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ARCTIC OCEAN SCIENCE BOARD (AOSB)
Nineteenth M eeting (AOSB-X1X)

April 1-4, 2000
Selwyn College
Cambridge, England

OPENING OF THE MEETING

The Chair, Dr. Leif Anderson, opened the meeting a 9:30 at Selwyn College in
Cambridge, England. He noted that this is the first time that the AOSB has joined with
other Arctic Science organizationsin the Arctic Science Summit Week (ASSW).

Dr. Chris Rapley, Director of the British Antarctic Survey (BAS), welcomed the AOSB
to Cambridge. He complimented the Board on its impressive array of activities and
interests, many of which relate to programs of other Arctic groups. He suggested that the
AOSB take advantage of being in the same locale with many of the other Arctic
programs such as the International Arctic Science Committee (IASC), the Forum of
Arctic Research Operators (FARO), the European Polar Board (EPB), and the Nansen
Arctic Drilling (NAD) program to discuss issues and concerns of mutual interest. He
invited AOSB members to take part in the Arctic Science day on Wednesday. He gave
his sincere thanks to the ASSW organizers for making the arrangements for the week and
the U.K. Nationa Environment Research Council and the U.K. Foreign Office for
providing their support.

Self-introductions of participants were made. The list of meeting participants is attached
at Appendix I.

The agenda for the meeting (Appendix 1) was adopted with the understanding that some
items may need to be moved to accommodate participants schedules.

THE INTERNATIONAL ARCTIC POLYNYA PROGRAM (IAPP)

The North Water Polynya Project (NOW): Dr. Mitsuo Fukuchi, Director, Center for
Antarctic Environment Monitoring of the Japanese National Institute for Polar Research
(NIPR), gave the presentation for Professor Louis Legendre, Chair of the Scientific
Coordination Group for the IAPP (IAPP-SCG), who was unable to attend the XIX
meeting of the AOSB.

The NOW research program is an international project conducted by several countries:
Canada, Germany, Japan, Belgium, Denmark, U.S., U.K., and Poland. The NOW
polynya is about 100 km wide by 300 km long located off the west coast of Greenland
between Ellesmere Island and Nares Strait. The functioning of the North Water
ecosystem, itsrole in overall Arctic biota and its potential response to global warming are



subjects of the NOW. After three expeditions to the North Water in 1997 (August-
September), 1998 (April-July) and 1999 (August-October), scientists are now in a
position to assess inter-annual variability in the biological productivity of the ecosystem
in relation to ice cover dynamics and climate.

Dr. Fukuchi stated that the very successful field component of the program to collect data
has now been concluded. The next step is to distribute the data as widely as possible and
to synthesize the data. Four workshops to maximize scientific yield by cross-field
syntheses have been held or are planned. They are workshops in San Antonio in January
2000, Mombetsu in February 2000, Copenhagen in June 2000, and a wrap-up workshop
in Quebec City in September 2001.

Future funding is an important issue since only four years of funding were anticipated for
the project—two for field work and two for synthesis. However, three years were spent
in the field leaving only one year of funding for synthesis. Dr. Fukuchi reported that
Prof. Legendre is looking for National Science Energy Research Committee (NSERC)
resources to continue polynya research. In addition, IAPP-SCG has asked the AOSB to
explore the possibility of obtaining UNESCO International Heritage Site status for the
NOW polynya and the Canadians will ask national authorities about obtaining Marine
Protected Area (MPA) status for the Canadian side of the polynya.

Dr. Futterer, Head of the Marine Geology Department of the Alfred Wegener Institute for
Polar and Marine Sciences (AWI) in Germany, expressed concern that declaring the site
an MPA might result in less scientific activity in the area. He was assured by the Dr.
Cooley, Regional Director, Central and Arctic Region of the Department of Fisheries and
Oceans (DFO) in Canada, that MPASs are not wilderness areas, they do alow for research
and could even increase awareness and exploration of the area. He noted that while the
IAPP-SCG has recommended the MPA, such a proposal has not made its way to the
Canadian government yet.

Several members pointed out that the AOSB is not in a position to appeal to UNESCO
for International Heritage Site status for the NOW polynya. Such requests must be
nationally driven. However, the AOSB decided to encourage its members to raise the
issue with their own governments. The Board asked the Secretariat to check on options
with UNESCO and explore the implications of protection.

Dr. Dickson, Director of the Center for Environment Fisheries and Aquaculture Science
in the UK, expressed some concern that the years of the field work (1997-1999) are
unusual years and are different in many respects from previous years, thus throwing into
guestion how representative the data are. Dr. Fukuchi indicated that in addition to the
field work, they have remote sensing data for the past 18 years. It was agreed that it
would be worthwhile to maintain ice information for a few more years and include the
historical datain the synthesis process.



Action:

AOSB will encourage the lAPP-SCG to continue their effortsto make the field data
results of NOW widely available. The Secretariat, together with the SCG, will make
surethat all AOSB membersreceive thisinformation.

Action:

The Board suggested that the SCG put the NOW work in the appropriate historical
context. The AOSB requests that the SCG compar e the data collected in the NOW
experiment with earlier satellite data and earlier work on the ground to determine
the representativeness of the data. In particular, Preben Gudmandsen was asked to
comparetherecent satellite data with historical data dating back 18 years.

Action:

With respect to the proposal by the SCG for possible “protection” of North Water,
the AOSB considered that it was not an appropriate mechanism for recommending
such protection. However, the Board asked the Secretariat to check on optionswith
UNESCO and discuss the implications of protection of the area. The Board
recommended that its individual members bring to the attention of their
gover nmentsthe results of the NOW resear ch.

Report from the SCG: Lou Brown, AOSB Secretariat, presented the report from the
|APP-SCG meeting held on January 28, 2000 in San Antonio, Texas. (The report of the
meeting is attached at Appendix 111.)

He noted that preparations for the Polynya session, which will be part of the 2000
American Society of Limnology and Oceanography (ASLO) meeting, are going well. He
stated that the IAPP is planning a Polynya Symposium in September 2001 in Quebec
City. The meeting format is yet to be determined, however, the SCG favors non-
concurrent sessions so that there will be interaction between disciplines. It is hoped that
there will be good cross-fertilization between polynya projects as well.

The SCG is exploring a special journal issue on the NOW polynya. An outline and/or
manuscript may be ready by the ASLO meeting in June, 2000. Additionally, the ocean
sciences polynya session chairs of the SCG have been approached about putting together
a book on polynyas which would synthesize current knowledge on the topic.

