from groups living east of park’s lichen flora was incorporated into a data-
the survey area. base including records from an extensive literature

The fourth year of a five-year program to monisearch and current identifications. A sizable lichen
tor neotropical songbird populations within Noa- collection of over 900 specimens was added to the
tak National Preserve and Kobuk Valley National park’s holdings.

Park was completed in late August. Over 1000 A project was initiated to determine the distri-
birds of 30 species have been banded since the bution and abundance of the rare plaster
program began in 1994 as part of the Monitoring yukonensisn the park and preserve and to deter-
Avian Productivity and Survivorship Program mine its vulnerability to human disturbance. The
sponsored by the Institute for Bird Populations. species is found in scattered populations in north-
Highlights of the program include a banding sta- ern Alaska and in parts of the Yukon and North-
tion on Native corporation land near Kotzebue west Territories, Canada. Relatively few data are
where the public participates in banding activitiesavailable to document the range and distribution

Over 50 trapper-caught wolverine carcasses of this plant.



Identifying lichens in Gates
of the Arctic National Park
and Preserve.

2200 square miles were surveyed. The sheep pop-
ulation decreased by 30% to 80% since surveys
were conducted in 1986 and 1982-1983.

Snowshoe hare track count transects were con-
ducted through seven tundra vegetation types near
the village of Wiseman. Long-term monitoring of
the transects may reveal refugia where hare popu-
lations remain high, even during the low part of
the population cycle.

Landbird species were monitored within the
park and preserve as part of a statewide Boreal
Partners in Flight effort. Three off-road point-
count transects were monitored: tundra transects in
Anaktuvuk Pass and in the upper Noatak River
drainage, and a boreal forest transect in the Middle
Fork of the Koyukuk River. The routes have been
surveyed annually since 1993, and five previous
years of data contribute to understanding landbird

Baseline vegetation information was collected species diversity, distribution and habitat use as
within the Anaktuvuk Pass all-terrain vehickTy)  well as improving landbird monitoring techniques.
access land exchange area of the park. Monitoring The importance of riparian shrub habitats to
plots were established in different plant communiavian species was evaluated in a tundra ecosystem.
ties and associated soil types to evaluate NbBW  Species diversity, nest density and nest site charac-
use will affect those communities. These data wilteristics were documented for neotropical migrant
be used to determine changes in community strubirds. The park serves as the northernmost breed-
ture and to establish thresholds of acceptable  ing grounds for several species of neotropical
change. migrant birds. The northernmost limits of their

Sheefish in the Kobuk and Selawik Rivers are range may be the best areas for early detection of
the largest in Alaska and represent an important population changes, so careful documentation of
subsistence and sport fishing resource. A coopetthese populations is important.
ative ADF&G/NPS project was conducted to
describe the stock status of spawning sheefish inYukon—Charley Rivers National Preserve
the upper Kobuk River and to measure the propor- A military F-15 fighter jet crashed in the head-
tions of sheefish that return to spawn one and twivaters area dhe Charley River in 1995. The air-
years after a previous spawn. Spawning sheefishcraft's impact resulted in a fire that severely burned
abundance, length and age composition were est-localized area to mineral soil. An unknown quan-
mated in the upper Kobuk River. Subsistence andity of unburned fuel contaminated the area, and
commercial harvests were estimated in Hotham although larger pieces of the aircraft were removed,
Inlet, and sport harvest was estimated for the entthe area is still littered with metal fragments. An
river. ongoing soil, vegetation and water quality moni-

The opening of the Dalton Highway (Haul toring project will ensure that the site recovers to
Road) to the general public in 1995 caused con- a natural, undisturbed state. The project also
cerns over increased fishing in lakes north of the develops procedures and techniques necessary to
Brooks Range. This motivated the State to initiat@ddress expected similar incidents as a result of
population studies of four lakes containing lake substantial military aircraft operations over the
trout. As part of this effort a two-year cooperativepreserve.

ADF&G/NPS study began in 1997 on the lake trout A three-year study of Dall sheep habitat will

of Itkillik Lake. The study objectives are to esti- determine seasonal movement patterns of sheep
mate lake trout abundance and length compositiosithin the preserve. The project will also improve
and to estimate lake trout catch per unit effort us-the timing of sheep surveys, quantify the mingling
ing standardized gillnet sampling (index fishing). of sheep from discontinuous areas of habitat, iden-

A Dall sheep population survey was conductedify sensitive sheep use areas (such as lambing and
in 1996 in park areas where the sheep are subjedtitting areas) and temporal use of those areas, help
to sport or subsistence harvest. Approximately —mitigate the impacts of increased low-level mili-
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Caribou antler on tundra
in the Wrangell-St. Elias
National Park and Preserve.
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tary flight operations, and develop a long-term Long-term monitoring of water quantity and
monitoring plan. Fifteen sheep were radio-collaredfiow rates on the Kandik, Nation and Yukon Rivers
April 1997. To date, data show individual mowents was initiated in 1992. Information for the Kandik

of up to 40 miles. and Nation Rivers was important because of poten-

A wolf radio-tracking project was initiated in  tial development on private lands that would utilize
1993. The objective is to determine the demograwater from the preserve. Yukon River data collec-
phy of wolf packs using the preserve. Identified tion is part of a Canada—U.S. effort to collect long-
preserve wolf packs have received protection on term water quality information. Beginning in FY
State lands adjacent to the western boundary of ®@&, spring, summer and fall data collection on the
preserve, where the State is using non-lethal pre#t@ndik and Nation Rivers will be expanded to year-
tor control in an effort to enhance the recovery ofround data collection. The objective of this project
the Forty Mile Caribou Herd. Seventeen wolves itis to continue the long-term monitoring plan.
eight packs are being monitored in order to con-
tinue to protect them. Wrangell-St. Elias National Park and Preserve

Peregrine falcon populations were monitored In 1997 the park began a multi-faceted study to
along the upper Yukon River and on the Charley monitor the extent and effect of spruce bark beetle
River. Nesting territory occupancy, breeding suc-infestation in an 800,000-acre study area in the
cess and productivity on the Yukon River have begapper River Basin. Study objectives were to:
documented annually since 1979 and on the Charlie Complete a vegetation and infestation map of
River since 1993. Bands and satellite radio-tags the study area using photointerpretation;
have been used to determine migration routes,  Implement forest inventory plots to provide

detailed descriptions of coniferous communities
for a vegetation map and determine what factors
are influencing the likelihood of infestation;

« Establish permanent plots to monitor the effect
of bark beetle infestation on vegetation, struc-
ture and wildlife over time; and

» Conduct landscape analyses of beetle infesta-
tion and proposed management activities in
relation to ownership boundaries, subsistence
resources and agency management goals.

In the first year, park staff established sixty forest
inventory sites, established potential long-term
monitoring sites, and had aerial photography flown
for ongoing photointerpretation and vegetation
mapping.

The Mentasta Caribou Herd occupies the west-
ern and northern portion of the park and adjacent
lands. These caribou are an important faunal com-
ponent of the area and are highly valued for their
intrinsic ecological, cultural and recreational roles.
wintering areas, and dispersal, movement and mérom a high of approximately 3100 animals in
tality of adults. Pesticide levels have been meas-1985, the herd began to decline, until in 1997 it
ured periodically. Substantial recovery of Americamas estimated to consist of only 614 individuals.
peregrine falcons has been documented in the prekhe primary reason for the decline appeared to be
serve during this project. poor calf survival and recruitment, as shown by

Landbird species were monitored as part of a summer and fall monitoring surveys and a prelimi-
statewide Boreal Partners in Flight effort. Two offnary study of radio-collared cow caribou. Factors
road point count transects were initiated in 1997 such as habitat deterioration or hunting did not
and will be monitored annually henceforth. The seem to be involved. In 1993 the park initiated a
data will contribute to understanding landbird spestudy to determine calf survival rates and causes of
cies diversity, distribution and habitat use in the mortality. This research was a cooperative effort
preserve and to improving landbird monitoring  between thé&lPSand theaUSGS-BRD Using aerial
techniques. surveys and radiotelemetry, biologists determined



the proportion of pregnant cows, calf survival ical investigation of mineral properties within the
and causes of calf mortality. Pregnancy rates  park and preserve. In most of the mineralized areas
remained high (approximately 80-90%), but calf the extent of metal contamination and baseline
survival was low (5-25%). Predation by wolves geochemical signatures were unknown. The goals
and brown bears accounted for the majority of  of the study were to quantify the modern-day
calf mortality. effects of historic mining activity on stream sedi-
Before the park was established, all-terrain  ment and surface waters at Nabesna, Bremner and
vehicles (ATVs) were employed, and their use  Kennecott, determine a geochemical baseline at
continues. Where the use level is high, trails havesold Hill where small-scale placer mining is
formed and impacts to the landscape, drainage aactive, and develop a geochemical baseline in min-
vegetation have developed. In an assessment of eralized, unmined areas at Orange Hill and Bond
ATV impacts, researchers examined the relation-Creek. Stream sediment, water and rock samples
ships betweeATV impacts on vegetation and collected from these areas are being chemically
soils and the amount of use, the vegetation type,analyzed for more than 50 elements, such as anti-
the soils and permafrost. Impactsfdivs vary mony, arsenic, cadmium, chromium, copper, lead,
significantly between both vegetation and soil  mercury, molybdenum and zinc. Parameters meas-
types. Natural and geosynthetic materials were ured at water sample sites include pH, conductivity
tested for their ability to mitigate impacts on ATV and flow. Differences in pH and conductivity are
trails in mixed shrub—sedge tussock bogs under-directly related to the different geologic settings of
lain by permafrost. Six hardening treatments weréhe areas. Carbonate rocks are common around
tested on heavily and moderately impacted trails.Kennecott and Nabesna deposits, and calcite is
Post-installation monitoring, which began in 1996present in bedrock and veins at Bremner and Gold
and will continue, shows that all treatments are Hill. Carbonates tend to counteract acid-generating

able to withstandTV traffic while allowing re- reactions caused by the breakdown of sulfide min-
growth of vegetation. erals such as pyrite and neutralize the solutions.
A vascular floristic inventory of 13 million Most metals are not mobilized in water under these

acres in the park was initiated in 1994 and com- higher pH conditions. In contrast, at Orange Hill

pleted during 1997. Site selection emphasized and Bond Creek there is a lack of carbonate rocks

areas with unique lithology and geomorphology, and an abundance of finely dispersed pyrite and its

areas with no previous botanical collections, and breakdown products. The acidic waters are able to

communities known to have sensitive and endenmeobilize and carry metals in solution, resulting in

taxa. Inventory results are in preparation. higher conductivities and metal contents in waters
TheUSGSand park staff conducted a geochem-at Bond Creek and Orange Hill.

Funding (thousands)

FY 96 FY 97

Bureau of
Natural Ecology 1,500 2,500
Land Management Minerals Research 0 115
Cultural Resources 250 200
The Federal Land Policy and Management Acf’iPeline Monitoring 500 550
f 1976 gives the Bureau of Land Management Fire Control 350 350
0 9 o . g Mining Administration 250 320
(BLM) responsibility for managing the land and 114 2.850 4,035

resources of the public lands of the United States,
including those in Arctic Alaska. Management is
based on the principles of multiple use and sus- The research work is typically site specific for
tained yield, a combination of uses that takes intddentified problems, as opposed to research for the
account the long-term needs of future generationsake of expanding knowledge.

for renewable and nonrenewable resources. These TheBLM's focus has been shifting from com-
resources include soils, recreation, range, timbermodity development through stages of multiple-
minerals, watersheds, fish and wildlife, wilder- use management and resource conservation to
ness, and natural, scientific and cultural values. ecosystems management. The Department of the
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Interior established the U.S. Geological Survey Stream Analysis and Mining
(USG9, Biological Resources Division, which is

responsible for most of the Department's biologi-  Stream data were collected in June 1997 in the
cal research (including tHgLM’s). George River drainage, 75 miles southwest of
McGrath. The project involved gathering geomor-

) ) phic information to characterize the streams and
Breedlng Bird Surveys creeks of the area to prepare a stream reclamation
plan. The data will be used to reclaim Julian Creek
to a pre-mining functional condition that will pro-
vide for fish passage and fish rearing/feeding areas.

Three drainage systems were surveyed for all
species of breeding birds as part of a nationwide
effort to determine trends in North American bird
populations. Surveys were initiated in 1996 with
the establishment of a Breeding Bird Survey Cooperation in Archaeok)gy
(BBS) route on the Unalakleet River, which flows
into Norton Sound. In 1997 an additional route On April 25, 1997BLM-Alaska Director Tom
was established on the Anvik River, and a prelimiAllen signed (as the first Federal signer) the “Multi-
nary survey done on the Bonasila River. In 1998 Agency Five Year Agreement with the State of
the Bonasila will become a permanent BBS routeAlaska, Office of History and Archaeology Con-
The BBS program was administered initially by cerning Support for Alaska Project Archaeology
the U.S. Fish and Wildlife Servicd FW9 and Program.” This agreement formally established a
now by the Biological Resources Division of the cooperative relationship among various agencies
USGSand the Canadian Wildlife Service. The  and the State of Alaska, Office of History and
objective of these surveys and the BBS program Archaeology, for achieving mutual heritage edu-
is to collect data on bird species and numbers  cation goals. This includes providing classroom
throughout North America, which provides a curriculum enrichment materials about Alaska’s
source of standardized data on populations of  heritage, such as its archaeological and historic

breeding birds. sites in the Arctic, as well as throughout other
TheBBS program has existed since 1966. Curfarts of the state.
rently theBBS consists of approximately 3700 BLM-Alaska, in cooperation with the national

active survey routes throughout the continental Heritage Education office in Dolores, Colorado,
U.S., Canada and Alaska. Each route is randomlgo-authored the following publication for use by
located and 25 miles long, with 50 stops at half- teachers (grades 4-7) in Alaska’s schools statewide:
mile intervals. All birds seen or heard within a  Intrigue of the Past, Discovering Archaeology in
quarter mile of each stop during a three-minute Alaska.BLM is facilitating the distribution of this
point count are tallied. For each species the totalpublication and is helping with the multi-agency
number of individuals counted along a route is ~ effort to train teachers in the use of this and other
used as an index of relative abundance. A trend educational materials in their classrooms. These
analysis statistical procedure is used to produce @ublications and other efforts are designed to foster
estimate of population change, or trend, presentedl better public understanding of the importance of
as a mean percent change per year. In Alaska marprotecting archaeological and historical resources
routes are set up and run along rivers because ofn Alaska and elsewhere for their educational and
the lack of a road network. other benefits.

Thirty-four species of birds have been recorded
on the Unalakleet route, 42 on the Anvik route, .
and 54 on the Bonasila route. The Canada goosel\I athnal Petroleum Reserve—Alaska
and common redpoll were the two most abundanStudies
species on the Bonasila River, while the Wilson’s
warbler and bank swallow were most abundant on In February 1997 the Secretary of the Interior
the Anvik, and the blackpoll warbler and northernannounced the beginning of an Integrated Activity
waterthrush on the Unalakleet River. The popula-Plan (AP)/Environmental Impact Statemel §)
tion trends of these species in these watersheds,for 4.6 million acres on the northeast corner of the
most of which are migrants from Central and National Petroleum Reserve—-AlaskPRA). An
South America, can only be determined if annual18-month time frame was given to accomplish this
surveys are continued. task.



The NPRA sits atop Alaska and the continent. gas development and the various species of
The Arctic Ocean, with the Chukchi Sea west of waterfowl and caribou. The product of the

Point Barrow and the Beaufort Sea to the east, workshop was a set of stipulations to be
forms the northern boundary of the reserve. The included in the various alternatives addressed
eastern and southeastern boundary follows the in the draft document.

western bank of the Colville River from its mouth  « The Secretary visited ti¢PRA this summer

at Harrison Bay to the confluence of the Etivliuk to obtain a personal understanding of the
River. Here the boundary plunges due south to the issues, the country and the people involved.
Continental Divide at the crest of the Brooks * A special subsistence workshop was held on

Range. The boundary follows the divide westward the North Slope to tap the store of traditional
to a point due south of Icy Cape. A line from that knowledge and scientific information held by

point to Icy Cape makes the western boundary. the North Slope people.

There are three predominantly Inupiat Eskimo < A process for peer review was established in
villages in the area of particular interest: Barrow, conjunction with the USGS (using specialists
with a population of over 4000; Atqasuk, with a from a variety of Federal agencies) and with
little over 200; and Nuigsut, with just over 400. the State of Alaska.

The planning area consists of primarily coastal The draft analyzes the impacts of five alterna-
plain—wetlands with many lakes. It is totally tive management schemes and contains an analy-
underlain by permafrost. The entire area is imporsis for impacts on subsistence as required by sec-
tant for subsistence. The northern third is high in tion 810 of the Alaska National Interest Lands
resource values. It is a key area for nesting and Conservation ActANILCA). The alternatives
molting migratory waterfowl and is the location ofcover management of all resource values in the
a Teshekpuk caribou herd calving area. It is also area. They include opening or not opening all or
potentially high in oil and gas resources. parts for oil and gas leasing and options for desig-

The planning effort is being conducted with thenating the Colville River as a Wild and Scenic
cooperation of the Minerals Management ServiceRiver (with the suitability determination yet to be
(MMS), which has extensive experience develop-made). They include various management options

ing EISs on nearby areas. Work on tEiS has for use and/or protection of resource values and
occurred in an exceptionally open and cooperativiaclude the use of stipulations to reduce potential
environment, featuring an on-going dialogue impacts.

among all interested groups and including the TheEIS process is still on track for a July 1998

State of Alaska and the North Slope Borough as decision. The drafElS was made available for
active partners in the document’s preparation. Otpablic comment in December 1997. The comment
Federal agencies have been actively involved in period ended March 12, 1998. The draft EIS did
reviewing various sections of the draft document,not contain a preferred alternative. This is so the
including theUSGS the Natural Resources Consedecision will reflect the best public interest in
vation Service and the@SFWS Various public view of all the information available. Current pro-
groups and organizations have received scoping ject planning calls for a fin&!S to be made avail-
or update briefings froBLM management in able by June 26, 1998, with the Record of Deci-

Alaska as well. sion published by July 31, 1998.
Substantial effort has been made to apply the  The draft was made available to the public via
best available science to the process: the Internet on November 24, 1997. The use of a

* The interdisciplinary team who prepared the web page has provided an innovative approach to
draft conducted a science symposium to cappublic access of project information. Visit the
ture all the latest scientific information. Na- home page at http://aurora.ak.blm.gov/npra/
tionally known specialists in Arctic science
from industry USFWS Alaska Fish and Game,

University of Alaska, Ducks Unlimited and thdVlineral Land Assessments
North Slope Borough attended and provided
that information. In February 1996 the Alaska staff of the U.S.

* A special workshop on caribou and waterfowBureau of MinesWSBM) was transferred to the
was held to bring specialists from Federal, BLM with a mandate to conduct mineral assess-
state and local governments together to discusents under the auspicesfiILCA, section
what is known about the relationship of oil anti010.
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Industrial Minerals selections. Of these occurrences, 9 were historically

In 1995 theJSDA Forest Service [SF§ and  producing mines, 25 development prospects, 21
the USBM entered into a three-year interagency exploration prospects and 9 raw prospects. The
agreement to conduct a survey of the mineral maggajority (55) were hard rock deposits and 9 were
rials located within the Chugach National Forest placer deposits. Mines, prospects and occurrences
(CNF), Alaska. When th&/SBM Alaska personnel were sampled to aid in determining the type, amount,
were transferred to the BLM, the interagency  distribution and economic viability of minemépos-
agreement was transferred also. The field work its located on Ahtna-selected lands within the park
for the project was conducted by BEM in 1996. boundary. A report was completed in the second
The intent of the project was to determine the locguarter of FY 98.
tion, accessibility, quantity and quality of mineral
material sources. Sources of materials for aggre-Tongass National Forest Mineral Assessments
gate, shot-rock, riprap and other common varieties Studies of the mineral development potential of
used in the construction industry were the main mining districts in southeast Alaska are continuing
focus. at the request of th@SFS The objectives of the

Two major areas of interest were identified dur€hichagof-Baranof and Stikine area studies cur-
ing the preliminary literature search: the Kenai Peantly underway are to identify the type, amount
insula study area and the Cordova study area. Thgs¢distribution of mineral deposits, determine ore
areas are located along existing transportation sygserves, complete economic feasibility studies, and
tems and are identified with major ongoing and address the economic and environmental effects of
proposed road construction activities. Field work mineral development.
1996 was limited to the road corridor of the Seward The Chichagof-Baranof study was initiated in
and Glacier Districts on the Kenai Peninsula. 1995. Field work for the study was completed in

During 1996 theBLM conducted a 40-day field 1997. Two reports detailing work accomplished in
season mapping and sampling 27 material sites ar9®5 and 1996 have been completed and released.
gravel deposits in the Kenai Peninsula area. To The draft of an economic feasibility report on two
identify potential new material sources, “grass  mineral deposit types in the Chichagof-Baranof
roots” exploration was conducted in areas with n@rea was released in the fall of 1997. The final
previous mining or gravel extraction. Work was Chichagof-Baranof report is due to be completed
restricted to the areas along the existing roads, in the summer of 1998.
highways and trail systems. A total of 67 samples The Stikine area mineral assessment, encom-
were collected. Ground-penetrating radar geophysassing the Wrangell and Petersburg forest areas,
ics tests were performed at 12 sites to aid in detefas initiated in 1997. A report detailing the first
mining the depth to the water table and/or bedrogkear’s activities as well as background information

Two reports were prepared and delivered to then land status, geology, mining history and previ-
USFSin early 1997Mineral Materials Survey of  ous studies and a bibliography will be completed
the Seward and Glacier Ranger Districts Road  during FY 98. Current plans call for the Stikine
Corridor, Chugach National Forest, Alaska: Vol- mineral assessment to be completed in 1999. Yearly
ume I. Summary and Site Descripti@miVolume  reports are anticipated along with a comprehensive
. Application of Ground Penetrating Radar to Sitéinal report to be completed in 2000.
Delineation and Reserve Estimation

Upper Koyukuk Mineral Assessment

Mineral Investigations of Native Land Selections  The Upper Koyukuk mineral assessment is an

During the summer of 1997 tiB M completed examination of Federal, state and Native lands.
field work on a one-year mineral assessment of The program is a comprehensive study of past
Ahtna, Inc. selections within the Wrangell-St. Eliagshd current mining activities as well as future min-
National Park and Preserve, Alaska. The assess-eral development potential in the Koyukuk Mining
ment was conducted to provide Ahtna, Inc. the District.
necessary minerals information to finalize their The district comprises approximately 11.6 mil-
regional selections within the park (as requested lion acres drained by the upper Koyukuk River and
by the National Park Service). the Kanuti River. The region contains over 320

Through a literature search and field investigaknown mineral properties, including placer and
tion, the BLM identified mineral occurrences lode gold, copper, tin, tungsten and massive sulfide
located within a one-mile radius of the Ahtna, Incsites.



Collecting GPS data from
the workings of the
Clear Creek Mine.

tract administration and management. The results
of the survey were slated to be available to the
public in the spring of 1998.

Abandoned and Inactive Mine Inventory

TheBLM is examining abandoned and inactive
mine @AIM) sites in the Tongass National Forest
(TNF) andCNF for the USFS as part of an inter-
agency agreement initiated in 1990. Project work
was started by the USBM and subsequently trans-
ferred to theBLM in February 1996. To date, 109
sites have been examined for physical and chemi-
cal hazards in the TNF and 137 sites evaluated in
the CNF. Work in 1997 included returning to seven
significantAIM sites in therNF and performing
an integrated site assessment to more clearly
define the chemical hazards present. Inventory-
level sampling was completed at thAd® sites.

The four-year program will include literature  Inventory work was conducted at sevekiVl
and records searches, an airborne geophysical saites in theCNF during 1997 to establish consis-
vey, geologic field investigations, and constructiotency with the previous evaluations and facilitate a
of an extensive mineral database for the district. comprehensive prioritization for AIM sites in both
Results will be made available to the public in  forests TNF andCNF together compris&SFS
three open-file reports. During the 1997 field sea-Region 10).
son, approximately 30 sites were visited and 264 The BLM has provided individual site files for
samples collected for analysis. The sites includedhe 109 sites evaluated in theF. Presentation
historic and active placer mines, an undergroundpackets including a narrative summary for all sites
placer mine, and other areas of potential mineralwas also provided. Oral presentations detailing

ization. results and prioritization of sites were given to
Chatham, Stikine and Ketchikan district personnel
Geophysical Surveys in 1996 and 1997. Future work includes additional

In 1997 an airborne geophysical survey of minintegrated site assessment and removal prelimi-
eralogically prospective areas in the Wrangell anehary assessment reports at high-priority AIM sites.
Petersburg areas was conducted. The objective LM personnel will provide additional data as
the survey was to define mineral exploration tar- requested by the USFS.
gets, refine geologic maps, enhanceBhb!’s
current mineral assessment, and spur economic Geologic Analyses and Studies
activity in the area. Funding for the study included The Energy and Minerals Team is participating
$300,000 of carry-over funds from tB&M and in the geologic analyses of three parts of the Arc-
$200,000 from Wrangell's share of the Southeasttic. Recently announced oil and gas discoveries
Alaska Economic Fund. Survey contract adminiswith their subsequent development plans have
tration was provided by the State of Alaska, Divi-implications for disposition of Federal minerals.
sion of Geological and Geophysical Surveys A geologist and a geophysicist from the Energy
(ADGGYS). Minerals Team are working withSGSgeologists

A geophysical survey of potentially mineral- to determine the nature and extent of the economic
bearing areas in the vicinity of Wiseman, Alaska, bedrock geology beneath the Arctic National Wild-
began in August 1997. The instruments being usdite Refuge. This includes areas defined under
include a magnetometer and an induced electro- sections 1002 and 1008 ANILCA . Analysis of
magnetic conductivity sensor operating in five freseismic data and field geology suggests that this is
guencies. Approximately 530 square miles were a predominantly clastic stratigraphic section and is
covered, with lines flown at quarter-mile spacing.of lower Paleozoic age.

The project participants include tB&M and the Both onshore discoveries and offshore explora-
ADGGS. TheBLM has supplied funding in the  tion drilling onAlaska State leases affect the Arctic
amount of $220,000, arkDGGS provided con- National Wildlife Refuge 1002 area. Geological and
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seismic analyses of recent exploration activity —and seismic data to delineate the extent of newly
shows that features similar to those currently gardefined plays to determine how they affect poten-
nering industry interest extend and exist beneathtial lease tract values. All tracts are being analyzed
the 1002 area. As a result these analyses show to determine geologic parameters needed as inputs
there is potential for drainage of Federal leasableto calculate minimum acceptable lease values.
minerals when recent discoveries, such as at Soun-addition, potential lease play definitions and
dough well, begin producing. However, it is deterdescriptions are being prepared for the remaining
mined that no drainage will occur until these parts of the reserve not originally included in the
Alaska State leases begin producing. Currently |AP. Both in-place and recoverable resource num-
announced industry plans do not project developbers will be determined, but tracts in the remaining
ment on these State leases before 2001. part of the reserve will not be analyzed at this time.

