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

Arctic Research contains

« Reports on current and planned U.S. Govern-
ment-sponsored research in the Arctic;

« Reports of ARC and IARPC meetings;

» Summaries of other current and planned Arc-
tic research, including that of the State of
Alaska, local governments, the private sector
and other nations; and

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

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

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

As indicated in the United States Arctic Re-
search Plan, research is defined differently by dif-
ferent agencies. It may include basic and applied
research, monitoring efforts, and other informa-
tion-gathering activities. The definition of Arctic
according to the ARPA is “all United States and
foreign territory, north of the Arctic Circle and all
United States territory north and west of the boun-
dary formed by the Porcupine, Yukon, and Kusko-
kwim Rivers; all contiguous seas, including the
Arctic Ocean and the Beaufort, Bering, and Chuk-
chi Seas; and the Aleutian chain.” However, areas
outside of the boundary are discussed in the jour-
nal when considered relevant to the broader scope
of Arctic research.

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

Existing and planned activities associated with the Poker Flat Research Range and the Geophysical
Institute of the University of Alaska-Fairbanks. Unique among Arctic rocket facilities is the extensive
land area downrange and the network of associated ground-based observatorices, represented by black
circles. The Poker Flat impact area is slightly larger than Indiana and is open to the Arctic coast, allow-
ing almost unlimited suborbital and orbital flight towards the pole. A satellite downlink will allow real-
time evaluation of data from observing platforms in near-earth space, including the space shuttle. Real-
time communication and display of data from remote riomefers, magnetometers and optical instruments
at various field observatories, including the Alaskan—Canadian chain and part of the Canadian Cano-
pus Network, will allow immediate evaluation of the constantly changing auroral atmosphere in support
of rockets and high-altitude balloons. Measurements of upper atmospheric density and turbulence will
support polar-orbital space shuttle operations. An extensive array of optical and radio instruments at
Poker Flat will observe the properties of the Arctic atmosphere from the ground to the exosphere. In
addition, the air-sampling station at this continental subarctic position will be expanded to include
measurements of an array of background atmospheric constituents in the polar and Pacific air masses,

which are extremely sensitive to global changes.
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Cooperation
and
Partnership

The Arctic Research and Policy Act of 1984 is
five years old. The Interagency Arctic Research
Policy Committee and the Arctic Research Com-
mission have evolved together during this period,
establishing an integrated Arctic research policy
and producing numerous recommendations and
reports. During that time, and often in coordina-
tion with the Committee or the Commission, the
National Academy of Sciences, Arctic residents,
and university and professional organizations also
contributed statements and reports on U.S. Arctic
research.

Positive results of these activities are beginning
to emerge. For instance, in the first biennial revi-
sion to the U.S. Arctic Research Plan, to be sub-
mitted to the President in July 1989 and then to the
Congress of the United States, three cooperative
interagency programs are proposed and the first
step towards establishing an Arctic social science
program are outlined. (The full text of the revised
Plan will appear in the fall issue of Arctic Re-
search.) The success of the proposed research on
oceans, atmosphere, land, resource, environments
and people will depend on cooperation in planning
and implementation among the Federal agencies,
the State of Alaska, the people of the Arctic, the
private and public sectors, and finally, other coun-
tries. New mechanisms for international coopera-

tion are being developed among the countries and
scientists involved in Arctic research. The inter-
national community is now on the verge of agree-
ing to a new organization to guide international
Arctic research.

The last issue of Arctic Research summarized
the Arctic research activities in twelve Federal
agencies. This issue is different in several ways. It
contains several invited papers that highlight some
U.S. accomplishments in Arctic research and point
towards future challenges and opportunities. To
further demonstrate the broad, multidisciplinary
nature of Arctic research and related activities and
their support, numerous reports of past and current
national and international conferences, workshops
and activities are presented. Finally, this issue re-
flects a new enterprise of joint responsibility for
the journal and Arctic research between the Inter-
agency Committee and the Commission.

As we enter the last decade of this century, the
Arctic will increase in importance on all levels—
the environment, resources, people and national
security. The next several years will be crucial to
the success of ARPA itself. The challenges and
opportunities and accomplishments rely on in-
creasing cooperation and partnerships, both na-
tionally and internationally.

ERICH BLOCH
Chairman of the Interagency Arctic Rescarch
Policy Commilice

JUAN ROEDERER
Chairman of the Arctic Research Commission



International Marine and Atmospheric Arctic Science
Past—Present—Future
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This article is a general overview of the last ten
years of international Arctic marine research in
which U.S. participation has been significant. This
includes research from aircraft, ships and ice sta-
tions. The U.S. has contributed scientifically to
many international projects, but much of the sea-
going logistics support has been provided by other
nations since the U.S. has no truly ice-capable re-
search vessels. In addition to the Soviet Union,
three countries—West Germany, Sweden and, in
the 1990s, Canada—have (or propose to have) the
capability for deep penetration of the Arctic.
These capabilities can support sophisticated multi-
disciplinary and international science programs.
The U.S. remote sensing aircraft, including the
NASA and NOAA DC-8, WP-3D and ER2 pro-
vide outstanding support. Satellite remote sensing
is another capability with which the U.S. has made
substantial contributions. This will intensify with
the implementation of the new SAR capability
through the ERS-1 satellite to be launched in
1990.

The Arctic is an international arena, and inter-
national cooperation has generally been the modus
operandi. For the most part the cooperation has
been fostered by the initiative and will of the Arc-
tic scientific community and not by administrative
decree. This grass roots support has resulted in
strong scientific programs, which will be evident
from the following sections.

Completed Projects

The Fram Expeditions: Arctic Ocean
Studies from Floating Ice, 1979—]982

In May 1982, with the successful conclusion of
Fram IV, the Office of Naval Research (ONR)
completed the Fram series of observations from
ice floe stations in the eastern Arctic. These expe-
ditions were initiated each spring from 1979 to

1982. From its inception the Fram ice station pro-

gram emphasized multi-disciplinary research b
scientists of several nations. The stations were
under U.S. management, with logistics coordinat-
ed by the Polar Research Center, University of
Washington, under ONR contract. Danish scien-
tists were involved through the Commission for
Scientific Research in Greenland, Norwegiang
through the Norsk Polarinstitutt, British scientists

through the Scott Polar Research Institute, and
Canadians through the Bedford Institute of Ocean-

ography. Each expedition emphasized a particular

scientific discipline with supporting programs, as

listed below (the priority discipline is liste

*Fram I (March 11 to May 5, 1979):
Geophysics, hydroacoustics, oceanography,
marine biology;

* Fram II (March 19 to July 5, 1980):
Hydroacoustics, oceanography, geophysics;

* Fram III (March 14 to May 13 1981):
Oceanography, geophysics, hydroacoustics,
marine biology; and

* Fram IV (March 15 to May 11 1982):
Hydroacoustics, geophysics, physical
oceanography.

Fram IV was part of a coordinated program cel

brating the centennial of the First International

Polar Year, 1882-83.

A major finding of the Fram expeditions was
that the oceanic crust in this area is about 3 km
thick, which is less than half the thickness of nor-
mal oceanic crust. Fram I data from the main axis
of spreading suggest that the inner floor of the rift
valley narrows as the rate of spreading decreases.

Though oceanographic conditions in the Eura-
sian Basin area have been studied intermittently
since the time of Nansen, the Fram program used
modern instruments for the first time to obtain
continuous profiles of salinity, temperature and
currents through the full depth of the water col-
umn. The region of the polar frontal boundary be-
tween outflowing Arctic cold surface water and
inflowing Atlantic water in Fram Strait was of
special interest. Significant amounts of heat and
salt are transferred through this strait; fluctuations
in the flow affect the weather of Greenland and
Iceland and may influence long-term climatic
changes. Water samples collected from all Fram
stations were analyzed for tritium and the helium 3
isotope. The results suggest that Nansen Basin
water below the upper mixed layer is a mixture of
Atlantic water and fresh water from the Siberian
rivers. Derived tritium values suggest that the
fresh water component in the Eurasian Basin is ap-
proximately 11 years old.

Data were collected for modeling the distribu-
tion and movements of sea ice and estimating the
volume of ice exported through Fram Strait and
down the east coast of Greenland. The inherent




Locations of various inter-
national Arctic scientific
expeditions.
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properties of the ice were also studied, for exam-
ple, its flexure due to surface and internal waves.
Waves with periods of 30 seconds and amplitudes
of about 3 mm were detected, as well as much
longer waves of 9-minute period and higher am-
plitude.

Samples were taken on Fram I to investigate
the chemical composition of the air, specifically to
identify pollutants and if possibly trace their ori-
gins. Augmenting data from Greenland, Svalbard
and Canada, they strongly suggest that much of
the pollution aerosol in the Arctic atmosphere is
derived from the Soviet Union. The smelter com-
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plex at Noril’sk is an identifiable contributor of
high levels of nickel, cobalt and chromium.

On Fram I, biologists from the Zoological
Museum of Copenhagen conducted a successful
biological program of deep-water studies. Nine
species of Isopoda (Crustacea) were reported from
the Pole Abyssal Plain and the Nansen Ridge (the
Arctic mid-ocean ridge) northeast of Greenland at
depths between 2300 and 4000 m. These were the
first isopods to be recorded from the deep polar
seabed. Six of the species were previously unde-
scribed. Fram I was also used by biologists of the
Norsk Polarinstitutt for a polar bear tagging pro-



gram. Four bears were tranquilized and fitted with
collars carrying radio transmitters, making it pos-
sible to track their movements by satellite. After a
month two of the bears had moved eastwards to
Svalbard and Franz Josef Land, one remained in
the same general area, and one moved south, At
times the bears must have traveled over 40 km per
day, often moving against the general drift of the
ice. The biologists now believe that polar bear
populations from Svalbard and east Greenland mix
more freely than was previously assumed.

The metabolism of deep-water organisms is
thought to be fueled both by food particles falling
from the surface layer and by organic matter in-
cluded within the water masses during their for-
mation. On Fram I1I, biologists from the Univer-
sity of Maine investigated the relative importance
of these two components under the high Arctic ice
pack. Their results indicated that, although surface
productivity in the ice field is generally low, the
rain of organic material from the surface is still the
major source of energy for deep-water organisms,

Lomonosov Ridge Experiment (LOREX)

The central and Tongest ridge in the Arctic is
the Lomonosov, which passes close to the North
Pole. The Lomonosov Ridge has been the subject
of speculation since it was discovered during the
winter of 1948-49 by Russian scientists, who
named it after the 18th century Russian scientist,
poet and grammarian.}A major multi-disciplina
international polar expedition to investigate the
nature and origin of Lomonosov Ridge was led b
the Department of Energy, Mines and Resources
of Canada in the spring of 1979,

This ridge is an aseismic submarine mountain
range that extends over a distance of 1700 km
from the continental shelf off Ellesmere Island to
the continental shelf off the New Siberian Islands
and forms the border between the Eurasian and
Amerasian basins.

Lomonosov Ridge is generally accepted as
being a continental splinter rifted away from the
Barents Shelf, based on constraints from plate re-
constructions. Seismic reflection and refraction
data collected on ice station LOREX support this
theory. A single-channel high-resolution seismic
profile across the Lomonosov Ridge displays a
saw-tooth asymmetrical feature with a thin veneer
of sedimentary cover. Refraction data along the
strike of the ridge measured two layers: a 5-km-
thick upper crustal layer with a velocity of 4.7
km/s and a small velocity gradient underlain by a
lower crustal layer with a velocity of 6.6 km/s,
also with a small velocity gradient. Mantle
velocities of 8.3 km/s were reached at a depth of
about 27 km. Physical oceanographic measure-

ments represent the first modern deep sea data
from the central Arctic basin, which yielded water
mass dating and evidence of currents scouring the
ridge.

Canadian Expedition to Study

the Alpha Ridge (CESAR)

The geological origin and age of the Alpha
Ridge and its sedimentary cover have long been
the subject of contlovelsy regar dmu the tectomc
evolution of the Ayc
ronmental history. A major multidisciplinary in-
rirational polar expedition to investigate the na-
tre and origin of Ihe Alpha Ridge was led by the
Department of Energy, Mines and Resources of
¢ spring of - I'ig geological aims
“of CESAR were to collect data that would help
clear up the following problems:

* The tectonic origin and age of the Alpha

Ridge;

* The lithostratigraphy and depositional history
of the overlying sediments; and

* The paleoceanographic and paleoclimatic
evolution of the Arctic Ocean.

A reversed 210-km-long crustal refraction line
was shot along the crest of the Alpha Ridge. The
sedimentary sequence varies in thickness up to 1
km and has a high velocity gradient. The basement
material on which the sedimentary cover was de-
posited has a velocity of 5.3 kmy/s. This velocity is
typical of oceanic layer 2. Dredged material from
the exposed basement of the ridge was a wea-
thered alkaline volcanic rock consistent with this
interpretation. The velocity structure of the layer
below this ranged from 6.45 to 6.8 km/s, with both
positive and negative velocity gradients. At depths
of 20 km a laterally consistent velocity of 7.3 km/s
was measured. The measured depth of the crust-
mantle is 38 km. The thick crustal structure,
morphology, heat flow, magnetics and rock type
of the Alpha Ridge resembles the Late Cretaceous
plateaus of the Pacific Ocean. The velocity depth
profile of the Alpha Ridge is similar to Iceland: a
modern oceanic plateau.

Quantitative studies of the relation between
foraminiferal assemblages, temperature and salin-
ity will permit firm conclusions to be drawn re-
garding the Late Cenozoic paleoceanographic his-
tory of the Arctic Ocean. However, the CESAR
core data suggest the following:

* Contrary to the Ewing—Donn theory of Arctic
glaciation, there is no evidence for ice-free
intervals in the central Arctic Ocean during
the past million years;

* Late Pleistocene decreases in total foramin-
ifera probably reflect dilution of surface water
salinity by increased runoff; and




» Low total abundances and high ratios of ben-
thic to planktonic foraminifera in the Late
Pliocene sediments probably reflect increased
carbonate dissolution on the seafloor.

One core was especially interesting in that it dated
from Late Cretaceous to Eocene and recorded
warm, temperate oceanic conditions during that
time.

Ymer-1980

The first ship to sail through the Northeast
Passage was the Vega, with A E. Nordenskiold as
expedition leader. Nordenskiold left Sweden in
1878. In a lecture to the Royal Society of Naval
Sciences in 1976, Commander Bertil Daggfeldt
proposed an expedition aboard the Ymer, a large
Swedish icebreaker, following in the tracks of the
Vega over to the Bering Strait, back through the
Canadian archipelago and south of Greenland—a
worthy centennial commemoration of Norden-
skiold’s great voyage.

The expedition took place in 1980; because of
geopolitical considerations, the ship’s track was
shortened to the Fram Strait region and north and
east of Svalbard. The prime scientific objectives
were to study

» The chemistry of the Arctic atmosphere,
particularly the pollution caused by industrial
activities in temperature latitudes;

« Marine biology, with emphasis on the
evolution of species in the Arctic Ocean; and

» Marine geology, particularly the bottom
sediments along the route to establish the extent of
former glaciations and past climatic variations.
The expedition was truly international, with 119
scientists engaged in the fieldwork. Of these, 76
were Swedish scientists and 43 were non-Swedish,
coming from Norway, Denmark, Finland, Great
Britain, Germany, Luxembourg, the U.S. and
Canada.

The expedition found that marine life was quite
abundant over the shelf. Every trawl and bottom
dredge contained a great number of sea cucum-
bers, starfish and sea spiders. There were differ-
ences in shelf fauna between stations north and
south of Kvitoya (White Island). There were many
more small crustaceans on the exposed northern
flank than to the south of the island, where echino-
derms and soft corals were more common. At
greater depths the number of species, as well as
the number of individuals, decreased rapidly just
outside the continental slope. At a depth of 3920
m on the flat abyssal plain, life was sparser than
expected—few species and few individuals. A
species of sea cucumber and some sponges were
dominant, but there were also some tubicolour
polychaetes and one species of small sea anemone.

It appeared that benthic life is infrequent on the
bottom of the deep Arctic basin (and probably
more so than in any other ocean).

A large number of CTD casts, water samples
and current meters enabled the first delineation of
the West Spitzbergen current as it sinks beneath
the surface polar waters to form an intermediate
warm, salty layer.

The chemical oceanographers found fewer pol-
lutants than anticipated. Heavy metals, such as
copper, zinc, cadmium and lead, appeared in very
low concentrations. One reason might be that very
small zooplankton, living on phytoplankton, take
up the heavy metals, which then reach the bottom
sediments as faecal pellets and thus do not stay in
the water. The new snow collected on ice floes in
the Arctic Ocean had a lead content that was lower
than even that of central Greenland (the source of
the lead is high-octane gasoline burned in North
America and Western Europe). About 30,000
analyses were made from the 2500 water samples
collected during the expedition.

Piston cores revealed a much higher sedimenta-
tion rate than had previously been recorded for the
Arctic. The sedimentation rate in the eastern Arc-
tic appears to be about twice that of the western
Arctic.

Marginal Ice Zone Experiment (MIZEX)

The overall objective of the Marginal Ice Zone
Experiment was to gain a better understanding of
the mesoscale physical and biological processes
by which ice, ocean and atmosphere interact in the
region of the ice edge.

MIZEX West 82183

The program goal was to better understand the
physical oceanographic, meteorological and sea
ice processes that dominate the midwinter Bering
Sea marginal ice zone. Specific objectives were

» To understand the oceanographic frontal sys-
tems associated with the ice edge, as well as
the interactions among these and the ice
cover;

» To understand the sea ice rheology within
about 100 km of the ice edge;

« To characterize an ice balance for the
marginal ice zone;

» To determine the role of ocean wind waves
and swell in breaking up and driving ice floes;

+ To explore the means by which ice bands are
formed;

« To document modifications of the atmospher-
ic boundary layer over the marginal ice zone;
and

» To improve parameters needed for modeling
marginal ice zone processes.



Location of MIZEX field ef-
Jorts in Fram Strait and the
Greenland Sea. Area | was

the primary focus of the ef-

Sort in 1983-84, and area 2
was the focus in 1987.

These objectives were approached through an
international program involving participants from
Science Applications International Corporation,
NOAA'’s Pacific Marine Environmental Labora-
tory, the University of Washington, the Jet Propul-
sion Laboratory, NASA’s Goddard Space Flight
Center, the U.S. Geological Survey, the U.S. Army
Cold Regions Research and Engineering Labora-
tory, and Scott Polar Research Institute.

Data were collected on physical oceanographic,
sea ice and meteorological conditions using three
vessels, which operated in the marginal ice zone
during February and March 1983, and moored cur-
rent meters, which were deployed from October
1982 to May 1983 in locations bracketing the mid-
winter ice edge. Additional data on sea ice distri-
bution were obtained from the AVHRR sensors on
the NOAA satellite and by overflights using
instrumented aircraft. These aircraft also obtained
meteorological data.

The scientific results of this program included
detailed physical descriptions of the ice-edge
frontal system. This front is present in the vicinity
of the ice edge only in winter and has an asso-
ciated northwestward current of 10-15 cm/s. The
baroclinicity that leads to frontal formation is
caused by the input of meltwater from the ice. The
frontal location represents a balance between
southward-moving ice that melts along the ice
edge and northward-flowing water from the north
Pacific across the Bering Shelf. In addition to this
regional and mesoscale description, small-scale
processes were clarified. Surface waves were
shown to affect ice movement along the edge and
to play a role in the development of ice banding.
The effects of ice in damping out waves were
further quantified. New data were acquired on the
rate of ice floe melting and the development of the

atmospheric boundary layer under varying condi-
tions of wind and temperature.

MIZEX East 83/84

Summer field experiments began in June and
July 1983 on a limited scale. The full-scale field
experiment was conducted between May and July
1984, The Fram Strait region between Svalbard
and Greenland was chosen because this area is cru-
cial for the study of energy interactions across the
ice margin; most of the heat and water exchange
between the Arctic Ocean and the rest of the world
is through this strait. MIZEX 84 was the largest
coordinated, international Arctic research program
conducted in the marginal ice zone, integrating the
resources and expertise of 11 nations. MIZEX 84
operations used seven ships, eight remote-sensing
and meteorological aircraft, and four helicopters to
support a multidisciplinary team of over 200 sci-
entists and technicians. Scientists, equipment and
support came from Canada, Denmark, West Ger-
many, Finland, France, Ireland, Norway, Sweden,
Switzerland, the U.K. and the U.S.

Five prominent ice-edge eddies in Fram Strait
on the scale of 3040 km were observed over deep
water within 77°N to 79°N and 5°W to 3°E. The
use of remote sensing, satellite-tracked buoys, and
in situ oceanographic measurements showed the
presence of eddies with orbital speeds of 30-40
cm/s and lifetimes of at least 20 days. Ice ablation
measurements made within one of these ice—ocean
eddies indicated that melting, which proceeded at
rates of 2040 cm/day, is an important process in
determining the ice-edge position. These studies
give new insight on the formation, propagation
and dissipation of ice-edge eddies.

Sequential remote-sensing images of the Fram
Strait marginal ice zone played a key role in eluci-
dating the complex interactions of the atmosphere,
ocean and sea ice. Analysis of a subset of these
images covering a one-week period provided
quantitative data on the mesoscale ice morphol-
ogy, including ice-edge positions, ice concentra-
tions, floe size distribution and ice kinematics.
The analysis showed that, under light to moderate
wind conditions, the morphology of the marginal
ice zone reflects the underlying ocean circulation.

A major component of the Fram Strait MIZEX
was the investigation of air—sea—ice interactions,
processes and circulation patterns found behind
the local ice edge and on scales greater than 10 ki
(mesoscale and large scale). Neutrally buoyant
floats, ice-tethered cyclesondes and helicopter-
based measurements were used to obtain uniquely
integrated and consistent views of the mesoscale
ocean features beneath the ice cover of Fram
Strait. Within the vicinity of the Yermak Plateau,

7



three distinct regions of mesoscale motion were
observed that coincide with the shallow topog-
raphy of the plateau.

Tt is estimated that 84% of the ice exiting the
Arctic Basin through Fram Strait during June and
July 1984 was multiyear ice and that a large per-
centage of this ice is ridged or otherwise de-
formed. While freeboard and thickness data, to-
gether with salinity measurements on cores, usu-
ally sufficed to distinguish between first-year and
multiyear floes, preliminary identification could
usually be made on the basis of snow cover meas-
urements, because the snow cover is much thicker
on multiyear ice. Age estimates of multiyear floes,
based on petrographic and salinity characteristics
of cores, did not exceed 45 years for any of the
floes that were observed exiting Fram Strait.

MIZEX East 87

Winter MIZEX 87 was conducted during
March and April 1987 in the Fram Strait and
Greenland Sea area. Two Norwegian ships, R/V
Hakon Mosby and the ice-strengthened R/V Polar
Circle with a helicopter, and the German R/V
Valdivia participated in the experiment. In addi-
tion, flight operations were carried out by two
Canadian SAR aircraft and a Norwegian P3.

Winter MIZEX 87 investigations were based
on the need, demonstrated by summer MIZEX
results, to understand the atmosphere—ice—ocean
processes responsible for the advance of the win-
ter ice edge, and the effects on acoustics and elec-
tromagnetic remote sensing, under different con-
ditions than in summer. MIZEX 87 had the fol-
lowing primary goals:

» To provide the first comprehensive oceano-
graphic mesoscale data set with emphasis on
fronts, ice—ocean eddies, deep convection and
internal waves in the winter marginal ice zone
vital for ocean and acoustic modeling;

» To demonstrate the remote-sensing capabili-
ties of synthetic aperture radar (SAR) for de-
tecting and tracking winter ice—ocean eddies,
discriminating ice types, and determining ice
concentration and ice kinematics;

» To provide mesoscale meteorological data for
the winter marginal ice zone;

» To provide a unique data set on ice and sur-
face gravity wave interactions in winter;

« To provide ambient noise data integrated with
environmental data to improve our under-
standing of ambient noise generation by geo-
physical processes; and

« To obtain a unique data set on biological ac-
tivity of the winter marginal ice zone and dur-
ing the onset of light.

The unique opportunity to receive downlinked

SAR images of the investigated area enabled a
real-time study of the evolution of meanders and
ice—ocean eddies in the marginal ice zone. Under
moderate wind conditions, the sea-ice motion is a
good indicator of the upper ocean circulation. One
of the highlights of this experiment was the obser-
vation of numerous vortex pairs along the ice
edge. A vortex pair starts as a local set that devel-
ops into two counter-rotating eddies. A typical
vortex pair along the ice edge is 30 km long. Their
lifetimes are difficult to estimate, but the ice sig-
nature indicates that they can be as short as 34
days.

The mesoscale thermosaline and velocity
structure off the ice edge in Fram Strait between
75-79°N and 4°W-4°E was studied by the Hakon
Mosby, which collected 50 sections, combining
towed undulating CTD (SeaSoar), standard CTD
casts and Acoustic Doppler Current Profiler
(ADCP) observations. Complex mesoscale ther-
mobhaline structures were occasionally observed
with SeaSoar, Most striking were the manifesta-
tion of several narrow, well-mixed chimney-like
features with widths of 5—10 km and vertical
thicknesses of more than 250 m. The near-uniform
densities in these chimneys were 0.07 sigma-theta
less than the average density of 28.09 sigma-theta
of the deep water below 1500 m. The thermoha-
line structure gives the impression of upwelling of
intermediate water of Atlantic origin.

The large-scale circulation and hydrography in
the Greenland Sea and Fram Strait was surveyed
by the Valdivia along five sections. These covered
the area between 71° and 79°N and between the
polar pack ice and the shelf break of the Barents
Sea in the east. The most prominent finding was
the close coupling of the circulation and the boun-
daries between different water masses with the
bottom topography. Buoys, released on either side
of the Greenland fracture zone only 30 km apart,
followed very different circulation regimes. One
buoy moved northward in the West Spitsbergen
Current/Boreas Gyre along the western flank of
the Knipovitch Ridge, while the other two looped
around the Greenland Gyre, completing half a
circle in five months.

In general, the marginal ice zone is a region
with a high atmospheric drag coefficient, with the
lower values over the interior ice and the open
ocean, which would imply higher wind stress in
the marginal ice zone. However, this assumes that
the surface wind speeds are constant, which is not
realistic. Because of the rougher and more stable
(cold) surface, the surface wind speed was less
over the ice. The result was that the pattern of
wind stress in the marginal ice zone was very
complicated and does not have a typical pattern
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for all conditions. Factors that affect the height of
the inversion also affect the surface wind speed
and must be considered when modeling wind
stress. For example, the movement of ice is affect-
ed by clouds, since clouds affect the surface wind
speed.

Preliminary analysis of the SAR data indicates
the following:

* SAR imagery can be used to differentiate be-
tween first-year ice, multi-year ice and many
stages of young ice;

* SAR imagery can be used to detect surface
expressions of eddies, both in the open ocean
and within the ice pack;

* SAR imagery permits the tracking of ocean
waves, both outside and propagating approxi-
mately 100 km into the ice pack; and

.» SAR imagery shows internal wave features

beneath the ice packs.

Phytoplankton biomass and photosynthetic re-
sponse were also measured as part of the biologi-
cal program of MIZEX 87. Surface chlorophyll-a
concentrations averaged 0.022 mg/L. These con-
centrations are extremely low, indicating that phy-
toplankton growth had not proceeded significantly
by the time of the study (March—April).

Arktis Expedition (ARK 1V/3)

The expedition began in Tromso on 4 July
1987 and ended in Hamburg on 2 September
1987. Fifty-seven scientists and technicians from
19 institutions in 8 European and North American .
COUNTTIES joined forces fo carry out a complex pro-
gram of oceanographic, meteorological, biological

~and geoscientific studies. The Polarstern succeed-

“ed in penetrating the eastern Arctic ice pack as far
north as 86° 11'N, farther than any surface ship
dedicated to scientific research. It also represented
the first modern, mobile, surface research platform
with sophisticated equipment to reach a central
Arctic area and the first oceanographic transect
into the basin interior.

The Arctic Ocean is one of the last poorly in-
vestigated and poorly known deep-sea areas of the
world ocean. Polarstern for the first time collected
detailed and precisely positioned bathymetric and
gravimetric data from the continental margin north
of Svalbard, the adjacent abyssal plain, and the
southern and northern flanks of the Nansen—
Gakkel Ridge, as well as from its central valley.

Basement rocks were sampled in the central
part of the ridge. In one box core, large pieces of
hydrothermally and possibly tectonically altered
basalts covered by a thin sediment layer were col-
lected. They represent the only sample of undis-
turbed basement rocks from the entire Eurasian
Basin; they are also the only sample from very

young oceanic crust of the world’s slowest-spread-
ing midocean ridge. Heat flow was found to be
extremely high in the central part of Nansen—
Gakkel Ridge median valley.

Planktonic and benthic organisms respond in
composition and quantity to a major boundary be-
tween Atlantic and Arctic water masses close to
83-84°N. This boundary is located far north of the
southern border of the ice pack, but it is clearly re-
flected in planktonic and benthic foraminiferal dis-
tributions, productivity and copepod assemblages.
The boundary appears to separate the shelf-influ-
enced southern part of the basin from the northern,
deep-Arctic environment.

The first transect of oceanographic stations into
the central Eurasian Basin allowed important hy-
drographic and chemical traits of water mass
structure and distribution to be defined. The core
of the Atlantic waters entering the Arctic follows
the continental margin north of Svalbard, forming
a well-developed boundary current. The CTD data
for the top and intermediate layers of the water
column show the expected distribution of cold and
fresh polar surface layers, increasing in thickness
towards the north to approximately 200 m. The
relatively warm and salty Atlantic signal is re-
duced from 1.9°C north of the Barents shelf break
to approximately 1.2°C over the Nansen—Gakkel
Ridge.

The only previous study of Freons in the Nan-
sen Basin indicated the presence of significant
levels of Freon. Perhaps the most surprising find-
ing of the ARK 1V/3 section was the discovery of
a large pool of water in the center of the Nansen
Basin (below 3000 m) with no detectable F-11, F-
12 and methy] chloroform but containing carbon
tetrachloride. This indicates that the deep water is
at least several decades old.

Much of the investigated ice is very “dirty,”
containing considerable but variable amounts of
clayey and silty sediment of unknown origin. Most
of the dirty ice cores seem to be multi-year ice.
Extreme material accumulation, affecting up to
70% of the surface, was associated with regions
where surface melting was extensive, covering
25-40% of the ice surface. At almost all sites with
dirty ice, material formed small aggregates. These
aggregates sometimes accumulated in meltwater
depressions in black layers up to 1 ¢cm. In some
cases, round to elongate cohesive sediment
accumulations, called mudballs, were found in
holes in meltwater ponds and on the ice surface.
These mudballs were 1-3 cm in diameter and
consisted mainly of clay- and silt-sized material.
Similar features were also observed in seafloor
sediment samples, both in surface sediments and
accumulated in deeper layers.
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Some major feattires of
the northern Bering Sea
and the Chukchi Sea.