Mr. Brown reported that the SCG is revising their 1991 terms of reference to bring them
more up to date, but that the new terms of reference were not yet available.

Action: The AOSB recommended that the SCG continue plans for a conference in
2001 in Quebec City and continue their efforts to make a synthesis of all polynyas
for possible publication.



desire for paleoclimatic data to provide a historical perspective and the need for improved
estimates for the contribution of permafrost and glaciers.

With regard to ocean and sea ice, the workshop concluded that the two-way exchange
between the Arctic and Atlantic has recelved a lot of attention, but results are
inconclusive. Recirculation is a difficult factor to assess, and flows through the Bering
Strait and Canadian archipelago, although small, are significant. He noted that seasonal
freezing and melting of sea ice influences the net budget through redistribution and
exchange.

Overall conclusions of the report include the fact that the Arctic plays asignificant rolein
the global climate variability and change and conversely is likely to be severely impacted
by climate changes. On a decadal time scale, changes to the Arctic outflow may have
serious consequences for the regional climate of Western Europe. The understanding and
prediction of changes in, and influenced by the Arctic, will require an extensive
monitoring and research effort but will yield great economic benefit.

Our lack of knowledge of the Arctic, its changes and the impact of those changes need to
be addressed urgently, Mr. Holland suggested. He offered several observations on next
steps. He suggested the need to develop an analysis of the situation and its potential
based on the best available scientific opinions. He would like to bring the analysis and
the need for action to the attention of affected governments and create an implementation
structure based on the cooperation of existing organizations and national efforts. The
priority isto remove the present ambiguities of data by improving instrumentation, filling
gaps, addressing continuity and correlation, and devel oping new methodology.

AQOSB can play arole, he said. If we are going to make an advance on the impact of
climate change in the Arctic, it will require a coordinated multilateral effort. It will also
require a readdressing of some of the instrumentation problems that we have in order to
obtain, and improve the accuracy of the data. The program we need to support has to be
bigger than AOSB and embrace the efforts of the European Union, North America and
Asiaand should last at least 10 years.

Dr. Robert Dickson pointed out that the Arctic Fluxes Workshop on Thursday will
continue the process of developing future Arctic programs and will hopefully result in a
satisfactory conclusion.

Action:

The Board appreciated the efforts of Dr. Lewis and his team and thanked Mr.
Holland for his efforts to see this AOSB initiative through to a worthwhile
conclusion and looks forward to the finished product. The Secretariat will inform
member s when the Workshop report isavailable.
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SHELF BASIN INTERACTIONS (SBI)

Dr. Thomas Pyle of the Nationa Science Foundation made a report on the Shelf Basin
Initiative for Dr. Jackie Grebmeyer, chair of the Western Arctic Shelf-Basin Interactions
(SBI) program in the U.S. Phase | included retrospective, laboratory, modeling and ship-
of-opportunity studies, with Pl meetings held in October of 1999 and March, 2000 and a
pan-Arctic meeting planned for November 2000. A draft Phase Il Implementation Plan
for field studies will be posted on the SBI web page (pttp://www.utk-|
biogw.bio.utk.edu/SBI.nsf) in spring 2000. Phase | of the SBI program also includes the
deployment of an initial mooring array in the fall of 2001, and a Phase Il announcement
of opportunity for the field program is projected for January 2001 with commencement in
spring 2002 and extending over 4 years.

Figure 3
Study areafor the Western arctic Shelf-Basin Interactions (SBI) program

The initial focus of the SBI program is the Western North American Arctic, particularly
where North Pacific waters are modified by shelf processes that exert significant
influences on the biology and physics of the Arctic Ocean (Fig. 3). Prior carbon cycling
work indicates that the southern Chukchi Shelf is the most biologically productive region
in the marine Arctic, and that biogeochemical processes in both the water column and
sediments control the use and recycling of organic carbon prior to advection into the
deeper polar basins. By comparison, the Beaufort Sea has a harrow shelf and is primarily
influenced by riverine inflow. From a physical oceanographic perspective, northward


http://www.utk-biogw.bio.utk.edu/SBI.nsf
http://www.utk-biogw.bio.utk.edu/SBI.nsf
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flowing Pacific waters are substantially modified over the shelves before entering the
deeper Arctic Ocean. This has consequences for the stability of Arctic Sea ice cover,
vertical and horizontal mixing, internal wave dynamics, and the accessibility of inorganic
nutrients to the euphotic zone.

Dr. Pyle pointed out that the program will have to be multilateral and that there are many
opportunities for foreign scientists to become involved.

Dr. Anderson noted that there is similar work that has and is being done on the Atlantic
side, although the issues are somewhat different but are valuable to add perspective to
what is being done on the SBI. He expressed concern that there is no focused Arctic
funding from the EU. It was agreed that there is a need for governments to see the Arctic
work as a priority and for the science community to show the economic value in such
initiatives.

BIODIVERSITY OF GLACIATED ARCTIC FJORDS (BIODAFF)

Dr. Jan Marcin Weslawski from the Polish Academy of Sciences reported on the
Biodiversity of Glaciated Arctic Fjords (BIODAFF) initiative. The goa of BIODAFF is
to provide an analytica interpretation of the influence of glacia effects on the
biodiversity and productivity of coastal and fjordic ecosystems in the Arctic. He
explained that the project is focused on one single fjord, Kongsfjorden, at 79 degrees
north. It is 70 km long and a few kilometers wide. It is the site of one of the fastest
retreating glaciers. Kongsfjorden glacier discharges from 0.3 to 0.7 km of freshwater to
the fjord annually.

The project has collected six years of data for CTD and sea currents, as well as
accumulated a substantial amount of biological data. What this work shows is that there
is a lot of organic suspension next to the glacier. There is a clear track of decaying
plankton in the water column. Zooplankton mortality was high when the salinity dropped
below 20 ppt. Grab sample (350 in 5 years) show that benthos distribution change from
one type of community to another abruptly at the border between inner and outer basins.
Data also indicate that most of the marine fish species are benthic feeders, not plankton,
and that hyperbenthosis of great importance for the fjord's food web.

In the future, the Kongsfjorden has been selected as one of the key sites in the EU
program on European marine fauna biodiversity assessment. This should increase studies
in the area. In addition, the European Science Foundation marine biodiversity
recommendations also mention the Kongsfjorden as an important biodiversity site. A
workshop is planned for autumn 2000, and a symposium for 2001.