Other geological investigations of northeastern The Energy and Minerals Team participated
Alaska stratigraphy and biological marker com- with geologists from th&#SGSand theMMS in
pound geochemistry of oils show that three sepaffétl work in the westernmost Brooks Range.
petroleum systems are present and have generatddderstanding this surficial geology has applica-
oil that has subsequently charged potential resertion in defining plays in the Chukchi Sea lease
voirs. Prudhoe oils of the Ellesmerian System areareas and the westeiPRA. In addition, the
present in the subsurface of the northwestern poregional geological analysis ties in with under-
tion of the 1002 area. Surficial oil seeps and oil- standing the nature and disposition of several
stained sands belonging to the Hue-Sagavanirktgdotentially large base metal deposits found in the
System are present across the 1002 area from southernmostiPRA.
Katakturuk Creek to Manning Point and the Nigua- Geochemical analyses of oil shows found in the
nak area. The oil seep at Angun Point does not Chukchi Sea exploration program show that the oil
match any of the previous oils. Oil at Angun Pointdoes not resemble any of the currently described
is speculated to be from a third independent petrédorth Slope oils. There is an enigma, however,
leum system generated by Tertiary rocks offshorebecause the oil is most likely generated from the
This work will be included irshort Notes on Alas- same source rock that generated a significant por-
kan Geology tion of the Prudhoe oil group. Chukchi Sea oil

The Integrated Activity PlanAP) for theNPRA bears a strong correlation to oils found in the Sver-
involves the Energy and Minerals Team at severalrup Basin of the Canadian Arctic Islands. A pre-
levels. Team members amMS geologists and rift re-rotation of land masses juxtaposes the Chuk-
geophysicists defined potential plays for the resenle area to the Sverdrup basin during pre-Jurassic
and determined both in-place and recoverable oiltime. This geometry suggests a larger area may be
and gas reserves for its northeast portion. Geolo-prospective for oil. These data will be included in
gists and geophysicists are interpreting well logs Short Notes on Alaskan Geology

. Funding (thousands)
Geological Survey FYos  Fvor
Energy and Minerals 4,500 2,625

In FY 94 the Fish and Wildlife Service and the Natural Hazards 3,500 2,625
National Park Service Arctic research programs Global Change 2,500 750

arine and Coastal Geology 1,000 188

were transferred to the National Biological Surve)z| .
eomagnetism 250 250

(later National Biological ServiceNBS), a new

- N . . Ice and Climate 480 188

bureau constituted by combining the biological  Hydrology 130 100
research functions of a number of Department of Mapping 1,070 563
the Interior POI) bureaus. As a result of the Fy — Marine Mammals 1,660 1,660
97 Appropriations Act, thaiBS was transferred to Migratory Birds 2,390 2,390
. . Fisheries Research 360 360

the_ U.S. Geological _Sgr_vey and became the Blo-Cooperaﬂve Research 330 330
logical Resources DivisiorBRD). Terrestrial Ecology 1,130 1,130
The BRD conducts research in the Arcticto  Park Research 1,140 1,140
generate information that will helpOl agencies  Total 20,440 14,299



Bull caribou in fall looking out
on its winter range, northern
edge of Denali National Park

and Preserve, Alaska.

capabilities that may be applicable to problems in
Arctic research.

Ecological research in Arctic ecosystems is
difficult, given the harsh conditions, frequently
inaccessible habitats and often wide-ranging move-
ments of Arctic biota. It is also very costly. Since it
has often been necessary to develop new methods
of obtaining information, some of the most advanced
technologies have been developed for, or first
applied to, research in the Arctic. Satellite-linked
biotelemetry and molecular genetics are but two of
many new techniques that have been successfully
applied to the problems of fish and wildlife conser-
vation in the Arctic.

Wildlife Ecology

Research on the unmanipulated wolf/prey com-
munity of Denali National Park and Preserve
(DNPP has continued unabated since 1988D
scientists, in cooperation with the National Park
Service NP9, are currently studying the popula-
tion dynamics and predator/prey relationships of
gray wolves and caribou and are planning in
FY 98 to launch new research on moose, the other
major prey of wolves iDNPP. To date, the studies
in Alaska meet their resource management respdmave provided new information on the population
sibilities. These responsibilities include the consedynamics, predation behavior, social structure and
vation of migratory birds, certain marine mam-  genetic relationships of wolves; the population
mals, endangered species, anadromous fishes adginamics, reproductive performance and calf sur-
all biota inhabiting National Wildlife Refuges and vival patterns for caribou; and the influences of
National Parks and Preserves. Research addressesather and landscape use patterns on wolf/
the effects of development, disturbance, hunter caribou relationships. During these studies, wolf
harvest and natural environmental cycles on fish density increased from below 4.0 wolves/100%km
and wildlife populations. Other research seeks toduring 1986-87 to 7.8 wolves/1000 Kimy 1990,
develop improved census and survey methods thatth the onset of a six-year period of above-
will better deéct trends in populations. All researchaverage snowfall. Caribou numbers increased from
has the ultimate goal of providing information that 1986 to 1989, reaching about 3200, then declined
will lead to better management decisions and actiopeecipitously to around 2000 animals by 1993 as a
to promote conservation of living resources in the result of high losses of calves to predation (primar-
vast ecosystems of the Arctic. Fish and wildlife ily wolves and grizzly bears) following the severe
populations in the U.S. Arctic are extensively  winters and increased mortality of adults during the
shared with Canada and Russia, and a portion ofsevere winters. Since 1993, wolf numbers have
the research effort is directed toward treaty and declined to about 5.5 wolves/1000 kmith the
other international requirements to jointly managelecline in caribou and a return to near-average
shared resources. snowfall, while the caribou numbers have stabilized

Most Arctic research dheBRD is conducted  at 2000. Although biologists only conducted moose
from the Alaska Biological Science CentaBGC),  censuses every five years during this period, it
Anchorage, and th€ooperative Research Unit at appears that moose numbers have stayed relatively
the University of Alaska Fairbanks. Some addi- stable.
tional research is performed by others of the 15 Denali National Park and Preserve also supports
national research centers or the more than 50 coog naturally regulated grizzly bear population that
erative reearch units, each of which has special has not been subject to harvest for at least 80 years.
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Grizzly bears are an important visitor attraction innorth flank of the Alaska Range. Fall nutritional
DNPP, and the impact on bears from efforts to  status affects both female bear fecundity and cub
improve visitor access to the park is a primary cosdrvival. In this area, fall nutritional status is
cern.NPSmanagers suspect that current human largely dependent on berry availability. The pri-
access alters grizzly bear distribution within somemary berry sources in the study area are blueberry,
portions of the park. Public pressure for more  crowberry and soapberry. The objectives of this
access into Denali along current routes is constastudy are to determine the distribution patterns for
and alternative access points are proposed on bdtiese plants, measure the interannual variation in
the north and south sides of the park. Continued berry crops, and determine the nitrogen content
human developments adjacent to the eastern  and relative importance of plant nitrogen fixation
boundary of the park are fragmenting bear habitatio bear diet. This study is part of a larg&SC

Sport harvest of grizzly bears east of the park hagrizzly bear ecosystem research proje@NPP.

been very intensive in the past, and reduction in Biologists are using the data to evaluate the rela-
bear density is the objective of the current harvegionship between berry availability and bear popu-
program in the State of Alaska’s Game Manage- lation dynamics. The primary study area covers
ment Unit 13, southeast of the park. There is con1750 kn? in the western part of the park on the
cern that intensive harvest and habitat fragmentanorth flank of the Alaska RangBRD biologists

tion may eventually alter natural gene flow. Grizzlysed aerial surveys of the study area, ground
bears are specifically mentioned in the park’s enatirecks and data on bear movements and foraging
ling legislation, and protection of the grizzly bear from radio-collared bears to assess the distribution
population is an important concern of park adminpatterns of soapberry, blueberry and crowberry
istrators. This combination of threats and respongiants and to select areas for monitoring berry crops.
bilities resulted in the need to: They specifically looked at the distribution of soap-

» Understand grizzly bear population ecology berry gants in relation to moraines and outwash of
and identify intrinsic and extrinsic factors known age of the Muldrow and Foraker Glaciers.
that drive bear population dynamics, espe- They established 29 permanent transects to meas-
cially those that could be altered by human ure soapberry, blueberry and crowberry crops.
activities; Soapberries, blueberries and crowberries were col-

« I[dentify the natural variation in population  lected near the transects and divided into a whole
parameters to assist in identifying human-  berry sample and a seed sample. These samples

caused perturbations; and were analyzed for total nitrogen and stable nitro-
* Develop cost-effective, non-invasive methodgyen isotope ratios. The study area contains exten-
to monitor the grizzly bear population. sive stands of soapberry plants on neoglacial

Beginning in 1991, NPS and BRD biologists moraines of the major glaciers and smaller stands
chemically immobilized grizzly bears from a heli- on glacial outwash. Blueberry and crowberry
copter and placed radio collars on 28 female andplants are abundant throughout the study area and
30 male bears, not including dependent young. include patches with up to 100 mf continuous
The female age distribution was bimodal, with noblueberry cover. The soapberry crop was consis-
females between the ages of 9 and 16. Annual suently good in 1994-1997. Berry counts on tran-
vival rates of independent bears were high—abowects showed considerable variation among bushes,
95% for both males and females. The average litteut individual bushes had similar crops each year.
size of newborn cubs was high (2.2 cubs), and th®verall observations of the blueberry and crow-
average age of young at the time of family break-berry crops and counts along transects in 1994—
up was typical for Alaska grizzlies (3.0 years). Th&997 showed small productive patches within a
average annual survival rate of dependent newbamatrix of unproductive bushes. The blueberry crop
cubs and yearlings was unusually low, however, was 50% higher in 1995 than in 1994, the crop
and is the subject of ongoing research. Naturally was poor in 1996, followed by a large crop in
regulated grizzly bear populations may be charact997. Crowberries were virtually absent through-
terized by high but variable dependent bear mortalt the study area in 1994 but had good crops in
ity, periodic recruitment and a dynamic female agE995-1997. Soapberries may be important to bear
structure, at least in sub-Arctic environments suckall nutritional status in this area. In 1994 both
as interior Alaska. soapberries and blueberries were available in the

Berry availability and quality may be factors study area, but grizzly bears fed primarily on
driving grizzly bear population dynamics on the soapberries from late July until snowfall. Soap-



berries in this area offer efficient foraging and a Although there were no thwarted attempts to cross
relatively high protein content. The large soapberrythe road during fall migration, ram groups were
stands occupy a unique place in space and time indelayed by the road for up to 7.5 hours due to traffic.
the study area ecosystem. They occur on relatively For the 10th consecutive year theS in coop-
recent glacial moraas, where they are the primary eration with theBRD Forest and Rangeland Ecosys-

nitrogen fixers. This successional patterrieds tem Science CentefFRESQ, Corvallis, Oregon,
from many other areas of Alaska, where alders orollected data on the reproductive characteristics
Dryassp. are the primary nitrogen fixers. of golden eagles iDNPPin 1997. Using two

BRD biologists investigated the effect of vehicle aerial surveys, biologists monitored 72 golden
traffic on the Denali Road DNPPon Dall sheep  eagle nesting areas in the northeastern portion of
seasonal migration during 1995-1997. Several sedNPP. Territorial pairs occupied 63 nesting areas,
tions of the park road intersect sheep migration coresulting in an occupancy rate of 88%. Laying rate
ridors between the Alaska Range and the Outer was 71%, with 45 territorial pairs producing eggs.
Range. Sheep leave typical escape terrain and Nesting success, measured as the number of laying
travel up to 10 km through valley shrub habitat pairs raising one fledgling, was 73%. Thirty-six
and conifer forest to reach these seasonal rangesuccessful pairs raised 57 fledglings. The overall
Occasionally road traffic has interrupted the population production, measured as the number of
sheep’s attempts to cross the road. This study wdkedglings per territorial pair, was 0.90. This was
conducted to determine the timing of migration; the second highest year for golden eagle produc-
the number, sex and age class of migrating sheefiyity in the study area in 10 years. Since 1988 the
sheep and vehicle driver behavior at road cross- overall annual reproductive output of golden
ings; and whether thwarted attempts to cross theeagles iDNPPwas influenced most strongly by
road occur often enough to alter or jeopardize the proportion of pairs that lay eggs. Laying rates
migration patterns. Aerial surveys were conductetbr golden eagles iDNPPare highly correlated
to determine sheep abundance before, during andith numbers of snowshoe hare and willow ptar-
after spring migration. Biologists documented = migan observed on the study area.
migration attempts through daily observation of In 1997 theFRESCandNPSbiologists began
staging areas and known migration trails and  to examine the behavior and movements of juve-
recorded detailed information on sheep—vehicle nile and subadult golden eagles from natal areas
interactions at the road. To supplement direct  in DNPP. Using satellite radiotelemetry they are
observations, they used infrared-triggered camerasllecting data on eagle movements during post-
and time-lapse cameras to photograph sheep trafledgling periods, migration, winter and subse-
eling on trails through migration corridors. Springquent summers. In late July and early August 1997
migration attempts were observed as early as 12(afternestlings were more than 60 days of age) they
May 1996 and as late as 7 July 1997. Group sizedeployed 22 satellite radio transmitteé?3 {s) on
ranged from 1 to 6idividuals. Generally, group  juvenile golden eagle®TTs were deployed on
composition was either ewes with younger animalsl2 females and 9 males at 14 nests (14 siblings,
or rams, @hough occasionally adult rams traveled? singles)PTTs were attached to juvenile eagles
with ewe groups. Sheep that migrated prior to  using a backpack harness constructed of Teflon
mid-June were ewe groups of 1-4 individuals or ribbon. The entire package weighed about 102
rams. Larger ewe groups with lambs initiated grams (less than 3% of the total body weight of
migration during the third week of June. Overall, the eagles). The duty cycle for BIT Ts is 8 hours
spring migrations occurred at various times of theon and 72 hours ofPTT life is estimated at 3
day, with sheep approaching the road between years. They are using the Service Argos Data Col-
0400 and 2000 hours. Unsuccessful migration lection and Location System to obtain locations of
attempts, in which sheep retreated from the roadthe radio-tagged eagles. TABSC is assisting
and returned ttheir winter range, were observed with data collection.
each spring. In most cases these sheep were succesgn integrated watershed approach to long-term
ful in later attempts to cross the road. Observed falecological monitoring has been under develop-
migration attempts occurred between 23 August ment aDNPPsince 1992. ThBNPPmonitoring
and mid-October. Group size ranged from 1 to program is being developed as a prototype for
32 individuals. Ewe and ram groups migrated semther parks in the sub-Arctic. Because of minimal
arately. Sheep approached the road at various information on variability and interactions among
times of the day between 0800 and 2100 hours. sub-Arctic biota and different environment vari-
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ables, a multidisciplinary sampling approach has Findings have shown that although human activity
been used. Early efforts have been concentratedrmay highly influence bears’ patterns of use, bears
and around a single watershed—Rock Creek, a are able to adequately access salmon resources.
readily accessible headwater stream near park Work is ongoing to map vegetation communities,
headquarters. Pilot studies have tested techniquesalmon resource availability, and other nutritional
and documented variability for methods in air ~ resources so that managers can better understand
quality, weather, stream water chemistry, hydrol- bear—habitat relationships.

ogy, soils, vegetation, stream invertebrates, and  Research conducted on the Arctic coastal plain
bird and small-mammal populations. These indi- of the Arctic National Wildlife RefugeANWR)

vidual efforts have provided significant insight  in northeastern Alaska addressed the potential
into what might be effective approaches to moni-impacts of petroleum development on the ecology

toring within single watersheds. of this unique wilderness environment. Biologists
Current research is focused on integrating designed research at the landscape level to encom-
watershed findings and scaling to additional pass the 2.5-million-acre coastal plailAdfWR.

watersheds. Additional approaches to monitoringThe Porcupine Caribou Herd uses this area as its
key biological and environmental changes at variprimary calving ground. Snow geese breeding on
ous levels of scale from the watershed to the full Banks Island stage in this area in the fall. Polar
six-million-acre park and beyond are also being bears den on the area’s Beaufort Sea shoreline.
investigated. In addition, stronger links between The area hosts a resident population of muskox.
the long-term environmental monitoring program The research incorporated the relationships of
and tactical short-term management needs are these fauna to the habitat of the coastal plain.
being forged. Using remote sensing, biologists developed a

A coastal brown bear study in Katmai Nationalvegetation map of the coastal plain from Landsat
Park and Preserv&PP) was recently completed thematic mapper and ground survey checks. This
after seven years of field work. The project was amap, which has 16 land cover types, has been the
cooperative effort of the Alaska Department of  basis for assessing habitat use and value. Addition-
Fish and Game, théPSand theBRD. Research  ally, remotely sensed data on vegetation growth
objectives included an estimate of the bears’ repr@ates from the normalized difference vegetation
ductive histories and population dynamics, their index (NDVI) derived from the advanced very
movements and distributions, and habitat relatiorhigh resolution radiometeAYHRR) on polar-
ships. Preliminary data analyses have identified orbiting satellites provide the opportunity to assess
significant differences in the population dynamicsthe habitat conditions of the coastal plain for cari-
of this population of unhunted bears compared tobou and other species during the non-winter period.
nearby hunted areas, wher&katPP there are These data allow biologists and managers to link
more adult males to females, adults have a highegrowing-season vegetation changes with caribou
mean age, cubs experience a lower survival rate habitat selection. With the growing concern over
and females are less productive (litter size). Addiglobal climate change, these landscape-level rela-
tionally, biologists have foundNPP bear densi-  tionships could provide the basis for monitoring
ties to be the highest ever reported (550/1000 changes that may be occurring. Preliminary analy-
km?), and although home ranges for sofNPP sis ofNDVI and caribou calf survival shows a
female brown bears are the smallest ever reportetiarked relationship (85%) between onset and rate
(less than 10 kA), some oKNPPs female bears of spring growth and neonatal mortality. Additional
traveled less than 240 km annually to and from analyses and continued research will be necessary
summer range&KNPP brown bears exploit a wide to determine the causal relationship inferred and to
range of food resources, including mussels, clampredict the impacts of vegetation changes engen-
and a host of invertebrates exposed only at low dered by global warming.
tides. Bidogists also conducted studies that focused
on bear—habitat relationships. Preliminary findingEisheries Research
support the notion that bear habitat quality is Fisheries biologists from th&BSC are con-
chiefly a function of nutrient resource availability ducting a detailed study of the ecology and sur-
and that nutrient resource maps may prove accepival of chum salmon in Yukon River tributaries in
able indicators of bear habitat suitability. Addi-  Alaska. This research was initiated in 1996 in
tional work atKNPP has focused on bear—-human response to an information need of Federal and
interactions at various backcountry locations.  state land managers for a better understanding of



the factors controlling chum salmon production. on Alaska’s North Slope, and seasonal and annual
Some runs in the Yukon River watershed have survival of adult brant.

diminished to the point where important commer- Brant that lose their clutches or do not nest

cial and subsistence fisheries have been limited inndertake a molt migration, usually in late June, to
recent years. The primary hypothesis being testedecluded areas in the high Arctic. They congregate
is that, in general, the severity of winter weather in large numbers on molting areas for a month or
determines the number of chum salmon smolts more until new flight feathers are grown. Impor-
moving downstream each spring. To evaluate thetant molting areas have been discovered on Alaska’s
hypothesis, biologists are intensively studying se®orth Slope near Teshekpuk Lake and Wrangel
tions of selected Yukon River tributary streams tolsland, Russia. These areas, dominated by large
assess the number of adults entering the sectiongeshwater lakes and ocean estuaries, provide

the density of healthy eggs and fry incubating  essential habitat for tens of thousands of brant
within the sections, and the number of fry emigrafrom many nesting colonies during the annual

ing from the sections. Estimates of stage-to-stageving molt. A six-year capture—mark—recapture
survival will be made from these observations. study of brant that molt in the Teshekpuk Lake
The survival estimates can then be correlated withrea revealed that brant originated from ten nest-
environmental variables (for example, tempera- ing colonies in Canada and Alaska. The captured
ture, snowfall, ground ice and extent of upwellingbirds were 76% adults and 57% males. Ninety-one
subsurface water) to examine to what extent the percent of known-age recaptures were less than
environment determines freshwater production ofsix years old. Fewer one-year-olds and more two-
chum salmon. Research will continue through  year-olds were present than expected. Sixty-one
2000 so that annual variation can be assessed. Tiercent of adult females were failed breeders.
results should improve the capabilities of FederalBrant that were captured in more than one year
and state fisheries biologists in predicting run  showed high site fidelity to lakes where they were
sizes, allowable harvests and optimal spawner originally banded, a behavior that may have

escapements. evolved if survival is enhanced because of few
predators, low human disturbance and abundant
Migratory Birds food and cover. These criteria are met in the

The black brant is a sea goose that depends ofeshekpuk Lake area, where few predators of
coastal habitats from high Arctic nesting sites in brant exist, anthropogenic disturbances are
Canada, Alaska and Russia to primary wintering limited, extensive grass—sedge foraging sites pro-
areas in the Pacific coastal states, the Baja Califoariding nutrient-rich foods are abundant, and
nia peninsula and mainland Mexico estuaries.  escape cover is extensive. The Teshekpuk Lake
Concern about the species stems from a long-terbrant molting area is within a larger block of land
downward trend in winter populations and the in the National Petroleum Reserve—Alaska that is
degradation and loss of important staging and under consideration for petroleum leasing.
winter estuarine habitats from commercial and An eight-year study of seasonal and annual sur-
recreational development and disturbance. Othervival of adult brant was based on resightings of
factors that may be limiting population recovery leg-banded birds at nesting colonies in western
include harvest and predation at nesting coloniesAlaska; at major spring and fall staging habitats on
in Alaska. the Alaska Peninsula, the Strait of Georgia in Brit-

The ABSC, in cooperation with thEWS, the ish Columbia, and Humboldt Bay, California; and
Canadian Wildlife Service, Nature Reserves (Ruswintering areas in Baja California. Seasonal sur-
sia), the Bureau of Land Management, and the vival was the same for males and females. The
University of Alaska Fairbanks, has been workingnean monthly survival rate was lowest in late
on various aspects of the life history of black brargpring migration (mid-April to early June)—the
for over a decade. More recently the Japanese period of greatest subsistence harvest on the breed-
Association for Wild Geese Protection (a private ing grounds in Alaska—and highest in winter
conservation organization), Ducks Unlimited Inc.,(early January to early March)—the period of
and Ducks Unlimited (Mexico) have joined this greatest sport harvest. The annual survival rate did
international effort to understand the population not vary among years, averaging 0.840 from 1986
dynamics of black brant. Several studies were to 1993. Biologists concluded that subsistence har-
recently completed, including an assessment of vest likely is the most important factor controlling
the demographic characteristics of molting brant the size of the population, and reductions in the
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harvest on the Yukon—Kuskokwim Delta, Alaska, effort between thERESCand theFWS has oper-
would result in an increased number of breeders ated as a remote field camp on the Colville River
and geese in the population. delta in northern Alaska since 1987. Its primary
Brant demographic and survival studies were mission is to provide scientific information needed
made possible because more than 40,000 birds hatke conservation and management of Arctic-
been marked with alphanumeric-coded plastic ledpreeding birds and the ecosystems on which they
bands. Incidental to these studies was the discoveepend. The Colville River delta provides some
of a previously unknown wintering area for Alaskaf the best habitat for breeding waterbirds (tundra
birds. Colleagues working on Hokkaido and Hon-swans, geese and loons), breeding shorebirds and
shu Islands in Japan observed three brant with fall-staging shorebirds in northern AlasiRESC
leg bands that had been affixed to hatching-year biologists have completed studies on tundra swan
birds from a nesting ecology study on the Yukon—-productivity, habitat use and parental care; mating
Kuskokwim Delta in western Alaska. ldldition, strategies of the rock ptarmigan; spectacled eider
an after-hatching-year bird from the Prudhoe Bay productivity and habitat use; and the use of wet-
area of Alaska was discovered among flocks on lands by grazing waterfowl. Ongoing studies
Kokkaido Island. Biologists examined weather paifaclude developing monitoring protocols for nest-
terns and speculate that these brant take a westvirmgdshorebirds and Lapland longspurs; comparative
transoceanic flight route from their primary fall demography and breeding ecology of red-throated,
staging area at Izembek Lagoon, Alaska, to the Pacific and yellow-billed loons; and the breeding
islands of Japan, where they mix with wintering ecology, survival and dispersal of shorebirds.
birds from high-Arctic Russia. FRESCbiologists are working with theEwS and
Satellite telemetry has proven to be an effec- the Caservation of Arctic Flora and Faur@AFF)
tive tool in tracking long-distance migrants duringprogram to initiate Alaska- and world-wide moni-
annual flights from nesting to wintering areas. Theoring of tundra-breeding birds and the tundra eco-
ABSC has pioneered the use of this technique to system.
better understand migration timing, migration
routes and corridors, staging habitat locations anarine Mammals
migrant survival. Tundra swans nest in western The FWS has trust responsibility for managing
Alaska (on the Alaska Peninsula, the Yukon—  three species of marine mammals: polar bears,
Kuskokwim delta and the Seward Peninsula) andPacific walruses and sea otters. Polar bears and
across the Arctic Coastal Plain from Barrow east Pacific walruses are apical carnivores in Arctic
through the Canadian high Arctic. Even though thegions. Thé8RD has responsibility for conducting
swans are conspicuous, biologists and managergesearch to satisfywSinformation needs for
have a poor understanding of tundra swan migrathese two species. The U.S. shares both species
tion pathways. The movements of satellite-markedith Russia, and polar bears are also shared with
tundra swans were tracked during autumn and Canada. The international nature of the populations
spring migration between the outer Yukon—Kuskokequires the U.S. to coordinate research programs
wim delta and wintering areas in California. with both Russia and Canada. The focus of current
Marked swans migrated eastward across the deltasearch relates to international actions necessary
during early October. After crossing the Alaska to conserve shared populations. Both species are
Range, swans stopped briefly on the Susitna Flatsubject to legal harvests by Alaska Natives, and
of Upper Cook Inlet. They then migrated eastwardesearch seeks to develop methods for defining and
into the Yukon, Canada, and from there flew southonitoring populations to establish sustainable
ward, paralleling the Wrangell Mountains throughpopulation goals. Resource development in the
the interior of the Yukon to a staging area in northArctic habitats and their potential impacts on popu-
eastern British Columbia. They gradually migratetations of polar bears and Pacific walruses are also
through central Alberta and southwest Saskatchetopics of research interest.
wan and across Montana to a staging area in south-The research program on Pacific walruses is
eastern ldho. Swans remained in Idaho from mid- focused on the trophic ecology and use of terres-
November until early December, when they migratédal haulouts of Pacific walruses in Bristol Bay.
acrosdNevada to the Sacramento—San Joaquin déltee development of an international Pacific walrus
of California. Spring migration routes were similadatabase, which includes data from Russian and
to those used in autumn. American scientists concerning census, harvest and
The Colville Research Station, a collaborative habitats, is nearing completion. Drugging protocols



USGS Alaska Biological Sci-
ence Center researcher
weighing a polar bear cub
near Prudhoe Bay, Alaska,
in April. Heavy cubs are sig-
nificantly more likely than
lighter cubs to survive the
first few months in the rigors
of the Arctic environment,

and heavier cubs usually are &

born to heavier females.

ranges often exceed 400,000%maternity den-
ning occurs primarily in Russian territory, with the
majority on Wrangel and Herald Islands. Survey
methodologies for aerial censuses of polar bears in
western Alaska have been developed, but budget
limitations and the continuing economic crisis in
Russia have delayed implementation of this sur-
vey. The aerial surveys used by Russian scientists
on Wrangel and Herald Islands have been revised
based on a joint U.S.—Russia workshop. The
revised methodologies were tested on Wrangel
Island during the spring of 1998 by a U.S.—Russia
team of scientists. Present movement data for
polar bears are limited to adult females. A pilot
study to determine if subcutaneously implanted
satellite transmitters could be used to monitor the
movements of adult male polar bears was initiated
in the spring of 1996. Detailed movement data
have been collected for seven adult males during
the spring and summer months. Preliminary data
analyses indicate that adult males have a tendency
to be more sedentary that adult females during the
same period. Technical difficulties caused the sat-
ellite transmitters to fail before animals could be
recaptured the following spring, and the effort dur-
ing the spring of 1998 focused on resolving this
problem.
have been refined, and effective immobilization Continued analysis of movement data gener-
agents have been found for Pacific walruses. The ated by satellite radio-collared female polar bears
use of isoflurane gas for extending the effective suggests that polar bear populations in the Beau-
marking period was partially successful, but the fort and Chukchi Seas are largely discrete. Some
unreliability of currently available intubation pro- Beaufort Sea polar bears did temporarily leave
cedures for walruses limits the utility of the gas. their “home areas,” however, and were most likely
Attachment procedures for satellite tags have beém do so during late winter and spring. Because
improved, and units were deployed on 30 adult polar bears breed in the spring, biologists hypothe-
male walruses in Bristol Bay during the summerssized that bear populations of the Chukchi and
of 1996 and 1997. Telemetry data indicate move-Beaufort Seas, which appear from movement data
ments between all primary land-based haulouts io be discrete, may not be discrete genetically.
Bristol Bay, with somevidence of haulout fidelity New molecular genetics data support that hypothe-
between years. The movement data also indicatesis. Based on eight microsatellite loci in tissue
that walruses are traveling between land-based extracted from approximately 300 polar bears,
haulouts to particular regions of the southern Berthere appear to be no significant genetic differ-
ing Sea, presumably for feeding purposes. Time-ences between Beaufort and Chukchi Sea bears.
depth recorders were deployed on five walruses Hence, there is a contrast between radiotelemetry
during the summer of 1997, and the units were data suggesting a high degree of fidelity and
recovered by recapturing the animals six weeks molecular genetics data suggesting no differences.
later. These units collected detailed dive profile Also, this pattern appears to contrast with that in
data for the five individuals. Data analysis is the Canadian high Arctic, where polar bear popu-
underway. lations living closer together than do the bears of
BRD biologists have completed satellite tele- the Beaufort and Chukchi Seas had relatively dis-
metry studies of movement patterns of adult tinct genetic patterns.
female polar bears, and data analyses are under- BRD research has shown that the patterns of
way. The movements of adult females marked in maternal denning in Alaska tend to reduce the vul-
the Chukchi population are extensive, and annuaherability of denning bears to human disruptions.
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Nonetheless, conflicts with denning polar bears Cooperative Research
remain a concern because bears in dens are more

. . ~.~” The Alaska Cooperative Fish and Wildlife
vulnerable to disturbance than at any other time i . : )
. : esearch Unit supports a wide variety of research
their life cycle and because both denning on land.

o . . “in Arctic and sub-Arctic regions of Alaska, Canada
and the extent of human activities are increasing.