Cooperative Soviet—-American Cruise to
the Chukchi and East Siberian Seas

This cruise, aboard the Soviet whale-hunting
ship Razyashchii in September and October 1980,
was a cooperative research effort between the
United States National Marine Fisheries Service
and the Tinro Institute of the U.S.S.R. Its aim was
to assess the whale populations in the western
Chukchi and East Siberian seas. The cruise em-
phasized survey work, which required maximum
coverage of the area. There was little opportunity
for detailed oceanographic work. Additional bio-
logical information was limited to one benthic
dredge, one vertical plankton tow, four water sam-
ples, and salinity and temperature measurements
in the upper 10 m.

Salinity and temperature in the upper 10 m
dropped from ecast to west along the Siberian
coast, with the lowest salinities and temperatures
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with the calanoid populations consisting mainly of
Pseudocalanus and Oithona. Meroplankton were
common, with especially high levels in the Chuk-
chi Sea, where bivalve and polychaete larvae
made up as much as 49% ot the catch. Benthic
communities varied, especially the crustacea,
which were correlated directly with gray whale
abundance. Gammaridean amphipods, the domi-
nant forms, occurred only in areas with silty,
muddy bottoms. Ninety percent of the stomach
contents of a 13-m-long female gray whale con-
sisted of Ampelisca macrocephala. Although bow-
head whales were sighted in large numbers around
Cape Vankarem, no unusually high concentrations
of plankton were detected in the area. Although
this was just one brief cruise, the results seems (o
confirm that a food chain based on benthic detriti-
vores dominates in areas that support gray whales.

(25.7-29.0%; —1.2°C) in the East Siberian Sea anc%/rprocesses and Resources of the Bering

the highest (30.2-33.8%; 4.4°C) in the eastern
Chukchi Sea and in the Bering Strait area. These
changes were generally associated with increasing
concentrations of ice. Chlorophy!l and phyto-
plankton cell counts were highest in the Bering
Strait area (2.63-0.97 mg/L of chlorophyll; 1.5 X
10° to 1.7 x 10° cells/L) and dropped westward.
The majority of the phytoplankton were diatoms
of the genera Chactoceros, Leptocylindricus, Nitz-
schia and Thalassiosira. Nutrient concentrations
were low except in the Bering Strait area. Zoo-
plankton concentrations were low at all stations,
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southeast BEring Sea shel‘r using an interdisciplin-

Sea Shelf (PROBES)

PROBES was an international, multi-institu-
ional project supported by the National Science

cosystem of the

o

ary approach. The main program started in 1976
and included studies of water circulation and mi>1~
ing, nutrient dynamics, primary productivity and
phytoplankton, upper trophic level ecology (em-
phasizing pollock) and ecosystem analysis and
synthesis. The program involved scientists from /

U.S., Denmark and Holland, as well as Japan-
m {'




The major subdivisions of
the southeast Bering Sea in
the region of the PROBES

inmvestigation.
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ese scientists from the National Institute for Polar
Research. Scientists from the Ocean Research In-
stitute, Tokyo University,and other Japanese uni-
versities collaborated in planning the program
New understanding of the ecological conse-

quences of various hydrographic regimes across
the shelf emerged, in particular, the different allo-
cation of the products of primary production be-

tween the outer shelf and the middle shelf region.
The waters of this shelf are highly structured and
consist of discrete domains divided by three
oceanographic fronts. These fronts are zones of
enhanced biological activity, and the patterns of
phytoplankton and zooplankton growth, biomass
and species composition are organized in relation
to them. The middle front, in particular, is a zone

11



The National Oceanic and
Atmospheric Administration
WP-3D Orion research
aircraft used in the Arctic
Gus and Aerosol Sampling
Program. This aircraft is
capable of 10- 10 12-lour
research missions with a
range of more than 3000
nautical miles.
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of enhanced biological activity; it separates the
benthic-dominated food web of the middle shelf
from the pelagic-dominated region of the outer
shelf. The program was completed in 1982, and
the results of PROBES have been synthesized in a
special volume of Continental Shelf Research.

Arctic Gas and Aerosol Sampling
Program (AGASP)

AGASP was conceived in 1982 with the aim of

determining the characteristics of Arctic haze (air
pollution) above the Barrow, Alaska, Geophysical

Monitoring for Climatic Change (GMCC) baseline

station. The original plan was expanded to cover

 the Arctic Basin and to broaden participationto a

wide range of QClenllz.t_sTﬁ'tE:ﬁd‘m-the—Arcnc
atmosphere. AGASP offered to acquire funded
flight iours on a NOAA WP-3D, mount each
scientist’s instruments on the aircraft, and pay
field expenses if the participating scientists would
agree, in exchange, to analyze and publish their
findings in a group effort.

A core group of participating scientists devel-

oped a research program with the following objec-

tives:
» To determine the spectra, optical properties,

chemical composition, distribution and trajec-

tories of Arctic haze aerosols;

« To determine the concentration and distribu-
tion of Arctic haze trace gases;

¢ To determine the concentration, flux and gra-
dients of atmospheric CO, in relation to im-
portant Arctic sources and sinks;

« To measure both in-situ and surface-observed

radiative effects of the haze; and

« To document the existence of, and conduct

stratospheric gas and aerosol measurements

in, polar tropopause folds.
Additionally, these measurements would provide
new inputs for models of the climatic effects of
Arctic haze.

Through contacts with colleagues in the At-
(,nE_g_nhelic Environment Service (AES) of Canada

and the Norwegian Institute of Air Research

: < ASP group arranged for comple-

mentary and coordinated ground measurements at
the baseline stations at Alert, Northwest Territor-
ies, and Ny Alesund, Svalbard. In addition, Dr.
Brynjulf Ottar, Director of NILU, agreed to under-
take extensive airborne haze research with the
NILU Piper Navajo in the Norwegian Arctic at the
same time as the WP-3D operations.

In the spring of 1983, 35 separate measurement
programs representing scientists from 17 research
institutions were flown for 144 research flight
hours on 12 missions, covering the non-Soviet
Arctic from bases in Anchorage, Alaska; Thule,
Greenland; and Bodo, Norway. The NILU Piper
Navajo flew missions out of Svalbard, conducting
profiles over the Ny Alesund baseline station.

The results of the AGASP-I program were pub-
lished in Geophysical Research Letters (May
1984) and Atmospheric Environment (December
1985). These papers, bearing authorship from
Canada, United States, Norway, West Germany,
Great Britain and Denmark, showed that the
spring Arctic troposphere contained high concen-
trations of anthropogenic gases and aerosols,
mainly of Eurasian and Soviet origins. These pol-
lutants were advected across the Arctic in distinct

layers, on time scales of 10 days or less, over path
lengths of up to 10,000 km, with little diffusion or
mixing. In-situ radiation measurements indicated
that the haze layers had an appreciable effect on
the flux of solar radiation reaching the ground in
the high Arctic. The aircraft profiles above the
baseline stations showed that concentrations of the
pollutants at the surface were often much lower
than concentrations aloft.

A highlight of the Arctic haze program was the
1985 International Symposium on Arctic Air Pol-
lution sponsored by the State of Alaska and hosted
by the Scott Polar Research Institute (United
Kingdom). Along with North American, Nordic
and European scientists, the symposium was ad-
dressed by an Eskimo elder whose hunting exis-
tence could be adversely affected by Arctic air
pollution. A book based on the symposium con-
tains results of research on Arctic air pollution and
/ Ihealth and ecological issues, discussions of inter-
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national Arctic air pollution cooperative research
programs, and position statements by government
leaders and Arctic Native peoples.

P field program was develope
alonU the hnes of the first by previous investigat-
ors wishing to pursue unanswered questions and
new participants wishing to study different aspects
of polar air pollution (see Arctic Research of the
United States, Spring 1988, p. 39). As in AGASP-
I, working-level field scientists developed the pro-
gram on an ad hoc basis without a formal lead
agency or central funding source.

The NOAA WP-3D was joined in this program
by the University of Washington C-131 research
aircraft and the National Aeronautical Establish-
ment of Canada Twin Otter. The C-131 carried a
downward-looking aerosol lidar to study haze dis-
tributions. The WP-3D flew missions from Alaska
to Greenland and joined the C-131 and the Twin
Otter in comprehensive studies tied to the Cana-
dian baseline station at Alert. The Twin Otter was
based in Alert, and the C-131 and WP-3D in
Thule, Greenland, for the joint flights, Intensive
ground measurements were conducted at the Alert,
Barrow and Ny Alesund baseline stations in sup-
port of the aircraft measurements.

Highlights from AGASP-II include

* The discovery of the photolytic destruction of

ozone by bromine in the Arctic troposphere:

* The tracking of a major haze event from cen-

tral Europe, across Scandinavia and the Arctic
basin, to Alaska, and on toward Alert;

« Observations of active SO,-to-H, SO, conver-
sion in the haze 8000 km from the SO
source;

* Lidar profiles of the fine detail of up to 25
successive Arctic haze layers stacked one
above the other; and

* The detection of ice crystal plumes rising
from open leads high into the troposphere.

The overall results of this program are being pub-
lished in 45 papers appearing in dedicated issues
of the Journal of Atmospheric Chemistry and At-
mospheric Environment, both due to be published
by mid-1989.

Polar Lows

There has been significant progress in recent
years in the understanding of Arctic atmospheric
processes. This progress has resulted from coop-
erative international programs. Polar or Arctic
lows are small storms (about 300 km in diameter)
that develop in a few hours and often have winds
of hurricane force. Reports of research findings
over the past few years on these storms were pre-
sented at an international meeting in Madison,
Wisconsin, in March 1988. The papers have been
compiled and will soon appear as the first pub-
lished volume on the topic. This volume will serve
as a reference text on the origin, evolution and
characteristics of these intense storms. Progress in
the understanding of the physics of the storms has
led to numerical models that have predictive capa-
bility.

The major research needs are to develop early
detection capabilities, find observational and data
assimilation methods to initialize numerical
models, understand the generation physics, and
develop prediction techniques that can be nested
in larger area models or operate on a small com-
puter. Progress has been made, but before these
dangerous storms can be routinely detected and
predicted there is a need for more ambitious re-
search programs.

Ongoing Projects
Greenland Sea Program (GSP)

The GSP is a program of observations and
modeling of air-sea-ice interaction and polar biol-
ogy. The results will be used to tie seasonal and
interannual sea ice variations to the large-scale
dynamics of the atmosphere and ocean. The
Greenland Sea chosen because it is a key compo-
nent of the advective—convective system that links
the Arctic Ocean and the North Atlantic and be-
cause of its large signals in all components of the
air—ice—ocean system, its comparatively large data
base and its accessibility.

13
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Location of the CEAREX
experiments.

The plan has five major elements, all closely
linked:
» A study of the seasonal and interannual varia-
bility of the sea ice cover;
« A study of ventilation and convection of the
deep water;
» A study of the ocean circulation and mixing;
* A study of atmospheric energetics; and
* A study of biological processes as they
interact with air, the sea and ice.
The primary region of study is bounded by Fram
Strait to the north, Spitsbergen and the Mohn
Ridge to the east, the Greenland—Jan Mayen Ridge
to the south, and Greenland to the west. Measure-
ments will also be made well north of Fram Strait
to monitor the fluxes into and out of the Greenland
Sea, on the Yermak Plateau and south along the
east Greenland coast down to the Denmark Strait.
The Greenland Sea Project began in 1987; it will
continue for at least Tive years: —
The Arctic Ocean Science Board is the organ-
izer of both the logistics and the scientific pro-
gram. Contributions to the program in all of its
elements are expected from ut]ﬁtst/sey_qwn-
tries; Canada, Denmark, West Germany, France,

Iceland, Norway and the U.S. Other ¢o
are [ikely. Program direction comes from an in-

ternational group of scientists, each of whom is a
principal investigator for an element of the pro-
gram. Staff support for this group is provided by
an international project office in West Germany.
Although initial data sets have not yet been

completely analyzed, some important conclusions
are emerging. There appear to be three separate
gyres in the Greenland Sea. The volume of water
transport along the edge of the major gyre is on
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the order of 10 Sv. There was substantive convec-
tion in 1988 but not in 1987. Clearly there is sub-
stantial interannual variability in the circulation of
the Greenland Sea.

Coordinated Eastern Arctic Experiment
(CEAREX)

CEAREX consists of several phases, the first of
which began when the Norwegian charter vessel
Polarbjorn was allowed to freeze into the ice
northeast of Svalbard in October 1988 (see Arctic
Research of the United States, Fall 1988, cover).
This spring there were marginal ice zone and open
water investigations, as well as two ice camps
north of the Fram Strait. Participants are from
Canada, Norway, West Germany, Great Britain
and the U.S. The Office of Naval Research is the
U.S. sponsor, with interagency participation by
NASA, NOAA and NSF.

The scientific objectives of CEAREX are to
understand the structure and function of mesoscale
and small-scale (10 km to 1 m) processes in the
Arctic Ocean exchange of momentum, heat and
biomass and to understand the associated acoustic
coherence and ambient noise fields. From Septem-
ber 1988 through May 1989, a number of coord-
inated investigations were staged from ships, ice
camps and aircraft.

During Phase 1 the sampling base was the
Polarbjorn frozen into the central pack ice north
of Svalbard during the early winter. Phase 2 inves-
tigated the East Spitsbergen front dynamics west
of Svalbard during midwinter from the Polar-
bjorn. In Phase 3 the Polarbjorn was joined by the
R/V Hakon Mosby and SAR-equipped aircraft to
study the marginal ice zones of the Barents Sea
and northern Greenland Sea. Finally, in Phase 4,
oceanography and acoustics ice camps, as well as
aircraft with SAR and meteorological sensors, ‘
were deployed north of Fram Strait while the
Polarbjorn pursued eddy tracking in the Fram
Strait marginal ice zone.

Building on the MIZEX results, the evolving
dynamics of marginal ice zone and sub-ice eddies
was addressed, including their role in the mean
circulation and in the net seasonal biological pro-
ductivity. The air—ice— ocean momentum flux was
studied through detailed measurements of atmos-
pheric and oceanic boundary layer structure, to-
gether with ice floe stress and deformation fields.
Below the boundary layer the partition of energ
in the upper ocean among internal waves, mixing
and dissipation was investigated. The mechanisms
of ambient noise generation in interior pack ice
were isolated, and the causes of temporal and spa-
tial variability in low-frequency coherence were
evaluated.



Arctic Radiation and Chemistry (ARC)
Experiment (AGASP I11)

As a component of CEAREX, a NOAA WP-
3D equipped with gas and aerosol measuring
equipment, an aerosol lidar and a wide range of
radiation and energy-flux measuring instruments
flew polar missions north from Bodo, Norway, in
March and April 1989. These flights were coord-
inated with surface measurements conducted at the
CEAREX ice camps and satellite flyovers. The
central scientific objectives of the ARC program
are:

* To determine the Arctic radiation budget in
spring, with particular attention to surface
reflectance, air chemistry and aerosol physics
under cloud and cloud-free conditions;

* To measure the properties of Arctic aerosols
and gases, with particular reference to Arctic
haze and its composition, sources and trans-
port; and

* To understand the sensitivity of surface fluxes
to radiative and surface roughness properties
in enough detail to model regional air—ice—
ocean energy exchanges.

Inner Shelf Transfer and Recycling in the
Bering and Chukchi Seas (ISHTAR)

ISHTAR is a multi-disciplinary, multi-univer-
sity ecosystem study designed to test the hypothe-
sis that interannual changes of atmospheric forcing
on water transport through the Bering Strait result
in a two-fold to four-fold difference in the flux of
nutrients from the shelf break of the northwestern
Bering Sea, the primary production north of St.
Lawrence Island, the burial of carbon in Chukchi
Sea sediments, the amount of energy passed up the
food web, and the chemical properties of the Arc-
tic Ocean water transported south. The project be-
gan in 1983 with a pilot cruise, and the first full
field season was in 1985. The project continues
through 1990. Scientists from the U.S., Denmark
and Belgium have been involved in the project
from its inception, and during the field seasons of
1987 and 1988, Japanese scientists from the Na-
tional Institute for Polar Research, Tokyo, partici-
pated by deploying moorings for measuring plant
pigment fluorescence and particle flux (sediment
traps).

From east to west in the northern Bering Sea,
the major water masses are the Alaska Coastal
Water, the Bering Shelf Water and the Anadyr
Water. The latter two are physically similar, but
both are distinct from the relatively warm, low-
salinity Alaska Coastal Water. It is the front be-
tween the Alaska Coastal Water and the Bering
Sea Water that is most distinct. The Alaska Coast-

al Water is extremely unproductive, with only a
single phytoplankton bloom following ice break-
up. The Bering Shelf Water, on the other hand,
supports very high phytoplankton biomass and
production and is cold, nutrient-laden water that
originates to the south in the region of the contin-
ental slope. In 1988, for the first time, ISHTAR
had the opportunity to work in Soviet waters of
the northwestern Bering Sea after the R/V Wash-
ington made a port call at Provideniya to pick up a
Soviet scientist.

Marine Mammal Research

Much of the United States marine mammal re-
search in the Bering and Chukchi seas has been
conducted aboard Soviet research vessels as part
of a U.S.~U.S.S.R. Marine Mammal Project,
under the Agreement on Cooperation in the Field
of Environmental Protection, Area 5, Project 6,
“Marine Mammals.” Most of the marine mammals
that inhabit U.S. waters in the western Arctic re-
side in ice-covered waters. While not a multina-
tional research program, this collaboration has
been invaluable in providing access to ice-covered
seas. Meetings for the exchange of information are
held every 18 months, alternating between the
U.S. and the U.S.S.R.

US./U.S.S.R. Bering Sea Study

A series of joint U.S. and U.S.S.R. cruises have
been undertaken to the Bering Sea on the Akadem-
ik Korolev, also under the 1972 bilateral agree-
ment. The first cruise took place in 1977, the sec-
ond in 1984, and the third in 1988 (see Arctic Re-
search of the United States, Fall 1988, p. 90). The
principal objectives are to study the ecosystem
structure and function of the Bering Sea and to de-
termine the Bering Sea’s capacity for assimilating
pollutants. Collaborative efforts have evaluated
the simultaneous effects of varying nutrieni and
toxicant concentrations, and experiments have
studied the effect of nutrient regimes on the in-
tensity of PCB bacterial degradation in cold
waters.

Canadian Ice Island (Hobson’s Choice)
The Ward Hunt Ice Shelf calved several ice is-
lands in 1983, the largest one (9 x 5 km with a
thickness of 43-45 m) was tagged with an Argos
buoy on 11 August 1983. In September 1984 the
Canadian government funded the Polar Continen-
tal Shelf Project (PCSP) to start building research
facilities on the ice island. The field camp has
been occupied intermittently since then and has
now drifted southwest along the coast to south of
Meighen Island. There are facilities for geological,
geophysical, meteorological and oceanographic
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research. This research platform is open to scien-
tists of all nations through the PCSP, and there has
been international participation.

The project has yielded several important bio-
logical oceanography results:

« The annual production of particulate organic
carbon on this polar margin appears to be an
order of magnitude lower than that predicted
from global carbon budgets;

+ Blooms of diatoms occur in both summer and
winter seasons; and

« Measurable levels of organochlorine pesti-
cides and PCBs are present.

The geophysical data suggest the margin is a
passive rifted one with a 15-km-thick sequence of
sedimentary strata, A prominent unconformity ap-
pears to separate the Upper Cretaceous—Tertiary
strata from Lower Cretaceous and older strata and
is similar to that of the Beaufort Sea; it could con-
tain significant resources. From geological data,
siliceous demasponges were found to form reef
mounds on the inner continental shelf. They show
a depth zonation that suggests a relative sea level
rise of 20-600 m during the last 400-1000 years.

Future Projects

International Arctic Polynya Project

A comprehensive interdisciplinary study of
Arctic polynyas is being planned under the aus-
pices of the Arctic Ocean Sciences Board. Plans
call for simultaneous study of three polynyas: the
Northeast Water on the East Greenland Shelf, the
North Water in Baffin Bay and the St. Lawrence
Island Polynya in the Bering Sea. Polynyas play
an important physical role in air-sea exchange, ice
formation and deep water formation. At the same
time, they are important to Arctic marine ecosys-
tems, although very little is known of their biol-
ogy. The plan includes closely integrated physical
oceanographic, meteorological, chemical and bio-
logical research designed to understand the inter-
actions within a polynya, as well as the down-
stream consequences. Each site is to be the focus
for an international team, with coordination and
joint synthesis among the teams.

The Transpolar Expedition (TRAPOLEX)
TRAPOLEX is intended to be a multidisciplin-
ary investigation of the interior of the Arctic
Ocean, sponsored by the Alfred Wegener Polar
Institution. The plan is to enter the Makarov Basin
via the Laptev Sea. The Swedish icebreaker Oden
IT and the German icebreaker Polarstern may,
however, work together as a team in 1991 for a
deep penetration north of Franz Josef Land. It is

uncertain which expedition will occur or whether
the two will be merged.
The scientific objectives are to study
« The paleoceanographic development from
temperate restricted basins (more than 40
mya) to glacial environments (less than 5
mya);
« The tectonic evolution of the Arctic deep sea
basins;
« The distribution of water masses in the Nan-
sen, Amundsen and Makarov basins;
» The origin, transport and transformation of
sea ice and regional variations; and
« Transport and deposition paths and rates of
continental-derived aerosols through air mass-
es over the Arctic Ocean.

Nansen Arctic Ocean Drilling

The tectonic and paleoenvironmental history of
the Arctic Ocean Basin and adjacent extensive
continental margins are poorly understood. The
primary goals of this research are to develop a sat-
isfactory understanding of

« The climatic and paleoceanographic evolution

of the Arctic region and its effects on the
global climate, the biosphere and the dynam-
ics of the world’s ocean and atmosphere; and

« The nature and evolution of the major struc-

tural features of the Arctic Ocean Basin and
circum-Arctic continental margins.

The only feasible approach to satisfy these re-
quirements is a program of long coring and drill-
ing. An international committee consisting of rep-
resentatives from West Germany, Norway, the
U.S., Canada, Sweden and Denmark has been
formed. The U.S.S.R., Japan, France and Great
Britain have been invited to join. The initial field
work will be giant piston cores during TRAPOLEX,
possibly using a gattling gun drill.
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Window on Space over the Western Arctic
The Poker Flat Research Range
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Poker Flat Research
Range flight zones.

Poker Flat, the world’s largest overland rocket
range, is based 30 miles north of Fairbanks,
Alaska, and extends to the coast of the Arctic
Ocean. The only high-latitude rocket range on
U.S. soil, the Poker Flat Research Range has an
impact zone larger than Indiana. The range is an
important facility for maintaining the highest level
of auroral research, for national security support,
for observing global climate, and for support in
the National Science Foundation's program on
Coupling, Energetics, and Dynamics of Atmos-
pheric Regions (CEDAR).

Poker Flat is owned and operated by the Geo-
physical Institute of the University of Alaska—
Fairbanks under contracts with the National Aero-
nautics and Space Administration (NASA) God-
dard Space Flight Center, Wallops Flight Facility.
The range has also received contracts from the De-
fense Nuclear Agency, the U.S. Air Force Geo-
physics Laboratory, the National Oceanic and At-
mospheric Administration, and the National Sci-
ence Foundation.

Since the first launch 20 years ago, more than
220 high-altitude rockets have been launched from
Poker Flat. Among the records set during these
two decades are the heaviest parachute-recovered
payload (2300 pounds), the heaviest vehicle (5985

pounds) to an altitude of 113 km, and a payload
recovery far exceeding that of launch facilities
with impact areas at sea. The current apogee rec-
ord for a Poker Flat launch is 1400 km.

The range is located on land owned by the Uni-
versity of Alaska. Permission to let expended roc-
ket motors and payloads fall on the designated 14-
million-acre impact zone extending north and
north—northeast to the Beaufort Sea is secured
periodically from the Bureau of Land Manage-
ment, the U.S. Fish and Wildlife Service, the State
of Alaska Division of Lands, the Doyon Ltd. Na-
tive Corporation, and other entities. The Federal
Aviation Administration reviews requested rocket
flight zones and coordinates airspace operation
during launches; the Alaska Department of Trans-
portation authorizes range personnel to stop traffic
on the nearby Steese Highway during launches.
Soviet authorities are informed shortly before each
launch via NORAD in Colorado Springs.

As the Poker Flat facility begins its third dec-
ade of service, it must modernize to be effective,
because vital scientific support is lacking. In ac-
cordance with the recommendations of the U.S.
Arctic Research Plan and the U.S. Arctic Re-
search Commission, a plan is being developed for
a major upgrade of Poker Flat. Features include



Partial List of Range
Users (1969-1988)

United States:

Advanced Research
Projects Agency
Aerospace Corporation
Air Force Geophysics
Laboratory

Cornell University
Defense Nuclear Agency
Florida Atlantic
University

Geophysical Corporation
of America

Geophysical Instunite,
Unersity of Alaska-Fairbanks
Lincoln Laboratory, MIT
Los Alamos Scientific
Laboratory

National Aeronautics and
Space Administration
National Oceanic and
Atmospheric Administration
onal Science Foundation
Pennsylvania State
University

Sandia Corporation
Science Applications Inc.
Space Data Corporation
Rice University

United States Air Force,
Space Division

United States Air Force,
BMO

United States Army, BMD
University of California ar
Berkeley

University of California ut
Sun Diego

University of Colroado
University of Denver
University of Michigan
University of Minnesota
University of New
Hampshire

University of Rhode
Island

University of Houston
University of Washington
University of Wisconsin
Utah State University

Foreign:
Denmark

Japan

Sweden

United Kingdom

Initial construction at
Poker Flat—a rocket

assembly building—in
the fall of 1968,

improvements in ground- and space-based sup-
port, launch facilities, range support and back-
ground atmospheric indicators of global climate
change. A unique feature of the modernized range
will be a network of Alaska village observatories,
providing important synoptic data to the range
command center, as well as educational and job
opportunities to the villages.

History of Poker Flat

Auroral studies began on a small scale at Fair-
banks as early as 1929; 20 years later, the Geo-
physical Institute, authorized by an act of Con-
gress, was under construction. Auroral studies
were a major part of the institute’s program, and
by the 1950s, American scientists were interested
in using sounding rockets as a major means for
studying the aurora.

By 1956 North America’s first northern
sounding-rocket range had been built at Ft. Chur-
chill, Manitoba, as a joint U.S.—Canadian venture.
Ft. Churchill was an important facility, but it had
some disadvantages. Its chief problem was that
only some kinds of auroral forms occur there, and
only certain kinds of experiments can be per-
formed. Nevertheless, the Canadian site was valu-
able to many experimenters. Among them, in the
1960s, was Neil Davis of the Geophysical Insti-
tute. After one campaign there, he conceived the
plan for an Alaska research range. By 1964 NASA
was interested enough to commission Davis to
tind the best sounding-rocket launch site in Alaska.

His first choice lay on the southern boundary
of the quiescent auroral zone, the best vantage
point from which to study the aurora. It was in a
sparsely populated area from which rockets could
be launched without interfering with major high-
ways or population centers, yet it had easy access
to a highway connecting it with the amenities and
transportation facilities of Fairbanks. The site

could also be integrated with the University of
Alaska, where the Geophysical Institute had
achieved a distinguished record of auroral and
other relevant high-latitude research. Numerous
ground-based observation sites that could support
sounding rockets already existed throughout
Alaska, and most of them were under the auspices
of the institute. Because mammoth gold dredges
had once operated near this now-bare tract, old
electric power lines, standing since the 1920s,
could easily be refurbished.

NASA might have ignored Davis's survey and
the selected site, but distant international develop-
ments began to play a role. The early 1960s had
witnessed the race between the U.S.S.R. and the
U.S. in atomic weapons testing, and the Defense
Atomic Support Agency (DASA) had gone all out
in purchasing launchers, missiles, ships and air-
craft to monitor nuclear tests. By 1966 the test ban
treaty was ready for signing, and DASA needed a
new way to do its research. The barium clouds
created by chemical releases from sounding roc-
kets resemble atomic bomb debris, and DASA
grasped this opportunity to work with—in effect—
simulated bombs. Aurora scientists suddenly had
access to surplus launchers, boosters, money, new
facilities and friends in the military.

There was still no Alaska launch facility, and
there might never have been one except for an ac-
cident in Greenland. A major series of barium-
release experiments sponsored by the Department
of Defense was scheduled for Thule, Greenland, in
the spring of 1968. Just before the launches an
American B-52 with nuclear weapons aboard
crashed off the coast near Thule. The Danish par-
liamentary elections were in progress, and “ban-
the-bomb™ sentiment was at its peak. Public indig-
nation, mixed with political prudence, dictated that
no U.S. weapons-related experiments be held on
Danish protectorate territory.




Assembling the [irst rocket
launcher, in the winter of
1968.
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DASA was left with six barium-release rockets
and a crew, ready and waiting, but no launch site.
Fort Churchill was unsuitable; after the Greenland
accident, no one would consider anything but
American soil for a launch. At the urging of Neil
Davis, who enlisted the help of Peter Haas of
DASA, Robert Frosch of the Advanced Research
Projects Agency (ARPA, and especially Lt. Col.
Mike Dowe, also of ARPA), the site survey was
reconsidered. It was agreed that the location near
Chatanika, north of Fairbanks, could house a so-
called minimal launch facility, designed specific-
ally for the mission bumped from Greenland,
SECEDE III. It was rescheduled for March 1969.

Minimal though it may have seemed to Federal
officials, building the launch facility stretched the
Geophysical Institute’s resources to their limits.
The first task was to obtain the necessary permis-
sions: a long-term lease for 7000 acres from the
State, permission for airspace use from the FAA,
and permits from the Bureau of Land Management
for rocket impacts on Federal lands. Finally, in
July 1968, construction began.

Eldon Thompson, Larry Sweet, other institute
staff, Army and Air Force personnel, and techni-
cians and scientists from Space Data Corporation
began with a budget of $90,000—a meager sum
since they were starting from scratch. The site was
called Poker Flat, in honor of nearby Poker Creek
and the Bret Harte short story “The Outcasts of
Poker Flat.”

Construction continued throughout the fall and
winter. In March the DASA and ARPA crews ar-
rived with their six barium-release rockets. They
found a rail-type launcher, complete with a 60-ft
A-frame movable cover, a corrugated aluminum
rocket assembly building, and a trailer to house
scientific equipment and personnel that was
shielded from the launch pad by a fortress of what
the crew called Alaska cement (55-gallon drums
filled with ice). An array of storage gnd single-
purpose portable structures and tents completed
the picture. Poker Flat was open for business.

The Defense Department had envisioned it to
be highly limited business. Once SECEDE III was
complete, they planned to pack up and move
away, leaving Poker Flat to return to scrubby
black spruce forest.

Davis had other plans. The SECEDE experi-
menters needed ground support for their payload
observations, and they requested stations at Fort
Yukon, Bettles, Tok and Ester Dome—a fair ex-
panse of interior Alaska, Davis agreed that the
stations would be provided, on one condition. He
also had a rocket experiment planned, a NASA-
funded launch to make auroral measurements from
Ft. Churchill, but Davis wanted to make the
launch from Poker Flat.