The Board thanked Dr. Weslawski for his presentation and for his years of dedicated
research in thisfield.
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GREENLAND ARCTIC OCEAN SHELF (GRASP)

Dr. Henrik Hojmark Thomsen of the Danish Polar Research Center reported on GRASP,
an initiative of the Danish Commission for Scientific Research in Greenland. The
purpose of the program is to try and get data from the ocean shelf north of Greenland—
one of the most unknown areas of the ocean. The initiative features work in bathymetry,
oceanography, sea ice and climatic change, geology and geophysics, biology and living
resources.

In 1999, a science plan was published and the GRASP Scientific Steering Group was
established (http://www.dpc.dk/Nyherder/GRA SP/ScienceplanDK.html). Dr. Thomsen
stressed the need for international cooperation. GRASP has made a formal invitation to
the U.S. navy for SCICEX cruises in Greenland water on an opportunity basis. The
Roya Danish Navy ice-classified vessel Thetis may be used for operations in the eastern
part of the GRASP interest area.

The program plans to operate temporary sea-ice camps in 2002-2004 from east to west
along the northern border. There will be an announcement for foreign scientists with a
science platform requirement in 2003. While there is no Danish funding at present, there
are talks with the government and efforts are being made to secure U.S. funding for the
project. Peter Wadams suggested asking for British submarine assistance as well, and
Marty Bergmann suggested better cooperation with Canada.

The Board thanked Dr. Thomsen for his report and encouraged further efforts to secure
international cooperation for the success of the program.

ARCTIC OCEAN DRILLING

Dr. Yngve Kristoffersen from the Institute of Solid Earth Physics at the University of
Bergen presented the effortsin preparation for scientific drilling in the Arctic Ocean.

Dr. Kristoffersen illustrated that Arctic Ocean drilling is important to address issues of
global significance such as the onset of northern hemisphere high latitude glaciations,
determining the periodicity of fluctuations in SST, ice volume, ice margins and warm
water incursions in the Arctic Ocean, and for securing palaeoclimatic records. To obtain
this information, scientists need long sediment core samples. Today there are more than
800 sediment cores (most less than 5 m long) available from the deep Arctic ocean basin,
but we are completely missing stratigraphic representation for a 40 million year time
interval which includes the onset of glaciation on the Northern Hemisphere.

The Nansen Arctic Drilling (NAD) program is designed to promote scientific drilling in
the Arctic Ocean. NAD has a science plan and newsletter and holds international
workshops. NAD is also formally an associate program under Joint Institutions for Deep
Earth Sampling (JOIDES) which run the Ocean Drilling Program (ODP). In 1999, a
regional working group of NAD submitted a proposal to ODP. At the urging of NAD,
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the Science Committee has formed, and ODP now has an Arctic Ocean Planning Group
for scientific drilling. The planning group’'s mandate is to design a drilling strategy which
will permit scientists to investigate the role of the Arctic in influencing the global climate
system. They will also address aspects of the Arctic's tectonic devel opment and magnetic
history relevant to globally important problems. Finaly, they will summarize the
technical needs, opportunities and limitation of drilling in the Arctic. They have one year
to complete their work.

The AOSB thanked Dr. Kristoffersen for his report and welcomed updates on the work of
the scientific planning group within ODP.

ARCTIC-SUBARCTIC LINKAGES

At the XVIII meeting of the AOSB held last year in Tokyo, the Board agreed that a
program on "Arctic-Subarctic linkages" would form an appropriate new focus of activity.
Dr. Dickson brought the Board up to date on activities in the intervening months and
discussed plans for the workshop which will be held on Thursday, April 6, 2000,
immediately following the conclusion of the AOSB meeting.

Two weeks after the 1999 AOSB meeting, a newsletter article describing the rationale for
the new program was compiled and delivered in time for use at the Arctic Science
Summit in Tromso. The article was well received as atimely contribution to the planning
of Arctic science in genera and the Arctic role in global change in particular. Then, in
June, Dr. Dickson submitted a proposal to the EU for a three-part VEINS-2 Pilot which
would support necessary gear development work. This proposal, which had been given
marks which would normally imply acceptance, did not meet the threshold for funding.

In mid-October, Howard Cattle, the Arctic Climate System Study (ACSYS) chair,
presented a paper at the Raphael Conference describing precisely where a new long-term
observing capacity should be applied to study Arctic change. This presentation stressed
the three essential points of the AOSB program: that the main priority should lie in
measuring the exchange of heat and freshwater between the Arctic and the adjacent seas;
that we need to conduct such measurements for a long enough period of time to describe
the decadal variations in Arctic climate that are now known to exist; and that we have
much to gain if we can coordinate our measurement programs so that the measurements
of these fluxes are made simultaneously at all main gateways connecting the Arctic
Ocean to lower latitudes.

Following further discussions among the VEINS community, the proposal entitled OPEC
was submitted to the EC on February 25. If the proposal is successful, resulting research
would go a long way to meeting the aim of making sustained measurements of the main
ocean fluxes that connect the Arctic to lower latitudes. A total of 16 agencies from
Germany, UK, Norway, Finland, Iceland, Denmark, Poland and Italy would be engaged
in thiswork over a42 month period from August 2000 to January 2004.
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Thursday's workshop will bring together scientists and funding agencies to discuss a
"strawman" compiled by Dr. Dickson and to discuss next steps. (The introduction to the
Strawman document produced for the workshop along with the workshop agenda is
attached at Appendix V).

Dr. Dickson explained why there is interest in rapid climate change in the northern high
latitude ocean. Data show that the mean temperature of the Nordic seas is warmer than
normal for this latitude possibly because of thermohaline warming. The North Atlantic
oscillation (NAO) has been in a very positive phase since the early 1990s. CO, will
modify the NAO and most models show an amplification of the NAO. Models show that
North Atlantic deep water production will decrease as a result of the redistribution of
freshwater and the thermohaline circulation (THC) will shut down under the scenarios
which follow after 2100. However, modelers need better observations on which to base
their outputs. As the NAO is amplified, there is a strong anomaly in the Arctic—a
southerly air mass results. Thereis adirect connection between the NAO and the flow of
warm air into the Arctic along the Greenland coast as a result of a strong low pressure
over the area of Spitzbergen creating an anti-clockwise rotation of air currents. lce over
the Eurasian basin has decreased to about two-thirds from what it used to be as a result of
these changes. Thereis now moreice leaving the Fram Strait in addition to an increase in
precipitation to the Nordic Sea which results in a very significant freshening of the
surface waters as the NAO is amplified. Despite the lack of long-term data, a picture is
forming and trends are emerging that stress the need for more measurements of the Arctic
fluxes.