. - Y7and Eurasia. Aquatic studies are presently concen-
Hence, ongoing research seeks to characterize . .
ated on the energetics of Dolly Varden char in

: . r
e i st e ot o oatak Natonal Parcand Presri e
cyvater quality of lakes in Gates of the ArdieP

located before human activities occur. If preferre ap d KatmaNPPand in Lake Becharof: and migra-

habitats predictably can t.)e mapped, a_md i dennenon and habitat use of broad whitefish in the Prud-
bears can be detected with the aid of infrared scahnc;

. . . e Bay watershed. Landscape-oriented projects are
ners, biologists and managers will have a managg- . .

I . ocused on environmental changes in the Kobuk Sand
ment tool that will eliminate conflicts between

human activities and denned bears. Dunes; the status of rare plants in the Bering Land

; . Bridge region; habitat use and remote sensing of
The concentration of polar bears in the central __ : N
S caribou in northern Alaska and the Yukon Territories;
Beaufort Sea region in late summer and autumn

and the larger population that exists now has the and vegetation response/nutrient cyclingstation

. . . . to climate change in the Arctic. Studies of birds and
potential to increase interactions between humans

. . mammals constitute the majority of Alaska Unit
and polar bears at times other than denning. For S . . )
. studies in the Arctic. These include the habitat of
example, in 1997, 50 polar bears were trapped on

the beach when the sea ice suddenly retreated red-legged kittiwakes on St. George Island; the
north in August. The central Beaufort Sea is the population ecology of black brant and lesser snow

home of the most productive oilfields in North geese; habitat use of peregrine falcons in the upper

i Yukon River; sampling protocols for small mam-
America, and several stranded bears ended up . : .

: o - mals in DenalNPP, the biogeography of Arctic
hanging around oilfield facilities, where they

posed a constant threat to the safety of oilfield hares in northwest Alaska and eastern Russia; habi-

workers. As oil exploration and development andtat mapping of muskoxen on the Alaskan North

o S{ope; and the interaction of muskoxen and rein-
other human activities expand to the east and we .
éeer on the Seward Peninsula.

of prgsent development centers, biologists expec Additional research in Arctic regions of Alaska
conflicts between polar bears and humans to be : ) o
more frequent. Similarly, 20—30 of those trapped and Ca”ada? 1S bgmg CondL.JCt?dEdgt SC|ent|sts_ .

' ' at Cooperative Fish and Wildlife Research Units in

bears sp(_ant the late summer and fall near the Minnesota, Wisconsin, New York, Missouri, Wash-
coastal village of Kaktovik, where they became . L .
ington and Louisiana. Most of this work answers

accustomed to feeding on the scraps left by SUbSISL]estion ertinent to the management of migrator
tence whaling activities and they learned that d ¥ 9 9 y

humans need not be feared. waterfowl and wetlands habitats on breeding grounds

To properly manage human—bear interactions,m the Arctic, migratory flyways and wintering

we must have better knowledge of polar bear for_grounds tdhe south. All of these projects are tightly

aging strategies and the ecological importance O]Jmked {o pr@ram objectives of cooperators in sev-

near-shore habitats. In response to that need, theeral Canadian and U.S. government agencies, many

ABSC plans to initiate research to answer ques- stgte natural resource agencies, flyway councils and
tions such as: When and why can polar bears bepnvate organizations.

expected to concentrate in near-shore areas where

their opportunity to conflict with humans is great- Mineral Resources Program

est? What limiting factors at sea may be encourag-

ing larger numbers of bears to remain on land for The regional geology and mineral resource
longer periods than in the past? What is the impopotential of frontier areas, the geology of known
tance of land-based foods such as beach-cast mineralized terranes and the geoenvironmental
marine mammals and human waste relative to  behavior of mined and unmined mineral deposits
ringed seals, which are thought to be the main  and occurrences are major themes for research in
component of their diet? Answers to these and Alaska agart of the Mineral Resources Program. In
other questions will help assure that humans andaddition, compilation of geological, geochemical and
polar bears can continue to coexist in Alaska’s geophysical databases into easily accessible and man-
Arctic. ipulatable digital formats is a major origg effort.



Tectonics and gold mineralization in type that is not well documented in Alaska or else-
south-central Alaska where. Coordinated geologic mapping, geochemi-
Studies of the large expanse of oceanic rocks cal sampling and geophysical studies have refined
and associated plutons along the southern Alaskaegional geologic and metallogenic models for the
margin have led to the development of a new moddlelt. Regional geology is dominated by extensive
for the generation of gold veins and have helped sedimentary rocks intruded by late Cretaceous—
resolve the tectonic history of the north&acific  early Tertiary igneous complexes. Precious-metal
Ocean basin. Patterns of magnetic anomalies refleand related deposits are associated with the igne-
the existence of three oceanic plates in the northeraus complexes. Detailed mapping, analysis of
Pacific in early Tertiary time, separatedthyee structural features (faults and folds), analysis of
spreading ridges. One of the ridges, between thefeatures in sedimentary rocks, and preliminary
Kula and Farallon plates, headed in the general dsotopic results indicate that the igneous com-
rection of theNorth American margin, but exactly plexes, gold deposits and mercury deposits appar-
where it intersected the margin cannot be discernedntly all originated at about the same time in an
from marine magnetic anomalies because all directntracontinental strike—slip basin system. The
evidence has been subducted. The location of thistrike—slip basins formed over a protracted period
triple junction is revealed, however, by a suite of of time behind the western Alaska Range segment
Paleocene and Eocene near-trench plutons in  of the circum-Pacific volcanic arc. Geologic stud-
southern Alaska. The near-trench magmatic pulsées are continuing, using this model as a guide,
was diachronous, beginning around 63-65 Ma atto identify the extent of the belt, a metallogenic
Sanak Island in the west and progressing to abounodel for the region, and an estimate of the
50 Ma at Baranof Island to the east. Near-trench region’s mineral potential.
plutons are thought to have been generated as a
result of subduction of the Kula—Farallon ridge  Environmental impacts of mercury and arsenic
below the southern Alaska margin. The triple junc- An understanding of the geochemical behavior
tion evidently migrated along that margin some of arsenic and mercury surrounding developed
2200 km in 13-15 million years. Near-trench plu-mineral deposits and in geologic environments
tonism was only one of several geologic effects ofvith naturally elevated levels of arsenic and mer-
ridge subduction. In addition, the accretionary  cury is of critical importance in predicting natural
wedge was cut by numerous normal and strike— and anthropogenically induced environmental
slip faults, some of which host gold—quartz veins.impacts and establishing scientifically sound miti-
40Ar/39Ar ages on sericite show that mineraliza- gation efforts.
tion was coeval with near-trench magmatism and, In the Fortymile Mining District in east-central
by implication, due also to ridge subduction. PrioAlaska, determining the natural levels of arsenic
to this study, gold mineralization had been attrib- and other metals in the watershed versus the levels
uted only to a poorly defined metamorphic event.resulting from placer mining (dredge operations)
We can now relate mineralization to a very speci-s required to establish risk assessment protocols
fic tectonic setting and use this as a new guidelintor discharge permitting by Federal and state agen-
for gold exploration in frontier areas around the cies. Parts of the historic Fortymile Mining Dis-
world where ridge subduction may have occurredrict are being evaluated fBLM for possible
inclusion as part of the Nation’s Wild and Scenic
Frontier studies in the Kuskokwim mineral belt River System. Recreational visitor usage of For-
The quality of regional geologic knowledge in tymile River and its tributaries has increased 40%
Alaska lags far behind that in the conterminous since the mid-1970s, and there is concern about
U.S. Not only is the mineral resource potential of conflicting land use. Extensive areas of Fortymile
vast tracts in the state unknown, but the basic geRiver systems have been mined since 1886, and
logic data used to determine mineral potential, much of the area along the river system consists of
such as the age and thermal history of the bedrockirrently patented mining claims. The area contains
have not been collected. One of the most poorly mineral deposits such as vein gold (plus silver, lead,
understood parts of the state is the 190,008-km copper, zinc and antimony), stratabound volcano-
Kuskokwim mineral belt, which stretches throughgenic massive and/or disseminated sulfides, por-
southwest Alaska. The area is a frontier in two  phyry copper and others. During the preparation of
ways: the geologic framework is extremely poorlya series of Environmental Impact Statements for
understood, and it contains a gold-bearing deposthe area (beginning in 1974), anomalously high
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levels of arsenic were found in soil, sediment andnercury contents in the edible portions of the fish
surface water. It is unknown, however, how arsenigere below the 1.0-ppm limit established by the
is mobilized and whether its presence poses a Food and Drug AdministratioiFDA). Mercury
threat to aquatic life, wildlife or humans. The ini- contents in muscle tissue of salmon, the primary
tial research effort focused on water quality in thefish consumed by humans in the area, were well
vicinity of active mining operations. Chemical andelow the FDA limit. The bioavailability of mer-
turbidity studies were undertaken to evaluate thecury in vegetation and the contribution of mercury
impact of placer mining. from southwest Alaska to the global mercury cycle
The water chemistry data collected in the vicinare areas of ongoing research.
ity of mining operations give values roughly equal
t_o or Iowgr than the regional average concentra- Water Resources
tions of dissolved metals, based on 25 samples.
Turbidity values fall within the range of turbidity TheUSGShydrologic activities in Alaska are
values found for currently mined areas of the divided into three broad categories:
Fortymile River system and its tributaries. The high- < Collection of hydrologic data;
est turbidity value was measured in an unmined Hydrologic appraisals; and
stream. The preliminary study identified no appre- < Basic and applied research in hydrologic
ciable difference in turbidity values between mined topics unique to cold climates.
and unmined areas in the river system.
Further efforts in this study area will evaluate: Hydrologic Data Collection
» The importance of water—rock interactions as a A wide range of climate directly influences the

determining factor in water quality; water resources of Alaska. Precipitation ranges
 The fate and transport of the elements of ~ from less than 10 in. per year (principally snow) in
interest; and Arctic Alaska to 200—-300 in. per year (principally
» The flux and biogeochemical cycling of rain) in southeast Alaska. Hydrologic data are
arsenic between terrestrial and aquatic required for planning and conducting hydrologic
environments. appraisals and hydrologic research. In 1997 collect-

Studies of environmental impacts of mercury ing these data constituted the major part of the
in the southwest Alaska mineral belt were design&ivision’s efforts in Alaska.
to document, in a sub-Arctic environment, the
levels and distribution of the various mercury speHydrologic Appraisals
cies and to identify the geochemical processes that Hydrologic appraisals include studies of water
control the distribution, speciation and transport aksources in areas that are likely to be or that are
mercury at selected inactive mercury mines. ldenbeing affected by mineral or urban development,
tification and discrimination of natural and anthroinvestigations of potential hydrologic hazards, and
pogenically induced impacts were focused on arestadies of ground- and surface-water contamination
where the environmental impact of mercury is a on Federal lands.
concern to regulatory, planning and land managing Alaska has about 36% of the entire Nation’s
agencies, to the local population, and to the villagererage annual streamflow; if lakes and glaciers
and regional Native corporations. Mercury levels are included, Alaska has more than 40% of the
in stream sediments, stream water and fish wereentire Nation’s surface water resources. Stream-
measured. Stream sediments collected near merflow in southern Alaska alone is comparable to the
cury mines are elevated in mercury due to erosiomean annual streamflow of the Mississippi River.
and local transport of cinnabar, a mercury-bearinghis streamflow does not enter the ocean in the
mineral. Stream sediments in unmined areas  form of one large river but by way of numerous
showed no significant mercury concentrations. smaller rivers and streams. Alaska has 7 of the 20
Stream waters collected in the vicinity of mines largest rivers in the U.S.: the Yukon, Kuskokwim,
yielded mercury values above background levelsCopper, Stikine, Susitna, Tanana and Nushagak.
for the region but below the present State of Alaskéaska has so many lakes they are essentially
andEPA-CPCdrinking water and in-stream stan- uncounted. Nearly 100 lakes are larger than 10
dards. Fish livers and muscle tissue from fresh- square miles in size. lliamna Lake is Alaska’s larg-
water fish collected downstream from mercury est, with a surface area of about 1000 square miles.
mines contained elevated mercury, most of whictSprings throughout the state are found as innumer-
was in the toxic form, methylmercury. However, able small seeps and as warm or mineral waters



that support recreational centers. On the North cover associated with accelerated erosion rates
Slope, flows from large springs produce wide- caused by boat activity may threaten salmon
spread icings in winter. In 1997 thkSGSmoni- returns to the river. Bank loss and boat activity
tored about 85 surface water sites. were characterized during 1996 along 67 miles of
Snow covers most of the state for half to threethe Kenai River, including a segment of the river
guarters of the year. Freezing and thawing of wateseveral miles long where boat activity is restricted
affects virtually all of the state to some@x. Gla- to non-motorized uses. Dates of peak boat activity
ciers cover nearly 30,000 square miles in Alaska—coincided closely with chinook salmon returns to
about 5% of the total area of the state—but producthe Kenai River and with peaks in measured bank
approximately 35% of Alaskarsinoff and 10% of  erosion. The boat activity period began in late
the Nation’s runoff. If all the glacial ice melted, it May, peaked on weekend days in mid-July, and
would take a river the size of the Yukon about 15@eclined in early August. Several types of bank
200 years to drain all the water. Glaciers play a kpyotection measures were evaluated along the
role in water storage, timing of peak flows and seldenai River for their ability to reduce or eliminate
iment transport. bank erosion. These include complex engineered
Ground water is an undeveloped resource in maststems of coconut-fiber biodegradable logs
of Alaska; in many areas, potential development ofattached to the bank with live willow sprouts and
the resource far exceeds current use. Groundwateovered with elevated walkways, simple series of
conditions are diverse: major aquifers are presensjmuce trees cut down and cabled to the bank, rock
the alluvium of large river valleys (Yukon, Tananasiprap piled against the bank, and vertical wooden
Kuskokwim, Susitna), in glacial outwash depositsretaining walls.
under coastal basins (Cook Inlet) and valleys In June 1997 th&#SGSconducted a water qual-
(Seward and Juneau), and in carbonate bedrock ity survey of the Kuskokwim River. The Kusko-
the Brooks Range. In other areas, however, the kwim River drains approximately 32,000 square
fine-grained material of glacial and glacial-lake miles, is the ninth largest river in the U.S., and is
deposits and the low permeability of consolidatedhe Nation’s second largest river entering the Ber-
rocks offer a much less promising ground water ing Sea. The river basin is remote and largely unde-
potential. In addition, the recharge, discharge, veloped, although mercury mining occurred within
movement and thus the availability of groundwatéhe basin until 1971 and placer gold mining contin-
over much of the interior, western and northern ues in the upper reaches. The central part of the
parts of the state and on the flanks of the Alaska river drains the Kuskokwim mineral belt, a miner-
Range are restricted by permafrost. In 1997Tt8€S alized zone enriched in the trace elements. This
monitored approximately 50 groundwasies. study focused on the water quality of the Kuskok-
The quality of Alaskan waters is generally wim River and its major tributaries with the objec-
acceptable for most uses. However, available datiéave of evaluating how water quality changed as
do indicate naturally occurring problems, such asthe river flows downstream. To achieve this, water
suspended sediment in glacier-fed streams, salt-and bed sediment at seven sites were sampled
water intrusion and undesirable concentrations ofalong the Kuskokwim from McGrath to Akiak:
iron or arsenic in ground water at various locatiorae above the mineral belt, two within the mineral
Local pollution from septic tank leakage has belt above the historic mercury mining, two within
occurred in several locations. In 1997 U®&GS the mineral belt below the historic mercury min-
collected water quality data at approximately a ing, and two downstream from the mineralized

dozen sites. region and below the historic mining. In addition,
three tributaries—the Holitna River, Crooked
Hydrologic Projects Creek and Red Devil Creek—were sampled. The

Hydrologic subjects being studied include the Holitna River is a major tributary to the Kuskok-
guantity and quality of surface and ground water;wim, Crooked Creek is a small drainage with
hydrologic instrumentation; and glacier, snow andinmined mineral potential, and Red Devil Creek
ice dynamics. drains the historic Red Devil mine site. Of the 22

The Kenai River in south-central Alaska is an aqueous trace elements analyzed, only boron,
economically important salmon river generating ashromium, copper, manganese, zinc, aluminum,
much as $78 million annually in direct benefits. lithium, barium, iron and antimony were detected,
Resource management agencies are concerned #rat only barium, iron and strontium exhibited a
increased sedimentation and loss of streamside downstream concentration change. The highest
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mercury concentration was found in Red Devil Red Devil drainage had mercury concentrations
Creek, but this produced no effect in the main stemmne times greater and antimony concentrations

of the Kuskokwim because the streamflow of the two times greater than those of sediments collected
tributary is small relative to the Kuskokwim. Evi- from the right bank and those collected either
dence of thenining impact on the Kuskokwim mainupstream or downstream from the Red Devil drain-
stem was found in the bed sediment chemistry, howge. No difference was found between sediments
ever. Mercury and antimony concentrations in thecollected from the left and right banks at the site
Red Devil Creek sediments were about 1000 timesght miles below the mine, and the effect of the
higher than concentrations in the Kuskokwim mine appears to be localized on the left bank
River sediments. Kuskokwim River sediments cokegion near the mine.

lected from the left bank about 0.25 mile below the



Department of Defense

The Department of Defense continues to operate and maintain facilities
in the Arctic. To support these operations, the DOD conducts a broad-
based Arctic research program. The Arctic program is conducted by all
three services and extends from the ocean floor to the magnetosphere.

Although overall funding for Arctic research Funding (thousands)
within the Department of Defense (DoD) has FY9% FYO7
decreased since the end of the Cold War, the  Arctic Engineering 2,369 2,892
Department still has active interest in the Arctic. Permafrost/Frozen Ground 1,562 565
Specific DoD objectives for Arctic research Snow and Ice Hydrology 1,910 3,646
include (but are not limited to): Oceanography 8,988 11,631

 Understanding the interaction of the Arctic Lower Atmosphere 168 314

environment with military systems, including Upper Atmosphere 2,000 3,777
human systems and environmental remediatioHigh-Freq Active Auroral Program 13,000 7,500
» Understanding energy exchange and atmo- Medical and Human Engineering 489 720
sphere—ocean interaction dynamics, and the Tota! 30,486 31,045

impact of the energy exchange process on
global circulation; and
» Understanding the structure and physics of
the middle and upper atmosphere. . .
Although the DoD program is reviewed as a going thgorencal regearf:h. .
whole during the annual Technology Area Review The Air Force ”.‘a'”‘a'”s a wide range of .
and AssessmeriTARA), the three military services ground-based radio, radar and optical diagnostics
actually conduct research to meet their specific to perform the needed measurements. These are

objectives. Consequently each service’s major conducted from Nord, Qaanag, Thule,_Sondre—
acconplishments will be reported separately strom and Narssarssuaq, Greenland (m coopera-
' tion with the Danish Mefrological Institute); Ny

Alesund, Longyearbyen (Spitsbergen) and Tromso,
Air Force Norway (in cooperation with the University of

Oslo, Norway); and Goose Bay, Labrador (Can-

The Air Force conducts research in upper atmada). The ground-based measurements are often

sphere and ionospheric physics, primarily by the complemented by measurements from instruments
Air Force Research Laboratory, Space Vehicles on sounding rockets and polar-orbiting satellites.
Directorate, Battlespace Environment Division  From this understanding, numerical models to
(formerly the Phillips Laboratory) and the Air specify and ultimately predict the behavior of this
Force Office of Scientific ResearcAHOSR). complex region are being developed. This research
These offices coordinate their effort to understandnd model development are needed for real-time
the effects of space weather. This research is prisupport to DoD communications, navigation and
marily conducted in the Arctic “polar cap.” The surveillance systems.
goal of the research is to understand the basic
physical and chemical processes and dynamics ddayside Auroral Studies at Svalbard
the polar ionosphere, with the main objectives to  Major experimental campaigns were conducted
specify, predict and mitigate disruptions to DoD at Ny Alesund, Svalbard (Norway), in January
communications, navigation and surveillance sys1997 (following initial experiments in 1993) to
tems. To actively pursue and maintain a well-  investigate the structure and dynamics of the day-
rounded program, the research effort combines side auroral cusp region. Because of the high lati-

experimental measurements to determine specific
physical processes, first-principles numerical
modeling efforts, and a strong connection to on-
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A complete description of the

HAARP facility is available
at http://w3.itd.nrl.navy.mil/
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haarp.html

Portion of the 48-tower
developmental prototype
antenna array at
Gakona, Alaska.

tude of Svalbard (7®), this is an ideal location to emissions and artificial periodic inhomogeneities,
conduct sensitive optical observations of the auroras well as to modulate the polar electrojet to pro-
near noon. Both campaigns included optical, radiduce extremely low frequencies, phenomena that
and radar measurements in cooperation with the can be excited with modest power levels.
University of Oslo. During January 1997, meas-
urements from thBIASA FAST satellite were Army
coordinated with the ground-based optical images.

These higher-resolution satellite particle and field The U.S. Army Cold Regions Research and
measurements will be used to attempt to distin- Engineering LaboratoryQRREL), with offices in
guish temporal and spatial variations within the Hanover, New Hampshire, and Fairbanks, Alaska,

cusp region. is the center of engineering expertise for cold
regions and winter conditions for the Corps of

High-Frequency Active Auroral Engineers, the Army and DoDBRREL s the only

Research Program Federal laboratory that focuses solely on Arctic

The Air Force—Navy High-Frequency Active  and cold regions problems and is internationally
Auroral Research ProgrardAARP) consists of a recognized as a center of excellence in Arctic re-
high-power, high-frequency (HF: 2.8-10 MHz) search.
ionospheric heating facility that has been under The U.S. Army Research OfficARO), located
construction since 1994 in Gakona, Alaska. Initial in Research Triangle Park, North Carolina, has a
field experiments were conducted in 1997. A develmission to support basic research that leads to an
opment prototype version currently operates, withincrease in fundamental knowledge that may have
plans for the facility to be completed by early in short- or long-range impacts on Army capabilities.
the next century. When finally completed, the ~ ARO s involved in Arctic research and develop-
facility promises to provide the world’s most ment largely through the sponsorship of extra-
powerful HF transmission capabilities, combined mural basic research directed toward the topics
with unparalleled frequency agility and beam-  of environmental quality and the properties and
steering agility. Recent completion of the proto- processes of snow, ice and frozen ground.
type made it possible to conduct preliminary The United States Army Research Institute of
investigations of HF-induced phenomena with  Environmental Medicine{SARIEM), located in
theHAARP facility in a March 1997 campaign.  Natick, Massachusetts, conducts research to sus-
Although the prototype produced relatively low tain and enhance the health and performance of
power output in the 3- to 4-MHz frequency range military personnel in cold environments, including
(effective radiated power of approximately 5 Arctic areas, through basic and applied biological
MW), the full-frequency agility capability was and biophysical research. Researchers employ
available. In the current effort the prototype was human, animal, tissue, cellular and mathematical
used to investigate stimulated electromagnetic models using multidisciplinary team approaches.
A principal research goal is to define complex
interactions of climatic stress (heat, cold and alti-
tude) and the body’s physiologic defense mecha-
nisms.

The following are objectives and accomplish-
ments for FY 96 and 97 in the program areas of
Arctic Engineering, Permafrost and Frozen Ground;
Snow and Ice Hydrology; Oceanography; and
Medical and Human Engineering.