Thus it was seven rockets, not six, that lifted
off from Poker Flat during the spring of 1969.
Radio stations throughout Alaska carried the live
countdown of the first launch, and thousands of
Alaskans hurried outside to catch a glimpse of the
first barium release. The Department of Defense
had what it wanted. They packed up and left, even
rolling up the communications cables that had
linked the range headquarters to Pedro Dome,
where communications had been established to the
temporary control center for SECEDE III at Fort
Wainwright near Fairbanks. With a budget of less
than $500, Davis, Thompson and Sweet saw that
the grounds were kept up while they tended to
their duties at the institute. They even managed to
install a communications system at Poker Flat,
built entirely with surplus military equipment.

Because the launch facility had shown itself to
be workable and scientifically useful, the institute
wouldn’t let it be abandoned. To forestall any pos-
sibility of premature closing, the first two full-time
range employees were hired, launch officer Car-
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roll Coe and windweighter Jim Wolff. Institute
scientists also put together their own payload ex-
periment, to which Jim Heppner of NASA/God-
dard added three barium-release rockets. Remark-
ably, a second launch season took place.

By the summer of 1970 the U.S. research com-
munity was convinced of Poker Flat’s value. But
the facility was not prepared for sudden popular-
ity: 13 sounding rocket launches were scheduled
between November 1970 and March 1971. With
this show of support, construction had to begin
again.

A second launcher was installed; permanent
telemetry and radar stations were established, with
the long-term loan of a portable Sandia telemetry
station and the NASA Very Long-Range Tracking
(VERLORT) radar, which had been used early in
the manned space flight program and was capable
of tracking a rocket to the moon.

NSF funded construction of a 40- by 40-ft
blockhouse to shelter most major functions: range
and payload control, telemetry and windweight-
ing. Other improvements included new roads, bet-
ter on-site communications, a microwave link to
Pedro Dome for both telephones and scientific
data, and several wooden storage and work build-
ings.

The 1971 construction season was even more
hectic. After several years of negotiations, includ-
ing one memorable visit to the range by a site se-
lection committee whose members were greeted
by a freshly cleaned moose carcass hanging from

one of the launchers, an 88-ft-diameter incoherent
scatter radar was installed a mile from the launch
site. Operated by SRI International, this radar pro-
vided valuable data for years in conjunction with
optical, radio and rocket techniques. It was moved
to Sondrestrom, Greenland, in 1982.

To provide more prelaunch data, ground sup-
port instrumentation was upgraded at the Fort
Yukon and Ester Dome field sites by Hugh Ander-
son of Rice University and Neal Brown of the in-
stitute. Two new launcher support buildings were
built, and protective, heated clamshell covers were
installed to keep rockets and payloads from freez-
ing while they awaited launch. Communications at
the site and between the range and field sites were
improved. To ameliorate the poor rocket-storage
situation (rockets were being stored in boiler-
heated tents), a 30- by 40-ft rocket assembly and
storage building was erected.

Poker Flat had become a big business, employ-
ing 18 people full time—mostly for construction
and scientific instrumentation—during the sum-
mer of 1971. It now needed an overall coordinator
more than a scientist with a wild idea. Davis had
seen the range through, but he had visions of
returning to science. In the fall of 1971, Neal
Brown was named the first full-time Poker Flat
range supervisor.

Brown started work in the spring of 1972, just
in time to oversee the biggest year yet in range
construction. The budget was $1.2 million, the
staff numbered 50, and the launch support capa-
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bility effectively doubled. Two new launchers
were built, both specially designed and funded by
the Defense Nuclear Agency to accommodate the
complex payloads charged with liquid helium
needed for project ICECAP (Infrared Chemistry
Experiment Coordinated Auroral Program).

The old A-frame launcher cover was demol-
ished with carefully placed explosives. In keeping
with the Flat’s traditional spirit, 90% of its mater-
ials were salvaged and recycled, mainly into a new
payload assembly building, a 2500-square-ft struc-
ture with a class-100 clean room for assembling
dust-sensitive payloads. A warm-storage ware-
house went up, as did a partially buried rocket
storage bunker. All aspects of range communica-
tions were improved, and three television camera
systems were installed for launch pad surveillance.

The scientific capacity also improved. The
telemetry system was expanded from P-band to in-
clude S-band with autotrack. Too large and so-
phisticated to fit in the blockhouse, it was relocat-
ed in the new payload assembly building. A 260-
ft-high instrumented meteorological tower was
installed; along with a minicomputer, this helped
with windweight calculations for launches. An-
other invaluable addition was an all-sky, low-
light-level television camera for determining au-
roral and launch conditions. With the suspension
of NASA rocket operations at Point Barrow, the
Tone Ranging Trajectory System, which tracks
rocket paths by radio waves, was moved to Poker
Flat. A final 1972 improvement was the Meteoro-
logical Rocket Network Facility, another pad with
three launchers for smaller rockets (Lokis, Super-
Lokis and Arcas) used to collect wind and temper-

ature data, and still more technical and scientific
support capability.

By this time the basic facility was essentially
complete. The next major addition was in 1974,
when construction began on the Poker Geophysi-
cal Observatory. It would house riometers, mag-
netometers and other instruments used in routine
institute experiments, plus all-sky cameras and
meridian-scanning photometers to support rocket
launches.

Since then various significant additions have
appeared. The University of Rhode Island in-
stalled air sampling equipment in 1979, a program
that continues with funding to the University of
Alaska—Fairbanks. NOAA, in conjunction with the
Environmental Protection Agency and under the
auspices of the World Meteorological Organiza-
tion Global Ozone Research and Monitoring Pro-
ject, in 1984 installed and began operating an
automated Dobson ozone spectrophotometer me-
teorological measurement station at Poker Flat.
This station is part of a global array of similar sta-
tions collecting data on the status of stratospheric
ozone.

Radar equipment continues to be important.
Site preparation for NOAA’s Mesospheric—Strato-
spheric-Tropospheric (MST) radar began at Poker
Flat in 1978. This experimental radar measured
the upper-atmospheric wind direction, speed and
turbulence. It began gathering data in 1979, gradu-
ally coming up to full power over the next few
years. During the summer of 1986, site prepara-
tion and construction got underway for a strato-
spheric—tropospheric radar funded by Federal
agencies and the State of Alaska through scientists
at the Geophysical Institute. Completed in the fall
of 1987, it has a 150-ft-diameter spherical dish
with a 120-ft tower.

The range now incorporates rocket assembly
and launching capabilities, along with telemetry
receiving stations and ground-based diagnostics
needed for launch decisions for space, acronomy
and atmospheric science experiments. The ground-
based instrumentation allows auroral activity,
magnetic storms, ionospheric perturbations and
other space disturbances to be monitored as they
happen. The facility now incorporates eight rocket
launchers up to 20,000 pounds; S-band and P-band
telemetry; 100-m precision radar and transponder
tracking; and 200-m optical beacon tracking,.

The Poker Flat location offers several advan-
tages: overflight and landing rights on a large land
area; economical, fail-safe payload recovery; east-
erly launches as far as the Alaska—Canada border;
northerly launches with no downrange limit; a safe
polar-orbit satellite launch track; a complete me-
teorological rocket launch, track and data facility;
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an extensive network of Geophysical Institute ob-
servatories; university academic and research
facilities; access to nearby military and civilian air
fields; and range operators with the experience of
many launches behind them.

Poker Flat also plays a supporting role in re-
search on the ground. The Caribou—Poker Creeks
Research Watershed, cooperatively established in
1970 by Federal and State agencies and the Uni-
versity of Alaska, lies north of the Chatanika
River within the prime booster impact area. The
area is managed by the U.S. Forest Service’s In-
stitute of Northern Forestry. Users look to Poker
Flat for occasional support, and cooperation and
coordination between range and watershed person-
nel is continuing.

Some Results from Poker Flat

Rocket experiments at Poker Flat fall into three
categories: ballistic tests of rocket systems, single
experiments on the high-latitude upper atmosphere,
and series of experiments involving single or mul-
tiple techniques that are refined over several years.
The last of these is by far the largest category.
Fully half of the large rockets flown at Poker Flat
carried payloads designed on the basis of experi-
ments flown previously. These experiments, or
series of experiments, have also been by far the
most productive in terms of scientific results.

One of the more important results involved the
discovery and mapping of vertical electric fields
and field-aligned currents associated with an au-
roral arc. Predicted from auroral television data,
the low-altitude portion was observed with rocket-
borne magnetometers in the early 1970s, and the
morphology beyond 10,000 km was studied by us-
ing shaped-charge barium by the mid-1980s.

These results were of key importance to the theo-
ries of the formation of auroral arcs and the accel-
eration of auroral primary electrons. Correlation
with plasma drift measurements by the Chatanika
incoherent scatter radar were also made to in-
crease the scale of the measurements.

Among the optical measurements, both the
ultraviolet and the infrared portions of the aurora’s
spectrum have been measured. The results have
related the spatial extent of these emissions to the
visible aurora. In addition to the barium releases,
chemicals such as lithium, water and aluminum
have been used to map neutral and ionized winds.
In the lower atmosphere the Meteorological Roc-
ket Network provided neutral wind, temperature
and density measurements as ground truth for
SAGE and SAM satellites, among others.

One of the more extensive programs has been
the tracing of field lines and production of aurora
emissions with rocket-borne electron accelerators.
The aurora created by these electron beams has
been observed immediately under the rocket and
after the beam has traveled to the conjugate region
in the southern hemisphere and back.

Among the successful single shots was a meas-
urement of the ozone depletion due to X-rays from
the aurora, Others include the measurement of the
UV oxygen energy transfer in an optically thick
medium and noctilucent cloud studies.

The increasing sophistication of the experi-
ments conducted at Poker Flat has demanded that
range facilities improve accordingly.

Future Development

As the Geophysical Institute prepares to enter a
new century, there is a heightened interest, both
national and international, in the Arctic. The U.S.,
through the International Geosphere—Biosphere
Program, the Arctic Research Commission, and
the Interagency Arctic Research Plan, has identi-
fied vital needs for improved knowledge of space
and the upper atmosphere as a component of the
Earth as a system.

Thus the institute expects sounding rocket pro-
grams to remain an important component of ex-
perimental research because rocket programs can
support various scientific needs: cost-effective
studies of plasma processes in space; studies of
solar-variability-controlled energy depositions in
the upper atmosphere and their downward flow
through the middle atmosphere; and studies of the
behavior and dynamics of minor constituents such
as ozone in the Arctic upper atmosphere for global
studies. The upper atmosphere studies are pro-
posed by the NSF programs CEDAR and GEM
(Geospace Environmental Modeling) and the in-
ternational Solar—Terrestrial Energy Program. One
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of the four items in Findings and Recommenda-
tions of the U.S. Arctic Research Commission is
that the U.S. should “upgrade the only high-
latitude sounding rocket launch facility on U.S.
soil and related logistics systems to support ex-
pected needs in upper atmosphere research in the
Arctic.”

Responding to the identification of specific
needs, the Geophysical Institute has proposed a
major upgrade to develop the existing range into a
national space and environmental research facility
that can support the U.S. Arctic research effort,
The institute plan calls for redeveloping the range
payload assembly and launching facility for mod-
ern guided and ballistic sounding rockets. This en-
tails rebuilding launch pads and providing an im-
proved, refitted payload assembly building.
Launching more-powerful rockets requires
strengthening the blockhouse building to ensure
safety of the facility and personnel. Longer rail
launchers are required for better control over un-
guided rockets.

Also planned is the integration of the range
command center and the optical observatory with-
in a new structure. The observatory is the source
of information essential for launch decisions and
is the hub of communications to networks of
downrange and cross-track stations that telemeter
their data for collation and assembly at Poker Flat.
It would be equipped to serve the next generation
of rocket and balloon experiments, as well as
ground-based observers.

It is also important to integrate an air sampling
station with the data-handling capability of the re-
search range. This will create a center for expand-
ed efforts to measure stratospheric and tropospher-
ic ozone, greenhouse gases and Arctic aerosols.
This station in continental boreal tundra would
provide sensitive indications of processes leading
to global climate change.

The planned installation and upgrades include

» A satellite receiving and command network to
interrogate and command satellite observa-
tions of near-Earth space in real-time to estab-
lish magnetospheric conditions;

« Incoherent Scatter Radar, an instrument for
measuring the spatial distribution of ion
density and velocity;

» Resonant Scatter Lidar, an optical radar to
measure the density and temperature of cer-
tain ions and neutral atoms as a function of
altitude between 70 and 110 km, with a possi-
ble extension to 150 km;

» Rayleigh Scatter Lidar, an optical radar to
measure the density and temperature between
the ground and 70 km;

» High-speed imaging systems of auroral phe-

nomena, both at the observatory and in the
downrange area;

« An improved meridian-scanning photometer
system for real-time quantitative measure-
ments of auroral brightness and position;

« An imaging riometer to delineate areas of
high-energy electron and proton precipitation;

+ A magnetometer network for real-time quan-
titative measurements of the location of auror-
al electrojets leading to atmospheric heating,
etc.;

« An optical interferometer network for meas-
uring mesospheric and thermospheric, neutral
and ionized wind fields;

« An air-sampling station to expand the capabil-
ity for measuring stratospheric and tropo-
spheric ozone, greenhouse gases and Arctic
aerosols; and

* A village observatory network to incorporate
rural Alaskans in near-Earth space research.

Through the Geophysical Institute, the Univer-

sity of Alaska has pioneered the Poker Flat facil-
ity, which is unique in the United States. Poker
Flat’s past has been distinguished, and the institute
looks ahead with high hopes to future accomplish-
ments.
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Readers may obtain further information on

some of the research described in this article from
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and D.W. Swift: Geophysical Institute, Annual
Report 1976-77, University of Alaska-Fair-
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During the past ten years, a major American
industry has developed in the water off Alaska,
where fishermen are harvesting vast quantities of
groundfish (fish living on or near the ocean bot-
tom). It is difficult to overstate the explosive
growth and the economic significance of this
industry. From virtual nonexistence prior to the
passage of the Magnuson Fishery Conservation
and Management Act (MFCMA) in 1976, Amer-
ican groundfish operations in Alaska have blos-
somed into an industry whose annual product
value was estimated at $1.4 billion in 1986, with
the potential of reaching as high as $2.2 billion in
the near future. By 1988 this industry’s exponen-
tial growth had resulted in a total catch of 2.1 mil-
lion metric tons (t) and an ex-vessel value (the
amount fishermen are paid for their unprocessed
catch) of $414 million.

At a national level the Alaskan groundfish har-
vest was substantial enough to account for 26% of
the total U.S. domestic fishery harvest. With the
domestic harvest of Alaskan groundfish increasing
by nearly 60% between 1987 and 1988, its nation-
al significance is even more apparent.

For continued success this major industry
needs a predictable and abundant resource base.
Responding to this need, however, is not simply a
matter of ensuring the livelihood of a few fisher-
men. Rather, a major segment of the coastal econ-
omy has become dependent on the continued suc-
cess of the fleet. For example, the total personal
income resulting from Alaskan groundfish har-
vests exceeded the total product value by an aver-
age ratio of about 8:5 during the years 1981-1987.

In addition to generating substantial flows of
both cash and product, the Alaskan groundfish
fishery also represents a major capital investment,
The magnitude of this investment is difficult to de-
termine, but the trawl fleet alone represents a cap-
ital investment of about $760 million. The invest-
ment in the overall fishery is much higher, since it
also includes the longline fleet and shoreside facil-
ities engaged in processing, repairs and mainten-
ance, storage, transportation and marketing.

Simply put, then, the situation in the Alaskan
groundfish fishery is as follows:

* A number of commercially valuable species

are abundant in U.S. waters off Alaska.
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+ Intense capitalization of fishing and process-
ing capacity has been necessary to harvest the
available yields from these stocks.

« Continued, predictable abundance of the fish-
ery resource will be required to maintain a
high-volume flow of the product and to safe-
guard the economic viability of the fishing,
processing and other affected sectors of the
economy.
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Groundfish Population Trends

Although the abundance of the overall ground-
fish resource has not been a serious problem dur-
ing the past ten years, research surveys conducted
on the eastern Bering Sea continental shelf reveal
that the abundances of individual stocks typically
change significantly over time. For example, the
biomass of arrowtooth flounder (Atheresthes
stomias) increased from 35,000 t in 1979 to
309,000 t in 1988, representing an average gain of
over 27% per year. Meanwhile, the biomass of
Greenland turbot (Reinhardtius hippoglossoides)
decreased from 226,000 t in 1979 to 11,000 t in
1988, an average decrease of nearly 29% per year.

The population of walleye pollock (Theragra
chalcogramma) has been more erratic, decreasing
from 2.9 million t in 1979 to 1.5 million t in 1980,
increasing to 6.1 million t in 1983, decreasing to
4.5 million t in 1985, and increasing to 6.4 million
t in 1988. The up-and-down trend in the biomass
of yellowfin sole (Linanda aspera) has been even
more pronounced, increasing from 1.9 million t in
1979 to 3.9 million t in 1983, decreasing again to
1.9 million t in 1986, and then increasing to 2.9
million t in 1988.

What accounts for these trends? There is no
simple answer. While some observers attribute
changes in stock abundance to changes in fishing
pressure, this view is often inadequate or even in-
correct. A case in point is the Alaskan red king
crab (Paralithodes camtschatica). This species
supported a large fishery that grew rapidly during
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the 1970s. Although fishing activities escalated
throughout the decade, crab numbers increased
until about 1978, when the stock took a dramatic
downturn. Just as the stock’s early increase was
apparently unrelated to fishing, its subsequent col-
lapse may not be attributable entirely to fishing;
while the fishery took only males, both male and
female abundances declined at about the same rate
during the collapse.

Understanding Biological
Variability

Explaining biological variability remains a cen-
tral task of fishery scientists concerned with east-
ern Bering Sea groundfish. Although there are
many ways to approach the problem of stock vari-
ability, one way is to view changes in stock size as
adjustments toward some equilibrium level. In this
view, the concept of biological variability is given
meaning: stock size does not simply change, it
changes toward an equilibrium level. This sug-
gests objectives for continued research into bio-
logical variability; one of the most crucial objec-
tives is to discover what factors determine the
equilibrium levels toward which a particular stock
might be tending.

Hypotheses about the determinants of equilib-
rium stock size may involve both physical and
biotic factors. It is highly probably that equilib-
rium stock size is determined at least in part by the
state of the physical environment (temperature,
salinity, upwelling, surface currents, etc.). Equilib-
rium stock size might also be determined in part
by biotic factors, involving interspecific dynamics,
intraspecific dynamics, or both.

These hypotheses are potentially both complex
and far-reaching in their implications. For exam-
ple, if one accepts the hypothesis that equilibrium
stock size is at least partially determined by the
physical environment, this implies the existence of

not one, but a family of curves relating present
stock size to future recruitment. Thus, estimating
the maximum sustainable yield from a stock be-
comes a problem of finding the optimal level of
fishing in an environment that is subject to change.

There is a crucial need to move these consider-
ations out of the realm of theory and begin to un-
derstand how they affect actual resources. One ex-
ample of this type of research is the Fisheries—
Oceanography Coordinated Investigations (FOCI)
program being conducted by NOAA. In their in-
vestigation of Gulf of Alaska pollock (a stock that
exhibits considerable variability in year-class
strength), FOCI scientists are using a multidisci-
plinary approach to examine the implications of
interactions between the physical environment and
the pollock resource. Specifically this group seeks
answers to the following questions:

» What meteorological, oceanographic and bio-
logical conditions correlate with historical
year-class success?

¢ Are there interannual variations in transport
that affect larval concentrations, and are there
interannnual differences in prey and predators
that affect larval growth and survival?

* How do small-scale physics, food availability,
growth and predation affect mortality?

Although the FOCI program has not proceeded
far enough to produce firm conclusions, there have
been a number of interesting preliminary findings.
Among these is the discovery of a correlation be-
tween the number of young pollock recruiting to
the fishery and an index measuring the strength
and position of the Aleutian low-pressure area.
This tentative relationship is supported by an argu-
ment with considerable intuitive appeal: the low-
pressure index could be expected to affect storm
conditions, which in turn would affect currents,
which in turn might critically influence the trans-
port of pollock eggs and larvae.

Although it is too early to decide whether FOCI
will be fully successtul, the program is at least a
step toward the type of integrated, multi-disciplin-
ary research that is required to address one of the
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most pressing needs of the Alaskan groundfish
fishery: understanding biological variability. FOCI
begins to address this need by opening the lines of
communication between fishery biologists and
oceanographers, allowing each group to tap the
scientific resources of the other.

Thresholds and Fishery

Management

Concern about stock variability has led fishery
managers to pay particular attention to the ques-
tion of overfishing, that is, “How much fishing is
too much?” The MECMA, for example, expressly
prohibits overfishing, which is defined in NOAA’s
newly proposed fishery management guidelines as
“a level or rate of fishing mortality that jeopardiz-
es the long-term capacity of a stock or stock com-
plex to produce maximum sustainable yield
(MSY) on a continuing basis.” This definition is
significant in that it gives credence to an important
hypothesis: if a stock is fished sufficiently hard,
not only will it be reduced below the level needed
to produce MSY, but even its long-term capacity
to produce MSY will be jeopardized and it may be
unable to return to the MSY-producing level.

Within this general definition, NOAA’s pro-
posed guidelines call for each fishery management
plan to identify an empirical definition of over-
fishing for each stock or stock complex covered
by that plan. The guidelines anticipate that many
of these definitions will be expressed in terms of
scientifically established “threshold” biomass
levels, that is, minimum stock sizes below which
fishing will be prohibited.

The proposed requirement to specify threshold
levels (or a similar overfishing benchmark), if
adopted, will require a major research effort into
the biological variability in fishery systems. Coor-
dinated investigations involving a number of sci-
entific disciplines will be needed to determine the
mechanisms that might contribute to stock col-
lapse, whether they involve physical oceanog-
raphy, community ecology or single-species pop-
ulation dynamics.

Conclusion

This discussion of biological variability, its
possible causes and its implications for fishery
science and management illustrates the complexity
of fishery systems such as the Alaskan groundfish
fishery and the need for greater understanding of
such systems. At present, however, fishery science
is left with more questions than answers.

For example, what are the causes of the rapid
rise of arrowtooth flounder and simultaneous col-
lapse of Greenland turbot? Is the relationship be-

tween these two abundance trends causal or coin-
cidental? Can the up-and-down abundance trends
of walleye pollock and yellowfin sole be under-
stood as anything other than random fluctuations?
What are the roles of fishing and the natural envi-
ronment in determining stock variation? Do
threshold levels of abundance exist, levels below
which depletion becomes irreversible? Success in
answering these questions is not merely an aca-
demic exercise. The future of one of the most im-
portant fisheries in U.S. waters may depend on it.
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The long-term development of the Arctic ap-
pears inexorable. We can predict with some con-
fidence that there will be a significant increase in
facilities and operations for exploration of energy
and petrochemical resources, for minerals, for
tourism, for scientific observation and experimen-
tation, for transportation, for fisheries, and for im-
provement in the living standards and health of the
Native populations. Superimposed on these are the
needs of national security. There seems to be gen-
eral concurrence, nationally and internationally,
that these developments are to be carried out with
minimal adverse disruption to the environment.

Yet we all have faced the difficulty, if not im-
possibility, of translating such broad objectives in-
to tangible specifics. What are the research needs
to enable the engineering disciplines to fulfill their
tasks in the year 2000 and beyond? What specific
educational thrusts are needed to prepare engi-
neers now entering universities for the demands of
the 21st century?

At the outset it appears important to define the
objectives of engineering and engineering research
in the Arctic. A possible statement is: “To provide
efficient, safe and economical methods for con-
structing and operating facilities in the Arctic to
develop the natural resources and to carry out a
full spectrum of activities — scientific, military,
health and educational — with minimal adverse
effects on the Native culture and the environ-
ment.” With special relevance to Arctic science,
this objective includes the provision of platforms,
power, communications and logistics to support
scientific endeavors.

There are several possible approaches to pre-
dicting the direction of Arctic engineering 30
years hence. It’s a frightening task because we’re
all aware of our inadequacies in prediction.

We can, for example, take the historical ap-
proach. Let’s consider the situation 30 years back,
in the late 1950s. It was an era of high construc-
tion activity throughout Alaska, due primarily to
the Cold War. There were remote radar stations,
military bases, airfields, roads and housing to
build. Our engineering and construction capabili-
ties were primitive. The roads, which were just
gravel placed over tundra, were subject to frost
heave and subsidence. The embankments failed in
sudden slumping, and buildings sagged as the per-
mafrost degraded. Pipelines were laid directly on
the tundra. Surveying techniques were archaic by
today’s standards, and roads laid out in the winter

became raging streams in summer. Cat trains were
our most effective winter supply method, still
burning wood under the diesel tanks to keep them
from freezing. Communications were interrupted
for days at a time by magnetic storms. Garbage,
sewage and empty oil drums were cast onto the
adjoining land.

In that era, how could we have even begun to
predict an Alaska pipeline elevated on thermally
stabilized piles, prefabricated modules for Prudhoe
Bay weighing several thousand tons, the fisheries
of the Bering Sea, satellite navigation and the
global positioning system, and synthetic aperture
radar?

An important lesson in the development over
the last 30 years is that satellite technology, so
critical for the Arctic, was just in its infancy, and
there were no Arctic missions in mind at all.

We can also remember the old adage: “We are
too optimistic in our predictions for next year but
grossly underestimate the long-term future.”

A second approach is to list those areas in
which we are currently involved and for which we
recognize the need for improvement. This is the
approach that many of us have undertaken on be-
half of national, professional and academic organ-
izations. Recently the National Science Founda-
tion sponsored a workshop called “Arctic Engi-
neering Research—A Strategic Plan™ at Hanover,
New Hampshire, seeking to develop a program not
only for the NSF but also for the Interagency
Working Group on Engineering and Technology
and for the Arctic Research Consortium of the
United States (ARCUS); the former comprises
those agencies within the Federal Government
having active Arctic interests, and the latter is
made up of universities with Arctic involvements
(see p. 53).

Based on these and similar recent studies, we
can identify a number of specific areas that offer
significant opportunities and potential benefits.
This list represents a logical extrapolation from
present capabilities through identified constraints
to relatively clear objectives. The time frame is
consequently short: these represent a program for
the next decade.

Here are the principal topics:

» Construction engineering technology to re-
duce the costs and time associated with Arctic
construction. As long as facilities cost 2—10
times as much in the Arctic as in the “lower
48,” Arctic development will be stunted.
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» Coastal and river engineering, particularly the
erosion and ice ride-up that threaten coastal
communities, Of special interest is the long-
term effects of global warming, with a poten-
tial sea level rise in the Arctic of 1 m or more.
This appears to pose the threat of massive
flooding of low-level coastal and delta areas
during periods of high river discharges.

« Materials for use at low temperatures, with
special attention to impact, fatigue endurance
and service as moisture barriers and insula-
tion.

« Stabilization of embankments, roadway fills
and pavements against frost heave, permafrost
degradation and cracking.

« Facilities and infrastructure, including utilities
(waste treatment, water supplies and power).

» Surface means for remotely determining sub-
surface geotechnical properties.

« Sea ice and its interaction with structures, es-
pecially in the shear and pack ice zones.

¢ Year-round mining in the Bering Sea and
winter relocation of drilling platforms in the
Beaufort Sea.

« Submarine tankers carrying oil to the East
Coast.

* Gas liquefaction plants.

These are needs we clearly see today, the direc-
tions for Arctic engineering research in the 1990s.
Such an approach, however, typically fails to see
the truly significant breakthroughs: the dramatic
and revolutionary advances that periodically shape
developments, especially in unique environments
like the Arctic.

Inherent in this approach is the rather arrogant
assumption that there will be an inexorable
growth, a “manifest destiny” to bring to the Arctic
the urban civilization of the temperate zones: the
cities, the industrial plants and the tourist centers.
Robert Service dreamed “of cities leaping to
stature, of fame like a flag unfurled. As I pour the
tide of my riches in the eager lap of the world.”

This approach fails to recognize the Arctic for
what it is: a unique environment, physically, eco-
logically and culturally.

The third approach appears to evolve from the
previous two: the historical and the extrapolative.
If they do not provide a meaningful guide for the
long term, then perhaps we ought to learn from
them that it may be not so much our present needs
that will determine the future as it will be the new
technologies, developed independently of the Arc-
tic environment, that engineering will adapt and
transform to both serve and spawn new Arctic de-
velopments. What are these new technologies that
today lie on the horizon? Several appear to offer
exciting possibilities:

» Biotechnology, already employed on a trial
basis in the Arctic, for road, slope and em-
bankment stabilization. Can it also convert
waste or algae to power, to be stored in bat-
teries for use at remote sites?

« Microtunnelling, already used extensively in
crowded urban environments and under
coastal surf zones. Can it be adapted to per-
mafrost? Will new insulating and heat-tracing
technology permit insertion of piping into
these horizontally drilled holes?

« Clathrate production. The gas potential that is
bound up in these complex molecules of fro-
zen water and gas far exceeds that in conven-
tional petroleum deposits.

« Structures of frozen ground and perhaps
plastic-reinforced ice, permanently cooled by
thermopiles.

« Plastic modules, with integral insulation and
moisture barriers, capable of being deployed
by air and readily erected into a variety of
building structures, completely outfitted for
use.

« Robotics. Perhaps the most exciting possi-
bility of all will come with remotely con-
trolled mechanized operations, carried out by
industrial robots that are unaffected by the
cold, and monitored by satellite and electronic
transmission. One can visualize robotic
mining equipment extracting coal from the
Brooks Range, processing it automatically,
transporting it by slurry pipeline for self-
loading onto ice-breaking tankers, while other
robotic machinery restores the topsoil and
treats it to accelerate the restoration of tundra,

Offshore and onshore, oil and gas production
facilities will operate unmanned. Perhaps man will
then not have to construct mammoth communities
at every Arctic site. Instead of large industrial
complexes and facilities typical of the temperate
zones, robots and automated equipment may carry
out the long-term development of the Arctic. We
already see efforts in this direction with the pro-
posed oil production facilities in the Arctic Na-
tional Wildlife Refuge—one-third the size of those
at Prudhoe Bay.

If robots can do the essential tasks safely, eco-
nomically and efficiently, oblivious to the cold,
then man’s intervention can be minimized. It need
not unduly disrupt the environment nor adversely
affect the Native ways of life.

The adaptation and development of emerging
technology for Arctic use will require advanced
multidisciplinary engineering and technology,
directed both to applied research and the develop-
ment of pragmatic, workable systems. As each de-
velopment takes shape, it will facilitate the intro-



duction of others, and these may synergistically
create a radically different system.

The surges in engineering and construction in
the Arctic in the past have always been episodal
events, as so vividly described in Mitchener’s
latest book, Alaska. They have been driven by
furs, gold, war and oil. Each period of frantic ac-
tivity has been followed by a period of stagnation,
that is, up until now. That Arctic interest has con-
tinued as strong as it has, despite the collapse of

oil prices, is truly remarkable, an illustration of
how developmental breakthroughs can ultimately
become self-generating.