Dr. Dickson outlined what observations are needed and where in order to study this
problem further:

¢ jceand freshwater flux in the western Fram Strait;

¢ freshwater flux array under the ice of southeast Greenland shelf to measure how
much of the Arctic efflux reaches the open North Atlantic;

¢ thefreshwater flux through the Canadian arctic archipelago;

¢ poleward heat/salt flux of west Norway;

¢ theheat/sdlt flux into the Arctic along the eastern Fram Strait;

¢ heat/salt fluxes viathe cooler fresher pathway through the Barents Seg;
* heat, freshwater, and nutrients via the Bering Strait;

* iceextent and thicknessin the Eurasian Basin; and

* monitoring of the meridional overturning circulation (MOC) at a location to be
decided.

Dr. Sergey Priamikov of the Russian Arctic and Antarctic Research Institute was asked
about access to Russian Arctic data. He stated that the U.S. and Russia have cooperated
to make a summer and winter oceanographic atlas, athough much more data is available
for the summer. Most of the archived data is from the Greenland Sea area aong the
Eurasian coast. He stated that this and other data are available at the Russian Arctic and
Antarctic Research Institute, but it must be used in St. Petersburg.
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Action:

The Board thanked Dr. Dickson for his work to advance the issue of Arctic and
Subarctic linkages. They acknowledged his work to develop a very meaningful
wor kshop following the AOSB meeting. The Board agreed to print and disseminate
the results of the Workshop on Arctic and Subarctic linkages and will continue to
provide a venue for further discussion of theissues.

REPORT OF THE ARCTIC COASTAL DYNAMICSWORKSHOP

Jerry Brown, a member of the International Permafrost Association (IPA) Executive
Committee and representing the IPA Working Group on Coastal and Offshore Permafrost
(COP), presented a summary of the Arctic Coastal Dynamics (ACD) workshop. The
workshop addressed the changing Arctic coastline and its effects on the people living
there and the industries operating in the coastal regions. Coastal erosion is controlled by
storms and proximity of the seaice. Approximately 2 meters per year is eroding.

The workshop attempted to: refine and apply a classification system for mapping and
assessing impact sensitivity of Arctic coasts; develop and apply standard techniques for
mapping and measuring erosion and accretion; identify and investigate critical dynamics
of high latitude shorelines; and develop estimates of erosion rates and sediment
production for the circum-Arctic area.  Workshop participants made the following
recommendations. recognize coastal impacts and adaptations in the current 1PCC
assessment and by national and international organizations; develop a coordinated
international data synthesis and mapping effort to properly assess the magnitude of
sediment derived and transported from the coast to the shelf; establish an network of
representative key and observational sites for assessing long term changes; and include a
local monitoring protocol in the international design with observations conducted by
Arctic residents.

During the Arctic Science Summit Week, several members of IPA met to discuss
progress and present posters. These included Mike Clark and Julia Branson,
Southampton University (http://www.geodata.soton.ac.uk/ipa); Charles Harris, Cardiff
University (Permafrost and Climate in Europe, PACE Project); and Hans Hubberten,
Alfred Wegener Institute, Potsdam (COP co-chair). Six posters on permafrost and active
layer monitoring, coastal processes and permafrost mapping were presented. The current
issue of the IPA news Bulletin Frozen Ground is available from the recently established
IPA Secretariat, Hanne Christiansen, at the University of Copenhagen. The First
European Permafrost Conference will be held in Rome, 26-30 March 2001, and the Third
International Conference on Cryopedology in Copenhagen 20-24 August 2001.

The AOSB thanked Dr. Brown for taking the time to present the results of the Arctic
Coastal Dynamics workshop and for sharing information about the work of the IPA.
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SURFACE HEAT BUDGET OF THE ARCTIC (SHEBA)
JOINT OCEAN ICE STUDIES (JOIYS)

Dr. Pyle presented an update on the SHEBA program. The overall objective of SHEBA,
which is jointly sponsored by the NSF and the Office of Naval Research (ONR), is to
address the interaction of the surface energy balance, atmospheric radiation, and clouds
over the Arctic Ocean. In particular, SHEBA is designed to determine the ocean-ice-
atmosphere processes that control the surface albedo and cloud-radiation feedback
mechanisms over Arctic pack ice, and to use this information to demonstrably improve
models of Arctic ocean-atmosphere-ice interactive processes, and to develop and
implement models that improve the simulation of the present day Arctic climate,
including its variability, utilizing coupled globa climate models. A one-year field
program ended in October 1998. The following 18 months have been spent analyzing the
data collected. The data catalogs for each measurement program are available at the
UCAR/JOSS web site (http://www.joss.ucar.edu/sheba/webresponse/sheba2.html). Phase
[l of the project which is to run from 2000-2002 is dedicated to modeling and in-depth
analysis of processes and feedback mechanisms.

Dr. Cooley reported on JOIS, a DFO, JAMSTEC, NSF, NOAA program. The main goals
of the program are to better understand the role of climate change on the Arctic, as well
as studying contaminants and the food web, including biodiversity studies. In August
and September of 1999, multidisciplinary oceanographic investigations aong
approximately 6000 km of coastline extending from the Gulf of Alaska to Bellot Strait
were carried out aboard the ice breaker CCGS Sr Wilfrid Laurier.

The Department of Fisheries and Oceans plans to continue using vessels of opportunity to
make observations. In addition, sediment cores taken in 1997 and 1998 have gone
unanalyzed in at the Freshwater Institute in Winnipeg. These one-meter cores offer a
good opportunity for joint work.

LAND OCEAN INTERACTION IN THE RUSSIAN ARCTIC (LOIRA)

No one was available to make areport on the LOIRA program, ajoint EPB, IASC project
in the Russian Arctic. However, Dr. Priamikov noted that the program originally only
funded workshops, but last summer the European Science Foundation made a call for
additional proposals. There is, therefore, now a new Norwegian-Russian project to
investigate the radionucleazation of the Russian Basin.

WCRP ARCTIC CLIMATE SYSTEMS STUDY (ACSYS) AND THE
CRYOSPHERE AND CLIMATE (CLIC) PROJECT

Dr. Howard Cattle of the Met Office in the UK outlined the nature of ACSY S and the
development over the last two years of the CLIC (Cryosphere and Climate) project.
ACSYS, a WCRP study, was designed as a ten-year research program with three
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objectives. to improve understanding of the interactions between the Arctic Ocean
circulation, ice cover, the arctic atmosphere and the hydrological cycle; initiation of long-
term climate research and monitoring programs in the Arctic to determine key Arctic
processes and Arctic climate variability and trends; and to provide the scientific basis for
a more accurate representation of Arctic process in global climate models. A key focus
of ACSY S has been the Arctic Ocean freshwater balance.