Arctic Engineering, Permafrost
and Frozen Ground

The currenCRREL program reflects recent
world events. The engineering emphasis has
shifted to technologies needed to support forces in
. underdeveloped theaters of operation, rehabilitate
and more efficiently operate an aging military
infrastructure, assess and clean up contamination




from past activities, and extend the capability of both temperate and Arctic regions. The Remote
existing equipment to function more effectively inSensing/Geographic Information Systems Center
a broader range of operating conditions. located aCRREL developed and tested an auto-
Together with the National Concrete Masonry mated snow mapper for use with Landsat imagery.
AssociationCRREL completed a Construction  This algorithm rapidly finds the fraction of snow,
Productivity Advancement Research study to findor materials with snow-like properties, based on
ways to minimize thermal protection requirementsn idealized spectral mixture model.
for cold-weather masonry construction. Although ~ CRREL conducted long over-snow traverses in
current guidance requires mortar to be heated tothe Kuparuk Basin on the North Slope of Alaska
50°C, a finding of the study is that mortar need nah collaboration with the University of Alaska and
be heated above 20. Additionally, the study Colorado State University. The traverses were
showed that antifreeze chemicals can eliminate tkenducted to collect snow depth and snow prop-
need for thermal protection altogether without  erty data over a wide area in order to develop and
causing detrimental side effects to the masonry. test models of snow distribution. These models
These findings promise to take a huge bite out ofcan be used in the prediction of over-snow traffic-
the estimated $325 million annual surcharge thatability and meltwater runoff, scene prediction, and
cold weather inflicts on masonry construction  climate studies. During the traverses, more than
activities. 1000 km were covered using a small-unit support
CRRELalso conducted extensive research in vehicle towing special research sleds builORr
ground-penetrating radar in FY 96 and 97. RadarREL. Over 250,000 depth measurements were tak-
maps of the total thickness of permafrost have en at temperatures as low as 2@0From these
been developed, with confirmation from the extenmeasurements, trends in snow depth have been
sive drilling necessary to map the subsurface  identified. Preliminary model results predict the
extents of contamination. Additionally, the radar correct snow depths over more than 70% of the
is being used to detect buried metallic objects sucmodeled area.
as containers of toxic waste and ordnance. ARO sponsored several studies in snow and
The Army Research OfficéARO) sponsored ice hydrology in 1997, including Meltwater Flow
two major efforts over the period. The first is ConThrough Snow from Plot to Basin Scale, by Mark
stitutive Behavior of Frozen Soils at Small StraindWilliams of the University of Colorado at Boulder,
Charles Ladd of the Massachusetts Institute of who is studying the spatial and temporal variation
Technology is engaged in a laboratory study of of water flow through a melting snowpack in a
frozen soil deformation at small strain rates. Tri- research project that is jointly funded with the
axial compression tests are being conducted to National Science Foundation. Another project,
provide axial stress—strain and volumetric strain Study of Ice Adhesion with Scanning Force Micro-
characterization of a frozen sand as a function ofscopy and Electromagnetic Spectroscopy, by Vic-
relative density, confining stress, strain rate and tor Petrenko of Dartmouth College, is undertaking
temperature. The secoARO-sponsored effortis a fundamental study that is aimed at acquiring an
Solute Mobility in Frozen Porous Media, by Ber- in-depth understanding of the nature of the strong
nard Hallet of the University of Washington. and universal adhesion of ice to most solid mater-
Through a program of laboratory experiments, thisl based on new knowledge of both the micro-
effort studies the fundamental processes that gowstructureand the physical properties of the ice/solid
ern the transport of chemical constituents in frozenterface. The long-term goal of this research is the
porous media. The experimental data obtained wglrposeful development of durable, ice-phobic
elucidate primary mechanisms and rates of soluteoatings by means of molecular engineering.
movement in frozen porous media, as well as
examine the potential for electrical field genera- Oceanography
tion during freezing and the tendency for chemi-  Understanding the interaction of solar radiation
cals in frozen ground to concentrate at freezing with the sea ice cover of the Arctic Ocean is criti-

fronts. cal to the heat and mass balance of the Arctic ice
pack and its effect on climate. Data on the surface
Snow and Ice Hydrology state were obtained from helicopter photography

CRRELandARO also conduct research in map-missions made during the height of the melt sea-
ping snow extent using remote sensors. This re- son.CRREL analyzed photomicrographs of ice
search supports hydrologic and climatic models ithin sections using a PC-based image processing
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system to determine the number of inclusions and study to determine the efficacy of phase-change
statistics for brine pockets in young ice and first- (PC) materials incorporated into various boots used
year ice and for air bubbles in a multi-year hum- in cold regions. PC boots have a proprietary exo-
mock. Quantifying these inclusions is critical for thermic substance in a given boot that is purported
both interpreting and modeling the electromag- to release heat upon exposure to extreme cold. Vari-
netic properties of sea ice. ous prototype PC boots, in combination with a pro-
Two icebreaking ships carrying six scientists totype Marine sock and current-issue sock, are
from CRREL and more than 50 other scientists  being studied oWSARIEM's regionally heated
representing various universities and agencies copper foot while exposed to a cold ramp down to
such adNASA and the Department of Energy —5°C (23F). Finally,USARIEM published a study
(along with researchers from Japan, Canada andof the effect of cold water immersion at different
the Netherlands) established an ice station for thelepths on metabolic and thermal responses. Experi-
SHEBA (Surface Heat Budget of the Arctic) experments were conducted in a laboratory with subjects
iment. One of the icebreakers will remain frozen immersed to different depths and exercising at a
into the pack ice of the Arctic Ocean and drift as aange of metabolic rates. The study showed that
floating science platform for 13 months. This water levels above the knee afC5snd above the
experiment will provide a better understanding ofhip at 25C depressed the core temperature.
the climate of the Arctic; this knowledge will im- USARIEM traveled to Alaska to support an
prove global-scale weather and climate models. international mountaineering expedition to Mt.
Sanford (altitude 16,237 ft) starting from a base
Medical and Human Engineering camp on Sheep Glacier (altitude 6,500 ft). The
USARIEM studied the heat transfer properties expedition consisted of 12 climbers with an objec-
of cold-stressed fingertips during cold-induced tive to demonstrate the practicality of physiologic
vasodilatation€IVD). A novel manner of charac- monitoring in harsh climatic conditions. Five of the
terizing theCIVD effect is by ascribing a factor  twelve climbers reached the summit. Overall, phys-
called heat loss efficiency. A weak linear relation-iological status monitoring appeared to demonstrate
ship between the heat loss efficiency and the durautstanding potential to manage activity levels and
tion of CIVD was revealed. The intensity and the identify sick soldiers during military operations in
incidence of occurrence of heat deficits were harsh climates.
found to be more prevalent in the fiGitvD
waves in both test conditions. Subsequently the N avy
heat deficit of the fingertip decreased while heat
storage intensified. This technique should lead to a The Office of Naval Research’s High Latitude
unigue way to characterize a population susceptiProgram investigates processes (physical, biologi-
ble to non-freezing cold injury. cal, chemical and geological) active in all polar
USARIEM continues to study the effects of  oceanic areas, with special emphasis given to high-
cold stress on military women'’s thermoregulatorylatitude marginal seas. The goals of the program are
responses. A study was completed comparing to improve the Navy’s understanding of air—sea—ice
model and experimental results with protective exchange processes, mechanisms of cross-shelf
clothing for cold stress impact on women. Previ- transport, and the process of deep ocean convection
ouslyUSARIEM examined the magnitude of shiv-and to incorporate the improved dynamical under-
ering thermogenesis and internal body temperatwstanding of these processes into new environmental
response in women exposed to cold wearing promodels that can better support fleet activities in the
tective clothing during resting activities at variousnext decade and beyond. These program goals are
stages of the menstrual cycle. It was found that being addressed partially through participation in
shivering thermogenesis was highly correlated the joint NSF/ONR/Japan/Canada Surface Heat
with mean weighted skin temperature. Budget of the Arctic$HEBA) experiment and the
USARIEM also developed an uncomplicated ongoing ONR/NSF-sponsored Science Submarine
approach for estimating heat loss during cold  Cruise GCICEX) program.
exposure. The current equation may be usedto  All ONR Ocean, Atmosphere and Space Depart-
generate predictions that incorporate clothing ~ ment-funded programs receive an annual summary
insulation for the U.S. Army Standard Extended report from each principal investigator. These sum-
Cold Weather Clothing System and cold ambientsnaries document each task’s objectives, accom-
down to —20F (-28.9C). USARIEM also initiated plishments and publications during the past year. In



Further information on - 1998, ONR will be providing these annual sum- be used in operational weather and climate models.
Prog?:n?’iawgk])r; '(-)";‘Jtt';Li‘::d mary reports as a CD-ROM with selected reportsOne final result is that the parameterized mixing
from the World Wide Web site ©" the World Wide Web. In the future these colledength should be smaller than previously thought,
and associated links: http:/ tions will provide an easy-to-use compendium of reducing the turbulent exchange of heat and mo-
www.onr.navy.mil/sci_tech/ accomplishments. In the interim a few significantmentum flux from air to sea in the Arctic region.
ocean/onrpgahl.htm highlights are summarized below. This work also has direct application for modeling
The Navy continues to fund substantial researglollutant dispersal over the Arctic.
into the dynamics of sea ice surfaces. Sea ice pro- A second major accomplishment came during
vides a superb platform for studying the upper the summer 1996 and 199TICEX cruises. These
ocean without the complicating effect of surface cruises, aboard tHégSSPogeyandArcherfish
waves. The long-term goals are to understand theespectively, had clearly defined scientific goals.
turbulent transfer of momentum, heat, salt and The primary goal of this research was to improve
other contaminants in naturally occurring boundatiye understanding of those processes in the upper
layers of the ocean and to apply this knowledge tArctic Ocean that influence the heat balance and
understanding air—ice—ocean interaction in polar sustain the ice cover. This goal encompasses the
regions and the impact of this transfer on the largapper halocline and includes mesoscale features
scale coupled atmosphere—ocean dynamic systeincluding their origins, prevalence, dynamics and
In 1997 the Navy funded a large series of experi-influence on heat transport. A secondary role of this
ments to directly measure the transport of heat program is to participate in assessing the potential
and salinity. The data have been used to developutility of submarines as research platforms. To meet
relatively simple conceptual models for eddy these goals the Navy sponsored research into con-
exchange, which have been incorporated into  tinuously measuring the vertical distribution of
numerical ocean circulation models with applica- horizontal currents, temperature and salinity in
tions ranging from modeling strong heat flux in  the upper Arctic Ocean from a submarine. These
the Weddell Sea to sediment transport in the Karaneasurements were taken under the ice pack in
Sea. some instances and provided a first-time character-
In 1997 the researchers (primarily Miles McPheézation of the upper-ocean mesoscale (small-scale)
University of Washington) directly measured suclfeatures. Analyses of the summer 1SSECEX
diverse elements as circulation, wind and sea veldata are still in theiraly stages. The current data
ocity, and heat transport. The goal was to paramgroved to be of high quality and clearly show a com-
terize these complex factors into a simple form toplex dynamic ocean structure.
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National Aeronautics and Space Administration

As part of its Offfice of Earth Science, NASA supports various research programs
in the Arctic that emphasize applications of airborne and space remote sensing to
studies of the earth and space sciences. This issue focuses primarily on NASA's
Program for Regional Arctic Climate Assessment.

64

NASA'’s Program for Regional Arctic Climate Funding (thousands)
AssessmentfARCA) was formally initiated in FY 96 FY 97
1995 by combining into one coordinated programpolar ice Interactions 5,500 5,300
various investigations associated with efforts, stafg°'°% 6,400 2,500

Solid Earth Science 500 460

edin 1991, to assess whether al_rborne Iase_r altimes:. o7one 1,000 7,500
try could be applied to measure ice sheet thicknegguds and Radiation 1,100 1,200
changes. It has the primary goal of measuring angub-Orbital Science 700 700
understanding the mass balance of the Greenlantgno/Thermo/Mesospheric SR&T 600 600
ice sheet, with a view to assessing its present anffAST Auroral Snapshot 5,200 4,076
. . agnetospheric SR&T 1,000 1,000
possible future impact on sea level. The lessons g - terrestrial Theory 400 400
learned from this program will be applied to the = arctic Data Systems 14,600 14,300
more global assessment of ice sheet volume thatResearch Balloon Program 0 832
will become possible after the 2001 launch of ~ Sounding Rocket Program 1,000 955
Total 38,000 39,823

NASA'’s Geoscience Laser Altimeter System
(GLAS), which has the primary goal of measuring
changes in ice-sheet elevation at latitudes up to ~ « Monitoring of surface characteristics of the

86°N. The main components BARCA are as ice sheet using satellite radar altimetry, syn-
follows: thetic aperture radar (SAR), passive-micro-
* Airborne laser altimetry surveys and ice thick- wave, AVHRR and scatterometer data;

nessneasurements along precise repeat tracks ¢ Investigations of surface energy balance and
across all major ice drainage basins in order to factors affecting snow accumulation and sur-
measure changes in ice surface elevation; face ablation; and

* Shallow ice cores at many locations to infer » Monitoring of crustal motion using permanent
snow accumulation rates and their interannual global positioning system (GPS) receivers and
variability, recent climate history and atmo- absolute gravity campaigns at coastal sites.
spheric chemistry; Field activities in 1996 and 1997 involved

* Estimates of snow accumulation rates by cli-remeasurements alongs®Straverse to infer ice
mate model analysis of column water vapor velocity across the 2000-m contour (closer to 3000
obtained from radiosondes and TIROS Operan along the eastern flank of the ice sheet), collec-
tional Vertical Sounder (TOVS) data; tion of several shallow (20- to 150-m-deep) cores

* Surface-based measurements of ice motion &b improve our knowledge of snow accumulation
30-km intervals approximately along the over the ice sheet, local measurements of ice thin-
2000-m contour completely around the ice  ning/thickening in shallow drill holes, and mainte-
sheet in order to calculate the total ice dis- nance okeveral automatic weather statioAg/S).
charge for comparison with total snow accu- Also, the airborne topographic mapp&rii) and
mulation and thus to infer the mass balance ade-sounding radar were flown aboard ESA

most of the ice sheet; P-3 to measure ice thickness along@rs
 Local measurements of ice thickness changetraverse and across selected outlet glaciers and to
in shallow drill holes; complete surface elevation and ice thickness sur-

* Investigations of individual glaciers and ice veys over the Jakobshavn catchment and over an
streams responsible for much of the outflow area inland from the Humboldt and Petermann
from the ice sheet; Glaciers.



Airborne Laser-Altimeter ice velocity complements satellite-based tech-

g nigues in that it offers a flexible platform for site-
Momtormg of the Ice Sheet specific observations. When combined with the
Each year since 1991 tNASA P-3 aircraft, thickness data from the ice-penetrating radar,

equipped with dual-frequency carrier phase trackwhich is flown simultaneously on the P-3, these

ing GPSreceiverS, a ring_|aser gyro inertia' navi_ Ve|OCitieS can be Used to estimate diSCharge ﬂUXeS.
gation system, scanning and profiling laser altimelhe method also offers an independent means of
tersi and (Since 1993) a |Ow-frequency radar to Validating ice VelocitieS deriVed fI’OSAR and
measure ice thickness, has flown over numerousVisible imagery.

transects of the Greenland ice sheet. In excess of

100,000 km of trackline have been mapped, covetgherent Radar Depth Sounding
ing all major drainage basins and characteristic

geophysical regions in Greenland. The airplane of the Greenland Ice Sheet

location was measured precisely using differential This research involves performing airborne ice

GPS surveying techniques, allowing all altimetry . ness measurements using a coherent radar
data to be converted into measurements of ice SLH‘-epth sounder. The radar operates at 150 MHz and
face elevation relative to the Earth ellipsoid. is capable of measuring polar ice sheet thickness to
Analyses of these data indicate that ice surface o+ 4000 m in cold ice and to lesser thicknesses
elevations can be reliably measured with an accyy, o mperate glaciers. The radar uses complemen-
racy of approximately 10 cm over baselines of 5y g\;rface acoustic wave devices for pulse expan-

more than seven hundred kilometers. _ sion and compression. The system operates as an
Mapping of the ice sheet by tA&M scanning unfocused SAR

laser onboartNASA's P-3 aircraft typically pro- Radar data, collected over the interior ice sheet,

dl_JgeS a Sit of _s;ljrface_ ele\]/ctatlonS(;ilofng a 15/O'm'around the margin and over outlet glaciers, were
wide swath. With an aircraft speed of 150 m/s ane a4 with geolocation information obtained from
a laser pulse rate of 3000 per second, this resulty e onpoard GPS receiver. The radar data were

in an average of (_)T]e surrf]acle elevation per 7.5 oqjjected in conjunction with laser altimeter meas-
square meters, with each elevation measurement, .o mens of ice surface elevation. A next-generation
having some uncertainty due to measurement  operent radar depth soUndGCORDS Using

noise, aircraft pitch and roll errors, aB@Sposi-  nicraave monolithic integrated circuits was also
tioning uncertainty of the aircraft. To monitor ele- yoe10ned and field tested in 1997. The ice thick-
vation change the aircraft flies over the same | .o along the 2000-m velocity traverse and at
groundtrack one or more years later, and the SUr-gummit (up to about 3200 m) was measured, and

face elevations are then compared. the measurements are being used in conjunction

All major drainage basins on the ice sheet wergiy gther data to estimate Greenland’s mass
mapped with thé&TM in 1993 and 1994, and the balance

flight lines will be resurveyed in 1998 and 1999 to lce thickness measurements were also used to

reveal any changes in surface elevation that have,gqeqq the accuracy of high-quality digital elevation

occurred during the five-year interim, providing  ,qe| data that were used to estimate the thickness

an estimate of the change in volume of the ice ¢ fjnating glacier sections for comparison with the

sheet. _ CORDSmeasurements. An extensive data set was
Data from the\TM have also been used t0 esti- 55, gptained for the Jakobshavn outlet glacier,

mate s_urface velocity t_)y tracking ele_vatlon feature@vhich is considered to have the highest iceberg

at the ice surface. During the 1997 field season,  ,,qy,ction of all Greenland glaciers and is a major

repeat flight lines were surveyed over four SeC-  yainage outlet for a large portion of the western
tions in the Jakobshavn drainage basin, with tiMe&ige of the ice sheet

separation between these flights ranging from two

to six days. By interpolating the laser scanner data

onto a 1< 1-m grid and using cross-correlaton Accumulation Estimates

analysis techniques, the movement of the eleva- from Ice Cores

tion features, the most distinct of which are cre-

vasses, were tracked. The results show thatthe ~ The primary objective of this work is to use
surface velocities near the calving front are on thenulti-species chemical analyses of 20- to 150-m-
order of 7 km per year. This method of estimatingdeep ice cores to estimate annual accumulation at

65



accumulation and elevation
of the ice sheet over the past
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Drilling shallow cores to
establish the historical

few hundred years.

PICO four-inch drill setup
at the NASA-U site in
northwest Greenland.

(NASA-U) and 78.53N, 56.83W (Humboldt Gla-
cier). Annual layers were identified in the cores
using multiple parameter&!80 and concentra-
tions of dust hydrogen peroxide, ammonium, cal-
cium and nitrate. Using all parameters together to
define annual layers resulted in a 350-year record
for the NASA-U core with no dating uncertainty.
For the lower-accumulation Humboldt core, the
dating uncertainty is about 5 years over the 852-
year period of record, with no uncertainty over the
past 200 years. Annual accumulation over the peri-
ods of record at the two sites averaged about 0.34
and 0.14 m of water equivalent, respectively.
There was no statistically significant trend in the
NASA-U annual accumulation rates over the peri-
od of record. However, the Humboldt data do
show an increasing trend of about 1.8.4% per
century over the period of record. A set of 20-m
firn cores drilled near the main 150-m cores
showed that interannual variability of accumula-
tion exceeded spatial variability at NASA-U. The
Humboldt cores showed equal spatial and interan-
nual variability.

In 1996, 120-m cores were collectedz4TS
(77.1£N, 61.04W) andTUNU (78.10N,
various sites on the Greenland ice sheet. This wilB5 5¢\), with several 20-m cores also collected
improve our estimates of snow accumulation ovegt TUNU. In 1997, shallow firn cores were col-
the ice sheet for comparison with ice discharge |ected at eight sites around the perimeter of the
and for use in models. The core data are also an@reenland ice sheet at approximately the 2500-m
yzed for the interannual variability of snow accu- elevation contour. The 4-in. cores were collected
mulation rates, which is a major cause of short- py two- and sometimes three-person teams using
period variability of ice sheet elevation and must the “sidewinder” coring device, a mechanically
be understood before we can infer long-term  operated hand auger developed by the University
trends in ice sheet volume from observed surfacef Nebraska. At those shallow coring sites that
elevation changes. were co-located with automatic weather stations,

During the summer df995, 150-m firn and ice  more than one core was collected in order to
cores were drilled to determine annual accumulatiqRvestigate issues of short-scale spatial variability
rates at two Greenland sites, 88N, 49.49W in snow accumulation. Two sites in northwest
Greenland (75-7®&) had average annual accumu-
lation values of 0.30-0.36 m of water equivalent,
and two sites in west-central Greenland (7ENj2
had values of 0.40-0.42 m of water equivalent. All
four sites had values that were only 70-80% of
those estimated from prior work and call into
guestion the accumulation “ridge” in western
Greenland that is apparent in older data.

Accumulation Rates from
Microwave Remote Sensing Data

Because of the volume scattering characteris-
tics of microwave radiation in polar firn, data from
both active and passive microwave sensors hold



Two antenna horns of a radar
instrument used to monitor
the backscatter properties of
snow and ice at the
equilibrium line altitude.

information about the grain size and layering chaand the development of hoar layers near the sur-
acteristics at and below the surface of the snow face.

pack, which are related to accumulation rates. One Third, 5.6-cm backscatter data from spaceborne
way in which the accumulation rates in the dry  scatterometers show promise for estimating accu-
snow zones are being studied is based on the  mulation rates in the dry snow and percolation
polarization-dependent microwave emission charzones. The backscatter characteristics show a
acteristics at 4.5-cm wavelengths. The approach dsrect relationship with known accumulation pat-
based on the fact that the density layering in the terns. The data have also been used to identify
snow is of greater impact on horizontally polar- facies boundaries and detect changes in these
ized emission than on vertically polarized emis- boundaries over time. The results so far show a
sion. Thus, the differences between the two can leéear reduction in the location and extent of the
used to the estimate mean annual accumulation dry snow zone since 1978, with the largest changes
rates. Researchers have had considerable successcurring in the southwestern part of tbe sheet.

with this approach in Antarctica, with results comThese changes are consistent with the decadal
paring favorably to field observations, and their warming trend and increase of more tha@ 1

effort is being extended to Greenland. The resultbetween 1979 and the present. Finally, accumula-
ing maps broadly agree with previous compila- tion data have also been obtained by correlating
tions of field observations. stable isotope ratio profileS) and180) from

A second method that is applicable to the dry snow pits with passive microwave brightness tem-
snow zones is based on microwave emission at gerature trends. These analyses yield the amount,
wavelength of 1.55 cm. Emissivity at this wave- rate and timing of density-corrected accumulation
length has been shown to be related to accumulaat locations around Greenland with sub-seasonal
tion by a hyperbolic function. The relationships resolution.
have been demonstrated for the dry snow zones in
Greenland and Antarctica, and microwave-based
accumulation maps are being developed. The relésreenland Precipitation Estimated
tionships at this shorter wavelength, however, arfrom Atmospheric Analyses
somewhat complicated by snow metamorphism

Observations of precipitation over Greenland
are limited, refer to different time periods, and are
of uncertain accuracy. However, the analyzed wind,
geopotential height and moisture fields are avail-
able for recent years. The objective of this work is
to develop a dynamic method for retrieving pre-
cipitation over Greenland from these analyzed
fields twice a day. Precipitation and accumulation
over Greenland from 1957 to 1995 and their sea-
sonal interannual variations are being estimated by
this approach. How the atmospheric general circu-
lation and weather systems control precipitation
and accumulation over Greenland is also being
studied.

The mean precipitation for 11 years, from 1985
to 1995, shows maximum values of more than 100
cml/yr along the southeastern coast and the south-
western edge of Greenland, with a secondary band
of relatively high precipitation along the western
coast. A large area of very low precipitation (less
than 20 cm/yr) dominates the northern interior
region.

Retrieved precipitation amounts for 1985-1995
are being compared with published accumulation
maps, as well as the accumulation rates from
recent ice cores. Preliminary analysis shows an
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average difference of 10% for these comparisonausing this approach is primarily determined by the
The accumulation/precipitation data sets are comaccuracy of the assumed snow accumulation rates.
pared by deriving the spatial distribution of their Consequently 1998 plans for PARCA include a
differences. The total annual accumulation over continued program of shallow coring to further

the entire ice sheet and its major regions is also improve our estimates of snow accumulation and
computed from the different data sets. The annuats temporal variability over the entire ice sheet.
accumulation computed by the dynamic method
for the 1985-1995 period is lower than the
observed data over a significant part of the ice
sheet. This difference may be real, in that most The objective of this project is to determine

of the ice core observations were acquired beforg, o) rates of ice thickness change at various sites
this period, and a decline in precipitation amountg, Greenland. The results will be used to identify

over Greenland for the last three decades has ber"é@ions of the ice sheet where large changes are
inferred from a variety of atmospheric methods. ccyrring, the causes of which can be investigated

in future studies. The results will also be helpful
Ice Sheet Mass Balance for interpreting elevation changes detected by
repeat airborne and satellite altimetry.

Ice velocity has been measured at approximately Precise measurements of vertical velocity are
30-km intervals, mainly along the 2000-m contoucompared with the accumulation rate at the same
line, around the entire ice sheet. Repe&b& location; if the two quantities differ, the ice sheet
data were collected at these sites, with more tharmust be either thickening (when accumulation
400 individual site occupations at about 180 sta- exceeds downward velocity) or thinning (when the
tions. The sites were established by planting an reverse is the case). Vertical velocity is obtained
aluminum pole vertically in the ice, with a flaggedfrom repeate@PSsurveys of markers anchored at
bamboo pole planted nearby to make the site  several depths in the firn or ice. By placing the
easier to find for the next occupation. Spacing markers at depth, vertical motion due to variations
between sites was usually 30 km, with some areag snowfall and firn compaction is avoided. In most
of denser spacing on the western slope of the icecases, markers are placed in hot-point-drilled holes,
sheet and an area with 40-km spacing in the nortat depths ranging from 5 to 25 m. If markers can
west. Prior to 1995 the sites were visited by snowse anchored in solid ice, then the correction for
mobile traverse, but from 1995 the work was donéirn compaction does not need to be made. At
using a ski-equipped Twin Otter aircraft. two sitesNASA-U and Humboldt, markers were

Ice thickness was also measured along the velnstalled in ice at the base of 150-m-deep holes
ocity traverse using the CORDS airborne low-  from which othelPARCA investigators have
frequency radar. These two sets of measurementiecovered cores.
have been used to estimate the total volume of ice Twelve sites have been installed on the Green-
discharged across the traverse, and to compare thigd ice sheet, and as of 1997, five sites have been
with total snow accumulation within the ice sheetstudied in detail. Thickness changes range from
catchment area inland from the velocity traverse,+13 cm/yr (thickening) to =54 cm/yr (thinning).
to infer the mass balance, or rate of thickening/

thinning of the ice sheet. Initial results indicate | Velocit d Disch =
that, taken as a whole, this interior portion of the ce Velocity an ISCharge Flux

ice sheet is almost in balance but with localized from Interferometric Synthetic
regions thickening or thinning by 10 cm or more Aperture Radar
per year.