Thus we see the vision of an Arctic in the 21st
century in which the hand of civilization and de-
velopment is technological in character, exploiting
the resources of the Arctic in a kindly way, with-
out despoiling the environment.

This is the challenge for Arctic engineering in
the 21st century,
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One of the responsibilities of the Interagency
Arctic Research Policy Committee (IARPC) is to
«..promote Federal interagency coordination of all
Arctic research activities, including logistical
planning and coordination” [Section 108(2)(9) of
the Act]. In response to this mandate, the IARPC
convened a Logistics Working Group in June
1988. The working group is chaired by Rear Ad-
miral F. D. Moran, National Oceanic and Atmos-
pheric Administration (NOAA), and the principal
agencies involved in this effort are the Depart-
ments of Commerce (through NOAA), Defense,
Interior and Transportation; the National Aero-
nautics and Space Administration (NASA); and
the National Science Foundation (NSF).

Several logistics planning and coordination
tasks are under consideration by the Logistics
Working Group, including:

« Identifying existing and planned U. S. capa-
bilities in facilities, aircraft and ship re-
sources;

» Establishing mechanisms for cost-effective
support of large regional coordinated projects
and individual research projects; and

+ Developing coordination mechanisms for
scheduling Federal Arctic logistics, communi-
cations, search and rescue, remote sensing,
and operational forecasting.

The initial focus is on identifying and schedul-
ing existing and planned U.S. logistics support re-
sources. Although mechanisms already exist to
disseminate information on the schedules of re-
search aircraft and the Federal oceanographic re-
search fleet, the Logistics Working Group believes
that more coordination of effort and scheduling is
needed for Arctic operations. The product of that
effort is the Federal Arctic Logistics Support Di-
rectory, a computer data base of Federal and other
U. S. logistics facilities and resources. This is the
first comprehensive directory of Federal Arctic lo-
gistics facilities since the former Interagency Arc-
tic Research Coordinating Committee published
the Arctic Logistics Support Directory in 1972,

The Federal Arctic Logistics Support Directory
is currently maintained by the National Oceanic
and Atmospheric Administration’s Office of
NOAA Corps Operations. Plans are underway to
implement an electronic bulletin board to provide
rapid access to the directory for the research com-
munity. The directory should be considered an

evolving system. Readers are encouraged to sub-
mit additional information, specifically informa-
tion on the type of support, the mission statement,
the operational constraints, the scheduling require-
ments, the cost and the name and address of the
principal contact should be sent to the Office of
NOAA Corps Operations, 6010 Executive Boule-
vard, Rockville, Maryland 20850.

The directory divides logistical support into
five broad categories: aircraft, ships, field facili-
ties, engineering and test facilities, and operational
information. The following is a brief description
of these categories.

Aircraft

Several agencies operate fleets of aircraft and
coordinate aircraft support. The Department of the
Interior supports an Alaska Office of Aircraft Ser-
vices (OAS), which coordinates aircraft services
on a reimbursable basis. The Office of Aircraft
Services was established to provide aviation ser-
vices safely and efficiently to all the various air-
craft-using bureaus, offices and field programs
within the Department. Through cooperative pro-
jects and programs, OAS has become accustomed
to providing such services to other Federal and
state organizations. There are 46 aircraft within
the Department that are available for support, in-
cluding large transport aircraft. In addition,
NASA, NOAA and NSF operate research aircraft.
NASA publishes the Airborne Science Newsletier,
covering the availability and scheduling of Federal
research aircraft. For information on these aircraft,
contact the Airborne Science Program Office,
NASA Code EE, Washington, D. C. 20546.

NSF supports the Research Aviation Facility
(RAF), through the National Center for Atmos-
pheric Research. The RAF maintains and operates
three aircraft in support of atmospheric and ocean-
ographic research. The three aircraft are the NCAR
Sabreliner, a medium-range, high-altitude, pres-
surized twin-jet plane; the NCAR Electra, a long-
range, large-payload turboprop; and the NCAR
Beecheraft King Air aircraft, a low-wing, pressur-
ized twin prop with medium range.

NOAA supports an Office of Aircraft Opera-
tions. The Navy operates NSF-owned, ski-
equipped LC-130 transport planes, which are nor-
mally used in the Antarctic but may occasionally
be used in the Arctic by special arrangement.



Other ski-equipped LC-130 aircraft are operated
by the New York Air National Guard. The Alas-
kan Air National Guard operates ski-equipped
Twin Otter aircraft.

Ships

The two broad categories of ships for Arctic
operations are icebreakers operated by the U. S.
Coast Guard and ice-capable or ice-strengthened
vessels for research and survey purposes.

The two icebreakers, Polar Star and Polar
Sea, are multi-mission, polar-capable icebreakers
that act as platforms for scientific, strategic and
economic development missions in the Arctic and
Antarctic. These ships have helicopters with 24-
hour operational capabilities. Up to 20 scientific
personnel can be accommodated. The icebreakers
are scheduled by the U. S. Coast Guard Ice Opera-
tions Office.

NSF sponsors the University—National Ocean-
ographic Laboratory System (UNOLS). UNOLS
consists of approximately 25 research vessels that
support all types of oceanographic research, Most
of these ships do not routinely operate in the Arc-
tic, but several are capable of working at high lati-
tudes during limited periods of the year.

The Alpha Helix is an ice-strengthened re-
search vessel that is operated by the University of
Alaska as part of the UNOLS fleet. The ship sup-
ports all types of oceanographic research and
works primarily in the North Pacific, Gulf of
Alaska and Bering Sea.

NOAA operates a fleet of research vessels to
meet its missions in oceanographic research, naut-
ical charting and fisheries research. Within the
NOAA fleet the four Class I vessels (ranging in
size from 278 to 303 feet) and three Class II ves-
sels (231 feet ) have ice-reinforced hulls. Two of
the Class I ships (Surveyor and Malcolm Bald-
ridge) are capable of carrying helicopters. NOAA
policy prohibits these ships from entering areas of
high ice concentration. However, several of the
ships have operated in the Arctic when ice concen-
tration was low. The ship time is allocated through
the NOAA Fleet Allocation Council to directly
support NOAA’s missions. Piggyback projects are
possible if they don’t interfere with the ship’s pri-
mary mission, and dedicated ship time is available
on a reimbursable basis.

NOAA operates a full-time logistics and liai-
son office in Anchorage, Alaska, to support the
NOAA ships deployed in Alaskan waters. The of-
fice also serves as a regional distribution office for
nautical and aeronautical charts.

The U. S. Geological Survey operates two ves-
sels in Alaska, the 42-foot R/V Karluk and the
208-foot R/V Samuel Lee. The Lee is an ice-

strengthened vessel, while the Karluk operates in
coastal waters.

Field Facilities

A diverse collection of land-based field facili-
ties exists for supporting research in the Arctic.
The NSF-funded Polar Ice Coring Office at the
University of Alaska operates a base camp at Son-
drestrom Air Force Base to provide logistics sup-
port for research on the Greenland Ice Cap. Also
at Sondrestrom Air Force Base is the Sondrestrom
Incoherent Scatter Radar Site for research on the
upper atmosphere. An extensive array of optical
equipment—a Fabry Perot interferometer, photo-
meters and imagers—is located at the radar facil-
ity. For upper atmospheric research, agencies may
conduct rocket launches into the polar cap from
Thule and Sondrestromfjord, Greenland, subject to
the approval of Danish authorities.

NOAA manages the Outer Continental Shelf
Environmental Assessment Program (OCSEAP) at
the Alaska Office, Ocean Assessments Division,
National Ocean Service. The office and warehouse
are located in Anchorage, Alaska. The OCSEAP
program involves research by NOAA, other Fed-
eral agencies and academia. The office maintains
an equipment pool of small boats, motors and a
small amount of scientific equipment, such as mi-
croscopes, CTDs and bottom samplers. A ware-
house with approximately 6000 square feet of
space is managed by the office. The Alaska Office
also operates facilities at Prudhoe Bay and Kasit-
sna Bay, and it has a 36-foot aluminum boat at
Prudhoe Bay. This office is an excellent source of
information about ongoing research efforts in the
Arctic, and it can provide considerable expertise
on Arctic logistic support.

The Alaska Science and Engineering Advisory
Commission has prepared a report and map of
Alaska research sites and support facilities. Nu-
merous state facilities are identified in the report.
It is available through the Office of the Governor
of Alaska. In addition to State and Federal land-
based capabilities in Alaska, the former Naval
Arctic Research Laboratory at Point Barrow is
now operated by the Ukpeagvik Inupiat Corpora-
tion.

Small seasonal camps are maintained in the
Alaskan Arctic by individual agencies or groups
of agencies (including NOAA, Department of
Energy, Fish and Wildlife Service, National Park
Service and NSF) to support field programs. Sev-
eral agencies operate or provide support on sea ice
camps.

U. S. investigators have access to land-based
facilities in Canada and Nordic countries on a co-
operative or reimbursable basis. Cooperative ar-
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rangements with the Polar Continental Shelf Pro-
ject Office in Canada provide for logistics support
in the Canadian High Arctic. Facilities in Svalbard
are available through the Norwegian Polar Insti-
tute, Norwegian universities and other national
programs (see Arctic Research of the United
States, vol. 2, Spring 1988, p. 42).

Engineering and Test Facilities

Several agencies maintain engineering and test
facilities to support and extend their capabilities in
Arctic logistics. These include the Army’s Cold
Regions Research and Engineering Laboratory
(CRREL) in Hanover, New Hampshire. CRREL
operates an Alaska field station for science and en-
gineering projects. It provides laboratory space,
scientific equipment, thermal sensors and testing
of solid waste, sewage and water. At Hanover,
CRREL maintains state-of-the-art laboratories,
cold room facilities, and test basins and flumes
with freeze—thaw capabilities.

The Naval Civil Engineering Laboratory at
Port Hueneme, California, has the capability of
maintaining snow runways, snow roads, ice
wharfs, vehicles and shelters. It has two cold
chambers and the facilities for developing new
equipment and techniques for construction and
salvage.

Other Navy laboratories have engineering re-
search and development programs. Among these
are the Naval Sea Systems Command (NAVSEA),
with a research and development program in
search, recovery and salvage in Arctic environ-
ments. NAVSEA coordinates the Arctic Cold
Weather Surface Ship Program with the Chief of

Naval Operations, Surface Ship Survivability
Program Office. The Naval Oceanography Com-
mand develops short-term, mobile aerial ports and
support camps on Arctic ice packs; it also devel-
ops buoys. The Naval Facilities Engineering Com-
mand supervises equipment and trains military
personnel to set up and operate small Arctic camps
and perform cold-weather diving operations. The
Air Force operates a large refrigerated hangar at
Eglin Air Force Base, Florida.

Operational Information

Several agencies have offices in Alaska or the
“lower 48” involved in various programs of in-
terest to Arctic researchers. While these otfices are
committed primarily to supporting parent agency
programs, they represent a significant source of
information and expertise on Arctic logistics and
field operations. The capabilities range from pro-
gram management for multiagency research ef-
forts to additional information on points of contact
and assistance in operations.

Publications
Readers may obtain further information on
logistics support from the following publications:

U. S. Arctic Research Plan, Biennial Revision for
1990-1991, Interagency Arctic Research Policy
Committee, 1989 (in press).

Logistics Support of Arctic Research, U. S. Arctic
Research Commission, July 1988.

Alaska Research Sites and Support Fucilities Inv-
entory, Alaska Science and Engineering Advis-
ory Commission, 1989 (in press).



Summary index of the Federal Arctic Research Logistics Directory (June 1989).

Support type

Aircraft

Aircraft Support
Aircraft Support
Ski-equipped C-130
Ski-equipped C-130
Research Aircraft
Research Aircraft
Charter Aircraft
Research Aircraft
Aircraft Support

Ships

Icebreakers

Ice-strengthened Rescarch Vessels
Research Vessel (36 ft)

Research Vessels

Research Vessels

Ship Support

Research Vessels (42 ft; 208 ft)
Research Vessel - Fisheries
Marine Support

Field Facilities

Field Camps - Parks

Field Camps - Public Lands
Field Camps - Fisheries

Field Sites and Laboratory - Forestry

Field Station (lab, equipment)
Laboratory/Office

Upper Atmosphere Radar Facility
Glaciology Support

Sounding Rockets

Acoustics/Ice Camps

Sea Ice Coring/Communications

Underwater Construction/Ice Camps/Diving

Support Camps/Buoys

Ice Camps/Diving Support
Ice Camp Support

Ice Camps/Diving Operations

Engineering and Test Facilities
Engineering Support/Camps
Surface Ships/Air Cushion Vehicles

Logistics Engineering and Development
Oceanography/Remote Sensing/Acoustics

Operational Information

Ice Reconnaissance/Analysis/Forecasting

Satellitc Remote Sensing Data
Search and Rescue
Icebreakers

International Clearances
General Logistics Support

__Operational area

Agency/Principal contact

Alaska

Alaska and offshore
Arctic; Greenland
Polar regions

Arctic

Arctic

Arctic

Alaska

Arctic

Arctic
Arctic
Prudhoe Bay, Alaska
Alaska
Alaska
Arctic
Alaska
Alaska
Alaska

Alaska

Alaska

Alaska

Alaska

Fairbanks, Alaska
Alaska
Sondrestrom, Greenland
Greenland; Arctic
Poker Flat, Alaska
Arctic

Arctic

Arctic

Arctic

Arctic

Arctic

Arctic

Arctic
Arctic
Arctic
Arctic

Global
Global
Global
Global
Global
Arctic

Interior/Office of Aircraft Services (OAS)
Interior/Minerals Management Service

Air Natiohal Guard/NYANGI109thTAG

U.S. Navy/VXE-6

NSF/National Center for Atmospheric Research
NOAA Corps Operations

Polar Science Center

USAF/Alaskan Air Command

NASA/Airborne Science Program Office

U.S. Coast Guard/Ice Operations
NOAA Corps Operations
NOAA/National Ocean Service
NSF/Marine Operations

NSF/UNOLS Fleet

Polar Science Center

Interior/U.S. Geological Survey
Interior/Fish and Wildlife Service
Interior/Minerals Management Service

Interior/National Park Service

Interior/Burcau of Land Management
Interior/Fish and Wildlife Service
Agriculture/Forest Service

U. S. Army/Cold Regions Res. and Eng. Lab.
NOAA/Ocean Assessment Division

NSF/SRI International

NSF/Polar Ice Coring Office

U. S. Air Force/Geophysics Laboralory

U. S. Navy/Navy Ocean R&D Activity

U. S. Navy/Navy Ocean R&D Activity

U. S. Navy/Naval Facilities Engrng Command
U. S. Navy/Oceanographic Office

University of Washington/Applied Physics Lab.
Polar Research Laboratory

Science Applications Intn'l Corp. (SAIC)

U. S. Army/Cold Regions Res. and Eng. Lab.
U. S. Navy/David Taylor Research Center

U. S. Navy/Naval Civil Engineering Laboratory
U. S. Navy/Naval Rescarch Laboratory

U. S. Navy/Polar Oceanography Center
NASA

U. S. Navy/Naval Sea Systems Command
U. S. Coast Guard

U. S. Department of State

NOAA Corps Operations

Telephone

907-243-3320
907-261-4620
518-381-7422
805-989-7588
303-497-1032
305-526-7100
206-543-1348
907-552-1110
202-453-1720

202-267-145?
301-443-8101
907-271-3033
907-224-5261
206-543-2203
206-543-1348
415-459-3184
907-235-6546
907-261-4620

907-257-2568
907-271-5076
907-456-0218
907-474-7443
603-646-4100
907-271-3033
415-859-3749
907-474-7314
617-377-4441
601-688-5227
603-646-4181
202-325-0505
601-688-5100
206-543-1354
805-684-0441
805-683-3881

603-646-4100
202-227-1849
805-982-4664
202-767-3489

202-763-5972
202-453-1725
202-697-7402
202-267-1450
202-647-4970

 301-443-7412
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News in Brief

Prepared by Andrea Sniith,
Polar Rescarch Bourd.,
National Research Council

Recent Reports of the Polar Research Board

Arctic Social Sciences:
An Agenda for Action

In February 1989 the Committee on Arctic So-
cial Sciences, Polar Research Board (PRB), Na-
tional Research Council, published Arctic Social
Science: An Agenda for Action. This report in the
PRB’s Strategy series presents a multidisciplinary
research plan for Arctic social science. “The time
has come for Arctic social science research to be
better integrated into the mainstream of the rele-
vant scientific disciplines,” the report states. It
identifies key research themes and infrastructure
changes needed to support the research agenda.
The committee is cochaired by Mim Dixon, Chief
of the Andrew Isaac Health Center, Fairbanks,
Alaska, and Oran Young, Institute of Arctic Stud-
ies, Dartmouth College. Funding for this project
was provided by the State of Alaska, the National
Science Foundation, the Bureau of Land Manage-
ment of the Department of Interior, and the Smith-
sonian Institution.

Charged with developing a strategy to meet the
national need for more and better social science
research on northern topics, the committee iden-
tified three priority themes for research: human/
environment relationships, community viability
and rapid social change. The committee chose
themes that are global or circumpolar in signifi-
cance, address urgent topics of human survival,
span the continuum between basic and applied
research, transcend individual agency concerns
and disciplinary boundaries, bridge the social,
biological and physical sciences, and offer oppor-
tunities for international collaboration.

Key research problems are identified for each
of the three main themes. Human/environment
relationships focuses on problems such as alloca-
tion methods for scarce natural resources, conflict
resolution in the use of natural resources, control
of human activities that threaten to disrupt natural
systems, human responses to habitat change, and
models of the impacts of global warming on hu-
mans. For community viability the committee
recommends that further research be conducted in
the areas of economic diversification of Arctic
communities, workforce motivation, obstacles to
community survival, and the relationship between
community survival and cultural survival. Rapid
social change includes studies of the relationships
between social change and physical and mental
health, as well as the cognitive and emotional lim-
its of people’s ability to cope with rapid change.

The committee also identified several deficien-
cies in the infrastructure supporting U.S. Arctic
social science research. The committee prepared
recommendations to strengthen this infrastructure,
the first of which states that the National Science
Foundation should accept responsibility as the
lead federal agency for Arctic social science re-
search and should take the steps necessary to build
and sustain an effective Arctic social science re-
search community. Other recommendations con-
cern interagency cooperation, education and train-
ing, involvement of Arctic residents, cooperative
studies units, research ethics, data ant informa-
tion, and international cooperation.

In the course of this study the committee held
two public sessions in Washington, D.C., involv-
ing 50 participants at each session. The committee
held a public workshop at the AAAS Arctic Sci-
ence Conference in Fairbanks, Alaska, in October
1988, to provide a forum for open discussion and a
review of the committee’s discussion paper. Ap-
proximately 80 individuals attended this work-
shop. Having developed an extensive network of
interested social scientists, the committee hopes to
encourage their participation in the further devel-
opment of Arctic social science research and
policy.

Priorities in Arctic Marine Science

The Polar Research Board’s Committee on
Arctic Marine Science recently completed its re-
port Priorities in Arctic Marine Science. This re-
port, also part of the Polar Research Board Strate-
ay series, identifies priority research needs in Arc-
tic marine science for the next decade and includes
a discussion of the logistics required to support the
recommended research agenda. The committee is
chaired by Vera Alexander, Institute for Marine
Studies, University of Alaska—Fairbanks.

Charged with reviewing long-term research di-
rections, identifying gaps in current efforts and de-
veloping a plan for addressing priorities, the com-
mittee identifies two research areas requiring fur-
ther emphasis: ecosystem dynamics of the Arctic
shelf and adjacent seas, and circulation of the Arc-
tic Ocean. The committee notes that both topics
are of intrinsic importance, have global implica-
tions, and have not been adequately addressed in
other documents. The committee provides a scien-
tific framework and recommends research areas
for each topic in its report.

Regarding ecosystem dynamics in Arctic shelf



seas, the committee notes that there is a need for
long-term basic research on marine ecology in the
Arctic. The Arctic shelves are highly productive,
factors affecting biological distribution and abun-
dance are inadequately understood, and the effects
of human activities on the ecosystem are increas-
ing and may be deleterious for some species. A
major priority identified for this topic is the estab-
lishment of long-term multidisciplinary ecological
studies for these regions. Recommended research
programs are also identified in the report.

Circulation of the Arctic Ocean merits priority
attention because this ocean contains a significant
thermohaline circulation with importance far be-
yond its borders, and knowledge of the circulation,
dynamics and chemistry of the Arctic Ocean is
rudimentary. Three areas identified by the com-
mittee for further study are the structure and main-
tenance of the interior Arctic Ocean, the interac-
tions of the interior with bordering shelf seas, and
the consequences of exchange with the seas to the
south. Research programs are recommended in the
report.

The committee also examined the logistics
needed to support the recommended research pro-
grams. Logistical support requirements identified
in the report include aircraft, ice stations, satellite
remote sensing, icebreakers and ice-capable sur-
face research vessels. The committee states, “Our
capacity to learn more about the Arctic regions is
severely limited by the lack of any research ships
sufficiently strengthened to operate in sea ice.”
The committee recommends that the United States
proceed with the procurement of an ice-capable
polar research vessel for supporting Arctic marine
research.

The committee’s report includes several appen-
dices, including a list of definitions of ships that
operate in ice, a historical background of Arctic
research vessel requirements, results of a survey of
the Arctic marine science community on research
vessel requirements, and a list of some current and
proposed research in ice-covered waters.

Data Coordination and Career
Stimulation in Polar Biomedical Research
The Polar Research Board’s Committee on
Polar Biomedical Research recently completed its

final report in a series on polar biomedical re-
search. As populations and activity in the polar
regions increase, so does the awareness of polar
biomedical problems and the need for polar bio-
medical research. The committee’s 1982 report
Polar Biomedical Research: An Assessment was
prepared to develop a strategy for research in this
area over the next decade in response to a request
from the Department of Defense. The committee

chairmanis Chester M. Pierce, Harvard University.

More specific guidance was requested on ways
to improve access to biomedical data and to facili-
tate its application, as well as to attract more peo-
ple to the field; the committee recently completed
the appendix Data Coordination and Career Stim-
ulation in Polar Biomedical Research to provide
this guidance. This report addresses lack of aware-
ness ot and access to polar biomedical research
data and the interrelated problem of career oppor-
tunities and satisfaction that this field can provide.

Problems with polar biomedical data coordina-
tion include the identification of what data have
been collected and where they are stored, a sys-
tematic notation of data limitations, and accessi-
bility. The committee also noted a lack of data-
processing capability and a need for greater
awareness of and access to international research.

To address these concerns, the committee rec-
ommends establishing an information and research
support facility. Such a center would not store
data, the committee states, but would act as a net-
work or switching station directing individuals to
each other. The center could provide advice on the
coordination and consolidation of research design,
sources and levels of support, data collection, stor-
age and analysis, and other kinds of data dissem-
ination. Other functions of such a center are iden-
tified in the committee’s report.

Regarding career stimulation, the committee
states that “greater effort is needed to bring to the
attention of students and science organizations the
potential and satisfaction of total or partial careers
in polar medicine.” Some methods of recruiting
medical students and other individuals into this
field are identified in the report.

The committee’s primary recommendation for
stimulating interest in polar biomedical careers is
to establish a circumpolar health center. This cen-
ter could be concemned with dissemination of
career information, curriculum development, vo-
cational counseling, and community development.
The report identifies additional functions of such a
center, including sponsorship of outreach pro-
grams, information dissemination and newsletter
publication, and guest lectureships and sabbati-
cals. The committee notes that Alaska would be a
natural site for such a center.

Satellite Remote Sensing of
Snow and Ice

The Polar Research Board’s ad hoc Panel on
Remote Sensing of Snow and Ice has recently
published its report Prospects and Concerns for
Satellite Remote Sensing of Snow and Ice. Chaired
by Jeffrey Dozier of the University of California,
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Santa Barbara, and the Jet Propulsion Laboratory,
California Institute of Technology, the panel was
charged with assessing the remote sensing needs
of the snow and ice community, identifying future
satellite systems that may meet these needs, and
examining data processing and storage issues.

The panel’s report outlined the role that satel-
lite remote sensing has played in expanding our
knowledge of global snow and ice. In the past the
collection of in situ measurements of snow and ice
phenomena has been hampered by difficult access,
polar night at high latitudes, inclement weather
and mountainous terrains. During the past two
decades, however, satellite remote sensing has
allowed the acquisition of snow and ice data for
most of the globe at regular intervals, regardless of
environmental conditions. By the 1990s, because
of the launch of several new satellites, much more
remote sensing data relevant to glaciology will be
available. The collection of these new data raise
major questions regarding their processing, archiv-
ing and distribution.

The panel noted important scientific questions
in the study of several snow and ice features—sea
ice, snow, ice sheets and glaciers—and outlined
for each feature what data are now provided by
satellites and which types of remote sensing sys-
tems may provide additional data in the near fu-
ture. Detailed characteristics of current and
planned satellite systems are outlined in a table.

The panel concluded that it is optimistic about

the future prospects for remote sensing of snow
and ice but also that the glaciological community
should continue to be involved with the construc-
tion and launch of new instruments and the speci-
fication of future sensor designs.

To achieve the potential benefits of the increas-
ingly available snow and ice remote sensing data,
the panel recommended a greater focus on training
students in remote sensing techniques. In addition,
the panel stated that the snow and ice community
should agree on the definition and distribution of
data products and that Federal agencies involved
with remote sensing should strive to develop uni-
form archival standards. To this end the panel rec-
ommended that working groups be established as
needed for each of the subsets of the snow and ice
community to identify scientific issues, assess
capabilities and make recommendations for estab-
lishing facilities for data acquisition, processing,
archiving and analysis.

Additional recommendations were presented
on the need for continued availability of data, the
need for future sensors, the development of geo-
physical products from raw remote sensing data,
and data distribution.

Publications Source

For copies of any of these reports, write to the
Polar Research Board, National Research Council,
2101 Constitution Ave. NW, Washington, D.C.
20418.

Arctic Research Consortium of the United States

The Arctic Research Consortium of the United
States (ARCUS), an association of institutions
with strong interests in Arctic studies, was formed
to strengthen and advance Arctic research to meet
national needs. ARCUS consists of colleges and
universities, as well as nonprofit institutions or-
ganized and operated for educational, professional
or scientific purposes.

The consortium has been established in re-
sponse to the growing and changing demands
placed on organizations and individuals responsi-
ble for planning, organizing and implementing re-
search activities in the Arctic. Its functions include

« Promoting public awareness about the Arctic;

+ Improving science and education;

 Improving communication; and

* Coordinating Arctic logistics.

The consortium serves in part as an academic
contributor, discussant and advocate in balance
with the more policy- and agency-oriented advis-
ory groups. Seventeen institutions have joined
ARCUS as voting members since the consortium
was inaugurated on October 9, 1988.

Ad hoc working groups are used to identify
new initiatives and critical tasks and to assist in
developing proposals on behalf of the consortium.
For example, an ad hoc committee was founded in
February to prepare a proposal to develop a plan
for implementing the recommendations of the
Arctic interactions report (see Arctic Research of
the United States, Spring 1988, p. 59). The plan
will provide Federal agencies engaged in sup-
porting Arctic research with a framework for im-
plementing the results of the Arctic interactions
workshop.

In March, ARCUS hosted a meeting in Wash-
ington, D.C., of chairpersons of several Arctic ad-
visory groups and other bodies concerned with
Arctic research planning. The meeting, attended
by representatives from eight groups, focused on
the development of a national agenda for Arctic
research and the opportunities that exist for ini-
tiating a synergistic plan to achieve this goal. Fur-
ther discussions on these topics are planned.

In the future, ARCUS, in conjunction with the
IARPC Working Group on Logistics, is organiz-
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ing a special session on Arctic Operations, Com-
munications, Technology and Research Support to
be held at the AAAS meeting on September 16,
1989, in Fairbanks, Alaska. In addition, ARCUS is
serving as a national sponsor and organizer for the
International Conference on the Role of the Polar
Regions in Global Change to be held on June 11—
15, 1990, in Fairbanks, Alaska.

A two-year program operating plan for ARCUS
has been prepared that identifies the goals for
1989-90 and the specific activities that will be
followed for achieving these two-year goals.
Copies of the plan can be obtained by writing to
Chris Shepherd, Executive Director, ARCUS, c¢/o
INSTAAR, University of Colorado, Boulder,
Colorado 80309-0450.

Alaska Science and Technology Foundation

The Alaska Science and Technology Founda-
tion (ASTF) has been in existence since the organ-
izational meeting held on October 11, 1988, in
Anchorage. (See Arctic Research of the United
States, Spring 1988, page 3, and Fall 1988, page
92, for background on the ASTF.) The Board of
Directors has held five working meetings and will
hold an additional two meetings during the re-
mainder of the first year of activity. Key accom-
plishments during this period have been the prepa-
ration of a document entitled General Solicitation,
a second document entitled Research and Devel-
opment Grants Projects—General Instructions for
Application, and a third document entitled First
Request for Proposals.

The foundation’s General Solicitation outlines
the two “windows” available to proposers for
competitive funding of projects. The Alaska Re-
search Projects window seeks to encourage pre-
commercial projects that can reasonably be ex-
pected to result in a product, process or service
that directly relates to the employment or health
of Alaska residents in the development of Alaska
resources. The Alaska Development Projects win-
dow is designed to encourage projects that result
in new products, processes or services, employ-
ment of Alaska residents, and development of
Alaska resources.

The forms distributed with the Research and
Development Grants Projects document includes
application forms for both preproposals and pro-
posals. The foundation requires proposers to sub-
mit a preproposal application for each project.
This is intended to assist the foundation in review-
ing the project’s program eligibility, as well as
providing help while completing the longer, more-
detailed proposal application forms, and in main-

taining an accurate record of potential projects. To
date, approximately 340 preproposals and 100
formal proposals have been submitted to the foun-
dation. The selection of the first proposals for
funding is expected to take place during the meet-
ing of the foundation to be held July 16-18, 1989.

As reported earlier the foundation began its
activities with the funding of a $6 million capital
appropriation from the Alaska State Legislature.
More recently, on June 2, $34 million of the $100
million authorized for deposit over the next three
years was deposited in the endowment to be man-
aged by the Alaska Permanent Fund Corporation.

The Search Commiittee for an Executive Direc-
tor of the foundation completed its work in April,
resulting in the selection of Dr. John Sibert, who
began his duties on June 1, 1989. Dr. Sibert was
previously employed as the Division Administra-
tor, Division of Chemistry and Chemical Engi-
neering, California Institute of Technology. His
background includes positions as Manager of Pro-
gram Research and Manager of Exploratory Re-
search, both for the Atlantic Richfield Company,
and service as an Assistant Professor of Chemistry
at Yale University. He received his Ph.D. in inor-
ganic chemistry at the University of California,
San Diego, in January 1970.

Dr. Sibert has begun the process of recruiting
persons for the remaining three positions approved
for the foundation: Deputy Executive Director,
Grants Administrator and Executive Secretary.
These employees and the headquarters of the
foundation will remain in Anchorage, Alaska. For
more information on the foundation and its activ-
ities, contact Dr. John Sibert, Executive Director,
Alaska Science and Technology Foundation, P.O.
Box 230507, Anchorage, Alaska 99523.