ACSYS has sub-projects covering the Arctic Ocean circulation, sea ice, the Arctic
atmosphere, hydrology and the modeling of these components and their coupling. A
number of projects and programs contribute to its aims, including the Arctic Ocean Buoy
Program (which had some 27 buoys active in 1999), the U.S.-led Surface Heat Balance of
the Arctic Ocean (SHEBA) Program, and a variety of seaice data activities. ACSYSis
also looking to develop links to initiatives such as the U.S. NSF Study of Environmental
Arctic Change (SEARCH) and the Shelf Basin Interactions (SBI) Program. An ACSYS
Workshop on “Measurements and Models of the Arctic Ocean” is planned to take place
over the coming year. ACSY S hydrological efforts include an Arctic Runoff Data Base
(located at the Global Runoff Center in Koblenz) and an Arctic Precipitation Data
Archive at the Globa Precipitation Climatology Center in Offenbach. ACSYS is adso
active in assessing the quality of the representation of the Arctic atmosphere in global
atmospheric re-analysis efforts through the efforts of its Panel on Polar Products from
Re-analyses.

ACSY Swill be concluding in 2003, and needs to move to summarizing and reporting on
accomplishments. A number of existing ACSYS activities will be blended into a new
WCRP program currently under development called CLIC. CLIC resulted from requests
for WCRP to initiate a global program on climate and cryosphere. It looks to develop
links with a number of international projects and programs e.g.. WCRP GEWEX and
CLIVAR; SCAR GLOCHANT-ASPeCt; IAnZone IPA IASC-MASGICS,; etc, as well as
relevant AOSB activities.

Dr. Cattle outlined the goals of CLIC. They are: 1) to improve understanding of the
physical processes and feedback through which the cryosphere interacts within the
climate system; 2) to improve the representation of cryospheric processes in models to
reduce uncertainties in simulations of climate and predictions of climate change; 3) to
assess and quantify the impacts of past and future climatic variability and change on
components of the cryosphere and their consequences, particularly for globa energy and
water budgets, frozen ground conditions, sea level change, and the maintenance of polar
sea ice covers; and 4) to enhance the observation and monitoring of the cryosphere in
support of process studies, model evaluation, and change detection.

The ACSY S SSG will become an ACSY S/CLIC SSG. New members will be chosen so
as to provide links to and coordination with other programs and activities. AOSB
members expressed concern that given the broadened focus of CLIC, the focus of
ACSYS on Arctic Ocean programs will be lost. There was a consensus that AOSB
should develop a better strategy on where and what sorts of measurements are important
and then emphasi ze those needs in the coordinated CLIC program.
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Action:

AOSB members noted the benefits of the ACSY S program and deter mined that the
Board should emphasize the importance of further observations and research in the
Arctic, particularly as it relates to sea ice. The Board will encourage CLIC, in its
development phase, to continue to maintain a high level of interest in the Arctic.

FUTURE DIRECTIONSFOR ARCTIC OCEAN RESEARCH

Sea-1ce Thickness. Dr. Leif Anderson noted that there is significant data suggesting that
there is reduction in the amount of ice cover in the Arctic as well as a reduction in the
thickness of the polar pack. SCISEX data has hel ped to address the information gaps.

Dr. Peter Wadhams of the Scott Polar Research Institute (SPRI) in the UK explained that
there is new sea-ice data collected from a 1996 cruise as well as data recently released by
the British Navy. In 1996, the mean sea ice thickness was 2.74 meters as opposed to
similar reading in 1976 showing mean ice thickness of 4.82 meters. This represents a
43% decrease in ice thickness for the submarine track from east Greenland to the north
pole. (Both the 1996 reading and 1976 reading were taken in sSimilar areas at the same
time of year). This new data implies a confirmation of the SCISEX data. Dr. Wadhams
explained that there may be opportunities to compare more data when the British navy
declassifies datain the near future.

Since the opportunities to use submarines in the Arctic for research are diminishing,
collecting new sea ice data will be increasingly difficult. New data collection methods
are being explored. For example, submarines may be replaced with autonomous
underwater vehicles (AUV), moored sonars, or some type of remote sensing technique.
A new method being developed is radar altymytry which may offer synoptic mapping.
The best solution, it was agreed, is a combination of measurement techniques that offer
validation of data.

Action:

The AOSB recognizes the need for continued data collection on sea ice. The
Secretariat will make contact with the International Glacier Society to discuss
forming an ad hoc working group to look into the gapsin our knowledge on sea ice
thickness.

Joint Technical Commission on Oceanography and Marine Meteorology: Mr.
Holland reported on some recent organization changes concerning ocean and marine
meteorology observation that relate to the Arctic. In 1999, the World Meteorological
Organization and the Intergovernmental Oceanographic Commission agreed to set up a
Joint Technical Commission on Oceanography and Marine Meteorology (JCOMM) that
would replace the Commission on Marine Meteorology (CMM) and the Integrated Ocean
Services System (IGOS). The new Technical Commission would provide an operational
focus for activities of the Globa Ocean Observing System and the Globa Climate
Observing System, in addition to enhancing the cooperation between the two parent



19

organizations. Of particular interest to AOSB is the group of experts that have been
established by JCOMM to look at polar observation. The group called the Polar Seas and
Other Sea Ice Regions (POSSIR) is concerned with the loss of Arctic observations over
the past few years and whether a strategy to remedy this deficit should be prepared. A
draft document on the present situation of polar observations has been prepared and will
be discussed over the coming months. Copies of the document are available from the
AOSB Secretariat.

Action:
The AOSB Secretariat will make available copies of the POSSIR draft document on
polar observations.

NATIONAL PRESENTATIONS

Korean National Report: This being the first AOSB meeting the Koreans have
attended, Dr. Yaedong Kim, a geophysicist at the Polar Research Center of the Korean
Ocean Research and Development Institute (KORDI), was invited to introduced Korean
Arctic activities. He explained that KORDI has approximately 300 researches involved
in marine research, including approximately 30 who are affiliated with the Polar
Research Center. The Center operates a permanent station in the Antarctic.