This analysis is complete for most of the tra- The objectives of this research are to measure
verse, with a major gap in the southwestern quadhe ice discharge of the Greenland ice sheet as
rant of the ice sheet, where ice thickness has yetdlmse as possible to the grounding line or calving
be successfully measured. Deep ice in this regioriront of outlet glaciers and to compare the results
is warmer than elsewhere, severely reducing the with mass accumulation and surface ablation in
radar penetration. Nevertheless, planned improvéhe interior to estimate the mass balance of the ice
ments to th&€ ORDSdepth sounder should resolvesheet.
this problem during the 1998 field season. The approach involves using multiple-pass

The accuracy of the estimated mass balance ERS radar interferometry data to measure the vel-

Localized Ice Thickness Changes



ocity, topography and grounding zones of the oututary entering from the south. Downstream, the
let glaciers, in combination with surface topog- flow changes character and seems to deviate from
raphy derived from satellite altimetry. At the what would be expected from simple balance flux
grounding line, ice thickness is derived from the estimates. This may be due to problems with the
glacier surface elevation, assuming that the ice isdata used for estimating the balance, or it may be
in hydrostatic equilibrium. Where no grounding reflecting a variability in the system related to the
line is present, ice thickness must be measured ksurging behavior of Storstrommen Glacier.
other means, such as using ice sounding radar. In addition to the ice flow information, newly
Mass accumulation is obtained from published acquired radio-echo sounding profiles and altime-
data, and surface ablation is calculated using a try data are helping to define the character of this
degree-day model. large feature. Multiple-azimuth photoclinometry
InterferometricSAR observations of the Green-usingAVHRR data is also improving our under-
land ice sheet gathered by the European Space standing of the surface topography that is pro-
Agency’s Earth Remote SensirgRS 1 and 2) duced by the rapid ice motion. Initial results from
satellites were used to map the grounding line anithis work show that the margins of the stream are
ice velocity of northern Greenland glaciers. Com-topographic troughs and that the undulation field
bined with an existing digital elevation model of on the stream is strong enough to produce closed
north Greenland, limited radar echo sounding dataasins in several areas.
andprior data on mass accumulation, the interfero-
metric results were used to measure the grounding .
line ice discharge of 22 glaciers and to compare Greenland Ice Surfa‘_:e Elevation
these estimated fluxes with the total mass accu- Changes from Satellite Radar
mulation in the interior, corrected for losses by A|timetry
surface ablation calculated from a degree-day
model. The results suggest that basal melting is a Estimates of the overall mass balance and sea-
major form of mass loss to the ocean from the sonal and interannual variations in the surface
northern sector of the Greenland ice sheet. Basamass balance are obtainable from time series of
melt rates inferred assuming steady state condi- ice surface elevations measured by satellite altime-
tions are ten times those recorded on Antarctic icey. Although satellite radar altimetry has signifi-
shelves. The mass balance analysis, recently coroant limitations in coverage and accuracy over
plemented with new glacier additions, continues tsloping surfaces, information on ice sheet surface
indicate that the northern sector of the ice sheet elevation changes has been derived for central
may be slowly thinning at present. It has also begrarts of the Greenland ice sheet.
found that the grounding line of Petermann Gla-  One group of investigators re-examined eleva-
cier retreated by several hundred meters betweetion change estimates for the Greenland ice sheet
1992 and 1996, consistent with the suggested thiby incorporating a global method for analyzing
ning trend of north Greenland glaciers. altimeter orbit error present in the ice sheet data
A similar approach, combining ERS interfer- sets. Because the predominant radial orbit error is
ometry data from 1995-1996 and ice sounding a long-wavelength signal concentrated at the cir-
radar measurements to be collected in 1998, is cular frequency of the orbital period, they used a
being used to characterize the ice discharge of thglobal analysis of ocean altimeter data sets. For
entire coast of East Greenland. the Geosat-Exact Repeat Missi@RM: 1987—
1988) and Seasat (1978) mission, crossover data
sets were created with respect to a reference
Ice Flow in the Northeast (mean) ocean surface. The radial orbit error was
Greenland Ice Stream identified by passing the sea-height crossover
residuals through a stochastic filter designed to
SAR interferometry controlled by GPS field  estimate the time-varying amplitudes of the sinu-
surveys is providing us with a detailed picture of soidal orbit error function and the measurement
ice flow in the major ice stream draining much of system bias that may be present in inter-satellite
the northeast Greenland ice sheet, which was firstomparisons.
detected irBAR imagery. The flow patterns in the  The resulting orbit error corrections were
onset area are more complicated than had previ-applied to the Seasat and GedsgiM Greenland
ously been reported, with an apparent second trilatata sets, and the elevation change was analyzed
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Drilling a 10-meter hole with
a hand auger to insert a
thermistor chain for snow
and ice temperature
recordings. This is done at
each automatic weather
station of the Greenland
Climatic Network (GC-Net).
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by dividing the average change in elevation by thef the mass balance. Seasonal variations in the sur-
average time interval using all crossovers. A spa-face elevation are also observed, ranging from a
tial analysis reveals large geographic variations ii4-cm peak-to-peak amplitude cycle with a mini-
elevation change from —15 to +18 cm/yr. After isomum in July at elevations of 2200-3300 m to
staticadjustment, a spatial average of 32,283 ERMabout 2 m with a minimum in late September in
x Seasat crossovers yields a growth rate o£1.7 the upper ablation zone.
0.5 cm/yr from 1978 to 1988. This growth rate is  Preliminary analysis dERS1 radar altimetry
less than 10% of that calculated in earlier analy- data (1992-1996) above ‘M suggests a thinning
ses, primarily because of improvement in our  of 11 cm/yr above 2700-m elevations on the north-
knowledge of the satellite orbits. Given the large east part of the ice sheet and a thickening at lower
spatial variations in elevation change, this aver- elevations with a 10-cm/yr maximum at 1200- to
aged growth rate is too small to determine wheth&i700-m elevations. On the northwest part of the
or not the Greenland ice sheet is undergoing a ice sheet, the data suggest a thinning of 20 cm/yr
long-term change due to a warmer polar climate.above 2200 m and a thickening at lower eleva-
Elevation changes obtained between Seasat tions, with a 24-cm/yr maximum at 1200- to 1700-
(1978) and Geosat (1985-1989) are affected by m elevations. These results from ERS-1 data are
the short three-month period of Seasat and interarery preliminary and are not confirmed by other
nual variations in the seasonal cycle, and in a sePARCA investigations.
arate analysis, the ice thickening rate derived from The analysis of radar altimetry data to measure
four years of Geosat data (1985 to 1989) for the changes in elevation is fraught with problems.
area south of 7A was found to be about 7 cm/yr. Beginning in 2001, NASA's Geoscience Laser
Seasonal variations in elevation, caused by variaAltimeter SystemGLAS) will significantly
tions in snowfall, firn compaction and melting, arémprove the range accuracy, orbit accuracy and
also observed. A consistent set of improved satelspatial coverage for measurements of seasonal and
lite orbits and altimeter corrections have been usémhg-term changes of ice sheet elevations.
in this analysis. Ice thickening is observed in the

southern portion of the ice sheet by about 10-20%
Greenland Network of

Automatic Weather Stations

The Greenland Climate Network (GC-Net) was
initiated in 1995 with the goal of monitoring cli-
matological and glaciological parameters at vari-
ous locations on the ice sheet. Stations have been
added each year, so that the present network in-
cludes 14 stations and monitors 350 parameters.
So far theGC-NET database contains more than
14 station-years of measurements that have been
quality controlled and calibrated.

The tasks of calibration and quality control
have been updated for the majority of GC-Net sta-
tions. Documentation of the data sets and the
description quality control methods have been
generated. Satellite-transmitted data are currently
being used to extend ti@&C-NETrecord to the
present. The quality control task is complicated by
the fact that up to 20% of the data are not trans-
mitted. This set of procedures was developed to
optimize the data record using interpolation tech-
nigues. Once a station is revisited, continuous data
can be retrieved to replace the transmitted data.
Quality control procedures are applied to/ilS
data sets.

An interesting cross correlation was found



between wind speed and surface temperature, wittom microwave data is based on the increase in
a coefficient of better than 0.5. The wind speed microwave emissivity as liquid water is introduced
increase does precede the temperature increaseinto a previously dry snowpack. A simple radiative
by approximately 6—10 hours. This relation was transfer model is used to estimate the SMMR and
observed mainly during winter and has importantSSM/I 37-GHz, horizontal-polarization brightness
implications for microwave satellite remote sens-temperatures associated with melting snow and
ing and for the interpretation of shallow ice coresice. The modeled brightness temperatures are used
Because of the warmer air and the wind-pumpingas thresholds. If the observed brightness tempera-
effect of strong wind, the snow cover temperaturdure exceeds the modeled brightness temperature,
increases near the surface. If the temperature granelt is said to have occurred that day.
dient is sufficiently large, depth hoar layers form  Time series of brightness temperatures have
in the middle of winter. been extracted from the Pathfinder SMMR data at
A mean monthly lapse rate was derived along 100-m elevation increments from 900- to 2700-m
the Jakobshavn—-Summit profile of 0.6-@7%er  elevations near long-term climate monitoring sta-
100 m for spring and summer and 0.82C.er tions at Qamanarssup sermia“(@#tand Patiksoq
100 m for fall and winter. The katabatic wind (70°N) in western Greenland. Microwave-derived
along the same profile showed an increase in  annual melt duration (in days) was compared to
directional constancy towards the coast. The intethe melt duration estimated from mean monthly
annual variability of snow accumulation at variousurface temperature data for the Qamanarssup ser-
GC-Net sites, as well as the radiative and turbulemtia and Patiksoq transects. The same time period
energy exchange, has been studied in detail. ~ was used to calculate average annual melt dura-
Multiple snow precipitation events were identi-tions from the surface temperature data. Mean
fied using AWS data. Typical accumulation eventgnonthly temperatures from long-term climate
are characterized by higher than normal temperamonitoring stations, augmented by coastal weather
tures, wind speeds increasing with the approach sfations, are used to calculate the number of days
a storm and then diminishing as soon as snowfallvith melt. The number of days with temperatures
begins, an increase in downwelling long-wave greater than @, based on an assumed normal
radiation flux, an increase in boundary layer sta- temperature distribution, is calculated for each
bility as reflected by positive Richardson numbersnonth and then summed to arrive at the annual
an increased surface albedo, and decreasing presielt duration. Along the Patiksoq transect there is
sure. Humidity was observed to approach saturano more than a three-day difference in annual melt
tion during snow events yet was preceded by a duration at any elevation between the satellite and
short dry phase just before snowfall began, indi- surface temperature estimates of melt duration. A
cating the invasion of a different air mass. For thesnow and ice melt model is used to account for dif-
HumboldtAWS, the wind direction during snow ferent degree-day factors for snow and ice surfaces
events is westerly, indicating that Baffin Bay is anand to account for the formation of superimposed

important moisture source region. AUNU-N, ice. Mass balance calculations give an overall
snow events are associated with winds from the average annual accumulation of approximately
north and east. 530 kn?/yr and a mean annual ablation rate of 230

km3/yr. The ablation rate shows a large range dur-
_ _ ing 1988-1996 from 100 to 500 Rfyr, but most
Estimates of Ablation Rates on theyears experienced 200-300 ¥gr. Approximate-

Greenland Ice Sheet from Passive ly 13% of the ice sheet experiences net ablation,
Microwave Observations but this varies from 8% (1992) to 23% (1995).

The primary objective of this project is to esti- .
mate the ablation rate of the Greenland ice sheetAbSOIUte GraWty and
usingSMMR (scanning multichannel microwave GPS Measurements in Greenland
radiometer) an&SM/I (special sensor for micro-
wave/imaging) data. Passive microwave satellite  Ongoing changes in the distribution and vol-
sensors have been used to map the spatial extentme of ice in Greenland could cause vertical crust-
and frequency of snowpack melting on the ice  al motion of up to several millimeters per year or
sheet; a continuous time series is available sincemore around the edges of the ice sheet. By meas-
October 1978. The derivation of melt frequenciesuring this motion, it should be possible to learn
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about those changes in ice. However, the visco- campaign included a total of 30 ER-2 flights and
elastic response of the earth to past changes in itkree balloon flights during three deployment peri-
loading could cause vertical motion rates that areods in 1997: 17 April to 15 May, 24 June to 13
of the same order. These viscoelastic effects mustuly, and 3 September to 27 September. These
be known before crustal motion observations canmeasurements, along with computer models of the
be used to help constrain the mass balance of thatmosphere, meteorological data and satellite data,
ice caps. Theoretical arguments suggest that thisare being used to understand the seasonal behavior
can be done by combining vertical motion meas- of Arctic stratospheric ozone as it changes from
urements with simultaneous observations of timevery high concentrations in spring down to very
variation in gravity. low concentrations in autumn due to chemistry
Multi-year simultaneous measurements of and transport at high latitudes. This behavior has
absolute gravity an@PScrustal motion are being  been attributed to an increased role of,N@ta-
made at two bedrock sites at the edge of the Greetytic cycles for ozone destruction during periods
land ice sheet: Kangerlussuaqg and Kulusuk. Conef prolonged solar illumination, such as occur at
tinuousGPSmeasurements have been made at high latitudes during summer. Thus, the detail with
Kangerlussuaq since July 1995, and three two- which current photochemical models can describe
week occupations with an absolute gavimeter hatieis large natural signature in ozone serves as an
also been carried ouBPSresults indicate that the indication of how well the role of increased strato-
crust is subsiding at a secular rate of about 6-8 spheric NQ from anthropogenic sources, a possi-
mm/yr. The absolute gravity measurements are ble consequence of future supersonic transport,
consistent with th6&PSmeasurements. These pre-can be quantified.
liminary results suggest that the ice sheet may be Measurements of the distribution of total ozone
thickening at the rate of a few tens of centimetersover the Arctic are measured with the Total Ozone
per year averaged over a few hundred kilometersMiapping SpectrometeTOMS) series of instru-
from Kangerlussuaq; however, a longer data spaments. TworTOMS instruments have provided data
is required to support this interpretation. in the last two years. One, launched aboard
NASA'’s Earth Probe (EP) satellite in July 1996,
] ] has been operated routinely since launch. Another,
Atmospheric Chemistry and Ozoneaboard the Japanea®EOS satellite, operated
from shortly after its launch in August 1996 until
NASA supports a number of tasks related to the failure of theADEOS satellite in June 1997.
measuring and understanding chemical and dy- Although they were launched into different orbits,
namic processes in the Arctic atmosphere from thehich affected their spatial coverage in the tropics
upper troposphere through the stratosphere and and midlatitudes, both satellites have provided full
lower mesosphere. Such studies include the meadaily coverage of the sunlit Earth at high latitudes
surements and subsequent data analysis using (poleward of approximately 30
space-, aircraft-, balloon- and ground-based instru- The TOMS observations have proved useful in
ments. These activities are accomplished througlshowing unusual ozone distributions over the Arc-
NASA'’s Upper Atmosphere Research Program tic in the winter of 1997. In particular, there was a
(UARP) and Atmospheric Chemistry Modeling  region of large ozone depletion over the Arctic
and Analysis ProgranACMAP), as well as a that winter, prompted largely by the presence of
number of space flight missions. A particular focu®w temperatures throughout much of that winter
of the work supported by these programs is on thend a lack of wave activity that allowed for a sta-
seasonal, annual and long-term changes in Arctidle polar vortex to last well into March. At that
stratospheric ozone and the atmospheric constitutme of spring, there is enough sunlight for photo-

ents and processes that affect this change. chemical ozone-depleting processes, such as those
The 1997 Photochemistry of Ozone Loss in théhat take place over the Antarctic during Septem-
Arctic Region in SummemPOLARIS) aircraft ber, to occur over the Arctic. The lowest ozone

campaign primarily used ti¢ASA ER-2 and bal- column amounts seen over the Arctic in the winter
loon platforms based in Fairbanks, Alaska, to meaf 1997 were as much as 40% below comparable
sure selected species within the reactive nitrogeramounts seen early in ti®©@MS record (1979—
(NOy), halogen (GJ) and hydrogen (HE) fami- 1980), when the Nimbus 7 satellite provided

lies, aerosols and other long-lived species in the TOMS data. The region of ozone depletion was
lower and middle stratosphere. TROLARIS centered over the pole for most of its existence,



which lasted until the breakdown of the polar vor-ments are those of the microwave limb sounder
tex in the stratosphere. In 1997 this did not occur(MLS) instrument, which measures @nd CIO.
until April. MLS measurements have been very useful in point-
The lowest ozone column amount seen in the ing out the abundance of high levels of CIO in the
Arctic in 1997—219 Dobson Units (DU, 1 DU = 1Arctic. Record high CIO and low ozone values
milli atm cm, or corresponding to 2.67106 were recorded at high northern latitudes in 1997.
molecules crmd)—are still much above the corre- Because of slightly higher temperatures and less
sponding amounts seen over the Antarctic in Seppersistent confinement, Arctic ozone losses have
tember/October, and the region of low 0zone seenot been as severe as in the Antarctic. Interannual
in the Arctic is appreciably smaller (roughly threevariability in the dynamical conditions of the Arc-
fold) than that seen in the Antarctic (which has tic vortex is in general greater than in the Antarctic,
lower ozone amounts). Demonstration that this and ozone distributions in the winter and spring
ozone depletion takes place in the lower strato- will therefore have much greater interannual vari-
sphere was provided by data from the Upper ation than in the Antarctic. A slight cooling of the
Atmosphere Bsearch Satellitd&JARS), as well as  stratosphere due to increasing concentrations of
from balloon-lorne ozonesondes and ground-baseaddiatively active gases has the potential to exa-
lidars. The lowest ozone values observed in 199&erbate ozone depletion in the Arctic through the
(for whichTOMS data were not available, but formation of increased amounts of polar strato-
which were obtained using the solar backscatter spheric clouds.
ultraviolet instrument aboaldOAA’s NOAA-9 Ground-based Fourier transform spectrometer
operational meteorological satellite) were also  (FTS) measurements at Sondre Stromfjord,
appreciably lower than in prior years, but not Greenland(67.02N, 50.72W) had been made
nearly so low as in the winter of 1997 (maximum by researchers from the National Center for Atmo-
depletion some 24%, rather than 40% as in the lapheric Research from October 1994 to April 1995.
ter year, and centered in the region northeast of A new instrument (Bomem 120-M) was installed in
Greenland rather than over the pole as in 1997). the summer of 1997 at Thule, Greenland, (7853
Ozone levels in the Arctic winter in 1998 were no68.74W) and has begun obtaining data. Con-
nearly so low as in 1997 because of the very dif- ducted under UARP support, these measurements
ferent meteorological conditions those two years.are a component of the international Network for
Evidence for downward descent in the winter- Detection of Stratospheric Chang¢éDSC) and
time northern hemisphere polar vortex has been have yielded column abundances for HCI, HE;, O
obtained from analysis of spaceborne data, espeHNO3 and NO. The results have been compared
cially that from the Atmospheric Laboratory for  with similar observations made during the Second
Applications and Scienc&TLAS) andUARS. For European Stratospheric Arctic and Mid-latitude
example, analysis of data obtained during the se@&xperiment SESAME) and have been presented in
ondATLAS flight (April 8-16, 1993) showed that a special issue of thivurnal of Atmospheric
in the winter of 1992-93, average descent rates Chemistry Another recenNDSCArctic activity
ranged from 0.8 km/month at 20 km to 3.2 km/ was the ozone and aerosol lidar intercomparison
month at 40 km. These descent rates are compatzeld in Ny Alesund, Spitsbergen, (78282
ble to those observed over the Antarctic during th&1.93E) during the winter of 1997-98.
third ATLAS mission (November 1994), but the NASA’s UARP andACMAP continue to sup-
overall descent distance in the Arctic is smaller b@ort measurements and multidimensional models
cause the vortex does not persist as long there. Ifor atmospheric chemistry and transport needed
the ATLAS-2 observations, a clear distinction to study the global atmosphere. The mission
could be seen in the distribution of long-lived tracresults presented above underscore the necessity to
ers inside and outside the vortex in the middle andclude the full range of dynamical, radiative and
lower stratosphere. chemical processes in models that are used to pre-
Measurements of trace chemical species in thélict future ozone losses given prescribed scenarios
Arctic stratosphere are made regularly using the for emission ofCFCs, their substitutes and other
UARS. A particularly important set of measure- chlorine- and bromine-containing compounds.
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Department of Commerce

National Oceanic and Atmospheric Administration

NOAA performs research in the high-latitude regions of the planet in connection with
its environmental assessment, monitoring and prediction responsibilities. Individual
research programs focus on scientific questions addressing the Arctic environment and
its relation to the global environment. NOAA also conducts research in support of
services it performs, such as weather forecasting and fisheries management.
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National Marine Fisheries Service Funding (thousands)
FY 96 FY 97

National Marine Mammal Laboratory Atmospheric Trace Constituents 423 34
The Protected Resources Management Divisidipheries AssessmenyManagement - 7,145 5,960

d the Nati | Mari M | Lab t Marine Mammal Assessment 2,318 2,237
and the National Marine Mammal Laboratory ¢ agtal Hazards 78 50
(NMML) of NOAA'’s National Marine Fisheries Ocean Assessment 154 150
Service NMFS) are responsible for the protection,stratospheric Ozone 92 32
management and research for 22 species of marfréellites/Data Management 749 312
mammals that occur commonly in that state, includ¥emote Sensing 449 230
in fi d d . bowhead. fin. h Aircraft/Vessels 1,606 1,457
Ing ive en ange_re speC|es( ownead, in, NUMP- cjimate and Global Change 409 478
back, northern right and sperm whales), one threata,ctic 1ce 57 115
ened species (Steller sea lion) and one depleted speeather Research 256 210
cies (northern fur seal). Protection involves the Western Arctic/Bering Sea Ecosytem 0 2,331
implementation of recovery plans for the Steller Barrow Observatory 211
i d the h back whale. the impl tUndersea Research 16
S_ea lon an € humpback whale, the Imp E€MENI&r(ic Research Initiative 1,000
tion of the Northern Fur Seal Conservation Plan, Total 13.736 14,823

the development and implementation of a conser-
vation plan for the harbor seal, and cooperation with TheNMFS's Alaska Regional OfficeAKR) has
the International Whaling Commission regarding developed a program to determine subsistence
subsistence takes of bowhead whales. In 1994, Caakes of Steller sea lions, harbor seals and beluga
gress amended the Marine Mammal Protection whales. Through contracts with the Alaska Depart-
Act (MMPA), adding several new sections, includiment of Fish and Game and the Cook Inlet Marine
ing one pertaining to cooperative agreements in Mammal Council, comprehensive data on num-
Alaska. The amendedMPA notes that “the Sec- bers of animals taken for subsistence, or struck
retary may enter into cooperative agreements witand lost, each year from 1992 through 1996 have
Alaska Native organizations to conserve marine been collected. These data are critical in determin-
mammals and provide co-management of subsising whether these animals should be listed as
tence use by Alaska Natives.” The amendments “strategic” under the Marine Mammal Protection
specifically provideNMFS with the authority to Act. For several years teKR has supported and
provide grants to Alaska Native organizations to: partially funded the Alaska Native Harbor Seal

* Collect and analyze data on marine mammalCommission and is working to help establish a

populations; Native commission for the management of Steller
» Monitor the harvest of marine mammals for sea lions. Th&KR continues to work with the
subsistence use; Indigenous People’s Commission for Marine

* Participate in marine mammal research; and Mammals, the Pribilof Islands Joint Management
» Develop co-management structures with Board, the Alaska Beluga Whale Committee and
Federal and state agencies. several other groups to further conservation of



marine mammals taken for subsistence. AKR animals in rookeries and haulout sites within most of
has also continued the systematic collection of tisAlaska showed a rapid decline between the 1970s
sue samples from Steller sea lions, harbor seals and 1989 and a continued decline (but sibaver
and beluga whales in Alaska to determine whetheate) from 1989 to 1996. The causes for the de-
contaminant levels in tissues intended for humancline have not been identified.
consumption are at acceptable levels and also to  In 1990, Steller sea lions were listed under the
aid in stock determination. TR has also been Endangered Species Act as threatened throughout
instrumental in spearheading efforts to try to overtheir range; no evidence existed then to separate
come the negative impacts of development on théhe species by stock. SubsequehtiyML and
Pribilof Islands by working with the Coast Guard, university scientists conducted joint studies that
EPA, U.S. Army Corp of Engineers, Alaska state have shown genetic differences supporting a sepa-
agencies and the residents and governments on fition in the Gulf of Alaska. These genetic data,
Paul and St. George Islands. Finally, #€R has  along with supporting data on the size of pups,
been working with Russian and American marine  movement patterns, fidelity to birth sites and pop-
scientists to support additional research on local ulation trends, were judged sufficient to warrant
problems and on the health of the overall Bering separation of the species into two management
Sea ecosystem. units, a western stock and an eastern stock. The
Some of the changes to thiPA in 1994 sig- population of the eastern stock has remained sta-
nificantly affected research on marine mammails ible over the past 20 years, but the western stock
Alaska. In addition, the general trend to downsizecontinues to decline, culminating in its status
programs within the Federal government has erodhanging to endangered in June 1997. The eastern
ed support for several long-term research projectstock remains as threatened.
For exampleNMML 's bowhead research program Beluga whale research has taken place annually
has been terminated. One of the primary accom-over the last five years. The primary focus of
plishments oNMML scientists in recent years NMML -supported beluga whale surveys has been
was the summary of the status of all stocks of in the Cook Inlet region. Here, in cooperation with
marine mammals that occur in the waters off the Alaska Beluga Whale Committee, the Cook
Alaska. This volume, titledlaska Marine Mam-  Inlet Marine Mammal Council, the Alaska Depart-
mal Stock Assessments 1986vailable at no ment of Fish and Game and th&R, NMML sci-
cost and includes summaries for each species orentists have attempted to determine the abundance
the following topics: stock definition, population of a relatively small and isolated population.
size, minimum abundance, current trends in aburAerial surveys have indicated an abundance of
dance, maximum productivity, potential biologicalwhales, on the order of 1000 animals. Research
removal levels, man-caused mortality and status.has also been directed toward catching and radio-
Field research at tiéMML on marine mam-  tagging animals to determine movement patterns
mals in waters off central and northern Alaska haand correction factors for aerial surveys. Efforts
concentrated on five species in recent years: are underway to determine if the number of ani-
Steller sea lions, harbor seals, northern fur sealsmals in Cook Inlet is sufficient to support recent
beluga whales and gray whales. In FY 97 a survesubsistence harvests of approximately 50 animals
was initiated to determine the abundance and disper year.
tribution of cetaceans within 200 miles of the In the past 10 yearBlOAA funding to support
coastline. The FY 97 survey was the first of threeresearch on ice seals has generally not been avail-
planned surveys and covered southeast Alaska. able. At present, reliable estimates of abundance
The breeding range of the Steller sea lion for ringed, bearded, ribbon and spotted seals are
extends from the Kuril Islands and Okhotsk Sea, not available, although the current level of subsis-
eastward through the Aleutian Islands and Gulf ofence use of these animals is thought to number in
Alaska, and then south to central California. The the thousands annually. Therefore, KMFS is
number of sea lions throughout the range has tentatively planning to initiate surveys to deter-
declined by over 66%, from about 300,000 in themine the abundance for these species in 1998 and
1960s to 116,000 in 1989; the first range-wide suagain in 2010. These surveys will be done in coop-
vey in 1994 coordinated by tiNMML indicated a eration with the Alaska Department of Fish and
further decline. At present the area from southeastGame, Native organizations, local residents and
ern Alaska through Oregon is the only region wher¢he AKR. In FY 97,NMML cooperated in year two
the number of animals is not declining. Counts of of a three-year study on ringed seals. This work,
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funded by the Minerals Management Service » Ongoing studies to determine the impact of
through a grant to the Alaska Department of Fish contaminants on marine mammal health.
and Game, has as its objective to ascertain the In FY 96 and 97, over 500 samples were acquired
extent to which ringed seal distribution is affectedor analyzed for chlorinated hydrocarbons and
by industrial activities along the North Slope. A  essential and nonessential elements.
final report will be prepared after the final survey in  The Department of Commerce’s National Insti-
FY 98. Annual reports are available frétdF&G tute of Standards and Technolody$T) serves as
on request. the repository for the archived tissues and sera
The Marine Mammal Health and Stranding  from Arctic animals. These samples are cryogen-
Response PrograntMHSRP) was established in ically frozen and stored for future analyses as
1992 to facilitate the collection and disseminatiomneeded when new methods are developed or as
of data on the health of marine mammals and  new questions are asked. In FY 96 and 97, samples
health trends in marine mammal populations in theere colleted from 37 pinnipeds (8 species), 34
wild, to correlate these trends with available datacetaceans (2 species), 28 polar bears and 3 sea otters.
on physical, chemical and biological environmentalCurrently the National Marine Specimen Bank con-
parameters, and to coordinate effective responsestains tissues from 124 pinnipeds, 88 cetaceans, 28
unusual marine mammal mortalities. In 1987 the polar bears and 3 sea otters. A quality assurance
Minerals Management Service provided funds to component spearheaded ¥\8T monitors the col-
NOAA to establish and conduct the Alaska Marindection and analyses of these samples to ensure the
Mammal Tissue Archival ProjecA(IMTAP) for consistency and accuracy of data. Two interlabora-
the collection and long-term storage of tissues tory comparisons were performed during these
from Alaska marine mammalSMMTAP contin-  budget years, and tissues were collected and anal-
ues now in conjunction with tHdMHSRP with yzed for a new beluga whale liver control material.
funding provided frorNMFS andDOl’s National Finally, health issues in these marine mammal
Biological Service (now the Biological Resourcespopulations are addressed through cooperation with
Division of the U.S. Geological Survey). The pro-the Armed Forces Institute of Pathology and the
gram involves the participation and cooperation dDepartment of Agriculture. Tissues from these ani-
Federal agencies, state organizations, internationakls are being analyzed for evidence of disease
agencies, universities and Native American orga-and will be stored for future analyses as needed.
nizations. Samples continue to be collected to  Sera from these animals have been banked for
determine the levels of contaminants in Alaskan future studies of the presence of antibodies to
marine mammals, to determine the health of popgpecific diseases. In addition, specific analyses
lations, and to examine correlations between are being performed to monitor the presence of
health and contaminant levels. In addition, the diseases of current concern.
data are being used by public health organizations All of the data collected are centralized into a
to examine circumpolar patterns of chlorinated database that can be accessed by researchers and
hydrocarbon concentrations and the potential risknanagers. The information collected will help
to people who eat marine mammals as subsistena@anagers make risk assessment and impact deci-
foods. sions regarding marine mammal populations in the
MMHSRP has involved the evaluation of healthArctic. In addition, these data will contribute to our
and contaminant issues through the analysis andcurrent state of knowledge about the presence and
banking of marine mammal tissues from subsis- possible effects of anthropogenic contaminants
tence hunting activities. THéMFS's Environmen- present in this fragile ecosystem.
tal Conservation Division has spearheaded the
analyses of these tissues for contaminants in colResource Assessment and
laboration with the National Institute of StandardsConservation Engineering Division
and Technology and other international research ~ Marine Fisheries AssessmeNDAA’s NMFS
laboratories (Department of Fisheries and Oceanspntinued its long-standing commitment to assess-
Canada, and Karl-Franz University, Austria). Thesement studies of U.S. living marine resources
tissues were analyzed for a variety of projects: (LMRSs) in the Bering Sea, Aleutian Islands and
» Ongoing monitoring (Steller sea lions and  Gulf of Alaska during 1996 and 1997. This effort
beluga whales); includes fishery-independent resource surveys, col-
» Specimen banking activities (beluga and lection of data from commercial fisheries through
bowhead whales and harbor seals); and fisheries observers, collection of recreational and