Arctic Science Conference

Each year the Arctic Division of the American
Association for the Advancement of Science spon-
sors a science conference. This conference brings
together scientists from Canada and its Yukon and
Northwest Territories and the United States. The

1988 conference was held in Fairbanks, Alaska,
on October 7-10. Since the theme of this confer-
ence was science education, it provided a unique
opportunity for science teachers to interact with a
diverse group of scientists who study scientific
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phenomena associated with the Arctic and north-
ern latitudes.

Early in the planning stages for the conference,
a staff development day for the Fairbanks North
Star Borough School District was coordinated
with the conference. This day (October 10) was
designed so that the approximately 500 district
teachers who teach science could attend the con-
ference. The day was designated as Educator Day,
and the program was designed to include a com-
bination of science topics that would be of interest
to teachers at all levels. In addition to special tech-
nical sessions designed for teachers, a group of
nationally known science educators was invited to
present keynote addresses.

The special technical sessions included two
special symposia and several technical talks de-
signed for the non-expert. The first symposium,
titled “Science education for the public”, included
such talks as “Teaching about geese in the cur-
riculum,” “Environmental education and the pub-
lic agencies,” “The LeConte glacier study” and
“Acid rain/acid snow studies.”

A second symposium, titled “Programs and
perspectives in Alaska Native science and educa-
tion,” included talks on “Intervention as a means
to improve college readiness of rural Alaska Na-
tive high school students,” “Observations on math
readiness of rural students and attempts at improv-
ing their rate of success at UAF” and “Engineering
specialty instruction as part of the rural Alaska
Honors Institute.” Other presentations included
“Radon in Alaskan homes,” “Roads and airfields
on permafrost,” “Advising high school students on
engineering curriculum,” a demonstration on com-
puter-aided design, and a workshop entitled “Crea-
tive problem solving and toys in space,” presented
by Peggy Lathlean, a finalist in the Teacher in
Space Program.

The keynote addresses for the conference were
presented by three experts in science education.
Dr. Verne Rockcastle, Professor of Education,
Emeritus, Cornell University; Dr. Arnold Arons,
Professor of Physics, Emeritus, University of
Washington; and Dr. Robert Yager, Professor of
Science Education, University of Towa, discussed
their perspectives on science education. In addi-
tion, each presented a workshop or short course.
They were all involved in several lively and in-
formal discussions with teachers during the con-
ference. The Fairbanks teachers were also invited
to present papers discussing their contributions to
effective science teaching. Enough papers were

submitted to run several concurrent sessions.

Other events available to teachers during the
conference were tours of the Poker Flat Rocket
Range, the Permafrost Tunnel, the research facili-
ties of the Geophysical Institute, the University
Musk Ox Farm and the UAF Museum, and teach-
ers had an opportunity to attend a meeting of the
Association for Women in Science. In addition to
the other short courses, a conference short course
was offered to those who attended the entire four-
day conference. Forty-cight teachers successfully
completed this course, which required attendance
at the entire conference and the submission of a
paper on some topic presented at the conference.

The importance and uniqueness of bringing to-
gether scientists and teachers for such a confer-
ence became obvious early in the planning stage.
As registrations began to fill, it became evident
that some way should be found to involve teachers
from outside the Fairbanks area. As a result, a pro-
posal was funded by the National Science Foun-
dation to provide travel stipends for Alaskan
teachers in outlying areas. Each teacher wishing to
attend the conference was asked to present a post-
er session, a short talk or a demonstration of how
they would teach a particular scientific concept in
their classroom. A special session was held on
October 8 for the presentation of papers by this
group of teachers. (This time was selected so that
there would be no conflict with the myriad of ac-
tivities planned for the staff development day.)

Twenty-five teachers received travel funds to
attend the conference. The grant enabled teachers
from such remote villages as Barrow, Adak, Point
Lay, Thorne Bay, Metlakatla, Yakutat, Petersburg,
Shungnak and Sand Point to attend the entire con-
ference. To ensure an even wider dissemination of
conference information, these participants were
asked to submit a plan for sharing information
they received during the conference with others in
their school district. It is hoped that the conference
was educationally broadening for these partici-
pants. For many it was their only opportunity to
interact with teachers who were not from their
school and a once-in-a-lifetime opportunity to
attend a scientific conference.

The full importance of this conference to those
attending is only now becoming evident. The ef-
fects of the many contacts and friendships that
were made, the ideas for classroom science activ-
ities, and the new and interesting things that were
learned about Arctic science are now beginning to
find their way into the classrooms.
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Update on the Arctic Environmental Data Directory

Working Group

As described in the Fall 1988 issue of Arctic
Research of the United States (p. 93), the Arctic
Environmental Data Directory Working Group
(AEDDWG) was formed as a result of an Arctic
Environmental Data Workshop convened in Boul-
der, Colorado, in March 1988. The Working
Group agreed to do the following by March 1989:

* Establish an Arctic Environmental Data
Directory (AEDD);

» Populate that directory with references to at
least 12 Arctic data sets from each of the eight
organizations represented in the Working
Group; and

* Identify other institutions that hold Arctic
data.

The original workshop determined that its activi-
ties should be coordinated with the Interagency
Working Group on Data Management for Global
Change (IWGDMGC), which considers the AEDD
and related activities as a pilot for global change
activities. The Working Group also agreed to
coordinate with any similar bodies that might be
created in Canada. Finally, the AEDDWG deter-
mined that a small group should be established to
address technical issues such as data standards.
Douglas Posson, Deputy Assistant Director for
Information Systems of the U.S. Geological Sur-
vey (USGS), was selected chairman of the
AEDDWG.

As reported at the March 1989 meeting of the
Interagency Arctic Research Policy Committee
(IARPC), the AEDDWG has met its goals. Its ac-
complishments include forming the AEDDWG
with participation by eight organizations, reporting
on the Arctic Environmental Data System and the
AEDDWG in the Spring and Fall issues of Arctic
Research of the United States, and conducting two
workshops in Anchorage, Alaska, in October 1988
and March 1989. The goal of including 96 refer-
nces to Arctic data in the AEDD had been exceed-
ed; 208 Arctic data references were entered into
the AEDD by March 1989. (At the time this report
was written, the AEDD contained about 250 refer-
ences.) The Earth Science Data Directory, operat-
ed by the USGS, is the vehicle for the AEDD and
provides the gateway to the interagency global-
change master data directory. The AEDDWG iden-
tified 46 additional organizations that manage
Arctic data.

The TARPC approved the following action plan
for the AEDDWG for the coming year:

» A workshop will be held at the National Snow
and Ice Data Center in Boulder, Colorado, on
June 13-14, 1989. The AEDDWG expects to
establish Standards Working Group(s). Mem-
bers of the Northern Libraries Colloquy have
been invited to ensure coordination between
the two groups. The second day of the work-
shop will focus on how to develop a useful
Compact Disk Read-Only Memory (CD ROM)
product. The key design feature of the CD
ROM digital data journal will be to ensure that
CD ROMs produced by the AEDDWG will
actually be useful to Arctic and global change
scientists.

The AEDDWG will add at least 100 data ref-
erences to the AEDD, resulting from contacts
by AEDDWG members with the 46 potential
contributing organizations and other organiza-
tions that can be identified.

The AEDDWG will continue to coordinate
closely with the Northern Libraries to develop
complementary data and information dis-
semination mechanisms.

AEDDWGwill be developed as a prototype
digital data journal for the Arctic to distribute
the AEDD, initial bibliographic information
and selected Arctic data sets to Arctic scien-
tists for use on desktop computers.

The AEDDWG will strengthen the Arctic data
outreach program by holding additional work-
shops, increasing publication of related activi-
ties, and seeking greater participation by the
State of Alaska and Canadian Arctic data or-
ganizations. The IARPC asked that the Work-
ing Group report back next year on its pro-
gress. It urged a broad interpretation of the
term “environmental” when applied to Arctic
data to include references to data sets describ-
ing human interaction with the environment
and recommended that the AEDDWG establish
contacts and share its progress with similar
data groups in other countries involved in
Arctic research.

To contribute to the AEDD or become an on-
line user, write to C.R. Baskin, U.S. Geological
Survey, 801 National Center, Reston, Virginia
22092, or call 703-648-7112 or FTS 959-7112.

41



Prepared by Philip Johnson,
Arctic Research Commis-
sion, and Andrea Smith,
Polar Research Board,

National Research Council

Officials presiding over the
final plenary session of the
Arctic science conference in
Leningrad.

42

Conference of Arctic and Nordic Countries on
Coordination of Research in the Arctic

This scientific conference, perhaps the largest
international gathering of Arctic scientists ever,
was hosted by the U.S.S.R. in Leningrad from
December 12 to 15, 1988, and was attended by
approximately 500 participants from 15 countries.
Sixty percent of the participants were from the
Soviet Union, 24% were from Europe, and 11%
(or 52 attendees) were from the U.S. The confer-
ence consisted of a one-day plenary session fol-
lowed by two days of presentations and discus-
sions in six disciplinary areas:

+ Upper atmosphere and near-earth space;

 Arctic ecosystems;

» Air/sea heat exchange and climate;

« Pollution and environmental conservation;

« Geology, geocryology and glaciology; and

» Social sciences and polar medicine.

On the fourth day, participants in each session
prepared summary recommendations. These rec-
ommendations were presented during the plenary
session on the fifth day of the conference.

To learn more of the perceptions of U.S. con-
ference participants at this event and to help com-
municate conference results to scientists and
others unable to participate in the conference, the
Polar Research Board, National Academy of Sci-
ences, prepared and distributed a questionnaire to
the U.S. participants. A report summarizing ques-
tionnaire responses was subsequently prepared.

Based on 38 responses (or 73%), the confer-
ence was judged useful and worth repeating, and
various suggestions were offered to improve plan-
ning, organization, language translations and
audio-visual support. Informal contacts were
thought to be the most valuable outcome to the
U.S. scientific research participants. Several par-
ticipants noted the value of meeting scientists
from outside their immediate disciplines, and

others were struck by a new openness from the
Soviet participants. Various follow-up research
activities among individuals were initiated in hall-
way discussions and are listed in the PRB confer-
ence summary. The report also includes confer-
ence participant lists, tallies and lists of institu-
tions visited and Soviet contacts made by the U.S.
participants. The report is available from the Polar
Research Board, National Research Council, 2101
Constitution Avenue NW, Washington, D.C.,
20418.

The conference was an important step in im-
proving cooperation and strengthening communi-
cations among scientists and specialists of differ-
ent countries. The following list summarizes areas
recommended for possible international coopera-
tion in Arctic research. It is drawn from the Gener-
al Summary issued in January 1989 by V. Kotlya-
kov, Secretary of the Organizing Committee.
These fields of international cooperation in the
Arctic were presented in more detail in recom-
mendations worked out by the conference sec-
tions.

Upper Atmosphere and Near Space

» The influence of changes in solar activity on
terrestrial processes and improving methods
for forecasting these changes by means of
further observations within the framework of
coordinated programs;

« Methods for diagnosing space perturbations in
the areas of the cusp, the auroral oval and the
polar cap with the use of rocket, airborne and
land observations coordinated with satellite
missions; and

» Definition of the physical and chemical re-
gime of the ionosphere and the middle atmos-
phere and the changes in the content of the
ozone and minor constituents during the ex-
pected intense solar maximum in the early
1990s.

Arctic Ecosystems

« Adaptations of organisms to the conditions of
high latitudes, as well as the structure, func-
tioning, natural dynamics and anthropogenic
transformation of terrestrial and marine eco-
systems;

« The evolution of biocenoses and paleoecology
and the biogeographical regionalization of the
Arctic;

» Biological diversity on the population, species
and ecosystem levels, the creation of cadas-



ters and of the “Red Book™ of plants, animals
and ecosystems of the Arctic;

* Regularities in population dynamics, changes
of numbers and migrations of marine and ter-
restrial mammals and birds, of biological pro-
cesses on the shelves of seas, and of possibili-
ties for creating mariculture; and

» Recommendations on the rational use, renew-
al and protection of biological resources, as
well as approaches towards optimizing the
network of protected areas and principles of
ecological monitoring.

Interaction Between Ocean and
Atmosphere; Arctic Climate Change

* Energy and mass exchanges between the
ocean and the atmosphere and their role in
forming the global climate;

» Mathematical models of air—sea—ice interac-
tion;

* The physics of climate-forming processes, ap-
plied aspects of climate, thermodynamic pro-
cesses, circulation of atmosphere, ice and
polar waters, water and ice exchange of the
Polar Ocean with the adjacent oceans; and

* A system of monitoring of the polar atmos-
phere, ocean and sea ice, including observa-
tions from satellites, drifting stations, auto-
matic drifting buoys and other platforms.

Geology, Geocryology and Glaciology

* A geodynamic scheme of the Arctic that ac-
counts for the drift of lithospheric plates and
the stratigraphy of the sedimentation mantle;

* The deep structure of the Earth’s crust under
the Polar Ocean;

* A model of the oceanic lithosphere’s evo-
lution;

* Natural hydrocarbon gases;

* The existence, temperature regime and
fluctuations of permafrost in the Arctic;

* A reconstruction of the glacial and climatic
history of the Arctic for the last glacial-inter-
glacial cycle, including deep drilling through
the inland ice sheets; and

* Coordinated observations of the mass balance
and fluctuation of existing glaciers.

Environmental Conservation
» The pollution of air, water and land in the
Arctic, the processes of pollutants transfer and
transformation, and the creation of corre-
sponding models;

» The ecological consequences of toxic sub-
stances and oil spills in the ocean and an es-
timation of the assimilation capacity of Arctic
ecosystems;

» The exchange of hydrochemical elements and
pollutants between the Polar Ocean and the
adjacent oceans;

» Joint programs of monitoring and simulation
for studying the distribution of Arctic ozone,
Arctic haze, chlorinated hydrocarbons and
other trace components; and

* Recommendations on minimizing anthro-
pogenic impacts when developing natural
resources and rehabilitating disturbed eco-
systems of the Arctic.

Socioeconomic, Educational and Cultural
Problems of the Indigenous Peoples of the
North; The Problems of Polar Medicine

» The cultures of northern peoples, their history
and development, especially under the present
conditions of the growing interregional and
international economic, educational and cul-
tural interaction;

» Medical-demographic and genetic aspects of
the health of both indigenous and nonindigen-
ous population of the North;

» A rational combination of modern and tradi-
tional sectors of the economy;

* Socio-economic problems of nonindigenous
populations of the North;

« Better methods for designing and constructing
residential and industrial buildings in the
North;

* The creation and introduction of machinery,
materials and technologies adapted to north-
ern conditions; and

* Long-term development of the North in an
increasingly complex economic and ecologi-
cal situation.

Exchanging ideas about the role of Arctic re-
search in different global programs (the Interna-
tional Geosphere~Biosphere Program, UNESCO’s
Man and the Biosphere Program, the World Cli-
mate Program, the Solar Terrestrial Energy Pro-
gram, etc.) helped reveal general approaches and
create prerequisites for further joint action in dif-
ferent fields of international cooperation in the
Arctic. The conference participants supported the
idea of creating an International Arctic Science
Committee, which would be active in coordinating
Arctic research, organizing joint work and ex-
changing the results of research.
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Arctic Ocean Sciences Board

The eighth meeting of the Arctic Ocean
Sciences Board (AOSB), chaired by Gotthilf
Hempel, took place February 1-3, 1989, in
Washington, D.C. Representatives of Canada,
Denmark, West Germany, Iceland, Norway,
Sweden, the U.K. and the U.S. participated.

The two-day business meeting included a
review of the Greenland Sea Project and planning
for the International Arctic Polynya Project
(IAPP). The Board approved the IAPP as a pro-
gram for the early 1990s and established a science
coordinating group and three planning groups to
ensure comparability among the three proposed
sites: St. Lawrence Island (Bering), Northeast
Water (Greenland) and Northwater (Baffin Bay).

International Arctic Science Committee

A March 1988 meeting of Arctic scientists and
science admnistrators, hosted by the Royal Swed-
ish Academy of Sciences (see Arctic Research of
the United States, Volume 2, Spring 1988, page
46), agreed that an International Arctic Science
Committee (IASC) be established to promote in-
ternational cooperation and coordination of scien-
tific research in the Arctic. A drafting group was
organized to prepare the founding articles for the
IASC, which then met in Moscow in July 1988
and again in Stockholm in October 1988. This was
followed by a full meeting of representatives of

The Board also discussed the status of the Nansen
Commemoration and Arctic Ocean drilling plans.
Other items included operations of research ves-
sels in the Arctic, reports of national programs, the
relation of AOSB to global programs, and a re-
view of international Arctic activities (the recent
Leningrad Conference and the status of the Inter-
national Arctic Science Committee).

The third day was devoted to a visit to NASA’s
Goddard Space Flight Center for briefings and
demonstrations on remote sensing and its applica-
tions to Arctic Ocean research.

Future meetings were proposed for January or
February 1990 for the IAPP Science Coordinating
Group in Denmark and for the AOSB,in the U.K.

eight Arctic nations in Leningrad in December
1988. Discussions focused on the participation of
non-Arctic countries and the structure of the
IASC. Proposals were made for working groups
and a periodic Arctic science conference to iden-
tify key scientific problems. A meeting was held
in Helsinki in May 1989 to review the status of the
founding articles of the IASC. The current version
of the founding articles is being circulated in the
founding countries for review. It is hoped that a
concensus regarding formation of IASC will be
achieved by the fall of 1989.

Working Group on Arctic International Relations

The Working Group on Arctic International
Relations held sessions in Hveragerdi, Iceland,
during July 1988 and in Ilulissat and Nuuk, Green-
land, during April 1989,

The Working Group was created in response to
a growing realization that rapid changes are occur-
ring in the Arctic, which, taken together, are ush-
ering in a new era in Arctic international relations.
Though many observers of Arctic affairs are
aware of this development, few have been able to
examine its broader implications, asking what
these changes mean for the Arctic as an interna-
tional region as well as for the links between the
Arctic and the surrounding international system.
The Working Group on Arctic International Rela-
tions takes these concerns as its principal agenda.
Thus, the Working Group will meet at regular in-

tervals over a period of years to explore the nature
of rapid changes in the Arctic and the consequenc-
es of these changes for international relations.
Through informal discussion the Working Group
endeavors to generate intellectual capital that will
prove useful in handling a range of emerging Arc-
tic issues, thereby broadening the alternatives con-
sidered in dealing with the Arctic. More generally
the Working Group seeks to develop a clear per-
spective of the Arctic in world affairs and, in the
process, to improve the prospects for international
cooperation regarding Arctic matters.

The Working Group on Arctic International Re-
lations, supported in large part by a grant from the
John D. and Catherine T. MacArthur Foundation,
is a freestanding entity. Individuals participate in
their private capacities. The Working Group does
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not take public positions on specific Arctic issues.
Individual members are free to make unattributed
use of information and insights gained from parti-
cipation in the discussions. With the aim of facili-
tating international cooperation in the Arctic, the
Working Group engages in activities ranging from
disseminating advance warning of emerging Arc-
tic issues through inventing policy alternatives to
providing informal channels for communication
among the Arctic states. The affairs of the Work-
ing Group are entrusted to the co-chairs, Franklyn
Griffiths of the University of Toronto and Oran R.
Young of Dartmouth College, on the understand-
ing that they will consult extensively with other
members on all aspects of the Working Group’s
activities.

The Iceland session was devoted to efforts to
take stock of the situation in the circumpolar
North, to set an agenda for subsequent work, and
to get to know one another. In addition to the co-
chairs, participants in the Iceland session included
Melvin Conant of Conant and Associates Ltd.,
Pavel Dzubenko of the Soviet Foreign Ministry,
Gunnar Gunarsson of the University of Iceland,
Lennart Linner of the Swedish Foreign Ministry,
Finn Lynge of the Danish Foreign Ministry, Kari
Mottola of the Finnish Institute of International
Affairs, Oyvind Nordsletten of the Norwegian
Foreign Ministry, Jakov Ostrovsky of the Soviet
Foreign Ministry, Fred Roots of Environment
Canada, Olav Schramm Stokke of the Fridtjof
Nansen Institute and Jorgen Taagholt of the Dan-
ish Commission for Scientific Research in Green-
land. Marcia Levenson of the University of Cali-

fornia at Berkeley served as rapporteur.

The second session of the Working Group took
place in Ilulissat/Jakobshavn and Nuuk, Green-
land, during April 1989. The theme of this session
was sustainable development in the Arctic. The
discussion began with the World Commission on
Environment and Development’s definition of sus-
tainable development as “...development that
meets the needs of the present without compro-
mising the ability of future generations to meet
their own needs” and proceeded to a discussion of
effective strategies for promoting sustainable de-
velopment under the conditions in the Arctic to-
day. In addition to the co-chairs, participants in the
Greenland session included Alexander Arikaynen
of the Soviet Academy of Sciences, Vernita Cas-
sidy of RurAL CAP, Pavel Dzubenko, Thrainn
Eggertsson of the University of Iceland, Marie
Jacobsson of the Swedish Foreign Ministry, Finn
Lynge, Kari Mottola, Oyvind Nordsletten, Willy
Ostreng of the Fridtjof Nansen Institute, Jakov
Ostrovsky, Fred Roots and Jorgen Taagholt.

A report on the Iceland session of the Working
Group is available; a similar report on the Green-
land session is in preparation. These reports, as
well as other information about the activities of
the Working Group, can be obtained by writing to
the Group’s Secretariat located at Dartmouth Col-
lege. The address is Working Group on Arctic In-
ternational Relations, c/o Institute of Arctic Stud-
ies, Nathan Smith Building, Dartmouth College,
Hanover, New Hampshire 03755, U.S.A., Tele-
phone: (603) 646-1277, Telefax: (603) 646-1279,
Telex: 650-360-6870MCI UW.

The Norse of the North Atlantic

Between April 17 and 21, 1988, The Peary—
MacMillan Arctic Museum and Arctic Studies
Center of Bowdoin College, in cooperation with
the Center for Northern Studies, hosted an interna-
tional gathering of 26 scholars who are investigat-
ing the medieval Scandinavian settlements of the
North Atlantic. The Viking colonization of the far
northern Atlantic islands probably began about
800 AD. By 1000 AD the seaborne migration had
spread from the eastern islands of Orkney, Shet-
land and Faeroe into the subarctic regions of Ice-
land, West Greenland and (briefly) Newfound-
land.

The rapid expansion of European people,
culture and subsistence economy was followed by
a period of stabilization and regional differentia-
tion, as Norse settlers adapted to the varied island

ecosystems and local resources. The later Middle
Ages saw the political integration of the Norse
North Atlantic settlements into the Norwegian
kingdom, their cultural integration into medieval
Chrristendom, and their increasing participation in
international trade. By the sixteenth century, major
demographic changes occurred as Iceland’s popu-
lation plummeted and the Greenland colony died
out. The medieval European colonization of the
high-latitude North Atlantic islands thus ended in
extinction and marginalization. The processes and
causes of the Norse expansion and contraction are
not well understood, but they are now emerging as
a focus of interdisciplinary northern research. The
Norse colonists were among the very few socially
complex agriculturalists to enter the circumpolar
zone in premodern times, and their reaction to cli-
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matic fluctuation, their contact with hunter—gath-
erers, and their changing relations with larger tem-
perate-zone societies have significant parallels in
the modern north.

While traditional emphases on literary analyses
and investigations of local architecture and arti-
facts remain important areas of scholarship in the
region, several recent multidisciplinary research
projects have centered on questions of human
adaptation, land use and climate influence. The
results of these projects are requiring considerable
modification of traditional models in many areas.
The Norse of the North Atlantic Conference was
designed to be a forum for discussions of these
new approaches and results. Participants were en-
couraged to present regional syntheses, theoretical
models or methodological case studies. The topics
included the full span of maritime settlement his-
tory to allow discussion of long-term adaptations
and different cultural trajectories.

The conference sought to bring together re-
searchers from several disciplines (archaeology,
paleoecology, history, climatology, biological
anthropology and ethnography) normally divided
by professional and national boundaries. Generous
support from the Wenner—Gren Foundation for
Anthropological Research, the National Geo-
graphic Society, the American—Scandinavian
Foundation, the Maine Humanities Council, the
Center for Northern Studies, and The Peary—
MacMillan Arctic Museum and Arctic Studies
Center made such diversity possible by supporting
travel and housing costs. The meeting included 27
invited paper presentations, as well as workshops,
informal discussion sessions and public outreach
lectures in the evenings.

The sessions started with the presentation of
biological anthropological investigations by G. R.
Scott, who reported on dental structure patterning
in Inuit and Norse North Atlantic Scandinavian
populations. Next, J. P. Hart—-Hansen provided a
detailed paleopathological discussion of the pre-
served Greenlandic mummies of Qilagitsog. As-
trid Ogilvie reported on recent investigations of
North Atlantic climate and critiqued overly sim-
plistic models of climatic determinism by refer-
encing Icelandic data. Kim Bartolotta described
the SUNY Buffalo Archacometry Research
Group’s work with metallurgical analyses of slag
and smelting debris to investigate iron-working
methods. The topical papers concluded with a
presentation by Paul Buckland of his team’s multi-
faceted paleoccological investigations, which
combine subfossil insect investigation with paly-
nology, sedimentology and tephra analysis in Ice-
land and Greenland. A series of regional settle-

ment studies followed, moving from Arctic Nor-
way to Orkney and Caithness, Shetland, the Faer-
oes, Iceland, Greenland and Vinland/Newfound-
land.

Discussion sessions sparked lively but good-
natured debate over apparent discrepancies be-
tween radiocarbon and artifactual dating on one
hand, and tephrochronology on the other, in dating
Icelandic settlements. The structure of society
(isolated archaic chiefdoms vs peripheralized pea-
santry) in late Norse Greenland was another lead-
ing topic of debate. Other new points to emerge
from the conference discussion include the appar-
ent failure of the Norse Greenlanders to participate
in later medieval fisheries, the differences between
Inuit and Scandinavian sea mammal exploitation,
common traits in high-altitude shielings in the pas-
toral economies of the Faeroes, Iceland and South
Greenland, and the interplay of nutritional require-
ments and taxation in comestibles in shaping tra-
ditional economies in the eastern islands. On the
technical side the conference inspired the produc-
tion of a North Atlantic fish bone identification
manual, discussion and revision of zooarchaeolog-
ical and site mapping software packages, and the
dissemination of a taphonomic study of fishbone
attrition in canid, suid and human digestion.

The public lectures were well attended, and
brochures were distributed to the audiences to
broaden their understanding of the lecture topics.
Scholarly and popular books on the subjects cov-
ered were also displayed and were available for
purchase. In the first presentation, Thomas H.
McGovern outlined the life and death of the
Greenland Norse colony and discussed the influ-
ence of local ecology, climate change and ideol-
ogy in molding the Norse economy. In the second
lecture the distinguished Welsh historian and
translator Gwyn Jones gave a tremendously mov-
ing and impressive overview of Viking history. In
the final presentation Birgitta Wallace discussed
new findings from ongoing studies of the Norse
site at L’ Anse aux Meadows, Newfoundland,
which indicate the site may have served as a tem-
porary “gateway” settlement to the Gulf of St.
Lawrence region.

Plans were made for further regional and top-
ical meetings to continue contacts made at Bow-
doin. The conference also allowed several partici-
pants to plan cooperative fieldwork, and the sum-
mer of 1988 saw extensive collaborative work in
Iceland and Norway. A collection of papers based
on the conference proceedings, now being pre-
pared for publication in British Archaeological
Reports, International Series, Oxford, should be
available by early 1990.
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The American Quaternary Association

In 1968-69 a group of North American scien-
tists with research or other interests in Quaternary
subjects, and representing both academic and ap-
plied orientations, formed the American Quatern-
ary Association (AMQUA). Scientists concerned
with the Quaternary normally function within the
formal structure of many diverse disciplines
(archeology, limnology, zoology, etc.) and until
that time, they had no regular means of coordinat-
ing their mutual interests and providing adequate
communication,

By January 1969 some 450 scientists had ap-
plied for membership. Regional organizers were
appointed, and 20 regional councilors were elect-
ed. This council elected an executive committee
and wrote a constitution and by-laws for the asso-
ciation in 1970.

AMQUA is devoted to promoting the study of
the Quaternary in North America; facilitating
communication between workers in different
fields; encouraging participation in the worldwide
effort of the International Union for Quaternary
Research (INQUA); and making knowledge of the
Quaternary available for purposes of management,
wise use and conservation of the natural environ-
ment.

Communications are facilitated by sponsoring
biennial scientific meetings modeled on the ob-
jectives of INQUA and by encouraging the pub-
lication of the results of research of all aspects of
the Quaternary.

Each AMQUA biennial meeting is built
around a symposium on a topic of interest to as
many of the constituent groups within AMQUA as
possible. It therefore draws together individuals
from a variety of disciplines who have an interest
in the topic or period of time. Because the record
of natural and cultural events is always incomplete
and because it consists of so many components, its
understanding requires an uncommon appreciation
of many fields of natural science. Therefore,
AMQUA tries to make the program and discus-
sions truly interdisciplinary and integrative. Field
trips to nearby locales are regular parts of the
meetings, taking place either before and after the
meeting.

Beginning in 1976 the abstracts for the biennial
meetings were distributed to all members. In add-
ition, a newsletter is circulated periodically, con-
faining news relating to Quaternary research.

Membership is open to all scientists engaged in
Quaternary research. There are currently about

1000 members. Major disciplines represented in-
clude anthropology, archeology, botany, climatol-
ogy, ecology, geomorphology, geophysics, geo-
chemistry, limnology, oceanography, palynology,
physical geography, Quaternary geology, radio-
metric dating, soil science and zoology. The jour-
nal Quaternary Research, edited by Stephen
Porter, University of Washington, and published
by Academic Press, is offered at a special sub-
scription rate to members of AMQUA.

Past AMQUA meetings and themes are listed
below:

* Montana State University (Bozeman), 1970:
“Climatic changes from 14,000 to 9,000 years
ago,”

* University of Miami, 1972: “The deep-sea
record,”

* University of Wisconsin (Madison), 1974:
“Quantitative methods to reconstruct past
environments of the Holocene,”

* Arizona State University (Tempe), 1976:
“Hot and cold deserts during the last
glaciation,”

» University of Alberta (Edmonton), 1978:
“The ice-free corridor and peopling the New
World,”

* University of Maine (Orono), 1980: “The
structure of an ice age,”

* University of Washington (Seattle), 1982:
“Character and timing of rapid environmental
and climatic changes,”

* University of Colorado (Boulder), 1984:
“Seasonal climatic responses in the Quatern-
ary,”

* University of Illinois (Urbana), 1986: “The
environment of glacial margins.”