Dr. Kim explained that Korea began research in the polar regions 13 years ago, but has
focused their efforts on the Antarctic. Beginning in the 1970s, however, they did some
biological work in the Bering Sea including biomass, phytoplankton and CTD. Then, in
1999, they joined the Chinese icebreaker R/V Xuelong on a cruise of 87 sitesin the Arctic
Sea, Chukchi Sea, Bering Sea and Beaufort Sea. Their work focused on nutrient
concentration and biomass.

In 2000, they plan to work in the Barents and Kara Seas with the Russians with an
emphasis on marine geology and biology. They also expect to extend research into the
fields of glaciology, upper atmospheric physics and Arctic engineering. Dr. Kim
emphasized the need for international collaboration and noted that Korea is beginning to
plan the construction of an icebreaker dedicated for polar research.

The AOSB thanked Dr. Kim for his report and welcomed Korean participation in future
AOSB mestings.

Chinese National Report: The XIX meeting of the AOSB was the first time the Chinese
have participated in the AOSB. They were invited by the Secretariat to make a
presentation on their Arctic research activities. Dr. Ligi Chen of the Chinese Arctic and
Antarctic Administration made a presentation on the history of Chinese Arctic research as
well as future plans.

He explained that China has been doing some work in the Arctic since the 1950s. In
1996, China became a member of IASC and at that time developed a long-term Arctic
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program. China conducted its first Arctic research expedition in July and September of
1999 on the icebreaker R/V Xuelong. The primary interest of China in the Arctic is to
study the role of the Arctic in relation to globa change and its influence on climate.
During the cruise of the Xuelong, researchers studied water mass exchange between the
Arctic Ocean and the northern Pacific and its influence on circulation in the northwest
Pacific; ecosystems in the Arctic Ocean and the relation to fisheries; sediment work and
work on snow and seaiice. They collected information for an Arctic digital map and did
work on carbon cycling.

The Board welcomed the report by the Chinese and look forward to continued
communication and cooperation.

UK National Report: Dr. Dickson summarized the numerous Arctic Ocean activities of
the UK. (Thefull UK country report appearsin Appendix V.)

He noted that there has been an increased interest by universities in the UK in Arctic
research. He explained the development and trial deployment of a new pre-
programmable whole-water sampler. It was set at 2000 meter depth in the Denmark
Strait Overflow south of Denmark Strait in August 1998 in hopes of intercepting the
arrival of the SF6 tracer from the 1996 ESOP-2 release in the Greenland Sea. The trial
was partially successful with the instrument collecting the planned 50 samples, but the
samples were smaller than expected.

Dr. Dickson noted that through the AOSB, he has been able to get a large number of the
UK scientists doing arctic work to meet on an annual basis and share information on their
programs and activities. This has improved communication among them.

Dr. Wadhams reported on his research on the Odden ice tongue. The Odden ice tongue
has not formed for five of the past seven years and did not form in 1999 either. His
research shows that the Jan Mayen Current was very weak with much warm water in the
central gyre. Convection occurred only in March and to less than 1000 meters.

He also explained to the Board a new UK-Norway initiative in the Arctic entitled "Rapid
Climate Change and the Northern High Latitude Oceans’. The purpose of the program is
to address and answer the question: Could a rapid cooling occur in the climate of
Northwest Europe in response to changes in the circulation of the Arctic and Subarctic
seas?

European Union Report: Dr. Wadhams briefly presented a proposal forwarded by the
EU Joint Research Center on "Arctic Research: A Joint European-Russian-Canadian
Research Base in the Russia Arctic as a Focus for Multi-Disciplinary Collaborative RTD
Activities" Very little was known about the status of the proposal and a number of
guestions were raised as to the site, participation, and goals. It was agreed that more
information was needed before AOSB could comment on the proposal.
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Action:

The AOSB welcomed the brief report on the Arctic research proposal but felt that
the information provided was insufficient to form an opinion. The Board welcomed
more information. In principal, AOSB encourages the collection of data in the
Arctic with assurances that the data will be made available for all scientific
research. Dr. Wadhams agreed to provide information about the AOSB to the
appropriate individuals at the Joint Research Center and interested AOSB
members will bring the EU proposal to the attention of appropriate program
managersin their countries.

Japan National Report: Dr. Mitsuo Fukuchi provided a brief summary of Japanese
work over the past year as well as the cruise plan of the Oshoro Maru icebreaker in the
summer of 2000. (The full Japanese Nationa report is at Appendix V). Dr. Fukuchi
explained that the Science and Technolgoy Agency will be merged with the Ministry of
Education in January 2001 which will result in some changes for research in Japan. He
noted that university work, for example, is funded on a program-by-program basis not
year-to-year and this will result in some changes for Arctic research which he hopes will
be positive.

FUTURE DIRECTIONS FOR NATIONAL PROGRAMS

Board members discussed the need for better communication on the cruise plans and
underlying science of icebreaker cruises. With the initiation of the USCGC Healy, there
will be new opportunitiesin the Arctic. Dr. Anderson provided information on cruises of
the Oden over the next five years. In the pipe are three cruises: 2001 into the Eurasian
Basin within the Svalbard sector meteorology, geochemistry and oceanography; 2002 the
Barents Sea and the east Greenland current oceanography, carbon cycle and meteorology;
2003 ice service for Arctic Ocean drilling.

Dr. Futterer outlined the cruise plan of the Polar Sern through 2003. He noted that the
Germans do try to coordinate with other icebreaking research vessels already.

Dr. Cooley explained that Canada has conducted a review of their Arctic programs that
resulted in some severe budget cuts; in some cases up to 30 to 40 percent. However, with
its fiscal house now in order, the Federal Government in Canada is beginning to plan a
comprehensive Arctic sciences program. A senior Arctic Science Planning Commission
represented by the Federal departments responsible for northern research, met to discuss
increases in Arctic science. At the present time, with no dedicated science vessd,
Canadian research has to take advantage of vessels of opportunity. The Committee is
providing upper management with options including taking the ice cutter the CCGS Sr
John Franklin and dedicating it for Arctic science. This would be a conversion of an
existing Canadian Coast Guard vessel, but its primary mission would be to promote the
science program. Whilethisisjust an ideaat this point, there are encouraging signs.
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The Board discussed what actions the AOSB should take to better coordinate and inform
members of cruise schedules and science plans. It was agreed that at a minimum AOSB
would include cruise schedules on its web site and the Secretariat will explore other
options for coordination.

Action:

Members will supply the Secretariat with research vessel cruise schedules and
science plansfor futureyearsto be posted on the AOSB web site and included in the
AOSB newsdletter on a periodic basis.