commercial harvest statistics, and basic populatidittom trawl survey of Gulf of Alaska groundfish.
biology and ecological research. The scientific ~ Winter and summer echo integration/tra®IT)
information generated by these activities supportsurveys of pollock in the Bering Sea and a winter
Federal fishery conservation and management survey of pollock in Shelikof Straits in the Gulf
responsibilities in the 200-mile U.S. Exclusive  of Alaska were also conducted. In 1997 ARSC
Economic ZoneKE2). triennial survey effort was directed at the Bering
The Alaska Fisheries Science Cent&f$C) in  Sea and Aleutian Islands, where bottom trawl
Seattle continues to annually assess the stock casurveys of the Bering Sea and Aleutian Islands
dition for most species of marine finfish and shellwere conducted, as well as a sumi@@Er survey
fish having commercial, recreational or ecologicabf pollock in the Bering Sea. Wint&iT surveys
significance in western U.S. Arctic waters (the  of pollock in the Bering Sea and Shelikof Straits
Bering Sea, Aleutian Islands and Gulf of Alaska).were also conducted.
These assessments provide measures of populatiorRecruitment indices and processes that generate
abundance independent of those derived from  variations in abundance are studied to improve
analyses of catch and landing statistics, and theyprediction through the Fisheries-Oceanography
also address the status and health of the marine Coordinated Investigation§QCI). FOClis a
ecosystem as a whole. Information syntheses cooperative program between #heSCand
incorporate identification of stock units, short-  NOAA'’s Pacific Marine Environmental Laboratory
term prediction of abundance trends, biological (PMEL) in Seattle. To increase the accuracy and
interaction of species and species groups, and gemecision of these assessmeASSC scientists
eral ecosystem response to environmental changsnduct biological research to define recruitment
When combined with data from the commercial processes, develop computer models to simulate
fleet (that is, fishing effort, location, catch compo-nteractions and dynamics of population change,
sition, fish size/age, etc.) collected through the and conduct or collaborate in extramural studies to
AFSCs Observer ProgramyFSC stock assess- improve sampling methods and survey designs.
ments provide recommendations for managing the Pacific SalmonThe five species of Pacific sal-
fisheries and conserving the supporting resourcemon in the Alaska region are one of the Nation’s
base. most valuable resources. The salmon in the vast
LMR populations are sampled at sea aboard marine areas off Alaska are managed via a com-
NOAA ships, chartered fishing vessels and coopgstex mixture of domestic and international bodies,
ating foreign research vessels. Significant area- treaties, regulations and agreements. Research
extensive survey efforts rotate every three years objectives are to:

between the eastern Bering Sea, the Aleutian * Assess interception rates of U.S. stocks in
Islands and Gulf of Alaska, and the west coast of boundary fisheries associated with the Pacific
the U.S. During intervening years, standardized Salmon Treaty;

AFSCassessment surveys are conducted within < Assess impacts on North American stocks

each region. Annual estimates of stock abundance from large releases of Asian hatchery stocks;

are completed for commercially important species, ¢ Support the Ocean Carrying Capacity

such as walleye pollock, Pacific cod, sablefish, Program; and

yellowfin sole and king and Tanner crabs. Dedi-  Determine the origin of salmon incidentally

cated scientific cruises are also conducted to study caught in domestic groundfish fisheries.

biological and physical processes that affect stock Ocean Carrying Capacitypuke Bay Labora-

assessments. tory’s Ocean Carrying Capacity Program contin-
The principal survey methods include bottom ues theNMFSrole in the stewardship of living

trawls for demersal fish and crabs, hydroacousticmarine resources of the North Pacific. Early

and midwater trawls for semipelagic fish, and  research efforts focused on measuring and assess-

special-purpose nets for eggs, larvae and juveniléng the effects of various high-seas fisheries such

fish and shellfish. Trawl and acoustic surveys areas the Japanese mothership salmon fishery and the

used to estimate biomass and define community high-seas driftnet squid fisheries. Much of the

structure; biological collections are taken to exanmexpertise, biological methodology and working

ine variability in growth, mortality and stock relationships developed while addressing those

recruitment. In FY 96 thAFSC continued the issues is now directed towards understanding the

annual bottom trawl survey effort of Bering Sea effects of environmental and biological interac-

groundfish and crab and conducted the triennial tions on the productivity of the North Pacific. This
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research program bridges the gap between ongoas oil spill trajectory and weathering models, seis-
ing coastal ecosystems studies in Prince William mic exposure analysis models, avian energetics
Sound and the high-seas Carrying Capacity and models and many innovative research protocols,
Climate Change study developed by the North  are largely responsible for expanding our under-
Pacific Marine Sciences Organizatid?ICES and standing of both the physical environment and bio-
North Pacific Anadromous Fish Commission logical resources of coastal and offshore Alaska.
(NPAFQ) scientists from Canada, Japan, Russia Intempretation and synthesis GICSEAPstill con-

and the U.S. For the past two years the researchtinue to identify and delineate a number of envi-

activities have included: ronmental and resource management issues, for
» Salmonid growth studies, using scale patternexample, elevated levels of metals, notably cadmi-
as an indicator of freshwater and ocean um, in sediment and biological tissues, particularly
growth patterns of salmon; in reference to Pacific walruses.
» Salmon energetics studies, linking basic Since 1984NOAA’s National Status and Trends

physiology and behavior with habitat condi- (NS&T) program has sampled sediment and biota
tions to evaluate the effects of changesin  (mussels and demersal fish) at several sites in
temperature and predator/prey densities on Alaska to determine the levels and temporal trends
growth, consumption and ultimately trophic of contaminants, including toxic trace elements, a
interactions; variety of pesticides, petroleum hydrocarbons and

« Field and laboratory studies of oceanographipolycyclic aromatic hydrocarbons (PAHSs), and a
conditions, phytoplankton and zooplankton number of chlorinated industrial chemicals, such
abundance and salmon abundance, distribu-as polychlorinated biphenyls. The sampling sites
tion and stock origins; and are located in the Gulf of Alaska, Bering Sea,

« Stock identification studies, which are part of Chukchi Sea and Beaufort Sea. Although sampling
an international, multi-agency program to  frequency was low, the results based on sampling
develop comprehensive genetic, scale patterafforts during 1984—-1992 have recently been com-
parasite and tag recovery databases for stockiled in a report and are available electronically on
identification of North Pacific salmonids. the Internet (http://seaserver.nos.noaa.gov). The

Survey efforts in support of these activities have program is also in the process of establishing a

ranged from inside waters of southeastern Alaskaaumber of permanent sampling sites in the U.S.

to the Aleutian Islands. Arctic. To that end, six sites in the coastal Beau-
fort Sea were sampled in September 1997 in coor-
dination with a larger study on the distribution of

National Ocean Service petroleum hydrocarbons in the region under the
sponsorship of the Department of the Interior.

NOAA/NOS conducts environmental research ~ More recently, since 1993 tINS&T program

and monitoring, performs information synthesis, has been engaged in describing the spatial distri-
and disseminates data and information products tmtion and scales of contamination from radionu-
support management decisions affecting coastal clides in surficial sediment and selected biota in
and marine resources and environments in the the Arctic, including species that are harvested for
U.S. Arctic. These activities date back to 1974 assubsistence use (anadromous fish, marine mam-
part of the Outer Continental Shelf Environmentamals, seabirds and caribou). Using statistical
Assessment Prograf®@ CSEAB, which was estab- records of subsistence harvests in the North Slope
lished under an interagency agreement between Borough and radionuclide activity in specific tis-
NOAA and the Bureau of Land Management. Thesues and whole animals, the study results demon-
program was designed to plan, conduct and repostrated there is a very small radiation dose from
on a suite of multi-disciplinary studies respondingypical consumption of caribou meat and a virtu-
to the specific needs, goals and objectives of theally negligible dose from consumption of marine
Department of the Interior in its decisions on oil foods. These results were instrumental in alleviat-
and gas leasing off the coast of Alaska. From 197dg widespread public concerns about the quality
to 1992 OCSEAPproduced a mammoth record of of traditional food resources in the region follow-
research reports and other data products, culminatg disclosure of widespread dumping of radio-
ing in a 74-volume series fCSEAPfinal reports active wastes in the Arctic seas by the former

and a bibliography consisting of over 4000 entrie§oviet Union. In addition, separate reports have
OCSEAPresearch and information products, suchbeen prepared on the levels of radionuclides and



other contaminants in the Beaufort Sea, the Rus-es regulate the dynamics of biological production
sian Far East and the eastern Bering Sea. A manim-upper ocean ecosystems. Given appropriate real-
script describing and interpreting the atomic ratiotime biophysical oceanographic data from moor-
of plutonium isotopes detected in Arctic sedimentimgs, ship and satellite observations, this model
is nearing completion. predicts the larval pollock growth rate. This infor-

NOAA, through ongoing cooperative efforts  mation is vital to understanding the potential con-
with the Environmental Protection Agency and tribution of the year class to the fishery. THRZF
the U.S. Air Force, is involved in preliminary con-model, when coupled with models treating larval
tamination assessment and recommendations fomortality or juvenile growth and mortality, can pre-
remedial action at several contaminated sites at ttliet pollock recruitment strength, which will help
Elmendorf Air Force Base, located near Anchor- NMFS manage the resource.
age, Alaska. Similar cooperative efforts are also ~ The recruitment component BE FOCI focused
envisaged during clean-up and remediation activien understanding the causes of the variable mortal-
ties at other contaminated states in Alaska that aity of pollock larvae in the various habitats of the
included in the National Priority List. southeastern Bering Sea. The synthesis concludes

NOAA/NOS staff took the lead role in synthe- that pollock spawning occurs in discrete concentra-
sizing and reporting on data on petroleum hydro-tions during winter and spring in a variety of habi-
carbon and PAH contamination in the Arctic. A tats, including oceanic (basin and slope) and shelf
comprehensive review chapter on the subject is waters. The application &S FOCI recruitment
included in theState of the Arctic Environment  studies in fishery management is in regard to the
report that will soon be published under the aus- “Donut Hole” issue. This is a region in the deep
pices of the international Arctic Monitoring and  central Bering Sea that could be fished by foreign
Assessment Program. A 188-page summary of theesselsBS FOCI research shows that the food sup-
report was published and distributed in June 199ply in this region is insufficient to sustain a local
The staff is also organizing a special, multidisci- population. This means the adult fish in the region
plinary session with international participation  had to originate in U.S. and Russian waters and
called “Arctic Contamination: Levels, Transport, would contribute to the spawning population on
and Human and Ecological Effects” at the Joint the U.S. shelf. Based @5 FOCIand acoustic
Meeting of the American Society of Limnology  population estimates, fishing was curtailed in the
and Oceanography and the Ecological Society ofregion by an international coordination group led
America, scheduled to be held in St. Louis, Mis- by NMFS.
souri, June 7-12, 1998.

Southeast Bering Sea Carrying Capacity
The Coastal Ocean Program initiated a regional

Coastal Ocean Program ecosystem study in FY 96 in the Bering Sea. The
objective of the Southeast Bering Sea Carrying

Bering Sea Fisheries—Oceanography Capacity SEBSCQ project is to study the southeast-

Coordinated Investigations ern Bering Sea ecosystem and the role of juvenile

Beginning in 1991NOAA’s Coastal Ocean pollock in it, including the factors that affect their
Program began funding the Bering Sea Fisheriessurvival. Researchers will develop and test annual
Eurther information on Oceanography Coordinated InvgstigatioBS( indices of pre-recruifage-1) abundance. In its first
BS FOCI can be obtained by FOCI) to develop an understanding of stock strucresearch cycle (FY 96-98EBSCChas conducted
contacting NOAA Coastal tUre and recruitment variation in Bering Sea wall-its first full year of studies that included modeling,
Ocean Program (NCOP), eye pollock. This project was supported through monitoring, process and retrospecttedies.
1315 East-West Highway, FY 97. Among the final products are a biophysical In FY 98, research will focus on contrasting the
;‘50”2“025110‘.‘03'051”‘;%%93”3’3 model and a synthesis of recruitment process stuelvironment of the Bering Sea shelf and slope
' http://’hpcc'.noa;.gow’ ies and stock structure. A coupled multi-species from observations made during 1996, 1997 and
cop/cop-home.htmi Piophysical model, NPZF (nutrients, phytoplank- 1998 in order to understand the strong interannual
or NOAA Pacific Marine  ton, zooplankton, fish), was developed to investi-variability in this ecosystenEEBSCCmodel simu-
Environmental Laboratory, gate the production dynamics of the pelagic eco-lations will be used to compare circulation, its
éledoo ?agd Ft)t(ljmtvvvxagsl\i.lES” system on the Bering Sea, especially in relation teffect on pollock survival, and upper-trophic-level
9'0670?21202'_526_6798_' the early life history stages of walleye pollock. interactions in the southeastern Bering Sea for
http:/www.pmel.noaa. THiS work has led to a better understanding of howarm and cold years. The objectiveSEBSCCis

govibering and why variable physical and biological processto provide a pollock recruitment index for incor-
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Further information on  poration into stock assessments in order to recomsatellite data streams in the analysis of mesoscale

SEBSCC may be obtained bymend allowable biological catch estimates. oceanic process in Alaskan coastal waters and the
%)Qézﬁ'ggoggﬁﬁﬁggsg Bering Sea. This research is focused on advancing
1315 East_West Highwa)',, Coastal Change Analysis Program, the methodologies to use synthetic aperture radar

Room 15140, Silver Spring, Yakutat Bay Regional Study (SAR), the advanced very high resolution radio-

MD 20910, 301-713-3338;  Quantifying changes in the areal extent of wetmeter (AVHRR), and high-resolution ocean color
http://hpce.noaa.gov/ |ands and adjacent uplands is critical for linking satellite imagery to detect and monitor oceanic
o Nggﬁ’;‘;‘;ggr&izg both natural phenomena and land-based human features such as fronts, eddies, internal waves, sea
Environmental Laboratory, activities to coastal ocean productivity. TROAA ice, oil spills and surface slicks.
7600 Sand Point Way N.E., Coastal Change Analysis PrograBiCAP) uses Techniques and applications demonstrated by
Bldg. 3, Seattle, WA 98115- satellite imagery and aerial photography to moni-this research will become available as data and
0070; 206-526-6798; hitp:// oy the areal extent, functional status and changeiiformation products through théOAA Coast-
Wwwgg\‘jtl)gssg these critical habitat€-CAP has developeda  Watch network of regional nodes. The Alaska
standard, nationally accepted protocol for mappingoastWatch Regional Node is located at the
submerged aquatic vegetation, emergent coastalNational Weather Service’s Alaska Region Office
wetlands and adjacent uplands. Change detectiom Anchorage.
projects have been conducted in over a dozen
Further information on - states, including Alaska. NOAACoastWatch
C-CAP may be obtained by Ay analysis of change in coastal land cover COPs support for this program ended in FY 94;
contacting NOAA Coastal during the period between 1986 and 1993 was inthis program is now part of the National Environ-

Ocean Program (NCOP),

1315 East-West Highway, tiated in the Yakutat Bay region of southeast mental Satellite, Data, and Information Service
Room 15140, Silver Spring, Alaska. The analysis quantifies land cover chang@$ESDIS operations. CoastWatch continues to be
MD 20910; 301-713-3338; resulting from natural phenomena (such as coastalcollaborative effort with participation INESDIS

http:”/hpcc'r:‘oaa'a‘t"”l erosion, flooding, and advance and retreat of Hulthe National Marine Fisheries Servit¢MFS),

or NOACAOPCZZZ;?:MCZS bard Glacier) and anthropogenic activities (such &ceanic and Atmospheric Research (OAR), the

Center - C-CAP Program, 109ging and coastal development). Researchers National Weather Servicél(vS) and the National

2234 South Hobson Ave., from the National Marine Fisheries Service Ocean ServiceNOS). COPcontinues its participa-
Charleston, SC 29405; (NMFS) Auke Bay LaboratoryMFS Beaufort tion by supporting research to enhance the utility
of NOAA Nig?()'g;f&f:r?:e; Laboratory, and Oak Ridge Natipnal Laboratory of_ Co_astWatch data prodgcts and advance the ap-
Fisheries Service Auke Bay used Landsat thematic mapper imagery and the plications of remote sensing technology to coastal
Laboratory, 11305 Glacier C-CAP protocol to classify land cover and detect monitoring, prediction and management.
Highway, Juneau, AK 99801; change in the coastal habitat of Russell Fiord and Coastal managers, decision makers and re-
907-789-6000. Hubbard Glacier. This change detection analysis searchers require accurate and immediate informa-
has been used by the Sealaska Timber Corporatitton concerning environmental processes and
for guiding their logging strategies and identifyingevents that could affect the health and stability of
salmon habitat, the U.S. Forest Service for aug- coastal resources. ThNOAA CoastWatch pro-
menting their wetlands survey and the City of  gram supports those information needs by provid-
Yakutat for guiding their stream restoration pro- ing rapid dissemination of satellite and other in-
ject. Map products and the analytical comparisonsitu data and information for the entire coastal
of imagery are available onGD-ROM titled “C- U.S. through a network of regional nodes. Eight
. _ CAP—Changes in Land Cover in the Yakutat Bayregional nodes have been established and distrib-
Further information Alaska . n . . L .
coastal monitoring may be Alaska Region: 1986-1993.” This product can beute near-real-time satellite imagery and other envi-
obtained by contacting Ordered from thélOAA Coastal Services Center. ronmental information products to over 200 users.

NOAA Coastal Ocean Pro- The Alaskan coastal region is served by the Alaska
gram (NCOP), 1315 East- Coastal Remote Sensing Science, CoastWatch Node located at the National Weather
West Highway, Room 15140, A a5ka Coastal Monitoring Service's Alaska Region Office in Anchorage.

Silver Spring, MD 20910; .
301-713-3338: TheNOAA Coastal Ocean Progra@®P), in

http://hpcc.noaa.gov/cop/ Cooperation with the National Environmental Sat- . .
cop-home. htm! ellite, Data, and Information Servic’RESDIS), is Office of O‘?eanlc and
or NOAA NESDISSffice of jnyesting in research to advance the applicationsAtmOSphel‘IC Research
Satellite Data Processing and f remote sensing technologies as tools for moni-
Distribution, Federal Build- . h . | d adi A Lab
ing 4, Room 0122, 4401 Suit- NG phenomena in coastal waters and adjacentAeronomy Laboratory
land Road, Suitland, MD 1and. In FY 96 COPinitiated a three-year program  The stratospheric ozone layer protects the

20233; 301-457-5120. to investigate the applications of current and futureEarth’s ecosystems from biologically harmful
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solar ultraviolet (UV) radiation. Changes in the Laboratory researchers measured ozone, reactive
nature of the ozone layer could alter the UV radianitrogen compounds and long-lived trace gases
tion reaching complex ecological environments (the latter in collaboration witBMDL) with instru-
such as those of the Arctic. ments that are specially designed for the ER-2 air-
The abundance of stratospheric ozone is set bgraft platform. OthePOLARISresearchers made
a balance of photochemical production and loss chemical and meteorological measurements from
processes and transport of air within the strato- the ground and ballooons. The comprehensive
sphere. The photochemical processes involve nasuite ofPOLARIS measurements, comprising
urally occurring chemicals in the stratosphere, measurements of key reactive chemical species,
such as nitrogen species, and chemicals releasetbag-lived tracer species and meteorological vari-
the Earth’s surface by human activities, such as  ables, will be combined with satellite observations
chlorofluorocarbons@FGs). In recent years, anthro-and computer modeling to make a quantitative
pogenic emissions @FCs have caused depletion ofevaluation of the ozone changes due to chemistry
the total column of ozone in several regions of the and transport and to discern the anthropogenic
globe. For example, the springtime abundance of influences on the natural seasonal ozone decline.
polar stratospheric ozone in Antarctica has been per-Insights from the measurements and modeling
turbed because of the influence of anthropogeni-of POLARIS will greatly increase the ability to
cally released chlorine in the special conditions oéxplain observed and future changes of ozone
the Antarctic polar climate. Although the spring- abundances in the Arctic. In particulBQLARIS
time Arctic ozone column has not reached the  will enhance the scientific understanding of the
same low values that have been observed in the effects of aviation on that region and will serve as
Antarctic spring “ozone hole,” extremely cold key input to a special state-of-understanding assess-
northern winters could lead to greater Arctic ozonment by the Intergovernmental Panel on Climate
losses. Some evidence of this was observed in théhange (IPCC) and the Montreal Protocol on the
extremely cold Arctic winter of 1995-96. If currentozone layer.
international control measures of the United In another research effort, AL scientists com-
Nations Montreal Protocol are followedFCs pleted in FY 96 the final phase of a two-year series
are expected to reach their peak in the stratosphefeground-based measurements in the Arctic.
in about the year 2000. Therefore, the Arctic Total-column measurements of ozone, nitrogen
stratosphere will remain susceptible to the influ- dioxide, chlorine dioxide and bromine monoxide
ence of elevated atmospheric abundances of an-were made at Kangerlussaug, GreenlandN67
thropogenic chlorine for several more years. 51°W) and were aimed at increasing our under-
Scientists INOAA’s Aeronomy Laboratory standing of the seasonal, diurnal and long-term
(AL) and Climate Monitoring and Diagnostics  behavior of stratospheric ozone. A sustained period
Laboratory CMDL) in Boulder, Colorado, partici- of low temperatures that occurred over Kanger-
pated in an international experiment to study the lussuacduring the Arctic winter of 1995-96 is
seasonal loss of ozone that occurs during spring,providing researchers with a valuable opportunity
summer and fall in the Arctic. The field campaign$o invedigate how chlorine-mediated ozone destruc-
of the Photochemistry of Ozone Loss in the Arctidion is accelerated by the presence of polar strato-
Region in SummelOLARIS) experiment were  spheric clouds and/or atmospheric aerosols.
successfully concluded in September 1997 with
the last of 33 flights of thASA ER-2 high- Climate Monitoring and Diagnostics Laboratory
altitude research aircraPOLARISIis a multi- Atmospheric Trace ConstituentOAA’s Cli-
agency/university effort that consisted of three mate Monitoring and Diagnostics Laboratory
deployments to Fairbanks, Alaska, in April/May, (CMDL), located in Boulder, Colorado, has oper-
June/July and September 1997. The primary sciesited a background atmospheric monitoring
tific objective of the experiment was to understandbservatory at Barrow, Alaska, since 1972. The
the natural seasonal change of stratospheric ozonbservatory is part of a larger four-observatory
in the Arctic, where ozone peaks in spring and deaetwork with other stations at Mauna Loa, Hawaii;
creases to a minimum value in late summer or American Samoa; and the South Pole. Continuous
early fall. and discrete measurements of atmospheric trace
The POLARIS deployments gave researchers constituents are taken to study their impact on
three detailed snapshots of the seasonal behavioglobal climate. Moreover, these measurements
of ozone photochemistry and transport. Aeronomprovide a long-term documentation of specific
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guantities representing the background state andtober 1997. The new system provides measure-
composition of the atmosphere. The Barrow statioments of additional aerosol properties with im-
is a vital component of the network representing proved calibrations under tightly controlled sam-
Arctic background conditions. pling conditions. The upgrade also includes an in-
The program mission at Barrow, as at the othetegrated filter sampling system, which is being
threeNOAA/CMDL observatories, focuses on used as part of theOAA Arctic Research Initia-
research related to those atmospheric constituentive to characterize the chemical composition of
capable of forcing change in the Earth’s climate Arctic aerosols (a joint project withkOAA/PMEL
through modification of the atmospheric radiativeand the University of Alaska Fairbanks). These en-
environment and those that may cause depletionl@ncements provide much-needed data on the
the global ozone layer. The mission is accom- chemical and radiative properties of atmospheric
plished primarily through long-term measurementserosols required by global climate models. The
of trace atmospheric species such as carbon dioxenhanced aerosol monitoring system is function-
ide, carbon monoxide, methane, nitrous oxide, swually identical to the systems th@aMDL is operat-
face and stratospheric ozone, halogenated com- ing at regional sites at Bondville, lllinois; Lamont,
pounds includingCFC replacements, aerosols, andOklahoma DOE/ARM-sponsored); and Sable Is-
solar and infrared radiation at baseline observatoland, Nova Scotia.
ries and other sites spanning the globe. These Measurement of the UV Radiation Environment
measurements document global changes in the kaythe Arctic.Although considerable progress has
atmospheric species, which are all affected by been made in predicting UV exposure for mid-
mankind, and identify causes of interannual variakatitudes, there are great limitations in predicting
bility. The resulting data are used to assess climabe modeling ground-level UV in polar regions
forcing and ozone depletion, to develop and test because of uncertainty in surface albedo due to
predictive models, and to keep scientists, policy changing snow and ice conditions and persistent
makers and the public abreast of the current statdéut changing cloud cover and because radiative
of our chemical and radiative atmosphere. transfer models have more uncertainty at low solar
A primary objective o£MDL is to determine  elevations. The use of ground-based UV measure-
regional-scale sources and sinks of several primanents is, therefore, crucial for developing reliable
trace species. Toward this objective a global net-algorithms for determining surface UV exposure
work of flask sampling is undertaken at more thain the Arctic from satellite data. In FY 97, in col-
40 sites. The Arctic sites of this network are at Alertaboration with the University of Alaska Fairbanks
and Mould Bay, Canada; Cold Bay and Shemya, (UAF), CMDL used their observatory in Barrow,
Alaska; Ocean Station “M”; Iceland; and SpitsberAlaska, as a platform for establishing accurate,
gen. Once per week, ambient air is collected in areliable, portable yet inexpensive means of meas-
pair of flasks for analysis of carbon dioxide and uring UV irradiance reaching the Earth’s surface
nitrous oxide. The resulting data from this array oh the Arctic. Two instruments, one for broad-band
measurements are analyzed, in conjunction with UV work (a Yankee UVB-1) and the other for
two- and three-dimensional transport—diffusion narrow-band UV study (a Biospherical Instrument
model results, for insight into the global and global field-of-viewGUV-511), were mounted on
regional carbon cycle. For example, a distinct  the roof of the Barrow observatory in September
slowdown of the global carbon dioxide growth rat&997. Continuous 1- to 3-minute-resolution data
during 1992-93 has been shown to be linked to aftom 1-Hz sampling is received, which will allow
abnormally strong terrestrial biospheric sink in théor good definition of variable cloud and aerosol
temperate latitudes of the Northern Hemisphere. influences, as well as diurnal, seasonal and annual
Upgraded Aerosol Monitoring System at Bar- variations. ThaJAF will analyze the data to deter-
row, AlaskaMonitoring of atmospheric aerosols amine column ozone amount, UV doses and recon-
NOAA'’s baseline station at Barrow, Alaska, begarstruction of spectra.
in 1974 and provides data useful for detecting
changes in the sources of aerosols to the Arctic afsid Resources Laboratory
for quantifying the radiative forcing of climate by ~ During the summer of 1996 the Atmospheric
aerosols. With financial support from the Depart- Turbulence and Diffusion DivisiorATDD) of
ment of Energy®OE) Atmospheric Radiation NOAA'’s Air Resources Laboratory (ARL) con-
MeasurementsARM) program, the€MDL aerosol ducted measurement flights over the Kuparuk
monitoring system was upgraded in September/Quasin of the Alaskan North Slope. The aircraft