The 10th biennial meeting of AMQUA, held
June 6-8, 1988, at the University of Massachusetts
in Ambherst was attended by approximately 300
scientists. The program focused on “Land—sea—
atmosphere interactions in the North Atlantic re-
gion between 14,000 and 2,000 years ago: A com-
parison between America and Europe.” The
theme, papers and audience represented a broad
cross section of the Quaternary sciences. In addi-
tion, pre- and post-meeting field trips covering a
variety of disciplines explored regional Quatern-
ary subjects.

The Eleventh Biennial Meeting will be held in
conjunction with the Canadian Quaternary Asso-
ciation (CANQUA) at the University of Waterloo
on June 4-6, 1990.
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Arctic Workshops

An Annual Forum for Arctic Researchers in the Earth

and Biological Sciences

In the spring of 1972 the first Arctic Workshop
was held at the University of Colorado. The author
was largely responsible for running the first meet-
ing and several after that, but the development of
the Arctic Workshop was also a measure of the
shared interest in Arctic research within the Insti-
tute of Arctic and Alpine Research (INSTAAR) in
1972. Roger Barry, Jack Ives, Harvey Nichols,
Nel Caine and Pat Webber all played a part in the
development of the first workshop and continued
their support for several subsequent meetings.

The Arctic Workshop was established to pro-
mote the sharing of ideas in an informal gathering.
A significant emphasis has always been placed on
encouraging the participation of graduate and
undergraduate students. In addition to the normal
20- to 30-minute presentations, large segments of
time were set aside for poster sessions and group
discussions. Informal gatherings in the evenings at
restaurants and bars were also important points of
contact for individuals from different disciplines,
different institutions and different countries.

The first 11 Arctic Workshops were hosted by
INSTAAR, at the University of Colorado, Boul-
der. An abstract volume was produced for each
meeting, and back issues of some of these are still
available, although in limited numbers. In 1982 it

was suggested that the Arctic Workshop should be
hosted by other universities or institutions, and this
idea was implemented in 1983 when the 12th
Arctic Workshop was hosted by the University of
Massachusetts at Amherst.

The meetings now alternate between an “out-
side” venue and the University of Colorado. Thus,
since the meeting at Amherst, the 14th Arctic
Workshop was hosted by Atlantic Geoscience
Center/Bedford Institute of Oceanography, Can-
ada; the 16th was sponsored by the Boreal Insti-
tute, University of Alberta; and the 18th was host-
ed by the University of Lethbridge,,Canada. The
University of Alaska may be the host institution in
1991, with the University of Colorado hosting the
meeting in 1990.

A glance at the list of titles in the abstract vol-
umes indicates that the Arctic Workshops have
drawn a wide range of researchers from the earth
and life sciences. At a few meetings there have
been notable presentations by archeologists, social
scientists and government managers. Graduates,
faculty and government scientists from U.S. and
Canadian institutions make up the bulk of atten-
dees; however, a small but significant number have
also attended from Europe, particularly Norway,
Sweden, Denmark and Great Britain.

The Summer Institute of Circumpolar Studies

The first Institute of Circumpolar Studies col-
loquium was held on the University of Alaska—
Fairbanks campus during the first week of August
1988. Institute faculty from anthropology, geog-
raphy, history and library science examined the
theme “Peoples of the Circumpolar North,” focus-
ing on aspects of human adaptation and response
to life in the environments of Alaska, northern
Canada, Greenland, Scandinavia and Siberia.

Students participating in the institute constitut-
ed an international circumpolar group represent-
ing Canada, Great Britain and Finland, as well as
Alaska and elsewhere in the United States. Their
predominant academic background was anthro-
pology, followed by education. Other students
were studying or professionally employed in li-
brary science, rural development, law, nursing,
political science and video production.

The Summer Institute is dedicated to increas-
ing understanding of northern peoples through

multidisciplinary study and research, and it pro-
vides an opportunity for students and scholars
across the circumpolar North to participate togeth-
er in a continued reexamination of northern social
science knowledge. Its key objectives are to

« Generate descriptive comparisons of different

cultural groups;

» Promote multidisciplinary research; and

» Teach students specific skills to conduct sys-

tematic library research.

Circumpolar northern studies involve circum-
stances not usually found in U.S. regional studies.
These include the multidisciplinary nature of activ-
ities involving exploration, commerce, govern-
ment, scientific and academic research, adminis-
trative studies and their continuing interaction with
Native traditions and lifestyles. Sources are multi-
lingual, involving European and Native languages.
Documentation is widely scattered and requires
specialized approaches for retrieval and evaluation.
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Mastery of these research problems and aware-
ness of the breadth of sources available for the
study of northern peoples and their governments
are important institute goals. Library science
faculty help students direct their library research
in a systematic manner and maximize use of re-
search tools.

Thirty-two students enrolled in the institute for
daily lectures and seminars on the theme “Peoples
of the Circumpolar North.” Participants addressed
the following questions from their disciplinary
perspectives:

» What are the factors in the physical environ-

ment to which adaptations must be made?

* Who are the indigenous and immigrant

peoples of the North and why have the people
come into the North?

» What adaptations have been made by northern
peoples to their social and physical environ-
ment?

* What is the nature of the recent history of the
circumpolar North?

* What is the nature and location of documenta-
tion and other research sources of the circum-
polar North?

The Summer Institute offered students the op-
tion of three graduate credits if, in addition to col-
loquium participation, they also submitted an orig-
inal research paper. The institute is now recruiting
participants, especially Native students from
Alaska and other northern regions, for the 1989
Summer Institute. For further information, contact
Nancy Bachner, 1176 Eielson Building, Univer-
sity of Alaska, Fairbanks, Alaska 99775.

The Alaska Anthropological Association

The National Park Service hosted the Sixteenth
Annual Meeting of the Alaska Anthropological
Association on March 3—4, 1989, in Anchorage,
Alaska. Over 100 papers were presented in 13 ses-
sions. Symposia titles included “The anthropology
of Bristol Bay,” “Public archeology,” “Medical
and physical anthropology,” “The Central Yup’ik

Eskimos,” “Ethnography and ethnohistory of the
Bering Strait region,” “Settlement pattern studies
in archeology” and “Current developments in Arc-
tic research,” which included a summary of Arctic
Social Science: An Agenda for Action, a report by
the Polar Research Board’s Committee on Arctic
Social Science (see p. 36).

Technical Council on Cold Regions Engineering

Founded in 1852, the American Society of
Civil Engineers (ASCE) is the United States’ old-
est engineering society. Subdivided into technical
and professional activities, ASCE’s technical or-
ganization consists of 18 technical divisions and 6
technical councils. The distinction between a di-
vision and a council is the extent to which the sub-
ject area crosses disciplines within the profession.

With the increase in interest in cold regions in
the 1970s, Amos J. (“Joe™) Alter of Juneau spear-
headed a move to establish a new ASCE council
to advance the state of the art of cold regions en-
gineering. The idea got a boost from the very suc-
cessful First Cold Regions Engineering Specialty
Conference held in Anchorage in 1978, and the
Technical Council on Cold Regions Engineering
(TCCRE) was officially formed on October 1,
1979, with Alter as its first chairman .

The stated purpose of TCCRE is to “identify,
assess and report effects of cold region environ-
ment upon engineering design, construction and
operations and to make recommendations for ad-

vancement of scientific knowledge and practice in
engineering solution of cold region problems.”
TCCRE carries out its mission through five ad-
ministrative committees and two technical com-
mittees, all guided by an executive committee.
The purposes of the standing committees are sum-
marized as follows:

« Awards—To recommend recipients for ASCE
awards;

* Program—To plan and publicize sessions for
national meetings, speciality conferences and
state and regional meetings having cold re-
gions engineering significance;

» Publications—To review manuscripts, tech-
nical notes and discussions submitted to the
council for publication in the new Journal of
Cold Regions Engineering and to be responsi-
ble for the publication of papers sponsored by
the council;

» Research—To stimulate research on topics
relevant to cold regions engineering and to
promote the evaluation of research findings
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with respect to their utility in engineering
practice;
Education—To promote attention to cold re-
gions concerns in engineering, education and
training and to act as a source of referral for
educational material with a cold regions
emphasis;
Design and Construction—To identify, assess
and report influences and effects on engineer-
ing concepts, methods and facilities in envi-
ronments where below-freezing temperatures
occur for a significant period of time; and
Frost Action—To encourage the development
of new scientific and engineering knowledge
of freezing and thawing of soil-water systems
and to foster dissemination of this knowledge.
In addition to the standing committees, task
committees are formed from time to time for spe-
cific purposes, such as organizing a particular pub-
lication. Committees typically convene at special-
ty conferences or national meetings once or twice
a year. TCCRE has also established a formal con-
nection with the U.S. Arctic Research Commis-
sion; this is accomplished via a Commission mem-
ber who attends all TCCRE executive committee

Port and Ocean Engineering under Arctic Conditions

Conferences on Port and Ocean Engineering
under Arctic Conditions (POAC) are held every
two years; the series is organized by national
POAC committees under the long-term policy
direction of the POAC International Committee.
POAC conferences have been held in Norway (2),
Canada (2), Iceland, Finland, Greenland and
Alaska. The ninth conference in the POAC series
(POAC ’87) was held at the University of Alaska,
Fairbanks, Alaska, between August 17 and 21,
1987.

A total of 224 people registered for POAC 87,
and 122 papers were presented during 14 sessions.
The sessions were: Arctic Database; Ice Proper-
ties; Icebreaking Vessels; Ice Modeling; Arctic
Port Design; Geotechnical; Ice—structure Interac-
tion; Ice Morphology; Ice Dynamics; Ice, Climate
and Forecasting; Spray Ice; Remote Sensing; and
two special symposia on Noise and Marine Mam-
mals, and Steel/Concrete Composite Structural
Systems.

Highlights of the conference sessions included
presentations on the following:

» The icebreaking performance of the West

German polar research ship R.V. Polarstern;

» The icebreaking trials of the modified Soviet

icebreaker Mudyug;

» Recently released results of the 1980 and

meetings. Membership in TCCRE and its commit-
tees is open to all ASCE members. TCCRE has
about 4300 members, including some 50 com-
mittee members.

Major activities of TCCRE include planning
and sponsoring specialty conferences (often in co-
operation with Canadian Society of Civil Engi-
neers), publishing a series of monographs on the
state of the practice, publishing a quarterly refer-
eed journal (Cold Regions Engincering), support-
ing the International Permafrost Association and
its periodic International Permafrost Conferences,
and most recently, establishing a national award
named after the late Harold R. Peyton. Specialty
conferences have been held in Anchorage (1978),
Seattle (1981), Edmonton (1984), Anchorage '
(1986) and St. Paul (1989). Papers presented at
each of these conferences have been published in
preprint proceedings, a copy of which is provided
to each conference attendee.

Readers interested in additional information or
membership applications can write to ASCE at
345 East 47th Street, New York, New York
10017-2398 or telephone (800) 548-ASCE or
(800) 628-0041 in New York state.

1981 Hans Island experiments;

+ An experiment to measure Arctic pack ice
driving forces;

» A number of papers highlighting the in-
creased concern over icing of structures and
vessels at high latitudes;

» The establishment of the Alaskan SAR Facil-
ity at the University of Alaska—Fairbanks and
the potential application of satellite radar im-
aging to studies relating to Port and Ocean
Engineering under Arctic Conditions.

In addition to the scientific and technical ses-
sions, the conference delegates enjoyed a number
of evening social events, including the concluding
conference banquet followed by a speech by Ken
Croasdale of Esso Resources Canada on his view
of progress in ice engineering. Also, a number of
conference delegates took advantage of two field
trips to Prudhoe Bay to visit the oilfield installa-
tions and facilities as guests of Standard Oil and
ARCO. Most people flew to and from Prudhoe
Bay, but several chose to drive the Dalton High-
way both ways.

All papers submitted for POAC 87 were re-
viewed and edited prior to publication. The papers
have been refereed by two or more reviewers,
edited to ensure a consistent and high standard of
style and format, and prepared for publication in
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Port and Ocean Engineering under Arctic Con-
ditions edited by W.M. Sackinger and M.O. Jef-
frie. This will appear in three hard-bound vol-
umes, published by the Geophysical Institute, Uni-

versity of Alaska, Fairbanks. Copies will be avail-
able for purchase from the Geophysical Institute.

POAC 89 was held in Lulea, Sweden, on 12—
16 June 1989.

International Offshore Mechanics and Arctic

Engineering Conference

The 1989 International Offshore Mechanics
and Arctic Engineering Conference was attended
by 650 participants from more than 40 countries,
led by the British, Dutch, U.S., Norwegian and
Japanese delegates. The conference was held in
The Hague, The Netherlands, March 19-23. The
opening speech was delivered by Rudolf de Korte,
the Deputy Prime Minister of The Netherlands.
There were 11 polar technology topic sessions
among the 71 sessions and 440 presentations.

The conference has been playing a major role
in international technology transfer and in bridg-
ing the communication gap between researchers
and designers. The conference program included
about 60 papers each from the U.K., U.S. and
Canada; 50 papers each from Japan and Norway;
20 papers each from China, West Germany and
The Netherlands; and 10 papers each from India,
Finland, France, Denmark and Korea.

The majority of the polar technology papers
were presented by authors from North American
and Scandinavian countries. The presentations de-
scribed Arctic and Antarctic technology research
programs by various countries, technologies need-
ed in the petroleum development in the Norwegian
Barents Sea, spray ice technology, Canadian de-
velopments of codes for Arctic structures, pipe-

lines and ice research. The Barents Sea papers
were presented by seven speakers from Norway,
France and the U.S. Arctic pipeline technologies
were presented by the U.S.S.R., Canada and the
U.S. and included a review of the U.S.S.R. pipe-
lines and research, particularly on materials and
welding.

The sessions of the Polar Technology Working
Group (PTWG) included presentations on the U.S.
polar research program by the National Science
Foundation; ESARC (Esso/Sintef) ice research
programs by Norway; the Adelie land airport
(Antarctica) by France; scientific drilling in the
Arctic in 1990; Arctic (Greenland) resources and
technology for mining, hydropower and
transportation by Denmark; and icebreaking
technology by Finland and Sweden.

The conference was founded in 1980 by Jin S.
Chung, Colorado School of Mines, with the help
from Joseph Galate, then of Exxon. The first annu-
al conference was held in New Orleans in 1982,
and the conference has been international since
1983. It has gained worldwide recognition for
dealing with high-level technology with broad
support at an international level. Since 1986 the
conference has been among the world’s leading
conferences of refereed papers.

International Symposia on Ground Freezing

The first International Symposium on Ground
Freezing (ISGF) was held in 1978 in Bochum,
Germany. It was intended to provide a forum for
exchanging knowledge and to bring together sci-
entists and engineers working in the field of
ground freezing, especially artificial ground freez-
ing. Since then there have been four other sym-
posia on this subject, in Trondheim (1980), Han-
over, N.H. (1982), Sapporo (1985) and Notting-
ham (1988). The Sixth International Symposium
on Ground Freezing will be held in Beijing, Peo-
ple’s Republic of China, in 1991, and the Seventh
International Symposium on Ground Freezing will
be held in France in 1994.

Until now the symposia have consisted of four
sessions:

» Thermal properties and processes of freezing

and frozen soil;

* Heat and mass transfer, phase transitions and

frost action;

» Mechanical properties of frozen soil; and

* Engineering design and case histories of fro-

zen soil structures.

The accepted papers of each symposium are
published in proceedings, which together contain
more than 400 papers. The proceedings are avail-
able as follows:

o Ist ISGF, 1978, Bochum, West Germaiy. The
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original proceedings was in two volumes and
is now out of print. However, all the papers
were reprinted by Elsevier as both Engineer-
ing Geology, vol. 13 and Developments in
Geotechnical Engineering, no. 26 (FLL. Jess-
berger, Ed.).

* 2nd ISGF, 1980, Trondheim, Norway. The
proceedings was originally published in two
volumes by the Norwegian Institute of Tech-
nology, Trondheim. Some of the papers were
reprinted by Elsevier as both Engineering
Geology, vol. 18 and Developments in Geo-
technical Engineering, no. 28 (P.E. Frivik, N.
Janbu, R. Saetersdal and L.I. Finborud, Ed.).

* 3rd ISGF, 1982, Hanover, N.H., USA. The
proceedings were published by USA CRREL
as Special Report 82-16.

* 4th ISGF, 1985, Sapporo, Japan. Most of the
papers appeared in Ground Freezing, pub-
lished by A.A. Balkema, Rotterdam. Five
papers and all the posters were published as
Ground Freezing, 1985, vol. 2 by Hokkaido
University Press, Sapporo, Japan (S. Kinosita
and M. Fukuda, Ed.).

« 5th ISGF, 1988, Nottingham, England. Most
of the papers appeared in Ground Freezing,
1988, vol. 1, published by A.A. Balkema,
Rotterdam. Volume 2 contains late papers and
poster summaries.

Each International Symposium on Ground
Freezing is organized by a local organizing com-
mittee. In 1982 an International Organizing Com-
mittee was established to provide continuity. The

present members of the International Organizing
Committee are H.L. Jessberger (Chairman), R.H.
Jones (Secretary), E.J. Chamberlain (Treasurer),
M. Fremond, S. Kinosita, B. Ladanyi, A.V. Sad-
ovsky, J.A. Shuster and Yu Xiang.

There are two ISGF working groups active.
The Working Group on Testing Methods for Fro-
zen Soils consists of 14 members. The present
chairman/convenor is Frank Sayles, recently re-
tired from CRREL, Hanover, N.H., USA. In 1986
the working group published “Classification and
laboratory testing of artificially frozen ground” in
ASCE, Journal of Cold Regions Engineering. The
following priorities for future work were decided:
sample preparation, field tests (cone penetration)
and data compilation (creep data).

The Working Group on Mechanical and Ther-
mal Design of Frozen Soil Structures consists of
15 members. Hans L. Jessberger is the chairman.
The working group will discuss preinvestigations,
site conditions, thermal analysis, stability and de-
formation analysis, and field monitoring.

The International Organizing Committee of the
ISGF keeps in close contact with scientific groups
in fields related to frozen ground, such as perma-
frost (International Permafrost Association), frost
action (ISSMFE—TCS8) and cold region engineer-
ing. The International Organizing Committee in-
itiated the ISSMFE technical committee (T'C 23)
on frozen ground. This committee is organizing a
speciality session of the International Conference
on Soil Mechanics and Foundation Engineering in
Rio de Janeiro in 1989.

International Symposium on Frost in

Geotechnical Engineering

The Finnish Geotechnical Society sponsored
the International Symposium on Frost in Geo-
technical Engineering on March 13-15, 1989, in
Saariselka, Finland. Approximately 150 research-
ers from around the world attended. Three ses-
sions were held, including special lectures on the
mechanics of freezing and thawing by B. Ladanyi,
the frost heave properties of soils by D.M. Ander-
son, and frost protection in design and construc-
tion by R. Nordal.

Other keynote lectures were as follows:

o Simulation of freezing and thawing of soil

materials, by E. A. Bondarev;

» Frost problems in road construction, by H.

Brandl;
« Modeling of thermal soil behavior, by M.
Fremond;

 Determination of frost susceptibility of soils,
by H. Jessberger;

» Frost protection of design and construction in
Japan, by F. Kohno;

« Preventative measures against frost action in
soils, by S. Kinosita;

» Freezing and thawing in cylindrical coordi-
nates, by V. J. Lunardini;

» Preventative measures against frost action in
soils, by A. Phukan;

« Evaluation of frost heave properties of soils,
by S. Saarelainen;

» Adfreeze strength of soils, by A.V. Sadovsky;
and

» Physical changes in clay due to frost action
and their effects on engineering structures, by
E. Chamberlain.
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After the keynote lectures, 52 related papers by
other authors were presented and discussed. All of
the papers and talks have been published in two
volumes, which are available from Technical
Research Center of Finland.

Following the symposium was a two-day field

trip to observe roads and road-construction tech-
niques in Lapland. Methods of dealing with road
icings, cracking and snow drifting were examined
in detail.

The next symposium is scheduled for Ancho-
rage, Alaska, in 1993,

Colloquy on Arctic Technology and Economy

An international colloquy called “Arctic tech-
nology and economy—Present situations and
problems, future issues,” was held in Paris,
France, February [5-17, 1989. The topics dis-

cussed included physical and life sciences, ship-
building and aeronautics, civil engineering, social
sciences and economy, and transfer of technology
to Native populations.

Workshop on Cold Regions Engineering Research

A workshop on Cold Regions Engineering Re-
search, sponsored by NSF’s Engineering Director-
ate and the Division of Polar Programs, was held
on November 30 to December 2, 1988, in Hano-
ver, New Hampshire. Over 40 engineers and sci-
entists identified 14 research programs in 4 broad
groups: offshore technology; watersheds, rivers
and coastal zones; tacilities infrastructure technol-
ogy; and transportation infrastructure technology.

The offshore technology group, led by S. Shyan
Sunder of MIT, considered programs in ice tech-
nology, offshore geotechnology, materials science
and pollution control. The group emphasized the
unique and challenging environment of the cold
regions offshore areas and how safe and economi-
cal designs must be developed to conduct resource
development activities.

The watersheds, rivers and coastal zones group,
led by Robert Ettema of the University of lowa,
considered topics of cold regions watersheds and
rivers, nearshore and coastal processes, and near-
shore engineered structures.

Virgil Lunardini of the U.S. Army Cold Re-
gions Research and Engineering Laboratory
(CRREL) led the group on facilities infrastructure
technology, which addressed the special problems
in designing buildings, utilities and other public
and private facilities in cold regions. The research

areas addressed by this group included coping
with the natural environment, improving the built
environment, and designing environmental pro-
tection facilities. A special problem is that of safe
operations at low temperatures. The group focused
on fire protection at low temperatures and mini-
mization of damage from freezing.

The transportation infrastructure technology
aroup, led by Ted Vinson of Oregon State Uni-
versity, considered the problems of transporting
goods and personnel in support of resource devel-
opment activities in cold regions. The group se-
lected as its first priority the impact of global cli-
matic change on the cold-regions transportation
infrastructure. This issue, with its importance for
pipelines, buildings and coastal areas, may domi-
nate cold-regions designs for many years. The
group also focused on protection and restoration
of the environment, materials science problems
and geophysical methods of site investigation.

The workshop report will be published by the
University of Alaska—Fairbanks (UAF) by the fall
of 1989 and will be available through the School
of Engineering at UAF and the Division of Polar
Programs at NSF. The editors of the report are
Robert F. Carlson and John Zarling of the Univer-
sity of Alaska—Fairbanks and Ed Link. Technical
Director of CRREL.

The Lanzhou Institute of Glaciology and Geocryology

30th Anniversary Celebration

The Lanzhou Institute of Glaciology and Geo-
cryology (LIGG) celebrated its 30th anniversary
and hosted the Fourth Conference on Glaciology
and Geocryology from October 5-9, 1988, in

Lanzhou. A total of 142 scientists from seven
nations participated. The conference was held to
celebrate the 30th anniversary of the founding of
LIGG, to introduce foreign guests to the history of
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Department of State.

LIGG and the main research accomplishments
over the last 30 years, to present recent results
from the study of glaciology and geocryology in
China, and to isolate and better define areas for
future research. The author’s invitation to join the
conference resulted from the longstanding cooper-
ative glaciological and climatological program be-
tween LIGG and the Byrd Polar Research Center
(BPRC) to study the Dunde ice cap in the Qilian
Shan.

The conference was broken into concurrent
sessions on glaciology and permafrost. The topics
discussed under glaciology included snowfall,
glaciology, geomorphology, surging glaciers and
hydrology (particularly related to the glaciers of
western China). The permafrost sessions dealt
with periglacial landforms and processes, recharge
of groundwater in permafrost regions, hydroengi-
neering construction and the ecological environ-
ment in permafrost regions. Most papers dealt
with studies in China, but papers reporting per-
mafrost studies in the Soviet Union and Canada,
as well as glaciological studies in the Alps, also
were presented.

Several key questions were discussed. One
dealt with evidence for and against extensive gla-
ciation of the Qinghai-Xizeng (Tibetan) Plateau
during the last glacial stage. The current estimates
range from a 10% increase in ice cover to com-
plete coverage of the plateau by an extensive ice
sheet. Prof. Li Jijun from the Department of Geo-
graphy of the Lanzhou University argued, based
on geomorphic information, that the ice cover
during the last glacial stage was about 10% greater
than present. Another key issue is whether the pla-
teau was cold and dry or cold and wet during the

last glacial stage. The latter condition would allow
for greater growth of glaciers. The clear message
from these discussions is the need for more re-
search with better time control.

The author presented the first results from the
completed analysis of one of the three ice cores
recovered from the summit of the Dunde ice cap
in 1987. These three cores drilled to bedrock were
136.6, 138.4 and 139.8 m long and are expected to
provide the first ice core record covering at least
100,000 years from the subtropics. The conference
provided the opportunity to compare the results
from the ice core research laboratory at BPRC
with the first results from the LIGG laboratory.

The director of LIGG, Prof. Xie Zichu, in his
closing remarks presented an excellent summary
of the conference. He emphasized that the future
of scientific development at LIGG will rest with
young people, such as Dr. Yao Tandong, who has
recently completed a year of study at the Labora-
torie de Glaciologie in Grenoble, France, and an
eight-month study with BPRC. These young peo-
ple will lead the future development of both Iab-
oratory and field research programs at LIGG.

LIGG presented a fine banquet in the traditional
Chinese custom for all participants in the confer-
ence. A film strip that was made by Prof. Shi
Yafeng during the 1957-58 Chinese—Soviet expe-
dition to the Qilian Shan was shown. It was this
expedition that led to the founding of LIGG. In
addition, several field trips were provided in the
Lanzhou area. Of particular note was the loess and
terrace field trip led by Prof. Li Jijun. The Lan-
zhou area boasts some of the world’s best exposed
loess deposits and terrace sequences, which date
back at least 1.5 million years.

U.S.—Canada Review of Hydrocarbon Developments

in the Beaufort Sea

The 1989 U.S.—Canada Review of Hydrocar-
bon Developments in the Beaufort Sea was held at
the NOAA Western Regional Center in Seattle,
April 25-26, 1989. The U.S. delegation, led by
Raymond Arnaudo of the Department of State,
included representatives from the Departments of
State, Interior and Commerce, the Environmental
Protection Agency, the U.S. Coast Guard, the Na-
tional Science Foundation and the North Slope
Borough in Alaska. The Canadian side was led by
Brian Buckley, Director of the U.S. Transboun-
dary Division, Department of External Affairs,
and included representatives from the Depart-
ments of External Affairs; Environment; Energy,
Mines and Resources; Indian and Northern Affairs

(DIAND); Fisheries and Oceans (DFO); and the
Canadian Oil and Gas Lands Administration
(COGLA). These annual meetings are held pri-
marily to exchange information.

Rodney Smith of the Minerals Management
Service (MMS) provided an overview of offshore
hydrocarbon developments in the Beaufort and
Chukchi seas since November 1987. A total of 21
wells have been drilled in the U.S. Beaufort Sea.
The Department of the Interior held two Outer
Continental Shelf (OCS) lease sales in the Arctic.
There has been drilling at three locations in the
Beaufort since November 1987. The Endicott field
is the only producing offshore field in the U.S.
Beaufort. MMS published its Consolidated Off-



shore Operating Regulations for oil, gas and sulfur
operations in the OCS on April 1, 1988, with an
effective date of May 31, 1988.

COGLA spokesman Graham Campbell pre-
sented an overview of Canadian activities in the
Beaufort Sea and the Mackenzie Delta. Of the 239
exploratory and delineation wells that have been
drilled, 49 have yielded significant oil and gas
discoveries. Discovered resources are estimated
(with a 50% level of probability) to be 1.7 billion
barrels of oil and 11.7 trillion cubic feet of natural
gas. Current activities include a plan by Esso and
Shell to produce gas onshore and export it via
pipeline to the United States, probably connecting
to the existing pipeline at Norman Wells, NWT.
Campbell described the legislative and regulatory
framework for oil and gas management in Canada,
specifically the Canada Oil and Gas Act of 1987
and the Oil and Gas Production and Conservation
Act of 1970 as amended. Under the Northern Ac-
cord, signed in September 1988, the federal gov-
ernment agreed to a phased transfer to the govern-
ments of the Yukon and the Northwest Territories
of administrative and legislative powers to manage
oil and gas in northern onshore areas, It was also
agreed to negotiate a joint management regime for
the offshore areas following some offshore devel-
opment. Revenues from both onshore and offshore
development will go to the territorial govern-
ments.

Tom Albert, from the North Slope Borough,
Alaska, spoke about the possible environmental
dangers of hydrocarbon developments in the area.
The Borough is concerned that the environmental
hazards of hydrocarbon developments may not be
adequately recognized. Albert believes that neither
industry nor the government could cope with a
significant oil spill in the Beaufort or Chukchi
seas. The Borough is worried about the effects of
noise and possible oil spills on bowhead whales,
as well as the effect of man-made causeways on
fish migration. Albert stressed the need for quality
in environmental impact statements.

David Stone reported on the Canadian Northern
Oil and Gas Action Program (NOGAP). This pro-
gram was introduced in 1984 and was to be re-
viewed after seven years. Its purpose is to advance
federal and territorial preparedness for hydrocar-
bon developments in the North.

Graham Campbell reported on the Environ-
mental Studies Research Fund (ESRF), which is
administered by COGLA to finance environmental
and social studies. It is funded by levies on holders
of exploration rights for hydrocarbons and is con-
trolled jointly by industry and the government.
Ninety reports have been published, including
studies on bottom sediments, sea bottom scour and

oil spill research. Of these, 37 are directly related
to the Beaufort Sea.

Wayne Richardson of Environment Canada re-
ported on the Program for Energy Research and
Development (PERD). PERD supports science
and technology research for a diversified, econom-
ically and environmentally sound, sustainable en-
ergy program. Costs are shared by the govern-
ment, the private sector and universities. PERD
funded over half of the Baffin Island Oil Spill
Program.

Lt. Tom Sullivan of the U.S. Coast Guard, in an
overview of U.S. Coast Guard Marine Environ-
mental Response activities, noted that the U.S.—
Canada Joint Response Plan on oil spills has five
annexes for specific areas, including one on the
Beaufort Sea. Neal Thayer of the U.S. Coast
Guard described plans for a future third U.S. polar
icebreaker to be in operation during the mid-
1990s.

Paul O’Brien of the Environmental Protection
Agency described the Exxon Valdez spill. The
ship had 53 million gallons of oil on board; 10-11
million gallons had spilled.

Bob Wolotira presented NOAA’s new Bering,
Chukchi and Beaufort Seas Data Atlas, published
in November 1988. The majority of the plates
show information on marine living resources.

Charles Smith of MMS discussed technology
for working in ice and permafrost, as well as the
effects of extreme cold weather on materials and
pipelines. MMS is working with industry on such
problems as pipelines in pack ice, ice keel gouging
and seabed permafrost. MMS plans to do research
on open ocean oil spill response.