Action:

It was agreed that the Secretariat would explore the development of a link between
AOSB and the U.S. oceanic data base which keepstrack of U.S. and other research
vessels world wide. In addition, the Secretariat will make contact with FARO and
other possible links and post information on the AOSB web site.

ARCTIC CLIMATE IMPACT ASSESSMENT (ACIA)

Dr. Robert Corell, Senior Fellow at the American Meteorological Society, presented a
proposal to conduct a scientific assessment of consequences of climate change and UV
variability in the Arctic region. Evidence of climate variability and change, including an
increase in the amount of UV radiation reaching the surface, is being increasingly
observed and documented in the Arctic. In light of these changes, and because of the
potentially dramatic impacts of these changes for Arctic peoples and ecosystems, the
international agencies AMAP, CAFF, IASC, and WCRP, with encouragement from the
Arctic Council, have proposed an Arctic Climate Impact Assessment.

The ACIA's god is to provide useful information on the consequences of climate
variability and change and increased UV radiation to the governments, organizations, and
people of the Arctic region. The ACIA will provide a thorough examination of climate
change and its consequences in the Arctic region. The scope of the assessment includes
an assessment of the state of scientific knowledge, an understanding of the impacts on
key socio-economic sectors in the region, an understanding of the impacts on
regional/local economies and societal/culture settings, and a synthesis that integrates the
consequences of climate variability and change for the whole Arctic region. The
assessment is divided along three lines: what are the past and present indicators of
change; what are the likely changes in the future; and what are the possible
impacts/vulnerabilities to changes in the future.

The assessment will be documented with three reports. Thefirst is a scientific document,
the second is a synthesis document that gets at the essential characteristics, and third will
be a policy document produced by AMAP and CAFF.

Dr. Corell indicated that by late summer, the Secretariat should be in place and be able to
move forward when the Arctic Council ministerial meets. He suggested that he and the
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Secretariat would ook to AOSB to help identify authors and co-authors for papers. He
also noted that the AOSB would be kept fully informed during the process and would
appreciate the Board keeping members informed of progress.

Action:

The AOSB agreed to disseminate through its web site and in its newsletter
information on the assessment as it becomes available and to assist the assessment
with the identification of authorswhen requested.

INTERNATIONAL BATHYMETRIC CHART OF THE ARCTIC OCEAN
(IBCAO)

Dr. Ronald McNab of the Geological Survey of Canada explained a cooperative activity
to assemble and rationalize al available bathymetric observations north of 64N for the
purpose of creating maps and charts.

The IBCAO Project was initiated for the primary purpose of constructing a modern
digital data base that contains all available bathymetric data north of 64N, for use by
mapmakers, investigators, and others whose work requires a detailed and accurate
knowledge of the depth and shape of the Arctic seabed. The conduct of the undertaking
is overseen by an Editorial Board whose mandate has been endorsed by three
international organizations. the Internationa Hydrographic Organization (IHO), the
Intergovernmental Oceanographic Commission (IOC), and the International Arctic
Science Committee (IASC). Currently, the Editorial Board's membership consists of
bathymetric specialists from eleven countries and international organizations that have
interests in Arctic mapping and research: Canada, Denmark, Germany, Iceland, Norway,
Russia, Sweden, the USA, the IOC, the IHO, and IASC. Additional information of an
administrative and technical nature may be found on the project web site at the address
given below.

There is no forma arrangement for funding of IBCAO, and since its inception, the
Editorial Board has relied on a series of ad-hoc arrangements to support its activities. To
date, funding and in-kind support has been obtained from the following organizations:
IASC, 10C, Stockholm University, the Swedish Polar Secretariat, the Swedish Polar
Committee, the Swedish Ymer Foundation, the U.S. Office of Naval Research, and the
U.S. National Geophysical Data Center. These contributions have provided a welcome
supplement to the voluntary efforts and in-kind contributions of Editorial Board
members, their associates, and their home institutions.

The project has made significant progress since it was first proposed in late 1997. For the
first time, a coherent, public digital data base has been constructed through the assembly
and rationalization of original depth observations and information extracted from
published maps. This data base has been used to construct a grid that defines depth
throughout the region at intervals of 25 x 25 km. Depth information has been
complemented by a grid that defines the elevations of surrounding land masses, so that
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marine and terrestrial relief north of 64N is now described uniformly in one seamless
grid. Designated as the “Beta Grid,” this grid has been cleared for early distribution to
members of the community so they may evaluate it, provide feedback to the Editorial
Board, and, most importantly, alert us to the existence of additional data sets that could
be used to enhance the product. The Beta Grid has also been used to construct a
Provisional Shaded Relief Map which has been released to the community, to facilitate
visualization of the contents of the grid, and to enable comparisons with existing maps.

The Beta Grid and the Provisional Map, along with associated documentation, may be
downloaded from the Project Web site maintained by the U.S. National Geophysical Data
Center: (http://www/ggdc/noaa.gov/mgg/bathmetry/arctic.html).

A preliminary assessment indicates that on aregional basis, the Beta Grid and its derived
Provisional Map represent a substantial improvement over publicly-available
representations of the Arctic seabed that are presently available. Besides providing
important corrections to the old maps, the new products feature increased detail and
resolution in both deep and shallow areas.

In addition to its technical achievements, the IBCAO Project demonstrated substantial
success in marshalling the skills and expertise of representatives from eleven research
and survey organizations in eight countries, and in focussing the group's efforts on the
attainment of its objectives in a timely and harmonious manner. In several ways, the
Project represents a workable paradigm that could benefit comparable mapmaking
initiatives in other parts of the world ocean.

Plans for the year 2000 and beyond include: the incorporation of additional data sets if
any are forthcoming; the refinement of the Beta Grid and the Provisional Map to prepare
them for forma release in more definitive forms, and the completion of project
documentation which will describe the constituent data sets, as well as the procedures
employed in their manipulation. A significant objective will be the formulation of a
long-term strategy for maintaining the data base and for producing updated versions of
the Grid and Map as new information becomes available. It is perceived that an essential
element of this strategy will be to identify a home for the IBCAO where it will benefit
from ongoing institutional interest and from a stable allocation of resources.

The Board thanked Dr. McNab for his presentation and for his contributions to Arctic
science.