system was equipped to determine trace gas and During the summer of 1997 t#&@DD oultfitted
energy fluxes and meteorological parameters andnd shipped a trace gas and energy flux measure-
to gather video, spectral indices and air samples.ment aircraft with remote sensing instrumentation
In addition to the airborne measurements, a site to the Surface Heat Budget of the ArctBHEBA)
under the aircraft transects was instrumented to study site within the Arctic ice pack. The aircraft
determine soil energy flux and temperatures for was operated by th&TDD over the pack ice dur-
aircraft calibration and extrapolation to the ing mid-1998.
remainder of the aircraft transects.
Thirteen evacuated flasks were filled during th&nvironmental Technology Laboratory
field study. These included flask samples repre-  Using knowledge and experience learned dur-
senting source and sink periods at San Diego Staig the 1992 Arctic Leads ExperimehEADEX),
University tower sites. Additional samples were NOAA's Environmental Technology Laboratory
taken within the oil field emissions plumes and (ETL) has prepared for and is currently participat-
exterior to the boundary layer (within the free  ing in the Surface Heat Budget of the Arctic
atmosphere). All flasks arrived intactNIDAA (SHEBA) field program. This interdisciplinary
CMDL in Boulder, Colorado, where they were  field program, primarily sponsored by the Arctic
chemically and isotopically analyzed. Analyses ofSystem ScienceéARCS9 program of NSF and the
the flask contents showed source/sink isotopic si@ffice of Naval Research (ONR) High Latitude
natures and enhanced pollutants within the oil  Program, is a 13-month deployment of instrumen-
field plumes. tation to a site in the Beaufort Sea from October
Aircraft operations in 1996 consisted of 15 dayt997 to October 1998. Many agencies are partici-
time and 12 nighttime transect flights over the  pating, with additional field support provided by
standard north—south transect, 12 daytime flightsthe Canadian Coast Guard, Department of Fisher-
over the east-west transect and 17 daytime flightes and OceanslOAA is also providing support
over the new validation north—south transect. ~ for theNOAA/ETL participation.
These flights were distributed roughly evenly over The overall purpose of tH®HEBA program is
the study period. to collect the data necessary to document, under-
Two NOAA ATDD deep soileémperature probes stand and predict the physical processes that deter-
were placed in the coastal plain at the crossing mine the surface energy budget and sea ice mass
point of the north—south and east—west aircraft balance in the Arctic. This will require addressing
transects. These probes measured temperature the interaction between the surface energy bal-
at logarithmically located depths in the soil. A ance, the atmospheric radiation and the clouds.
battery-powered datalogger recorded the data. The field program is needed because there are
From the probe, aircraft and wetness data were large discrepancies among global circulation
used to estimate soil temperature, soil heat flux, model GCM) predictions of present and future
permafrost melting rate, soil thermal conductivity,climate in the Arctic and because there is uncer-
heat capacity and apparent thermal diffusivity. Astainty concerning the role of the Arctic in climate
with the fluxes the aircraft transect measurementshange. The Meteorological Applications and
can be used to determine the spatial variability ofAssessment Digion of NOAA/ETL, with support
soil energy dynamics within the North Slope from the National Center for Atmospheric Research
coastal plain. Atmospheric Technology Division (NCAR/ATD),
Starting in October 1996 th&DD designed is measuring the energy balance at the ice—atmo-
and assisted San Diego State University with thesphere interface and the energy transports within
set-up and operations of two year-round eddy- the atmospheric boundary layer so that these point
correlation flux towers for continuous measure- measurements can be scaled up to be representa-
ment of trace gas and energy fluxes in the Alaskaive of GCM grid scales.
Arctic. Design solutions focused on instrument The Beaufort Sea ice camp centers on a Cana-
heating, insulation and ice-resistant coatings. Thalian Coast Guard icebreaker, thes Groseilliers
towers have operated continuously since Novemwhich is being frozen into the Arctic pack ice and
ber 1996, and the data have shown that the Arctiavill drift with the ice during the yeaNOAA/ETL
tundra can be a significant source of carbon dioxhas established one main measurement site close
ide to the atmosphere during the early winter,  to the ship and four remote sites within 5 km of
when there exists a thawed soil layer under an the ship. These remote sites are located on differ-
insulating snow cover. ent ice or surface types, so the energy balance at
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each site will likely be different. At the main work is underway to collaborate wihbASA along
measurement site, measurements include broad-these lines. These advanced remote sensing tech-
band short- and long-wave radiation; profiles of niques will be applied to the year-loB$EBA
sensible heat, moisture and momentum fluxes; measurements to establish a baseline data set for
detailed wind, temperature and humidity profiles; Arctic clouds. Data from these remote sensors will
and surface precipitation. At the remote sites, onesoon be generally accessible over the Internet just
level measurements of the same quantities are one day after they are collected in the Arctic.

being made, with the exception of precipitation.

The fluxes are being provided through several ) ) )
methods, including direct measurements using National Environmental Satellite,
sonic anemometers, profile measurements usingData, and Information Service
highly accurate temperature and relative humidity
sensors, bulk methods and a spatially averaging Satellite and Data Management
scintillometer. A Doppler sodar is providing NOAA'’s National Environmental Satellite, Data,
boundary layer wind and turbulence d&BEBA  and Information ServiceNESDIS) in Suitland,
collaborators will provide temperature profiles  Maryland, manages the U.S. civil operational
within the ice at each of these sites, providing  Earth-observing satellite system&SDISalso has
measurements of the subsurface heat flux. The the basic responsibility for collecting, archiving,
measurements at the five sites will be combined farocessing and disseminating environmental data;
provide values useful for direct comparisons to developing analytical and descriptive products to
satellite measurements aB&CM model grid val-  meet user needs; and providing specialized data
ues. This will be a unique data set documenting analyses and interpretations. As part of this overall
the air—ice energy balance throughout an entire responsibilityNESDISmaintains a variety of Arctic
cycle of seasons at an array of surface stations. lenvironmental data sets. The data holdings of the
should provide the necessary description of the National Geophysical Data Cent®&GDC) in
physical processes comprising the energy baland@oulder, Colorado, which includes the World Data
throughout the Arctic seasonal cycle and the Center-A for Glaciology (Snow and Ice), are of
understanding of the various feedback mechan- relevance to Arctic studies. Information on those
isms associated with these energy balances. activities are provided under the National Snow and

ETL is also operating a new millimeter-wave- Ice Data Center (NSIDC) below.
length cloud radar as part BHEBA. It has been Instruments carried dNOAA'’s polar-orbiting
joined on the ship by a new Doppler lidar with  environmental satellites are a valuable source of
dual-polarization capability for distinguishing Arctic environmental data. These include:

water droplets from ice crystals. These remote
sensors, developed and tested in Boulder during
1997, will probe Arctic clouds, which have a
major influence on climate because of their strong
control on the transfer of radiative energy through
the atmosphere. Clouds are the least understood
but most significant atmospheric constituent in
processes governing radiative transfer. In spite of
their great importance to climate change, Arctic
clouds are largely unmeasured because of the
harsh Arctic environment.

Over the past several yeaE§,L has developed
new techniques that combine measurements from

multiple sensors, both active and passive, for mak-

ing quantitative measurements of radiatively
important cloud properties such as cloud particle
sizes, shapes, concentrations, ice water path/con-
tent, liquid water path/content, number of cloud

e The TIROS operational vertical sounder
(TOVS), which provides vertical temperature
and moisture atmospheric soundings for Arctic
weather analyses;

 The solar backscatter ultraviolet spectral
radiometer, which produces total ozone
measurements and ozone profiles;

» The space environment monitor, which
determines the energy deposited by solar
particles in the upper atmosphere and provides
a solar warning system;

» The ARGOS data collection system, which col-
lects environmental information from in-situ
platforms such as the Arctic ice buoys; and

» The advanced very high resolution radiometer
(AVHRR), which is used by the National Ice
Center NIC) for generating ice analyses and
forecasts by interactive analysis of digital

layers and their heights and thicknesses. Such data infrared and visible imagery.

will prove invaluable in validating the retrieval of

These satellite data sets, available since 1979,

similar products from polar-orbiting satellites, andare archived by thESDISNational Climatic Data



Center (NCDC) in Asheville, North Carolina, and (NCEP into ice concentration maps using the
copies can be obtained on magnetic tapes. AVHRIRASA Team ice algorithm. These maps provide
andTOVS data from January 1996 to the present theNIC with a global all-weather data source that
are available on-line via th¢ESDIS Satellite Ac-  is integrated with other data to produce weekly
tive Archive (SAA). Historical data are expected composite Arctic and Antarctic ice analyses. The
to be added to the system in 1998, as system stoworld Data Center-A for Glaciology is responsible
age capacity is increased. for archiving and distributing historical gridded
NESDIS in partnership with the U.S. Navy, = SSM/I brightness temperatures and ice concentra-
operates a near-real-time processing, communicaion products for the polar regions. Fine-resolution
tions and access system for synthetic aperture (0.5km) visible/infrared data from the DMSP Opera-
radar GAR) data from the Canadian Radarsat sattional Linescan System (OLS) are also used in the
ellite. SAR data are high-resolution (10—100 m) ice analysis process at tNéC. These data have
active microwave backscatter measurements thabeen delivered tlESDISfrom ground stations via
can be used for monitoring and studying the oceandomestic communications satelliEBOQMSAT).
environment and for other applications of interestThe delivery of these data was changed to an asyn-
to U.S government agencies. Since February 19%hronous transfer mode communications link from
the National Ice CenteN(C) has routinely used the Air Force Global Weather Center located at
Radarsat data to determine ice edge location, iceOffut Air Force Base, Nebraska, at the end of 1997.
concentration, stage of development, and frequeffhis transition will significantly increase the vol-
cy and orientation of leads and polynyas in the ume of OLS fine data available for ice analysis at
Great Lakes and frozen seas of the polar regions. theNIC.
Arctic data are acquired, processed and delivered NESDISalso participates in the Search and Res-
electronically in near real time (less than 6 hourskue Satellite Aided TrackinggARSAT) system, an
to theNIC from satellite readout stations located international program using emergency position
in Tromso, Norway; Gatineau, Canada; and Westlocation instruments on polar-orbiting spacecraft
Freugh, Scotland; and from the AlaskaR Facili- to detect distress signals from emergency locator
ty (ASF) located at the University of Alaska Fair- transmitters on aircraft and emergency position—
banks. All U.S government organizations and/or indicating radio beacons on boats and ships. A new
agencies sponsored BYDAA that havesigned an  experimental personal locator beacon that can be
affiliated user agreement may submit operational carried by individuals is being tested in Alaska
SAR data requests througtESDIS NESDIShan-  and has already been responsible for helping to
dles the communications f&SF SAR data, while  save over 100 lives. Emergency signals received
CanadiarSAR data are delivered to tidC from  from older analog beacons and transmitters by the
the Canadian Ice Service (CIS) via a dedicated SARSAT satellite component are relayed to local
communications link known as the North Ameri- user terminals (LUTS) in participating countries.
can Ice Link (NAIL).NESDISprovides on-line Search and rescue coverage of part of the Arctic is
electronic access to tI8AR data for U.S. govern- provided by LUTs in Norway, Canada, the United
ment agencies via the Satellite Active Archive  Kingdom, Russia and Alaska. Emergency signals
(SAA). from newer digital beacons and transmitters
Instruments on the Defense Meteorological Sateceived by the satellites anywhere in the Arctic
ellite Program (DMSP) satellites are also an im- are processed by the U.S. Mission Control Center
portant source of Arctic environmental data for at theNESDISfacility in Suitland, Maryland, and
NESDISand theNIC. Passive microwave data communicated immediately to rescue units.
from the special sensor microwave/imadges /I NESDISis participating in a number of pro-
are received on a near-real-time basis from the grams of solar wind observations for geomagnetic
U.S. Navy’'s Fleet Numerical Meteorological and storm warnings of interest in auroral studies and for
Oceanographic CenteENNMOC) under the aegis protection of communications and electrical sys-
of the Shared Processing Progra&8RR. TheSPP  tems. In a joint program with the U.S. Air Force
encourages the sharing of data between all of thdUSAF), a solar X-ray imageiSKI) will be flown
operational environmental data processing centem theGOES-Msatellite in the year 2000l10AA
of the U.S. governmen8&SM/I brightness temper- recently awarded a contract for at least two more
atures, or sensor data records (SDRs), are con- SXIs to fly on theGOESN-Q series. The Advanced
verted by the Ocean Modeling Branch of the Composition ExplorerACE), aNASA research
National Center for Environmental Prediction mission, was launched in August 1997 and is in
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transit to the L1 pointNOAA will receive a subset via autodin to DoD users. Sea ice features of most
of ACE data for real-time solar wind monitoring frequent interest to operational and research inter-
(providing an hour’s warning of solar events) undests include ice edge position, ice thickness, ice
a cooperative program withASA and theJSAF. concentration, areas of compression or heavy defor-
Operational use of the data is expected to begin imation, and the location and orientation of open
Januaryl998.NOAA, the Jet Propulsion Laboratorywater or thin-ice-covered leads and polynyas.
(JPL) and th&JSAF have developed a mission con- Metadata, which detail the data sources integrated
cept for a successor mission called Geostorm. Thisnto routine ice analysis products, are available on
satellite would use a solar sail to maintain an orbithe NIC web page. Historical (1972—-1996) data of
closer to the sun thakCE and thus provide more weekly ice analyses and multi-year climatologies
than an hour’s warning time. The mission concepbf ice extent and coverage are also available from
is a candidate for the Deep Space Five mission atheNIC.
the New Millennium program and if selected would Approximately 95% of all data used in produc-
fly in 2003. ing ice analyses at thdC are derived from satel-
Since FY 94NESDIShas managed th¢OAA lites. The largest sources of these remotely sensed
CoastWatch program. This cooperatN®@AA pro- data are visible and infrared imagery from the
gram has participation frolESDIS the National TIROSvery high resolution radiometer (AVHRR)
Marine Fisheries Service, the National Weather and the DMSP operational linescan system (OLS)
Service, the National Ocean Service, and Oceaniastruments. These data are of sufficient resolution
and Atmospheric Research. The goal of Coast- (1.0 and 0.6 km, respectively) to produce regional-
Watch is to provide coastal managers, decision- scale maps of ice conditions and produce rough
makers and researchers with timely satellite ship track route recommendations. Unfortunately
imagery and otheOAA environmental data and these data suffer from the limitation that cloud
information for the entire coastal U.S. through a cover imposes on ice detection. DMS8M/I pas-
network of regional nodes. The Arctic regions of sive microwave data provide an all-weather detec-
Alaska are served by the Alaska CoastWatch Nodien capability but of relatively coarse resolution
located at the National Weather Service’s Alaska (25 km) for all applications except for global-scale
Region Office in Anchorage. Alaska CoastWatch ice mapping. Over the past two yearsth€ inte-
users have access to near-real-time AVHRR, gratedSAR data in Sca®AR wide mode (100-m

DMSP,GOESand Radarsat data. resolution; 500-km swath width) into select opera-
tional ice analysis productSAR imagery is the
National Ice Center only high-resolution remotely sensed data source

The National Ice CenteN(C) is a cooperative, that is capable of penetrating the perpetual cloud
interagency organization responsible for providingover and restricted illumination conditions charac-
Arctic, Antarctic and Great Lakes ice information teristic of the polar regions.
to U.S. and allied armed forces, U.S. government NIC has foundSAR data to be extremely useful
agencies and various segments of private industiiy classifying ice types (first-year vs. multiyear ice)
Manpower and fiscal resources for thk are pro- and in detecting new ice and ice surface deforma-
vided by the U.S. NaviWOAA NESDISand the tion. OngoingSAR research to aitlIC operations
U.S. Coast Guard. Real-time global, regional andncludes the development of an automated knowl-
tactical-scale ice guidance products are generateeldge-based ice classification system, a multiyear
in support of mission planning, safety of navigatiaoe detection algorithm, an automated ice/no ice
and climate research. Routine products include sdetection algorithm and an ice motion tracking sys-
ellite-derived sea ice analyses of current ice condem. TheNIC established a chief scientist research
tions and forecasts depicting future changes to thgosition mid-year in 1997 to facilitate the transition
sea ice pack. All ice products are available in anasf polar research to operations. Priorities of the new
log (paper) format via a dial-up autopolling fac- science program focus on several key topics, in-
simile system. Beginning in 1997 théC began  cluding:
producing routine Arctic ice products in a digital  Improved efficiency of data processing and
format. Analyses are distributed in graphics inter-  analysis through data fusion techniques;
face format (gif) and as geographic information » Automated analysis and classification of SAR
system (GIS) compatible files via theC World data;

Wide Web page (http://www.natice.noaa.gov). Tai- « Improvements in operational ice forecasting
lored support messages are also sent electronically models;



» SSM/I ice product improvement through NASA to operate a Distributed Active Archive
algorithm optimization; and Center PAAC) and receives funding for research
» Development of new ice guidance products and data management activities frii@AA, NSF
through the use of new techniques and data and other agencies.
from future operational sensors. The Former Soviet Union Hydrological Snow
Drifting buoys are also an important source of Surveys are a new snow data set available on-line
surface meteorological data and ice drift informa-from NSIDC. The data set is based on observations
tion in the Arctic. Since its inception in 1991 the made at 1345 sites throughout the former Soviet
mission of the U.S. Interagency Arctic Buoy Pro- Union. These observations include snow depths
gram (USIABP) has been to establish and maintaiand snow water equivalent from 1966 through the
a network of 40 evenly spaced meteorological end of 1990. The source of the data is the Institute
buoys on the drifting Arctic ice pack. As managerof Geography, Russian Academy of Sciences,
of theUSIABP, theNIC achieves this goal through Moscow. The station coverage and the inclusion of
coordinated deployments and international coopesnow water equivalent makes this an important
ation by participants in the International Arctic  data set for corroborating satellite passive micro-
Buoy ProgramI@ABP). During 1996-97, nearly wave snow algorithms.
95% of all Arctic drifting meteorological buoys During 1950 to 1991 the U.S.S.R. maintained
reported data in real time over the Global Tele- two, and sometimes three, drifting ice stations in
communications System (GTS). Real-time buoy the Arctic Ocean. In addition to supporting scien-
data are used to initialize operational weather antific studies, these manned ice camps operated as
ice forecast models. All buoy data are quality con- synoptic meteorological stations reporting posi-
trolled within six months of receipt and then assemtion, surface weather, atmospheric soundings,
bled into a historical (1979-1996) database, whichsslar radiation and snow conditiodNSIDC, in
archived by the Polar Science Center of the Univereollaboration with the University of Washington’s
sity Washington (http://iabp.apl.washington. edu) Polar Science CenteP$Q and the Arctic and
and theNSIDC. These data have been found usefdintarctic Research InstitutdARI), St. Peters-
in the intialization of global circulation models  burg, Russia, releasedC®-ROM containing these
and in climate change research. Buoy data are alsbservations. Rescue and organization of the data
used to generate a three-hour spatially and tempteok place abhARI andPSG ESDIM funding con-
rally interpolated data set of surface pressure andributed toCD-ROM development atlSIDC.
temperature. A recent accomplishment of the The mass balance of the world’s glaciers is an
USIABP was the completion of buoy performanceimportant topic to the global change research com-
field tests conducted at tihNOAA Climate Moni-  munity. The Eurasian Glacier Inventory contains
toring and Diagnostics Laboratory in Barrow, information for over 35,000 glaciers within the
Alaska. The objective of this test was to conduct former Soviet Union and the People’s Republic of
a dynamic long-term evaluation of the ability of China. Inventory parameters, accessible through a
unattended buoys to accurately measure ambientveb page interface, include geographic location,
temperature and pressure to satisfy operational aa@a, length, orientation, elevation and classifica-
research requirements. Of specific interest was thi®n of morphological type and moraines. These
ability to accurately measure surface (2 m) air  data are the digital version of thousands of hand-
temperature. AJSIABP-designed buoy with an  written records from the Institute of Geography,
external thermistor performed favorably when  Moscow, and the World Data Center-D for Glaci-
compared to the weather station standards and doésgy in Lanzhou, China. In FY 96 and IDC
matically better than the five buoy designs used kacquired digital inventories for New Zealand, the
otherlABP participants. The results (specifically, Alps and Norway. NSIDC is working with the
levels of long-term error) are being used to genetVorld Glacier Monitoring ServiceYGMS) in
ate improved Arctic surface temperature fields. Zurich to release these data simultaneously at
NSIDCandwWGMS.
National Snow and Ice Data Center Sea ice parameters for the period 1953 through
The National Snow and Ice Data Center 1990 from theAARI are now available electroni-
(NSIDC) was established BYyOAA in 1982. Itis  cally in gridded form. Th&ARI data set provides
operated under the auspiceN@DC through a hitherto inaccessible information on ice condition-
cooperative agreement betwa¢@AA and the ss and their spatio-temporal variations in the Eura-
University of ColoradoNSIDC is funded by sian Arctic. In addition to its use for basic research

87



NSIDCs data products, docu- on trends in ice extent and concentration, the com- Additional data sets archived or updated through
mentation and publications hinedAARI data set is useful for comparing with NOAA ESDIM support are Arctic and Southern

can be viewed or requested
through NSIDC's User Ser-
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estimates of ice concentration from satellite pas- Oceans sea ice, Great Lakes ice charts, Great Lakes

vices pages on the World SIVE microwave data. The data were provided to cooperative ice observers ice gage reports, Interna-
wide Web (WWw) using NSIDC as part of the World Meteorological Organi-tional Ice Patrol iceberg reports, U.S. Coast Guard

URL http://www-

zation’s Global Digital Sea Ice Data Bartk}- Great Lakes surface ice reports, the International

nsidc.colorado.edu or by g|pB) 3 project that supports the interests of the Arctic Buoy Program archive, sea ice melt pond

calling 303-492-6199.