Pierre Lapointe of Energy, Mines and Resourc-
es reported on Canadian Arctic Science research
projects supported by the Polar Continental Shelf
Program. PCSP provides logistical support for
research in the High Arctic from Resolute, Tuk-
toyaktuk and an ice island. New storage and lab-
oratory facilities have been added at Resolute and
Tuktoyaktuk, and new housing has been added at
Resolute. The ice island, which is 8.7 km long, 5.7
km wide and 50 m thick, calved from the north of
Ellesmere Island. It has a life expectancy of 20-40
years and has 20 buildings that can house 40 peo-
ple. The major subjects of study on the ice island
are geophysical topics and ice dynamics and
movement.

Graham Campbell described the Marine Engi-
neering Studies for offshore structures. Research
is underway on design criteria, structural engineer-
ing, ice-structure interaction and personnel safety.
Steve Blasco gave an overview of cooperative
programs between the Geological Survey of Can-
ada and the U.S. Geological Survey.
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Alan Heginbottom of the Geological Survey of
Canada discussed geophysical, geothermal and
geotechnical activities regarding hydrocarbon
development and transportation. Researchers are
monitoring the environmental effects of the pipe-
line from Norman Wells, NWT, to Zama, Alberta.

Steve Blasco described sea floor research in the
Beaufort Sea, which is driven by exploration and
construction problems and includes ice scour, sub-
sea permafrost, potential hazards of hydrates,
sources of aggregates (sand and gravel), coastal
stability, pingo-like features on the seabed, and
geological history. Pressure ridges in the Beaufort
can build up to 12 m high with a keel of up to 47
m. Surveys are done of the ocean floor to map ice
scour and note its characteristics. There are very
high rates of recurrence of sea floor scouring; 90%
of the sea floor has been rescoured in the last 40
years. Offshore permafrost, which is discontinuous
both vertically and laterally, could be up to 700 m
thick and in the Mackenzie Delta area is multilay-
ered due to sea level regression and growth. Since
oil at production has a temperature of 80—~100°C,
the subsea permafrost around a production well or
pipeline would thaw unless protected.

Blasco described engineering problems asso-
ciated with structures on artificial islands and
berms. One quarter of the artificial islands in the
Beaufort Sea have experienced some failure, in-
cluding slope failure, gravitational failure or ero-
sion.

Bob Wilson of DFO presented a talk on oceano-
graphic and hydrocarbon studies, including work
on ice motion to improve short- and medium-term
ice forecasting.

Jerry Imm of MMS reported on a series of stud-
ies of bowhead whales. MMS began these studies
in 1978. Between 1980 and 1985 most of the work
was done in the Canadian Beaufort. MMS is now
concentrating on long-term monitoring of bowhead
whales in the Beaufort and Chukchi seas. An isot-
ope analysis project is currently underway to study
bowhead feeding. David Withrow of NOAA dis-
cussed the National Marine Laboratory work to es-
timate the number of bowhead whales, particularly
in the Barrow area. Paul Sutherland of DFO re-

Z]E—banada Arctic F iSheries_ ai;zd_Mc;rzTne M amm_als-

Coordination Workshop

Representatives from U.S. and Canadian re-
source agencies have met five times since 1975 to
discuss matters of mutual concern in the Arctic,
examine the state of the information base, and de-
velop a framework of cooperative and comple-

ported on bowhead whales in Canada. In the
western Arctic, Canada relies on U.S. data. The
Inualivit are pressing to be allowed to hunt
whales again. David Stone of DIAND indicated
that studies are underway on the effects of the
hydrocarbon industry on bowhead whales. The
whales may get 20% of their annual energy intake
during the six weeks that they spend in the Cana-
dian Beaufort Sea. Ron Morris of NOAA de-
scribed the rescue of the two grey whales who
were stranded near Barrow during October 1988.

Randy Bailey of the Fish and Wildlife Service
discussed the Arctic cisco, a fish whose only
known spawning area is in the Mackenzie Delta.
The cisco migrate westward along the shore to an
area west of Prudhoe Bay. There is some concern
that man-made causeways could interfere with
this migration. Both countries are involved in
studying the movement patterns of the cisco and
Arctic char.

David Stone of DIAND gave an update on the
report “Canada and polar science” produced in
1987. A subsequent report suggested that the
Polar Science Commiission be established to
promote natural and social sciences and studies
on heritage and culture.

Jerry Brown of the National Science Founda-
tion gave an overview of recent activities of the
Interagency Arctic Research Policy Committee.
The 1989 biennial revision of the U.S. Arctic Re-
search Plan is scheduled be published in the Fall
1989 issue of Arctic Research of the United
States. Current U.S, Federal spending on Arctic
research is approximately $95 million.

At the conclusion of the meeting, it was
agreed that a great deal of information had been
exchanged and contacts between officials had
been promoted. The Canadians offered to host the
next meeting. Following these sessions a group of
U.S. and Canadian researchers and participants
reconvened at the NOAA Pacific Marine
Environmental Laboratory. Information on
current and proposed research activities was
exchanged. It was agreed that cooperative
projects should be planned in spite of
uncertainties in funding.

mentary programs for managing shared resources.
The first three meetings (1975 in Winnipeg, 1978
in Whitchorse, and 1982 in Anchorage) covered a
wide range of Arctic environmental issues. The
fourth meeting (1986 in Banff) was devoted en-



tirely to North Slope and Beaufort Sea fisheries
and marine mammals issues. At this meeting,
which opened up a new level of dialogue and in-
formation exchange between scientists from the
two countries, it was decided that the next meeting
should be held in two years to build on the mo-
mentum that the group had developed, and that the
focus should again be on fisheries and marine
mammals. The U.S. Fish and Wildlife Service
agreed to host that meeting,.

The meeting, the U.S.—Canada Arctic Fisheries
and Marine Mammals Coordination Workshop,
was held at Chena Hot Springs, Alaska, during
January 9-12, 1989. Twenty-five individuals from
Canada attended, representing five offices of the
Department of Fisheries and Oceans (Winnipeg,
Yellowknife, Inuvik, Sidney and Ottawa), the
Canada Oil and Gas Administration, the Depart-
ment of Indian and Northern Affairs, Environment
Canada: Parks, Environment Canada: Environ-
mental Protection, the Fisheries Joint Management
Committee and the Inuvialut Game Council.
Thirty-six individuals from the United States
attended, representing the U.S. Fish and Wildlife
Service, the Minerals Management Service, the
National Park Service, the Outer Continental Shelf
Environmental Assessment Program, the Environ-
mental Protection Agency, the U.S. Army Corps
of Engineers, the Alaska Department of Fish and
Game, the University of Alaska, the Arctic Envi-
ronmental Information and Data Center and the
North Slope Borough.

The first day's discussions focused on the Arc-
tic roles, responsibilities and current activities of
the participating agencies and organization. Dur-
ing most of the remaining two and a half days, the
attendees broke up into three concurrent working
groups: Fisheries/Oceanography, Marine Mam-
mals and Administration. A similar format had
been followed at the Banff workshop in 1986, so
each working group had something on which to
build.

In the Fisheries/Oceanography working group,
participants reviewed and updated a list of re-
search and management needs and concerns that
had been developed during the 1986 workshop.
They also reviewed several research proposals that
had been prepared as a result of that meeting and
agreed to implement one, a joint assessment of
char on the Firth River in 1989, using a field crew
of biologists from both nations. The working
group also confirmed that the major species of
transboundary importance is the Arctic cisco.
Since most scientists feel that all Arctic cisco pop-
ulations found in Alaska originate in Canada's
Mackenzie River, development activities in
Alaska that might place those populations at risk
have international implications. Although some
progress was noted in implementing proposed re-
search (notably char river-of-origin studies using
starch-gel electrophoresis), the working group
agreed that further committment was necessary on
the part of the agencies if we are to understand the
Arctic aquatic ecosystems adequately.

The Marine Mammals working group reviewed
ongoing programs and recent achievements, dis-
cussed major information needs relating to conser-
vation and management, and identified areas for
cooperative or coordinated programs. They fo-
cused primarily on bowhead and beluga whales
and on ringed and bearded seals. Subsistence,
disease and contaminant studies were reviewed.

The Administration working group discussed
information exchange, points of contact, a clear-
inghouse for tagging and marking efforts, and
streamlining procedures for transborder shipment
of specimens and tissues. They also discussed in-
creasing the level of coordination by scheduling
more frequent meetings of agency administrators
at the policy level.

Al participants placed a high level of value on
these workshops and felt that the resources they
are dedicated to conserving will be well served by
continuing them.

U.S./Canada Joint Ice Working Group

The third meeting of the U.S./Canada Joint Ice
Working Group was held in Montebello, Quebec,
from May 14, 1989. The JIWG is co-chaired by
John J. Carey, Deputy Assistant Administrator,
National Ocean Service, NOAA, and Gordon M.
Shimizu, Director General, Central Services Di-
rectorate, Atmospheric Environment Services.

The JIWG provides an informal exchange of
ideas and ice-related information between repre-

sentatives of the governments of both countries.
The group’s emphasis is on operational services
and supporting research. There are seven standing
committees and three ad hoc working groups deal-
ing with such diverse issues as terminology, train-
ing, archiving and communications. Previous
meetings of the JIWG were held in Ottawa in
October 1986 and the Washington, D.C., vicinity
in October 1987.
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Alaska Arctic Offshore Oil-Spill-Response

Technology Workshop

The Minerals Management Service (MMS) is
responsible for leasing and managing oil, gas and
other mineral exploration and development on the
Outer Continental Shelf/Exclusive Economic
Zone. MMS has been actively involved in spon-
soring research efforts to evaluate and improve
oil-spill-response capabilities for offshore Arctic
areas. This program has been administered by the
Technology Assessment and Research (TA&R)
Program within MMS.

In 1988 it became apparent to the MMS that an
assessment of Arctic oil-spill-response technology
and research needs would be beneficial. Conse-
quently, a workshop was designed to bring togeth-
er experts in the areas of oil-spill containment,
recovery and cleanup from around the world to as-
sess the state of the art and to identify future re-
search needs and priorities.

On November 30, 1988, the National Institute
of Standards and Technology conducted a three-
day workshop for the MMS entitled “Alaska Arc-
tic Offshore Qil-Spill-Response Technology
Workshop.” Attendees came from the U.S., Can-
ada, Norway and Finland. During the first portion
of the workshop, keynote speakers gave presenta-
tions pertaining to the state of the art for Arctic
oil-spill response and the status of ongoing re-
search efforts. The second portion of the workshop
was divided into five panels: mechanical contain-
ment, mechanical recovery, chemical treatment, in
situ burning and readiness. Each panel was asked
to address and set priorities for research needs in
their area of expertise. In addition, the panels dis-
cussing mechanical recovery and chemical treat-
ment addressed remote sensing as it related to
these areas.

The panel on mechanical containment exam-
ined the use of boats, booms, ice and other equip-
ment and materials, in various forms and config-
urations, to contain oil on the water surface in
open water, broken ice and solid ice. They also ad-
dressed radio tracking buoys in and under solid
ice. They indicated that bubble barriers, the use of
air bubbles as a containment boom, warranted no
future research.

Mechanical recovery refers to the use of equip-
ment such as skimmers and sorbent mops to re-
cover spilled oil from the shoreline and the water
surface in open water, broken ice and solid ice.
The panel discussed specific items such as clean-
ing oiled ice, the use of controlled lightning as an
ice-breaking mechanism, and the use of peat as a
collecting agent for shoreline cleaning.

Chemical treatment refers to the use of chemi-
cal treating agents to disperse oil to keep it as a
single mass, to gel oil for easier recovery, to herd
oil to keep it as a single mass, to biodegrade oil, to
break emulsions, to increase ignition capabilities
and to wash oil from the shoreline. Each of these
categories was discussed for use, where applica-
ble, on shorelines, in open water, in broken ice and
on solid ice. The panel also discussed the approval
process for using chemical treating agents, as well
as each category of chemical treating agents (dis-
persants, gelling agents, surface washing agents,
biodegradation and recovery agents) and deter-
mined the research needs in each area.

In situ burning refers to the burning of spilled
oil in place: on the shoreline, in open water, in
broken ice or on solid ice. The panel focused on
research needs for field testing, laboratory work
and studies. Among the issues addressed were
tests relating burn rates to burn efficiencies and
emissions, experiments for determining the ther-
mal requirements to break down various water-in-
oil emulsions, and development of mechanisms to
enhance in situ burning such as air or water injec-
tion.

Readiness refers to planning for oil-spill re-
sponse: planning for contingencies, describing
response times, and describing “windows of
opportunity” for using specific pieces of
equipment and methods for the containing and
recovering oil. The panel discussed refining
windows of opportunity, improving acceptable
performance criteria, refining disposal options,
improving transportation and logistics programs,
and reviewing the utility of small-scale and large-
scale experimental burns.

Two panels discussed the topic of remote sens-
ing: chemical treatment and mechanical contain-
ment. Remote sensing can be used to detect oil
and describe its movement and characteristics on
the water surface. The two panels developed re-
search priorities for open water, broken ice, solid
ice and shorelines.

The workshop proceedings, Alaska Arctic Off-
shore Oil Spill Response Technology, November
29_December 1, 1988, National Institute of Stan-
dards and Technology, NIST SP 762, may be ob-
tained from the Superintendent of Documents,
U.S. Government Printing Office, Washington,
D.C. 20402. Copies may also be obtained from the
Minerals Management Service Public Library, 249
E. 36th Ave., Room 502, Anchorage, Alaska
99508-4302.
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Arctic Fisheries Coordinating Committee

The intensity of fisheries investigations on
Alaska’s North Slope and the Beaufort Sea has
been increasing steadily as a result of current and
proposed oil and gas development. Recognizing
this, agencies and organizations involved in those
investigations formed the Arctic Fisheries Coor-
dinating Committee in early 1988 to implement
their programs more effectively. The committee,
comprising government and industry representa-
tives, meets in Anchorage on a regular basis to
discuss objectives, methods and results of their
investigations and to explore the potential for
sharing logistical assets,

In 1989, for example, industry is funding two
causeway monitoring programs (one under a

Corps of Engineers permit and one under a North
Slope Borough permit), the U.S. Fish and Wildlife
Service is conducting a near-shore and inland in-
vestigation on the Arctic National Wildlife Refuge,
the Alaska Department of Fish and Game is eval-
uating the modification of flooded gravel borrow
pits for enhancing fish habitat, the North Slope
Borough is continuing fisheries investigations in
Dease Inlet near Barrow, and Canada’s Depart-
ment of Fisheries and Oceans is conducting fish-
eries investigations in the Mackenzie River Delta.

All committee members are benefiting from
coordinating their efforts before planning and im-
plementing their programs and from timely review
of data following the field season.
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NASA Global Tropospheric Experiment

Scientists from three NASA research labora-
tories, nine universities, two private research com-
panies and the Brazilian Space Research Institute
spent most of the summer of 1988 camped in tents
on the Alaskan tundra and flying in a NASA re-
search aircraft equipped with state-of-the-art laser
sensors over the tundra, ice and oceans from
Thule, Greenland, to Cold Bay, Alaska (see Arctic
Research of the United States, Fall 1988, p. 65—
66).

Computer models of the greenhouse effect (a
warming of the Earth’s atmosphere due to the ac-
cumulation of carbon dioxide, methane and other
gases released by human activities) predict that
climate warming will be most pronounced in the
northern high-latitude continental regions. The
NASA Global Tropospheric Experiment (GTE)
Arctic Boundary Layer Expedition (ABLE-3A) is
the first coordinated, multidisciplinary study of
how northern tundra ecosystems and Arctic air
quality will respond to any future climate change.

Two resulis of the ABLE-3A study were the
discovery that the release of methane to the atmos-
phere from Alaskan tundra is very sensitive to soil
moisture levels and that the summer Arctic atmos-
phere has higher levels of air pollution than previ-
ously detected.

Methane, the most rapidly increasing green-
house gas, is emitted to the atmosphere by a vari-
ety of human activities and from natural swamps,
bogs and tundra. The discovery that even slight
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changes in soil moisture increase or reduce meth-
ane emissions from tundra by a factor of 100 in-
troduces an important new component into fore-
casting future climate change. Present computer
models do not include this potentially critical bio-
logical response.

The NASA aircraft probed the Arctic atmo-
sphere from altitudes of 500-20,000 feet above the
Arctic Ocean and tundra at over 100 locations dur-
ing a 43-day period in July and August. Operating
primarily from Barrow and Bethel, Alaska, scien-
tists on the aircraft measured highly variable con-
centrations of more than 20 atmospheric gases in
air that had originated in North America, the Sovi-
et Union and Europe. Carbon monoxide, a sensi-
tive tracer of air pollution from coal and oil com-
bustion or forest fires, was found to be enhanced
from clean air concentrations of 70 parts per bil-
lion (ppb) to concentrations of 130140 ppb at
many altitudes over remote regions of the Arctic
Ocean and tundra. Previously, such high levels of
atmospheric pollution in the Arctic had only been
observed during the spring months. Because the
oxidizing capacity of the Arctic atmosphere is rel-
atively low, these pollutants can accumulate to
higher levels.

In the Arctic, pristine air with extremely low
concentrations of critical photochemically active
gases were also the focus of the ABLE-3A study.
Studies of these pristine baseline regions provided
the first verification of theoretical models of con-
trols on tropospheric ozone production and de-
struction processes. It is now possible to better
define both the levels and effects of human activi-
ties in North America on regional and global air
quality. Nitrogen oxide gases (NO and NO,) are
typically below the critical level of 15 parts per
trillion (ppt) necessary for ozone formation in all
clean regions of the Arctic atmosphere.

Detailed results of the ABLE-3A study were
presented at the annual spring meeting of the
American Geophysical Union, May 8-9, 1989, in
Baltimore, Maryland. Thirty-three papers were
presented in the two-day special session.

Further information is available from Dr.
Robert J. McNeal, Program Manager, NASA
GTE/ABLE, NASA Headquarters (202-453-
1479); James M. Hoell, Jr. (project manager),
NASA Langley Research Center (804-864-5826);
or Dr. Robert C. Harriss (mission scientist), Uni-
versity of New Hampshire (603-862-3875).



The NASA ER-2 and DC-8 at
Sola Military Air Station,
Stavanger, Norway.

Airborne Arctic Stratospheric Expedition

The 1985 discovery of large, rapid decreases in
atmospheric ozone each spring in the Antarctic
has led to major changes in theories of stratospher-
ic chemistry and dynamics in polar regions. It is
now thought that polar stratospheric clouds, which
form at low temperatures, are the sites of a series
of chemical reactions that accelerate the catalytic
destruction of ozone by chlorine. Studies have
suggested that the chemical composition of the
lower stratosphere becomes perturbed when che-
mically inactive chlorine compounds become con-
verted to photochemically active compounds on
the surfaces of these clouds. There has been spec-
ulation that similar phenomena might be occurring
to a lesser, but important, extent at northern high
latitudes, since winter ozone levels have been
known to decrease in the Arctic since 1970.

The Airborne Arctic Stratospheric Expedition
was organized to determine whether the processes
that contribute to Antarctic ozone depletion also
occur in the Arctic. Between January 1 and Febru-
ary 15, 1989, two aircraft, a high-altitude ER-2
and a modified DC-8, flew 14 flights each from
Sola Airfield near Stavanger, Norway. The aircraft
were equipped with state-of-the-art instrumenta-
tion for determining the chemical composition and
physical state of the atmosphere. The DC-8 flew
as far north as the North Pole and as far west as
the western coast of Greenland; the ER-2 ranged
as far as 82°N and the center of Greenland. Satel-
lite and ground-based measurements were also
used in the campaign.

The National Aeronautics and Space Adminis-
tration coordinated the campaign, which was co-
sponsored by the National Oceanic and Atmos-
pheric Administration, the National Science Foun-
dation and the Chemical Manufacturers Associa-

tion with support from the governments of Great
Britain, Norway and Denmark. Participating sci-
entists and engineers were from universities and
government laboratories in the U.S., Great Britain,
West Germany, Norway and Denmark.

Because the issue of global ozone depletion due
to human activities is of concern to policymakers
and the public, preliminary results of the campaign
were released soon after it was completed. A more
thorough assessment by the international scientific
community is scheduled for completion by August
1989, and the results will serve as input to the
1990 policy review of the Montreal Protocol on
Substances that Deplete the Ozone Layer. Com-
prehensive data analysis will continue for at least
another year.

The preliminary results of the expedition sug-
gest that the chemical composition of the Arctic
polar stratosphere was highly perturbed and that
chemical reactions were occurring on polar strato-
spheric clouds. Chemically active chlorine com-
pounds were as much as 50 times more abundant
than would be expected if chemical reactions were
not occurring on polar stratospheric clouds. Since
the relevant meteorological conditions for the for-
mation of polar stratospheric clouds were not un-
usual this year, the observed phenomena are ex-
pected to occur in most years. A direct cause-and-
effect relationship between the decrease in high-
latitude winter ozone levels and the chemical
perturbations has not yet been established.

Further information is available from Dr,
Robert Watson, Branch Chief, NASA Headquar-
ters, Code EEU, Washington, D.C. 20546; or Dr.
Adrian Tuck (project scientist), NOAA Aeronomy
Laboratory, 325 Broadway, Boulder, Colorado
80303.
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1987 by Tom Dean, Arctic
District Manager,

National Science Foundation’s Polar Ice Coring Office

The Polar Ice Coring Office (PICO) provides
administrative support, manages field operations
and coordinates logistical requirements for a vari-
ety of NSF-sponsored projects. PLICO primarily
supports NSF’s Division of Polar Programs (DPP)
glaciology projects and secondarily supports other
DPP projects and those sponsored by other div-
isions within NSF. PICO’s ice-drilling operation
consists of designing, building and operating ice-
drilling equipment in support of NSF-sponsored
projects. PICO has provided drilling support in
Antarctica, Greenland, Peru and China.

PICO began as part of the Ross Ice Shelf Pro-
ject (RISP), which had its management office at
the University of Nebraska—Lincoln (UNL) frem
1971 to 1979. In 1974 NSF shifted responsibility
for shallow ice drilling and logistics of NSF pro-
jects in Greenland from the Army’s Cold Regions
Research and Engineering Laboratory to RISP. To
accomplish these tasks PICO was formed. In 1979
PICO became a separate contract at UNL, and it
progressed through two five-year contracts.

In 1988 NSF requested proposals from other
institutions interested in managing the PICO con-
tract. As a result of this process the University of
Alaska-Fairbanks was awarded the contract and
assumed responsibility on November 1, 1988. The
new director is John Kelley.

The Greenland logistics operation, based at the
Sondrestrom Air Force Base on Greenland’s west
coast, provides support for up to 25 NSF-spon-
sored projects each summer. Between 1979 and
1981 logistical support was provided tor the
Greenland Ice Sheet Program (GISP), which re-
trieved a core from the bottom of the ice sheet at
the DEW line station DYE-3 in central Greenland.
The 1989 GISP II drilling program will produce
several hundred meters of ice core. It will also ini-
tiate the first U.S. attempt to drill through a major
ice sheet since 1968.

PICO provides arrangements for transportation
of personnel and equipment between the U.S. and
Greenland, including military clearances for per-
sonnel, access to air base facilities in Greenland,
and on-site coordination of field activities origin-
ating at Sondrestrom Air Force Base. The PICO
field office controls and maintains an inventory of
field equipment that includes oversnow vehicles,
shelter and tents, radios, generators and various
types of fuels, and it also provides liaison be-
tween NSF, scientists and support subcontractors.
PICO also provides ice-core and hot-water drilling
services, the loan of some drilling equipment to
scientific parties, and borehole logging services
for NSF-DPP glaciological and geophysical
projects.

The PICO operation in Greenland is possible
only through the support of many organizations.
The U.S. Air Force Space Command allows PICO
access to the air bases in Greenland. Support at
Sondrestrom AFB is provided by the 4700th Op-
erations Support Squadron and the 1015th Air
Base Squadron. The 1012th Air Base Group pro-
vides support at Thule AFB. The 109th Tactical
Airlift Group of Schenectady, New York, provides
flight support between the U.S. and Greenland and
on the ice cap. GreenlandAir also provides air sup-
port between communities in Greenland and to the
ice cap. Felec Services, Inc., Greenland Contract-
ors, Danish Arctic Contractors, The Royal Green-
land Trade Department, Statoil, The Danish Me-
teorological Service, Gronlandsbanken and Scan-
dinavian Airlines all provide valuable services in
support of PICO in Greenland. Activities in
Greenland are reviewed and approved by the Dan-
ish Commission for Scientific Research in Green-
land.

The Alaska Air Command at Eielson AFB and
the U.S. Army at Ft. Wainwright supply support in
Fairbanks.

The Resource Apprenticeship Program for Students

Alaskan Natives are among the largest private
land owners in the world. The passage of the
Alaska Native Claims Settlement Act (ANCSA) in
1971 provided Alaskan Natives with a land settle-
ment of 44 million acres. As a result, they have
found themselves managing a diverse ecosystem.

Young Alaskan Natives, as with any people
trying to enter the job market for the first time, are
always faced with the problem of competing

against experienced workers for entry-level posi-
tions. In rural Alaska this problem is particularly
acute since there are few jobs to begin with. One
of every four Natives dropped out of high school
in 1980, and only 3.5% have completed college.
Suicides and alcoholism problems among youth in
rural communities have been well documented and
are attracting public attention.

In the summer of 1987 the Bureau of Land



RAPS participant working on
an archeological excavation.

Management’s (BLM) Arctic District piloted a
“hosted workers” program by hiring a high school
Jjunior from Barrow and another from Point Hope.
The costs were paid by BLM and the Bureau of
Indian Affairs. BLM expanded the program in
1988 to include ten students placed in three BLM
Districts plus two students in the National Park
Service (NPS) and two in the Fish and Wildlife
Service (FWS). Students helped archeologists ex-
cavate historic sites, worked with recreation spe-
cialists on river patrols, and helped biologists con-
duct various wildlife studies.

This “hosted student” approach by BLM was
renamed Resource Apprenticeship Program for
Students (RAPS) and is now beginning its third
year. It combines the efforts of Federal and state
land-managing agencies, the Alaska school system
(both secondary and university), and private in-
dustry to provide worthwhile employment and
educational opportunities for rural Alaskan stu-
dents seeking careers in natural resource manage-
ment.

RAPS links a potential labor pool with a de-
monstrated employment need. By participating in
the program, students get on-the-job training in
natural resource management. They can also qual-
ify for tuition waivers in natural resource manage-
ment programs at the University of Alaska—
Fairbanks to continue their education after high
school. They also learn to live away from home,
and they are exposed to cultural differences in

larger cities. Students live with host families near
their summer jobs. These families receive a small
reimbursement for food and transportation costs
and are an extremely important part of the pro-
gram.

At the end of the summer, students are required
to write a paper on their experiences. Follow-up
with the student’s parents and school continues in
the fall and winter. Students are encouraged to re-
turn to the agency for additional experience
through their college years. Every effort is made
to place them in a job following graduation, either
in a sponsoring state or Federal agency, or in a pri-
vate agency or Native corporation.

The program has been widely publicized and
well accepted. More students apply than can be
accommodated, and additional agencies want to
join the program. The RAPS program operates
under the philosophy that it is better to offer a
quality experience to a small number of students
than to offer “make-work” projects to a larger
number of students. In 1988 the USDA Forest Ser-
vice and the Alaska State Department of Natural
Resources cooperated with BLM, NPS and FWS
to sponsor 28-30 students. BLM will continue to
serve as the lead coordinating agency. Other state
agencies and the North Slope Borough have ex-
pressed interest in joining the program in the fu-
ture. This program has been endorsed by the
Alaska Department of Education and the Alaska
Association of School Administrators.
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Mining Engineer, Alaska
Field Operations Center,
Bureau of Mines,
Anchorage. Alaska.

Heap Leaching and its Applicability to Alaska

Heap leaching, a method of using sodium cyan-
ide solutions to dissolve precious metals from
low-grade ore deposits, is widespread throughout
the western United States. U.S. mines using this
technology produced 998,603 ounces of gold and
3,641,741 ounces of silver in 1986. This amounts
to a 20-fold increase in leached gold and a 125-
fold increase in leached silver over the production
figures of 1979.

In heap leaching, ore is placed on impermeable
pads. A sodium cyanide solution is added to the
heaped ore via a sprinkler or drip line. The solu-
tion permeates the ore, dissolving the gold and sil-
ver. The solution then flows into a collection
pond, where it is pumped to the processing plant.
The gold and silver are recovered either by carbon
absorption or zinc precipitation.

A heap leach operation was initiated near Fair-
banks, Alaska, in 1985. Following tests the project
went into production in 1987, with 70,000 tons of
ore leached.

Alaska faces problems with the use of heap
leaching because of its cold climate and sensitive
environment. The main deterrent to leaching is the
short operating season (from mid-May to the be-
ginning of October). During the severe Alaskan
winters, the leaching solutions freeze, plugging the
lines and sprinklers. The cyanidization process
also slows to 30% of its normal reaction time. So-
lutions can be heated to prolong the operating
season, but high power costs may make this un-
economic. The limited season results in short
leaching periods, limited cash flow, and shut-
down and start-up expenses.

The cold climate also creates problems with
frozen ground. When liner pads are placed on fro-
zen ground with a high moisture content, melting
and refreezing causes frost heaving, which can
tear the liners. The result can be leakage of the
cyanide and the solution with dissolved precious
metals.

Development costs in Alaska are greater than
those in the conterminous states, so higher-grade
deposits are necessary to make a profit. For exam-
ple, many deposits in lower latitudes can success-
fully leach ore grading 0.05 ounces of gold per ton
and less. The Ryan Lode, Alaska’s only operating
heap leach project, processes ore grading 0.3
ounces of gold per ton.

The Alaska Department of Environmental Con-
servation (DEC) has initiated a regulation requir-
ing no more than 0.02 ppm of cyanide in waste-
waters. The heaps must be double-lined and
equipped with devices for groundwater monitor-
ing, vadose zone monitoring and thermal moni-
toring. Sealing requirements are difficult to meet.
The heap must be completely capped and recon-
toured. This cap must prevent percolation to the
leached ore and must be able to withstand damag-
ing freeze—thaw cycles. The operator must main-
tain the cap and monitor the systems for five years
(or longer if determined by the DEC).

Such strict regulations may not be necessary
because cyanide quickly detoxifies by volatiliza-
tion, bacterial oxidation, complexation with metals
(forming very stable compounds), plant metaboli-
zation and ultraviolet photolysis. Also, cyanide
wastes may be artificially detoxified by using hy-
drogen peroxide, chlorine, or SO2 and air. Further-
more, since leakage of cyanide solution also repre-
sents a loss of dissolved gold and silver, the oper-
ators of heap leaching projects are very unlikely to
allow accidents to happen during production,
when solutions are at their maximum cyanide
content.

When heap leaching properties are selected
carefully, this mining procedure can be used safely
and effectively to recover metals from deposits
that are considered uneconomic using conven-
tional mining methods. Research by the Bureau of
Mines is resulting in new technologies to extend
the mining season in cold climates.



Reports of Meetings

Fifth Meeting:
March 27, 1989

Chairman Erich Bloch convened the meeting.
He noted that under the terms of the executive
order establishing the Committee, the Chairman
may invite the representative of any executive
agency to join the Committee. Chairman Bloch
then stated that in response to the Department of
Agriculture request for membership, he had invit-
ed the Department to become a member agency of
the Committee.