World Climate Research Program. Other nations characteristics, Canadian snow depth, Estonia snow

that have agreed to contribute data toGESIDB  cover 1892-1990, Chinese snow depths from 1979

are Canada, Denmark, Japan, Germany, Finlandto 1990, and South Cascade Glacier mass balance

and Sweden. Japanese data were received by data. In addition over 100 canisters of film data of

NSIDC under the program in FY 97 and are beingaerial observations of sea ice from the U.S. Navy

re-gridded to an easy-to-use format. Birdseye program for 1970 through 1986 were
NSIDC's project to develop cryospheric indicesacquired from the U.S. Army Cold Regions Research

for NOAA'’s Global Climate Perspectives System and Engineering Laboratory in Hanover, N.H.

recognizes the need for data sets that enhance skill

in detecting climate change and applying climate . . .

models. The focus for this project is snow cover Un“_/erS|ty of Ala_-Ska Cooperative

and sea ice extent, because of the importance tolnstitute for Arctic Research

modelers of the positive temperature—albedo feed- The Cooperative Institute for Arctic Research

back mechanism regulated by these variables. (CIFAR), aNOAA—University of Alaska Fair-

Regionally complete data sets are needed to pro; . .
) ) . .. _banks cooperative arrangement, continued to pur-
vide essential snow and ice boundary conditions

and ulimately to understand how model output sue its objectives of facilitating and managing joint

. S research projects betweR®AA and universities
compares with observed changes in climate. Two

. and promoting research among organizations and
cryospheric products have been produced from roarams active in the western Arctic
data acquired for the project. The first, Historical brog '
Soviet Daily Snow Depth—1874 to 1984, ComamRIOAAArctic Research Initiative

data from 280 stations as well as monthly clima- TheNOAA Arctic Research Initiative (ARI)

tologies. Theorlgmal da_ta were provided e lPC started in FY 97 with the overall goal to address the
by NCDC via aNOAA bilateral agreement with . . . . SO
following national Arctic policy objectives:

the U.S.S.R. The second product, Northern Hemi- . : ;
* Protecting the Arctic environment and conserv-
sphere Weekly Snow Cover and Sea Ice Extent— . “."" . . }
ing its biological resources;

1978 to 1995, provides input for climate model !
" o ; : « Assuring that natural resource management
boundary condition and validation studies. This : .
. and economic development are environmen-
product was created by mapping weakipAA . )
. . tally sustainable;
snow charts from visible band imagery af@8IDC . . .
. . ) ; « Strengthening institutions for international
ice extent estates from passive microwave data to .
cooperation; and

the same grid. Quality-checking includes direct . L .
. ) . « Involving the region’s indigenous people in
comparison with surface station data. The data set -
decisions that affect them.

was released dbD-ROM n 1996. The scope of the ARI program is broad, focusing

NSIDC/WDC-Ais implementing a Global ; o ) .
: ... on two major scientific areas and five major sub-
Geocryological Database that assembles priority iapics:
gpics:

permafrost and frozen ground data sets. Under th
U.S.—Russia Bilateral Agreement, Working Groupl. Natural variability of the Bering Sea/western
VIII, ground temperature data have been trans- Arctic ecosystem

ferred from Russian archives to tWDC-A at » The Bering Sea green belt: process and
NSIDC. NOAA ESDIMsupport is contributing ecosystem production;

to the development of a Cryosols—Active layer— » Atmosphere—ice processes that influence
Permafrost SystenCAPS CD-ROM containing ecosystem variability;

rescued permafrost data and bibliographic infor- ¢ Atmospheric, cloud and boundary layer
mation. TheCD-ROM was released at the 7th processes;

International Conference on Permafrost, in 2. Anthropogenic influences on the Bering Sea/
Yellowknife, N.W.T., June, 1998. western Arctic ecosystem



* Arctic haze, ozone and UV flux; Water density observations analyzed aboard ship
» Contaminant sources, fate and effects on thegave the scientists a preliminary indication of the

ecosystem. Bering Slope Current’s location and strength. It
The number of proposals received (and funded) iflows just seaward of the shelf break transporting
FY 97 were as follows: 4—7 million cubic meters per second northwest-
 Green belt biology: 15 (6) ward. Modern acoustic Doppler current profiler
» Air—ice—ocean interactions: 12 (2) (ADCP) and global positioning system (GPS) mea-
» Atmospheric, cloud and boundary layer surements will be used to reference water-density-
processes: 4 (1) based geostrophic currents and provide much more
* Arctic haze, ozone and UV-B: 10 (4) accurate data on currents in this region than has
» Contaminant sources, fate and effects: 15 (2een possible in the past. Chlorophyll measure-
The FY 98 program is similar in objective ments revealed heightened photosynthetic activity

and scope; an Announcement of Opportunity waseaward of the shelf break. These await further
released in October 1997. Research in FY 98, wraralysis in conjunction with nutrient and primary
possible, also embraces research needs identifiedrimductivity observations in order to map the loca-
the science planning by the Arctic Monitoring andtion of the Green Belt and its relationship to the
Assessment Program (AMAP) and the Internatioriggring Slope Current.

Arctic Research Center (IARC) that fall within the

NOAA mission. This includes monitoring, data col- Other Arctic Research Projects

lection, exchange of data on the impacts and assess-Other research projects conducted under the aus-
ment of contaminants and their pathways; increasdtices ofCIFAR and funded bNOAA included five
UV-B radiation due to stratospheric ozone depletioRf0jects in fisheries oceanography, several of them

and climate change effects on Arctic ecosystems. On salmon; two projects on hydrographic studies
and sea ice dynamics; two projects on atmospheric

Joint Bering Sea Cruise research dealing with atmospheric forcing and

A major accomplishment of the ARI was a joinfnesoscale modeling; four projects on environmen-
cruise in the Bering Sea in partnership between tal assessment, monitoring and numerical model-
NOAA and the University of Alaska Fairbanks to ing, including assessments for AMAP; and several
investigate the basis for the rich productivity of thBodeling projects using the Arctic Regional Super-
eastern Bering Sea. An underlying cause for the computer facilities at the University of Alaska
enormous populations of higher trophic level speFairbanks.
cies is thought to be the Green Belt lying along the

outer edge of the continental shelf and over the . :
slope, where enhanced and prolonged productionOfflce of NOAA Corp Operatlons

apparently occurs. Until recently, however, a map- The Office ofNOAA Corps OperationsNCO)

ping of water properties, currents, nutrients and g,,n0rted Arctic research during the past two fiscal
primary production had never been undertaken. years primarily through the operations of M@AA
Even the nature of the current over the slope, g Miller Freemanand secondarily through con-

known as the Bering Slope Current, has not beenn,ing aircraft operational and research projects.
well described or understood. Yet, it is this feature §Ncos fisheries and oceanographic research

that is the source of nutrients for primary produc-essemiller Freemanis a 215-ft, 1920-ton stern
tion and may seed the outer shelf with pollock larg g wier that operates a variety of biological and
vae and other plankton. i oceanographic sampling gear. THreemars pri-

.From March 28 to April 13, 1997, theOAA . mary Arctic accomplishments have been as a work-
shipMiller Fre.emanconducted a researgh cruise ing platform for the study of the Arctic Ocean’s liv-
along the Bering Sea shelf break crossing the Grﬁﬁfresources.

Belt on seven oceanographic transects from the "\ cos ships and aircraft are run by a combin-

U.S.—Russia Convention Line in the north to the 4ion 6fNOAA commissioned officers and wage
Aleutian Islands in the south. The 215-ft research.ansed civilians. On ships the wage marine per-

ship provided a safe platform for the combined  g4nne| include licensed engineers and other mem-

physical and biological oceanographic work in @ perg of the engine, stewards and deck departments.
notoriously inhospitable ocean at exposed locatiogSation personnel are licensed as engineers and

over 400 nautical miles from the nearest ice-free o cpnicians by the Federal Aviation Administration.
refuge in the Pribilof Islands. Administrative duties and navigation of the ships
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and aircraft are performed by the commissioned primarily by scientific questions regarding the Arc-
officers. The aircraft and ship’s complements pro4ic’s role in global climate change. Coupled ocean—
vide mission support and assistance to embarkeditmosphere models in the U.S. and Europe have
scientists from various OAA laboratories as well suggested that the planet’s response to increased
as the research academic community. greenhouse forcing will fundamentally involve
The Freemanconducted hydroacoustic surveyschanges in the thermohaline circulation of the
in the Arctic during the past two years, especiallyocean, popularly described as the “conveyor belt.”
the Bering Sea. Hydroacoustics are usetl®AA’s  In the modern ocean, dense water is formed in very
National Marine Fisheries Service for fisheries limited areas of the global ocean, with the Green-
management. The principal objective in hydro- land/Norwegian and Labrador Seas being the pre-
acoustics is to collect target strength data used irdominant Northern Hemisphere regions of deep
scaling echo integration data, thereby estimating water formation. As northward-flowing surface
the absolute abundance of a particular target fishwater in the Atlantic cools, it releases heat (thus
species. Winter—spring assessment operations wes@ming northern Europe) and sinks to form a deep
completed during the past two years, with a specifiater mass identifiable throughout the global
focus on the eastern shelf and Blogoslof areas ofocean. The rate of this thermohaline circulation var-
the Bering Sea. ies dramatically in models with different scenarios
A special cooperative Bering Sea survey ranginfjgreenhouse gas forcing. These model runs are
from the U.S. Bering Sea to the Russian coast wagven some credence by observations from the
completed with the assistance of Russia and Jappaleoclimate record, which indicate strong thermo-
The project consisted of intership calibration of thiealine variability as recent as 10,000 years ago. The
acoustic systemaboard thé-reemanand the Japan- strongest control on the thermohaline circulation is
ese resarch vesseKyowa Maruand completion of the amount of fresh water coming into the North
Bering Sea hydroacoustic transit lines. ScientistsAtlantic from the Arctic Ocean.
from Russia, China, Poland and South Korea par- The Arctic interests of the Climate and Global
ticipated in various capacities aboard both vesselghange Program have thus been driven by the
NOAA'’s aircraft have completed several routine desire to observe and model these hypothesized
ongoing Arctic projects during the past two years. Arctic—Atlantic interactions. An array of instru-
The WP3D research aircraft completed aerosol anchents to measure the flux of fresh water from the
pollutant studies falOAA’s Environmental Re- Arctic, including sea ice, has been deployed in
search LaboratorieSlOAA’s charting and survey air-Fram Strait since 1991, in cooperation with Euro-
craft have completed endangered species assessmeah investigators. Downstream in the Greenland
surveys over and near the Arctic coast of Alaska ar®ka, annual measurements of salinity and transient
collected survey and mapping data for the revisiontodicers have provided a time series of deep water
nautical and aeronautical charts of Alaska’s Arctic. formation in this region, demonstrating the
response of deep convection to changes in fresh-
Office of Global Programs yvater input. Sever.al atmosphere—opean—ice model-
ing efforts on varying scales are being used to
NOAA'’s Climate and Global Change Program examine the mechanisms at work in the long-term
maintains a small program in the Arctic, driven  variability of this component of the climate system.



Department of Agriculture

The Department of Agriculture supports and conducts research to improve
understanding, use and management of renewable resources at high latitudes.
Research is directed toward solving problems in agriculture, forestry and the
environment and improving technology for enhancing the economic well-
being and quality of life for Alaskans.

Forest Service Funding (thousands)
FY 96 FY 97
The northern boreal forest of Alaska—the Forest Service - Environment 700 700
taiga—lies in the zone of discontinuous perma- Cooperative State Res - Environment 725 25
frost. The more than 100 million acres of Alaska’ Cooperative State Res - Food/Safety 793 793
rost. ) ) SNatural Resources Conservation
northern boreal forest is a heterogeneous mix of  syc s - Global Change 560 560
warm, productive sites supporting white spruce, Total 2,778 2,778

paper birch, aspen and balsam poplar stands, inter-
mingled with permafrost-underlain black spruce ThePNW Long-Term Ecological Research pro-
stands and shrub, riparian and wetland vegetatiogram has been directed toward improving under-
About one-third of Alaska’s taiga lies within the standing of biological, physical and ecological
Arctic as defined by the Arctic Research and Pol-processes and components of terrestrial ecosys-
icy Act; some two-thirds occupies sites that, by tems.PNW Ecosystems Processes scientists sta-
virtue of elevation, slope and aspect, have climatitoned at the Institute of Northern Forestry were
conditions equivalent to those of the Arctic. actively involved in research into forest succession
The USDA Forest Service Pacific Northwest  on highly productive forest lands (flood plains and
Research StatiolPN\W) has been responsible for warm slopes) and on cooler, less-productive perma-
boreal forest research in Alaska. This research h&®st terrain. The present level of effort is chiefly
been directed toward improving the understand- aimed at safeguarding th€ER work, which has
ing, use and management of Alaska’s natural  been ongoing for over three decades.
resources, especially the northern boreal forest. ~ Ecosystems Processes scientists will continue
PNW scientists have been stationed at the Institute play an important role in tH&ER program.
of Northern Forestry in Fairbanks and the Forestryhis work is centered on the 5000-ha Bonanza
Sciences Laboratory in Anchorage. However, budzreek Experimental ForeBCEF near Fair-
get cuts in 1996 forced the closure of the lab at banks.BCEF-LTERIs led by co-principal investi-
Fairbanks, terminating all research save the comgators from the Institute of Northern Forestry
mitment the Forest Service is maintaining toward(INF) Cooperative Research Unit and the Univer-
the Long-Term Ecological ReseardTER) work  sity of Alaska Fairbanks. The primary areas of
conducted at the Bonanza Cre&IER site [spon- research ilBBCEFLTER include:
sored jointly by the National Science Foundation e Patterns and controls of primary production;
(NSF), theUSDA Forest Service and the Universi- < Spatial and temporal distribution of popula-

ty of Alaska FairbankdJAF)]. This is being tions;

accomplished through the Institute of Northern » Patterns and controls of organic matter
Forestry Cooperative Research Unitat=. Work accumulation;

in entomology has been sharply curtailed but con- < Inorganic contributions and transport of
tinues to be sponsored by State and Private For- nutrients through soils, groundwater and
estry out of Anchorage, while work in silviculture, surface waters; and

genetics, harvesting and sustainable development < Patterns and frequency of disturbance in
has been discontinued. Alaskan ecosystems.
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CurrentLTER research iBCEF addresses vegeta- and second-order streamsdRCRWhas been
tion succession in floodplain and uplands, herbi- monitored for more than a decade and will con-
vory, and resource availability to specific vegeta-tinue to be monitored. The broad objectives of con-
tion communities in relation to climate, nutrient tinuing research a8PCRWare to develop an
availability and biogeochemical processes, but understanding of hydrologic, climatologic and
the research program is undergoing a thorough environmental relationships in taiga ecosystems,
re-examination of long-term goals to provide for to support catchment-scale experimentation on the
the development of new paradigms of boreal for-effects of resource management practices on these
est successional dynamics. This will be done by relationships, and to support multi-disciplinary
establishing #NW research cooperative unit at long-term environmental monitoring of the stream/
the University of Alaska Fairbanks, permitting thelandscape biological and physical system.
participation of 1.3°NW scientists, and attempting Many general circulation models of climate
to integrate the terrestrial research described abasrenge indicate that regions north of &ttitude
with the aquatic work described below. may be subjected to major warming in coming dec-
PNW Aquatic/Land Interactions research at theades, producing increased permafrost thaw, altered
Institute of Northern Forestry has been terminatedegetation distribution, altered biological produc-
The research has addressed landscape-scale praivity, altered wildfire regime, and perhaps the
cesses affecting watershed stability, streamflow release of large quantities of stored organic carbon
patterns, stream quality, and stream productivity into the global carbon cycle. Soils in the taiga are
and ecological relationships in Alaska’s boreal forrich in organic carbon, much of which is stored in
ests. However, research centered on the 10,400-parmafrost. In the event that central Alaska were to
Caribou—Poker Creeks Research Watershed experience 4-& of warming over the next cen-
(CPCRW) near Fairbanks will be integrated into  tury, much of the permafrost (currently at —0.5 to
the LTER program shared between the University—2°C) would thaw, potentially releasing large

of Alaska Fairbanks and the néMF research amounts of carbon to the atmosphere and hydro-
cooperative unit. The composBEEFCPCRW sphere. It is unclear what continued research in this
LTER site encompasses more than 15¢ kmd important arena will be permitted under the present

includes environmental settings varying from support. It might have been possible to construct a
highly productive floodplain forests and perma- model of the effect of discontinuous permafrost on
frost-free coniferous and hardwood forest standsorganic carbon dynamics in streams. An ongoing
on south-facing slopes, to low-productivity permaexperiment is testing the effects of elevated atmo-
frost-underlain coniferous woodland on north-  spheric CQ concentration and ®€ soil tempera-
facing slopes and in poorly drained cold valley tures on the carbon and nitrogen balance of a model
settings. Research includes determining the effeatshite spruce and soil ecosystem.

of permafrost on catchment hydrologic regime, Wildfire is a major determinant of boreal forest
and analysis of hydrologic behavior of periglacialpattern and productivity in central Alaska. Research
land forms. Included are studies of the ecologicalat INF is continuing into fire ecology and fire
relationships of headwater streams, and the link-effects on ecosystem processes, forest succession
age between landscape (catchment slopes), ripain relation to wildfire, and forest productivity

ian zone and stream channel. Hydrogeochemicalincluding the stability and productivity of forest
monitoring of headwater streamsGRCRWpro- streams affected by fire. Pre-burn and post-burn
vides the foundation for process research, whichresearch has continued in the Yukon Flats National
has already documented the influences of permaWildlife Refuge, on the 1988 Selawik fire in north-
frost on streamflow patterns, on steam biota and west Alaska, and on the 1950 and 1985 Porcupine
on sub-Arctic hydrologic phenomena including  River fires, providing pioneering information on
aufeis and pingos. This work, if supported by the the long-term consequences of wildfire in Alaska’s
PNW research cooperative unit and the National boreal forest. Detailed study of wildfire history
Science Foundation, will furnish a basis for (Project Frostfire) has been initiatedBEF and
assessing terrestrial/aquatic (watershed) ecosyst€@RCRWin support of the expanding ER program
change in response to changing climate or envi- and has been funded by the Department of Energy.
ronmental contamination. It is anticipated that thePrescribed burning of an experimental site will be
nationwide National Atmospheric Deposition Pro-initiated in 1998, and research is expected to peak
gram (NADP) in Caribou—Poker Creeks Researcln that year and the following two.

Watershed will continue. Water quality of first- An Ecosystem Processes scientist at the Forestry



Sciences Laboratory, Anchorage, has terminatedareas extending from non-permafrost zones to areas
research on the population dynamics of moose irof intermittent permafrost to areas of continuous
the Copper River Delta—a non-Arctic biome—dupermafrost. Studies are also being conducted on the
to funding constraints but is continuing research aative layer in th@ermafrost zone. The information
moose population and behavioral ecology in Denghthered from these transects and similar ones in
National Park. This work will be expanded and Canada and Russia has allowed a group to develop
redirected to encompass the feedback relationshgnew soil order in soil taxonomy: Gelisols. This
between ungulate herbivory and successional proposal has been finalized and is ready for inclu-
responses of the tundra floral associations in sion in the next additions of thieys to Soil Taxon-
Alaska'’s interior. At the Copper River Delta, omy. Its implementation will greatly help in map-
research had concentrated on defining the basic ping and interpreting soils in Alaska and other parts
seasonal movement patterns and seasonal use paitthe world where there is permafrost. This will
terns in relation to habitat, determining seasonal allow the transfer of technology from region to
foraging habits, defining sexual activity and reproregion. In the last couple of years more soil mois-
duction, and determining winter habitat and possiure and temperature sites have been added along
bilities for habitat enhancement. While the field the Haul Road at Happy Valley, Toolik Lake and
work has been brought to a close, publication of t@eldfoot. Also, sites were added near Fairbanks, at
analytical results is continuing for the near term. Barrow and at Atquasuk. New dataloggers have
PNW Environmental Health and Protection  been added to record soil moisture and temperature
Research has been terminated under the anticipatath, and new sensors that work over a wider range
funding for FY 97 and beyond. of conditions and hold up under extreme tempera-
PNW Inventory and Economics Research sciendres have been tested and put on line at these sites.
tists at the Forestry Sciences Laboratory, Anchor- TheNRCSis also actively working with the
age, are responsible for the inventory and analysNational Science Foundation’s (NSF) Arctic Sys-
of the boreal forests of Alaska. A state-wide cooptm ScienceARCSS program on the North Slope
ative soils and vegetation inventory was initiated of Alaska, where greenhouse gas fluxes and chang-
1981 and is continuing. Satellite imagery and aer&s to carbon sequestration may be subject to poten-
photography are used in classifying land cover tial changes from global climate change. This work
types; analysis addresses timber, understory vegktes added more sensors for soil moisture and tem-
tion, biomass, soils and wildlife habitat. The projegérature south of Deadhorse along the Haul Road
has completed inventorying nearly two thirds of ttaed also at Barrow. Sites were sampled in 1995,
state and has produced numerous resource bulleti®86 and 1997 at various locations related to NSF
describing the resources. Additional scientific ~ projects and other projects OAF. These sites
papers covering wildlife, biomass, forest productsvere sampled in conjunction with scientists from
and inventory techniques have also been publishgé\F. Complete characterization is being run on these
samples in the laboratory in Lincoln, Nebraska. The
information gathered from this sampling and others
Natural Resources will help develop a much larger soil database for
Conservation Service Alaska. Earlier work showed up to 30% or more
carbon storage in the sensitive permafrost area than
The Natural Resources Conservation Service was previously thought. The data from these and
(NRCS9 cooperates and coordinates with state, vibther samplings will be used in many soil process
lage, regional and Federal land own®&NRCSfield models being developed. These areas in the Arctic
office personnel in Alaska; and other agencies in may be either sources or sinks of carbon if there is
Alaska to provide technical resource planning andlobal warming. Estimates of the amounts and pos-
application assistance to these landowners, usersible changes cannot be made by modelers, how-
and planners. Coordinated resource managemergver, until the baseline information is gathered.
plans, allotment management plans or interim plaMBCSsoil scientists and a group of university sci-
are developed. Soil maps are made of Native landstists will be using ground-penetrating radar to see
along with other private and government lands inif it can help determine the amount of carbon in the
Alaska. permafrost.
TheNRCShas continued to work in conjunction NRCSis also working with a new NSF proposal
with UAF and Agriculture Canada to measure soito look at soil and vegetation changes from Barrow
moisture and temperature along several transectsaithe Seward Peninsula. Planning work is under-
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way, and field work will start in the summer of  are being made and data collected. Also, with the
1998. National Park Service, extensive work was done in

TheNRCS with the University of Alaska and Denali National Park.
in cooperation with the Forest Service and Park
Service, has established some new sites to study .
soil processes in wetlands. The same parametergooperatlve State ResearCha
that have been monitored at the sites establishedEducation, and Extension Service
several years ago will be measured (soil tempera-
ture, moisture, redox properties, depth of the water The Cooperative State Research, Education,
table etc.). Wetlands are a major component of saitsl Extension Servic€SREES funds research
in Alaska, and this work will heldRCSand others projects at the University of Alaska’s Agriculture
better understand, identify and manage these critind Forestry Experiment StatiohRES). AFES
cal areas. Selected sites were sampled in the sumesearch projects are aimed at solving problems
mer of 1996 to look at the effects of biological related to agriculture, forestry and the environ-
activities. This is part of a broaRCSprojectto  ment.TheAFESresearch objectives are to provide
look at wetland sites from the warm south (Texashew information for managing renewable resources
to cold northern areas (Alaska). at high latitudes and to improve technology for

A joint cooperative activity has been estab- enhancing economic well-being and quality of life
lished between cryopedologists from MRCS the at high latitudesAFES s part of the School of
University of Alaska, Agriculture Canada and the Agriculture and Land Resources Management at
International Permafrost Association, as well as the University of Alaska Fairbanks. This associa-
many other scientists from the U.S. and Europe. £&ion provides direct linkage between research and
draft circumpolar map has been produced showirigaching in forestry, agriculture and natural
soils in Canada, Alaska and far-eastern Russia resources. Scientists who conduct research at the

Copies of the Proceedings Within the limits of northern discontinuous perma-experiment station also teach, sharing their exper-
of theinternational Meeting  frost. The map is in a GIS environment at a scaletise with both undergraduate and graduate stu-
on Permafrost Affected Soils 1-10 000,000. The map units contain the classificdents.

published in 1995 are still
available and may be
obtained by writing to
John M. Kimble, NSSC-

tions of the U.S., Russia and Canada. There will be In identifying local Alaskan research needs,
a supporting database that contains the polygon experiment station scientists regularly meet with
identification, percentage of each component in thend managers, foresters and farmers from

NRCS-USDA, Federal Build- polygon, parent material, drainage, local surface throughout the state to discuss specific needs and

ing, Room 152, MS 33,

100 Centennial Mall North,

Lincoln, NE 68508-3866

form, soil classification, texture, vegetation and spitoblems AFESresearchers also work directly
code. Other items could include carbon and nitrowith producers through farm forums, agricultural

(email jkimble@gw.nssc.nrcs. 9€N contents and particle size distribution. A varidiglid days, greenhouse workshops, vegetable con-
usda.gov). This publication
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contains the papers that
were presented at the
meeting in 1993.

of maps can be made from this information to helferences, reindeer herder workshops and forestry
understand and manage areas containing continwvorkshops. Because of these contacts, mBES

ous permafrost. The draft map has been presentedsearch projects in the plant and animal sciences
at meetings in the U.S. and Russia, and modificaand resources management program were devel-
tions are being made and more information addedped in cooperation with industry and state and
based on comments received. There has been wigederal agencies. Research results are frequently
spread interest in the map from many sources. Itigported inAgroborealis a journal ofAFES.

also being expanded to include the soils area of  In one recent project Jay McKendrick has been
Greenland and parts of northern China. studying long-term tundra revegetation and con-

A joint soil carbon map of North America wastinuing changes in plant communities on gravel
produced by scientists in the U.S., Canada and pads in the Prudhoe Bay vicinity. The application
Mexico. This map has shown where there are dat 7—8 cm (3 inches) of topsoil provided the best
problems in Alaska, as the Alaskan part shows results, with significant increases in both vascular
much lower carbon values than found in adjoiningplant cover and moss cover on abandoned explora-
areas of Canada. The map shows the large amouitn pads. Revegetation experiments that began in
of carbon at the high latitudes that is at risk of mii972 have provided valuable information for long-
eralization if there is global warming. term management decisions. Conclusions and rec-

NRCSsaoil scientists started soil survey work iommendations drawn from the first 10 years of
the summer of 1997 on Fort Wainwright under costudy have now been reversed as more infor-
tract to the Defense Department; preliminary mapgeation has become available. More value and bet-



ter management decisions should provide a bettegould act as a large positive feedback to global
understanding of the natural potential that tundrawarming. Initial results from studies by Ping and
has for accelerating the rehabilitation process. G.J. Michaelson indicate that previous estimates
More detailed results can be found in the spring of carbon storage in the Arctic tundra were under-
1997 issue ofgroborealis estimated by a factor of two. The carbon content
C.L. Ping has been studying the characteristicen their samples ranged from 24 to 52%, which is
of permafrost soils along a north—south transect ilower than the 58% reported for soils in the tem-
the Kuparuk River Basin of Arctic Alaska. He perate region.
studied the morphological, chemical and physical Such long-term studies are the result of a via-
properties of the cryogenic soils and estimated thigle partnership between the Land-Grant system and
carbon storage in soils of different ecosystems. the Federal government. Formula funding from
Permafrost soils are significant in that they accoudBDA’'s CSREESallows high-priority state needs to
for almost 30% of the total terrestrial carbon and be met.
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Department of Energy

The Department of Energy has responsibility for providing for the long-term
energy security of the United States. To carry out this responsibility, DOE’s
Arctic activities support the DOE mission by expanding our understanding for
predicting the consequences of continued dependence on fossil fuels, including
the potential effects on global and regional greenhouse warming.
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DOE's Arctic research studies include investi- Funding (thousands)
gating the role of Arctic ecosystems in the global FY 96 Fy 97
flux of carbon, measuring greenhouse gases,  Environmental Measurements 40 40
developing a research site on the North Slope of Nat Inst Global Env Change 186 186
Alaska for studying the influence of clouds on  Carbon Balance/Tundra Ecosystem 132 132
radiation transport, and measuring radionuclides Atmos Radiation/Planning 3,812 3,400
the Arctic atmosphere and deposition as a tool fofota! 4,170 3,758

guantifying long-term migration pathways of
energy-related contaminan®OE researchers also models, but secondarily on the basis of cost and
collaborate with other Federal agencies such as logistics. Three research installations known as
NOAA, EPA andNASA in investigations of the Cloud and Radiation Testbeds,@ART sites,
sources and levels of energy-related contaminantsere selected fokRM. The site locations and cur-
in the Arctic environment. rent status are as follows:

* The Southern Great Plains site in Oklahoma

has been operating since 1992.

Atmospherlc Radiation » The Tropical Western Pacific site, covering an
Measurements Program area from near Indonesia to near Christmas
Island, began phased operations in 1996 and

The Atmospheric Radiation Measurements is planned to be fully operational by 2001.

(ARM) program is part oDOFE's effort to resolve » The North Slope of Alaska adjacent to the

scientific uncertainties about global climate Arctic Ocean ISA/AAO) site became

change with a specific focus on improving the per- operational in December 1997.

formance of general circulation modeaqMs) The CART sites have a planned life of ten

used for climate resea