Jerry Brown of the National Science Founda-
tion presented a summary of the biennial revision
to the U.S. Arctic Research Plan. He noted the re-
vision’s emphasis on coordinated activities.
Agency representatives then presented short dis-
cussions of the major components of the biennial
revision: Joseph Fletcher, NOAA, presented the
coordinated ocean/atmosphere program; Douglas
Posson of the U.S. Geological Survey discussed
the coordinated Arctic data program and the es-
tablishment of the Arctic Environmental Data
Directory Working Group; and Robert Hoffmann
of the Smithsonian presented the social and health
sciences program. Dr. Hoffmann noted that the
Polar Research Board had recommended in its
report Arctic Social Science: An Agenda for
Action that the Interagency Committee establish a
task force of social scientists. Mr. Bloch proposed
that the Social Science Working Group be upgrad-
ed to a task force. This recommendation was ac-
cepted by the Committee. Mr. Bloch also asked
each agency to provide comments within 30 days
on the Arctic social science report. The Depart-
ment of Education, although not a member of
IARPC, was invited to comment on the report.

Jay Moskowitz of the Department of Health
and Human Services then discussed the broad
goals of Arctic health research. Juan Roederer,
Chairman of the Arctic Research Commission,
presented the Commission’s formal comments on
the biennial revision to the Plan. Chairman Bloch
then asked for the Committee’s agreement that the
biennial revision be prepared for transmittal to the
President and the Congress by July 31, 1989, sub-
ject to editing and final approvals. There being no
objection, Mr. Bloch directed the staff representa-
tives to complete the biennial revision.

Robert Corell, Assistant Director for Geosci-
ences, NSF, reviewed recent international devel-

Interagency Arctic Research Policy Committee

opments, including the International Arctic Sci-
ence Conference in Leningrad in December 1988
and planning activities for an International Arctic
Science Committee (IASC). The IASC is intended
to be a nongovernmental scientific organization.

Chairman Bloch noted that the Committee’s
journal, Arctic Research of the United States, has
now been through three issues. He noted the pro-
posal to establish an editorial advisory group. The
Committee accepted this proposal with the provi-
sion that the membership of the editorial group be
on a rotational basis. With this, Mr. Bloch ad-
journed the open session of the Committee meet-
ing.

The Committee reconvened in closed session to
discuss coordination and budgetary constraints.
Mel Peterson of NOAA presented the rationale for
the proposed ocean/atmosphere coordinated pro-
gram. After discussing this proposal in some de-
tail, the Committee agreed to prepare an inter-
agency document for the coordinated ocean/
atmosphere program to include FY 89 and 90 ex-
penditures. This will be updated for FY 91 and
made available once the budget is submitted to the
Congress in early 1990. Jack Fellows of OMB
agreed to provide OMB’s assistance in the cross-
cutting budget analysis. (At this point, Mr. Bloch
asked Robert Corell to assume the Chair.) The
agency representatives agreed to develop the coor-
dinated program using the Committee on Earth
Sciences’ global change report as a guide for the
crosscutting analysis. The Committee agreed to
review progress on this pilot exercise at a meeting
to be held in approximately two months.

Sixth Meeting:
June 1, 1989

The meeting was convened by Chairman Erich
Bloch, at which time he requested that the staff de-
velop an annual calendar for Committee meetings.
Mr. Bloch noted that at its March 27 meeting, the
Committee had designated the Social Science
Working Group as a task force. He reminded the
agencies that he had requested their review of the
Polar Research Board’s report on Arctic social
science. Mr. Bloch called on William Fitzhugh,
chairman of the task force, to report on that re-
view. Dr. Fitzhugh summarized the agencies’ re-
sponses and the task force recommendations, Mr.
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Bloch announced that NSF accepts the task force
recommendation to establish an Arctic social sci-
ence program in NSF. Mr. Bloch also asked for
the Committee’s approval to insert the task force
conclusions and recommendations into the draft
biennial revision to the U.S. Arctic Research Plan.
There being no objection, the Plan was amended
as proposed.

Mr. Bloch then noted that the draft biennial re-
vision to the U.S. Arctic Research Plan was ready
to send to the Office of Management and Budget
for review. There being no further comments on
the Plan, Mr. Bloch reminded the agency repre-
sentatives that their final approvals of the Plan
weré due, (All agency approvals were received by
June 7, 1989.)

Mr. Bloch then turned to a number of informa-
tional items. Robert Corell of the National Science
Foundation presented a progress report on the
pilot Arctic Oceans research cross-cut planning
activity. He noted that approximately $36 million
was expended in this area during FY 89. The
Oceans Working Group will continue its efforts
over the summer, with the goal of completing the
oceans cross-cut analysis by the fall of 1989. Dr.
Corell also noted that this effort would serve as a
model for the balance of the U.S. Arctic Research
Plan, especially in the areas of land—atmosphere
and people.

Dr. Corell then reported on the planning for the
International Arctic Science Committee (IASC).
The IASC planning group had recently met in Hel-
sinki to further refine the founding articles for the
IASC. Further review is planned for the summer.
Chairman Bloch then called for brief reports on a
number of Arctic environmental issues. Mike
Kurylo of NASA reported on the Arctic strato-
spheric ozone expedition (see p. 61). This was fol-
lowed by several reports on agency responses to
the March 1989 Valdez oil spill and plans for fu-
ture research presented by Charles Ehler of
NASA’s Office of Oceanography and Marine As-
sessment; Vern Wiggins, Interior’s Deputy Under
Secretary for Alaska; Paul Dunn of the Depart-
ment of Agriculture; and Jay Benforado of the En-
vironmental Protection Agency.

The open session of the meeting concluded
with brief remarks by David Garman, representing
Senator Frank Murkowski of Alaska. Mr. Garman
thanked the Committee and the Arctic Research
Commission for their excellent work in imple-
menting the Arctic Research and Policy Act.

In closed session the Commiittee discussed the
oceans cross-cut planning exercise and the pro-
posed amendments to the Arctic Research and
Policy Act. The Committee and staff will review
the proposed amendments and develop a consen-
sus position with the Commission.
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Sixteenth Meeting:
January 20-21, 1989

The Arctic Research Eommission held its six-
teenth meeting in conjunction with the American
Association for the Advancement of Science in
San Francisco, California, on January 20-21,
1989. Chairman Roederer opened the meeting, in-
troduced Advisors and guests, and noted the suc-
cessful all-day symposium “The Arctic: A New
Key to World Climate and Resources,” jointly
sponsored by the Commission and the Polar Re-
search Board on January 19th. The Chairman
commented that the recent report Statement of
Goals and Objectives to Guide United States Arc-
tic Research: Findings and Recommendations
(December 1988) was the most important docu-
ment yet published by the Commission.

Alaska Science and Technology
Foundation (ASTF)

Dr. Francis Williamson, a member of the Board
of Directors of the Foundation, reported that
ASTF, since it began in the fall of 1988, had fo-
cused on two subjects:

» Developing mechanisms for soliciting and
evaluating proposals, awarding grants and
contracts, and monitoring progress and ex-
penditures; and

» Hiring an executive director.

The proposal process will accommodate both so-
licited and unsolicited proposals. Research priori-
ties of the Alaska Science and Engineering Advis-
ory Commission will be used to establish technical
areas of emphasis.

Interagency Arctic Research Policy
Committee

Jerry Brown summarized activities of IARPC.
The logistics working group completed an initial
draft identifying Federal agency logistic assets.
The Commission’s proposal to examine the Bering
Sea as a system was assigned to the oceans/atmos-
phere working group for consideration in the re-
vised Arctic Research Plan.

The first biennial revision of the U.S. Arctic
Research Plan is in draft form and has been circu-
lated for review. Reviews have been scheduled in
Alaska. The intent of the revision is to provide a
brief update focused on the next two years. Vari-

ous recommendations forwarded by the Commis-
sion are being considered for incorporation. The
body of the report consists of two parts. The first
part describes proposed interagency programs in
ocean—atmosphere interactions, biosphere—atmos-
phere interactions, and Arctic data and informa-
tion. The second part describes the research com-
ponents of Federal agencies, organized in six
areas: Arctic ocean and marginal seas, atmosphere
and climate, land and offshore resources, land and
atmosphere interactions, engineering technology,
and people and health.

The Commission has asked for a review of the
draft revision by the Commissioners and Advisors.
The Chairman will collate the responses and cor-
respond with IARPC.

International Scientific Cooperation

The Chairman reported on the “Conference of
Arctic and Nordic countries on coordination of
research in the Arctic” held in Leningrad, Decem-
ber 12—15, 1988. Many useful discussions, both
formal and informal, occurred among the some
500 scientists. Some papers reported on recent re-
search or summarized programs, but much of the
discussion was focused on the state of Arctic sci-
ence (including physical and biological disci-
plines) and possible areas of cooperation. An as-
sessment of the results, however, must await pub-
lication of the conference summary and proceed-
ings.

Progress in defining an International Arctic
Science Committee (IASC) over the past ten
months has occurred primarily through the hard
work of a drafting committee assigned as a result
of the Stockholm conference in March 1988 (see
Arctic Research of the United States, Spring
1988). A draft of proposed Founding Articles has
been circulated for review to the eight proposed
founding nations. The intent is to solicit comments
to be incorporated into a revised statement so that
IASC could be formally inaugurated later in 1989.
Some concern remains as to whether the board of
IASC should be restricted to members from the
eight founding Arctic countries. The consistent
U.S. position remains that as a nongovernmental
organization, IASC should be open to institutions
and scientists from all qualified nations. The Com-
mission concluded that review comments of the
Advisors and the Commissioners would be for-
warded, as requested, to the Interagency Arctic
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Policy Group chaired by the Department of State
and that the Commission would propose the estab-
lishment of a U.S. National Committee as a means
for U.S. participation when IASC is officially
inaugurated.

Assessment of Commission Initiatives

In addition to the recommendations of the
Commission to IARPC on logistics and research
priorities for inclusion in the revised Arctic Re-
search Plan, the Commission received reports on
the status of its recommendations on Arctic health,
social science, and the Bering Sea. Dr. John Mid-
daugh, Alaska State Epidemiologist, reported on
the recent interest at the National Institutes of
Health, particularly the intent to fund a five-year
study by Louisiana State University and the
Alaska Division of Public Health on atherosclero-
sis in Eskimos. Dr. Middaugh also described a
concept for linking the polar scientific community
and the Federal health agencies through a new role
for the Polar Research Board. If approved and
funded, an appropriate staff person would assess
and help coordinate opportunities for needed
health research in the Arctic. The Commission
agreed to endorse this concept.

Dr. Gunter Weller, Chairman of the Polar Re-
search Board, reported on a publication, Arctic So-
cial Science: An Agenda for Action, just issued by
the Polar Research Board (see p. 36). The Com-
mission will follow with interest the responses to
this report.

Dr. Eddie Bernard, Director of the Pacific Ma-
rine Environmental Laboratory, NOAA, reported
that the agency’s proposal for ice-edge research,
an integral part of a multiagency effort and a pro-
posal advocated by the Commission, had been ap-
proved within NOAA but not in the final FY 89
budget review. This illustrates a problem in rec-
ommending coordinated multiagency programs. If
some components are not funded, the overall pro-
gram may not be viable. This concern is shared by
the Commission and IARPC,

Other efforts to organize research on the Bering
Sea are underway. Mayor Paul Fuhs, Unalaska, is
exploring state and private funding to establish the
Bering Sea Research Institute as a basis for logis-
tic support. Private fishing boats may also be able
to help investigators.

The Commission discussed its concern with the
scientific quality of information used in environ-
mental assessments and impagt statements. The
Chairman agreed to develop a discussion paper for
the next meeting and to explore options for con-
structive recommendations to imprfj'v\e the scien-
tific quality and timeliness of the im pifct statement
process.

. ‘

Other Business

The Commission reviewed a draft of its annual
report, decided to publish a brochure about Arctic
science and Commission activities, discussed the
need for a policy on joint sponsorship of events
such as scientific conferences, and decided to meet
in Anchorage and Dillingham, Alaska, and to plan
a field trip to review Arctic research in Greenland.

In executive session the Commission reviewed
an advisory opinion on administrative law issues
as they affect the Commission’s operations and
decided to establish an ethics policy for the
Commission. Proposed amendments to the Arctic
Research and Policy Act of 1984 were reviewed
and endorsed.

Seventeenth Meeting:
March 28-29, 1989

The Arctic Research Commission held its
seventeenth meeting in Washington, D.C., on
March 28-29, 1989, Chairman Roederer noted
that since the last meeting the Commission had
published its annual report for the period October
1987 through September 1988, which included a
summary of activities since the Commission’s
inception in 1985. The Commission has also
undertaken a review of opportunitites to improve
the environmental impact assessment process, fol-
lowed up on international Arctic initiatives, con-
tinued to examine the initiative for a study of the
Bering Sea as a system, urged coordination of
logistic support, and reviewed the draft revision of
the U.S. Arctic Research Plan.

Interagency Arctic Research

Policy Committee

Erich Bloch, Chairman of IARPC, noted that
the revision of the Arctic Research Plan was on
schedule for delivery to the President in July 1989
and will incorporate comments from many sectors
of the Arctic community. He indicated that many
of the Commission recommendations had been
included in the revised plan and noted the budget
uncertainty for realizing these plans. He briefly
reviewed the IARPC meeting on March 27,
particularly the proposed interagency initiatives.
Currently Federal research funding for the Arctic
totals about $96 million and appears to be about
level, although the National Science Foundation is
experiencing modest increases.

Comments from Congress
David Garman, representing the Alaska Con-
gressional delegation, reported the recent intro-
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duction of S. 677, a bill to amend the Arctic
Research and Policy Act of 1984 (Public Law 98-
373) to clarify and improve some of its provisions.
The changes include the addition of two Commis-
sioners for a total of seven and the requirement
that Federal agencies respond to Commission rec-
ommendations.

Arctic Research Consortium of the
United States (ARCUS)

Dr. Luis Proenza, President of ARCUS, ex-
plained that the goals of ARCUS, established in
1988, were to

_» Increase public awareness of the Arctic,

« Increase educational opportunites,

 Enhance access to Arctic data and informa-

tion, and

« Enhance the ability to support rescarch by

means such as establishing a logistics clear-
inghouse.
One hundred universities and research institutions
have been invited to join the consortium.

Federal Environmental Impact
Procedures

Dinah Bear, General Counsel, Council on En-
vironmental Quality (CEQ), summarized the Na-
tional Environmental Protection Act (NEPA) and
the role of CEQ in publishing regulations binding
on all Federal agencies. She summarized the
preparation procedures, including the scoping
phase, leading to an environmental impact state-
ment (EIS). The issue of incomplete or insufficient
information has been considered in the revised
regulations. Public comment is required in both
the scoping phase and on the draft EIS. Litigation
by both individuals and groups over the past 20
years has refined and reinforced the process.

A discussion paper prepared by the Chairman
was the basis of a discussion that focused on what
questions are to be answered, how data are evalu-
ated, and how impacts are predicted. There seems
to be considerable variation among agencies pre-
paring EISs as to the quality of science included.
The Commission was encouraged by scientists and
government officials to explore ways to improve
the process, such as by using scientific peer re-
view, particularly of study plans before work is
contracted.

Federal Budget Process for

Funding Research

Jack Fellows, Budget Examiner, Office of
Management and Budget, summarized the Federal
agency budgetary process. Interagency issues such
as Arctic research are dealt with across many

OMB offices. He discussed the budget environ-
ment, showing an increase in outlays and a de-
crease in budget authority on discretionary spend-
ing, which determines a majority of science fund-
ing. Mr. Fellows noted that three budgets are si-
multaneously in different stages: agencies are
managing the 1989 budgeted expenditures, Con-
gress is working on 1990 budget legislation, and
agencies are formulating 1991 budget requests. He
encouraged coordinated multiagency budget sub-
missions, as exemplified by the global change
initiative, as an effective and innovative mechan-
ism for managing Arctic research.

Review of Selected Agency
Research Activities

Presentations of Arctic activities were made by
representatives of the Departments of Interior
(Bureau of Land Management, Bureau of Mines,
Fish and Wildlife Service, Minerals Management
Service, National Park Service and Geological
Survey) and Commerce, and the National Science
Foundation. The organization, funding programs,
and selected accomplishments were summarized.
Much of this information has been covered in pre-
vious issues of Arctic Research.

Arctic Engineering

Dr. Robert Carlson, University of Alaska, pre-
sented the outline of a strategic plan for cold re-
gions engineering research that was developed
from a workshop in Hanover, N.H. (see p. 53).
The workshop was conducted for the National Sci-
ence Foundation to help guide their engineering
programs. The topics were discussed in four
groups: offshore technology; watersheds, rivers
and coastal zones; facilities infrastructure; and
transportation infrastructure.

Arctic Vessels

After reviewing the classes of vessels suitable
for northern operations and current Federal plans
for new ships, the Commission adopted a resolu-
tion supporting the President’s budget for a third
icebreaker now before the Congress and recom-
mending that the United States charter with an
option to purchase an ice-capable research vessel
for the academic fleet in 1991.

Other Business

In executive session the Commission discussed
and adopted a policy governing meeting proce-
dures, and duties and responsibilities of officers
and staff. An ethics policy for the Commission
was adopted. A budget request for operating the
Commission in FY 91 was adopted.
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Forthcoming Meetings

Listed here is a compilation
of forthcoming meetings,
workshops and conferences
on Aretic or northeru topics
and activities. Readers are
invited to submil information
ON UPCOMTNG meetings. as
well as reporis on national
or international meetings -
tended, 1o J. Brown, Arctic
Research, National Science
Foundation, Room 620, 1800
G St, NW. Washington, D,C
20550
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Eastern Snow Conference

8-9 June 1989, Chateau Frontenac, Quebec City,
Quebec, Canada

Contact: Gerald Jones, INRS-Eau, C.P. 7500

2700 rue Einstein, Sainte-Foy, Quebec, Canada

GIV 4C7

Phone: (418) 654-2533

Tenth International Conference on Port
and Ocean Engineering Under Arctic Conditions
(POAC 89)

12-16 June 1989, Lulea, Sweden

Contact: Lena Karbin, S-951 87 Lulea, Sweden

Phone: +46 920917 75

Telex: 80207 Centek S

Fax: 2+ 16 920 997 26

American Society of Limnology and Oceanography
18-23 June 1989, Fairbanks, Alaska

Contact: John Goering, Institute of Marine Sciences,
University of Alaska, Fairbanks, Alaska 99775-1080
Phone: (907) 474-7895, 7797

28th International Geological Congress
9-19 July 1989, Washington, D.C.
‘Workshop on Arctic Geological Processes
and Global Change
Contact: Bruce Molnia, U.S. Geological Survey,
917 National Center, Reston, Virginia 22092
Phone: (703) 648-4120
Telex: 248 418 GEOINT UR
Fax: (703) 648-4227

International Symposium on Mining in the Arctic
17-19 July 1989, Fairbanks, Alaska

Contact: Dr. Sukumar Bandopadhyay, 108 Brooks
Building, University of Alaska, Fairbanks, Alaska
99775-1190

Phone: (907) 474-6876

June 11-15, 1990, Fairbanks, Alaska

An international conference on the role of the
polar regions in climate and global change will take
place at the University of Alaska in Fairbanks on
June 11-15, 1990. The conference is co-sponsored by
the Arctic Research Consortium of the United States,
the American Meteorological Society, the Scientific
Committee on Antarctic Research, and the Arctic Di-
vision of AAAS.

The polar regions of the earth have become the
focus of considerable attention in recent years in con-
nection with atmospheric pollution and global climate
concerns. For example, there is growing evidence that
the polar regions play a key role in the physical pro-
cesses responsible for global climatic fluctuations. In
many instances the polar regions may be the prime
source of such fluctuations. Polar regions are now
widely recognized as important repositories of infor-
mation on past climates and the causes of past cli-
matic fluctuations. There is mounting concern that

International Conference on the Role of the Polar R_egions in Global Chc;nge

Inuit Circumpolar Conference

24-28 July 1989, Sisiniut, Greenland

U.S. Contact: Dalee Sambo, ICC, 429 D Street,
Suite 211, Anchorage, Alaska 99501

Phone: (907) 258-6917

International Association of Meteorology and
Atmospheric Physics—Symposium on the Influ-
ence of Polar Regions on Global Climate

31 July-12 August 1989

Contact: Ross Reynolds, IAMAP 89, University of

Reading, Reading RG6 2AU, United Kingdom

Phone: (0734) 318956

Telex: 847813

Fax: (0734) 314404

Institute of Circumpolar Studies

31 July-18 August 1989, Fairbanks, Alaska
Contact: Nancy Bachner, Conferences and Institutes,
1176 Eielson Building, University of

Alaska, Fairbanks, Alaska 99775

Phone: (907) 474-7800

International Symposium on Geocryology
1-10 August 1989, Tyumen, Siberia, U.S.S.R.
Contact: V.P. Melnikov, Institute of Problems of
Northern Development, Academy of Sciences,
625003, Tyumen (P.O. Box 2774), U.S.S.R.
Phone: +13441

Circum-Pacific Prehistory Conference

2-6 August 1989, Seattle, Washington

Contact: Dale R. Crowes, The Scattle Center, 1001
4th Avenue Plaza, Scattle, Washington 98154-1101
Phone: (206) 464-6580

Telex: 6838153 BSC SEA

Fax: (206) 382-9648

systematic warming in polar regions will alter the
equilibrium of the polar ice masses and in this way
affect the global sea level. Induced changes in the
chemistry ol high-latitude air are also viewed with
increasing apprehension, based on dramatic trends in
ozone depletion and the occurrence of Arclic haze.

The conference will include sessions on detection
of climate change in the polar regions, polar regions
processes, interactions between the middle and high
latitudes, paleoclimatic data, and the impacts and
consequences ol global change. Both disciplinary
papers and interdisciplinary ones linking atmospheric
1o oceanographic, cryospheric and biological
processes will be accepted.

A call for abstracts will be issued in mid-1989.
For further information, contact Dr. Gunter Weller,
Geophysical Institute, University ol Alaska,
Fairbanks, AK 99775-0800, USA, Telephone: (907)
474-7371, Telex: 35414,




IUTAM/IAHR Symposium on Ice-Structure
Interaction

14-17 August 1989, Newfoundland, Canada

Contact; Ian Jordann, Faculty of Engineering and

Applied Sciences, Memorial University, St. John’s,

Newfoundland, Canada A1B 3X5

Symposium on Ice and Climate

21-25 August 1989, Seattle, Washington

Contact: Secretary General, International Glaciological
Society, Lensfield Road, Cambridge CB2 1ER, United
Kingdom

Phone: +233 355974

Fax: +223 336543

U.S. Contact: Charles Raymond, University of
Washington, AK-50, Seattle, Washington 98195
Phone: (206) 543-8020

Public Access to Resource Data

28-29 August 1989, Juneau, Alaska

Contact: Council on Northern Resources Information
Management, Ron Longley, Office of Information and
Technology, University of Alaska—Anchorage, 3211
Providence Drive, Anchorage, Alaska 99775-0800

American Fisheries Society, 119th Annual Meeting
4-8 September 1989, Anchorage, Alaska

Contact: Randy Bailey/Richard Marshall, U.S. Fish and
Wildiife Service, 1011 E. Tudor Rd., Anchorage,
Alaska 99503

Phone: (907) 786-3423

Arctic Science Conference, AAAS Global Change
14-16 September 1989, Fairbanks, Alaska
Logistics Workshop, September 16
Contact: Frank Williamson, Institute of Arctic
Biology, University of Alaska, Fairbanks, Alaska
99775-0800

Phone: (907) 474-7648

Global Significance of the Transport and Accumu-
lation of Polychlorinated Hydrocarbons in the
Arctic

18-22 September 1989, Oslo, Norway

Contact: Norwegian Institute of Air Research (NILU)

P.O. Box 64, N-2001, Lillestrom, Norway

Sympesium on the Arctic and Global Change
25-27 October 1989, Ottawa, Ontario, Canada
Contact: Climate Institute, Suite 403,

316 Pennsylvania Ave., SE, Washington, D.C.
20003

The Role of Circumpolar Universities in Northern
Development

24-26 November 1989, Thunder Bay, Ontario,
Canada

Contact: Dr. Paul Watts, Director, Centre for Northern

Studies, Lakehead University, Thunder Bay, Ontario,

Canada P7B 5E1

Phone: 807-343-8360

Fax: 807-343-8023

AGU, Snow, Ice and Permafrost Sessions:

5-9 December 1989, San Francisco, California
Contact: American Geophysical Union, 2000 Florida
Avenue, NW, Washington, D.C. 20081

Circumpolar Ecosystems in Winter: First Inter-
national Symposium and Workshop

16-23 February 1990, Churchill, Manitoba, Canada

Contact: Dennis Macknak, Churchill Northern

Studies Center, P.O. Box 610, Churchill, Manitoba,

Canada ROB OEQ

PRO MARE, Symposium on Polar Marine Ecology
12-16 May 1990, Trondheim, Norway

Contact: Egil Sakskaug, Trondheim. Biological
Station, Bynesveren 46, N-7018 Trondheim, Norway
Phone: +47-7-513260

Fax: +47-7-509034

International Congress on Circumpolar Health:
Community Health—Problems and Solutions in
the North

20-25 May 1990, Whitehorse, Yukon Territory,
Canada

Contact: 8th International Congress on Circum-

polar Health, 801-750 Jewis Street, Vancouver,

British Columbia, Canada V6E 2A9

Telex: 04-352848 VCR

CANQUA/AMQUA—Rapid Change in the
Quaternary Record

4-6 June 1990, Waterloo, Ontario, Canada

Contact: Alan V. Morgan, WATERLOO 1990,

Department of Earth Sciences, University ol Waterloo,

Waterloo, Ontario, Canada N2L 3G1

Phone: (519) 885-1211 (x3231)

Fax: (519) 746-2543, (519) 888-4521

Fifth Canadian Permafrost Conference

6-8 June 1990, Quebec City, Quebec, Canada
Contact; Mike Boroczki, Fifth Canadian Per-
mafrost Conference, National Research Council of
Canada, Ottawa, Ontario, Canada KIA OR6
Phone: (613) 993-9009

Telex: 053-3145

Fax: (613) 952-7928

13th Polar Libraries Colloquy

10-14 June 1990, Rovaniemi, Finland

Contact: Liisa Kurppa, Arctic Center, Ustiversity

of Lapland, P.O. Box 122, 96101 Rovairiemi, Finland
Phone: +358-60 324-275

Telex: 19205519

Fax: +350-60 324-270

International Conference on the Role of the
Polar Regions in Global Change

11-15 June 1990, Fairbanks, Alaska

Contact: Gunter Weller, Geophysical Institute,

University of Alaska, Fairbanks, Alaska 99775

Phone: (907) 474-7371

Telex: 35414

Fax: (907) 474-7290

Polar Tech 90

14-16 August 1990, Copenhagen, Denmark
Contact: Conference Secretariat, Danish Hydraulic
Institute, Agern Alle 5, DK-2970 Horsholm, Denmark
Phone: +45 42 86 80 33

Telex: 37402 DHICPH DK

Fax: +45 42 86 79 51
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Arctic Geology and Petroleum Potential

15-17 August 1990, Tromso, Norway

Contact: Norwegian Petroleum Society, Box 1897,
Vika, 0124 Oslo 1, Norway

Phone: 47 2207025

Telex: 77 322 NOPETN

Fax: 47 2830547

Seventh Inuit Studies Conference

19-23 August 1990, Fairbanks, Alaska

Contact: Dr. Lydia Black, Department of Anthropology,
University of Alaska, Fairbanks, Alaska 99775.

Phone: 907-474-6760 or 474-7288

Fax: 907-474-7720

BITNET: FFLTB @ALASKA

10th TJAHR Symposium on Ice

20-23 August 1990, Helsinki, Finland

Contact: Mauri Maattanen, Helsinki University of
Technology, Otakaari 1, Sf02150, Espoo, Finland

Symposium on Ice-Ocean Dynamics and Mechanics
27-31 August 1990, Hanover, New Hampshire
Contact: Secretary General, International Glaciological
Society, Lensfield Road, Cambridge CB2 1ER,

United Kingdom

Phone: +233 355974

Fax: +223 336543

Second International Conference on Ice Technology
18-20 September 1990, Cambridge, United Kingdom
Contact: C.A. Brebbia, Computational Mechanics
Institute, Ashurst Lodge, Ashurst, Southampton S04
2AA, United Kingdom

Phone: 042129 3223

Telex: 47388 ATTN COMPMECH

Fax: 042129 2853

XIII INQUA Congress

2-9 August 1991, Beijing, China

Contact: Secretariat, XIII INQUA Congress,
Chinese Academy of Sciences, 52 Sanlike, Beijing
100864, China

Phone: 863062, 868361-336,568

Cable: Beijing SINICADEMY

Telex: 22474 ASCHICN

Fax: 8011095

Mountain Glaciology—Relation to Human Activities
26-30 August 1991, Lanzhou, China

Contact: Secretary General, International Glaciological
Society, Lensfield Road, Cambridge CB2 1ER,

United Kingdom

Phone: +233 355974

Fax: +223 336543

Symposium on the Physics and Chemistry of Ice
1-6 September 1991, Sapporo, Japan

Contact: Norikazu Maeno, Institute of Low
Temperature Science, Hokkaido University, Sapporo,
060, Japan

6th International Symposium on Ground Freezing
September 1991, Beijing, China

Contact: Hans Jessberger, Ruhr-University

Bochum, P.O. Box 102148, D4630 Bochum 1,
Federal Republic of Germany

Phone: 02 341700-6135

Telex: 0 825 860 UNIBO D
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National Science Foundation has TDD (Telephonic Device for the Deaf) capability,
which enables individuals with hearing impairment to communicate with the Division of
Personnel Management and Management about NSF programs, employment, or
general information. This number is (202) 357-7492.

Catalog of Federal Domestic Assistance Number 47.050, Geosciences

The extensive facilities for auroral and upper atmospheric research in the near eastern Arctic. The
important network of ground observatories, which is constrained by the relatively small land area, is
located in Greenland, northern Scandinavia, the Kola Peninsula and the Svalbard and Franz Josef Land
archipelagoes. These stations have a long tradition of auroral and upper atmospheric research, includ-
ing optical observations of the dayside aurora, which are not possible elsewhere in the Northern Hemi-
sphere. The sites form a multinational array of riometers, magnetometers, all-sky imagers and meridian-
scanning photometers. Rocket sounding is carried out from Andoya in Norway and Esrange in Sweden;
satellite downlink facilities and real-time communication from key ground observatories are planned to
aid in real-time rocket and satellite experiments. There are extensive radar and radio facilities in north-
ern Scandinavia, including EISCAT and STARE. An important air sampling station is on Spitsbergen,
and there are plans for a new incoherent scatter radar there. These Arctic facilities and platforms pro-
vide the observational and experimental bases for planned NSF initiatives such as CEDAR and GEM.
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