WORKSHOP FOR THE GEOPHYSICAL COMPILATION GROUP

Dr. Sergel Mashchenvkov of the Russian Okeangeologia summarized the results of the
Workshop for the Geophysical Compilation Group which brought together 23
participants from various countries on April 1 and 2, 2000. They reviewed geophysical
data set maps of the Arctic and discussed future plans. Several new projects were
proposed over the last few years. Some preliminary results of the Arctic Gravity Project
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were presented. A new proposal was initiated and submitted to IASC to produce a
sedimentary thickness map.

SUBMARINE ARCTIC SCIENCE CRUISE EXERCISE (SCICEX)

Dr. Ted DelLaca of the Office of Arctic Research at the University of Alaska Fairbanks
and an origina member of this SCICEX initiative, presented the history of the now
concluded SCICEX program. In the early 1990s, the American scientific community
began exploring the option of a program to use U.S. Navy submarines for Arctic Ocean
research. Therewasalot of skepticism on the part of the Navy and the scientific
community that such a program could work. However, starting in 1993 and running
through 1999, six cruises were held covering 85,000 km of cruise track in the Nansen
Basin, Amundsen Basin, Makarov Basin, Canada Basin from 1993-1999. Twenty-five
institutions from North Americaand 50 Pls were involved. The work mainly involved
geological, physical oceanographic, chemical and biological studies, and sea-ice related
data collection.

Because the U.S. Navy has far fewer nuclear submarines now, SCICEX is finished and
there will only be cruises of opportunity.

Dr. Garry Brass, U.S. Arctic Research Commission (ARC), suggested that since cruises
of opportunity are not very effective, the community needs to look at other options. He
explained several that were explored at a SCICEX 2000 workshop:

¢ Continue talks with the U.S. Navy. If the scientific community can make a good
case, than the Navy might consider additional scientific cruises.

¢ Develop a high endurance geophysical survey autonomous underwater vehicle.

* Exploreair independent power submarine opportunities.

* Explore opportunities with other nuclear submarine operators. (France, UK, and
Russia)

* Explore Japanese plans for a nuclear research submarine for Arctic studies.

¢ Explorethe NR-2 (Small Navy Nuclear submarine).

The Board recognized the outstanding contribution of the SCICEX program to Arctic
Ocean research and agreed that other methods of collection need to be explored and
where possible funded.

PAST GLOBAL CHANGES (PAGES)
INTERNATIONAL MARINE GLOBAL CHANGE STUDY (IMAGEYS)

PAGES is an IGBP program and IMAGES is a branch of PAGES aimed at marine
sediment research for paleoclimates reconstitution. During the AOSB meeting no one
was available to report on PAGES specificaly, but Dr. Leif Anderson noted that PAGES
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has developed a globa paeoenvironmenta database which is available at
(http://www.ngdc.noaa.gov/pal eo/pal eo.html).

Dr. Jean Claude Gascard, from the Universite Pierre et Marie Curie in Paris, discussed
the IMAGES V program, an ongoing international program designed to obtain and
analyze oceanic sedimentary records in order to understand mechanisms of abrupt
climatic changes in the northern North Atlantic. The primary scientific issues of
IMAGESV isto:

* understand the decenna variability of the surface hydrology and climate of the
northern north Atlantic region over the last several thousand years and its evolution
between 50 and 80°N; and

* understand the hydrological and climatic variability of this region during the last
400,000 years, studied with a resolution of one to few hundred years in relationship
with the changes in thermohaline circulation and a specia emphasis about the
exchanges between the polar and subpolar zones and the evolution of the continental
ice sheets.

During IMAGES V, the coring cruise project GINNA (paeoclimatology of the
Greenland, Iceland, Norwegian seas and Northern Atlantic) was prepared under the
responsibility of the international program IMAGES (International Marine Global
Change Study) affiliated to PAGES. A giant sediment piston core (Caypso) on board
Marion Dufresne 2 was operated during this cruise. More than 100 giant sediment cores
(>50m) taken during the summer of 1999 have been distributed al over the basins of the
north atlantic subpolar gyre (from Labrador Sea up to Fram Strait) in areas with high
sedimentation rate (severa tens of cm/kyr). Cores have been analysed continuously on
board the ship for the physical parameters (magnetic susceptibility, porosity, sound
velocity, color reflectance). After the cruise, the laboratory measurements will include
micropaeontology, foraminiferal isotopes, biomarkers, geochemical tracers following
IMAGES protocol. French laboratories involved are LSCE (Orsay) Pls L. Labeyrie and
C. Kissel, DGO (Bordeaux) PIs J.L. Turon and F. Grousset and LGCA (Grenoble) PIs M.
Revel and M. Desmet with a very important international participation from Norway,
USA, Danemark, Netherland, Canada, Germany, Sweden and Spain, under the
coordination of Pr E. Jansen from Bergen.

Dr. Gascard was involved during the IMAGES V cruise with the GINS program in the
Greenland, Iceland and Norwegian seas aboard the research vessel Marion Dufresne 2
trying to understand how the North Atlantic Subpolar Ocean is affecting the climate
variability at decadal scale (North Atlantic Oscillation NAO). He mentioned that the
Marion Dufresne 2 will be available to Science in the future for up to 240 days instead of
135 days up to now.
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MANAGEMENT ISSUES

The Board discussed the benefits and disadvantages of holding its meeting at the same
time as the Arctic Science Summit Week. The general view was that the benefits of
increased participation outweighed the costs of having overlapping meetings. Where
possible, it was agreed that future meetings would be held in conjunction with the ASSW.

Two options are being explored for the next three years. In option one, next year's
ASSW will be held in Canada, the meeting in 2002 will be held in the Netherlands, and
the 2003 meeting in Sweden. In option two, the ASSW will be held in the Netherlands
next year and Canada the following year. If the meeting is held in Canada next year, the
Canadians are suggesting that the meeting be held in Igaluit. 1t was decided that the site
selection should be made by the Canadians with consideration to the availability of
accommodations and reasonable and logistically feasible flight arrangements. If Igaluit
turns out to be too difficult, another Canadian site will be suggested.

Action:

Canadian representatives will provide the Secretariat with information about
Igaluit and its feasibility. The site will be confirmed and information distributed to
the members. [If option two is selected, the Secretariat will inform members and
begin planning for a 2001 meeting in the Netherlands.

CLOSING

The Board acknowledged the years of dedicated service of Mr. Holland to the Board
during his tenure as chair, member and as a retired member. He was presented with a
plague and a letter expressing appreciation for his contributions to Arctic science and in
particular to the Board. Mr. Holland thanked the Board for the acknowledgement and
expressed his pleasure at being a part of the AOSB from its early years.

Thanks were given to the UK representatives for hosting the meeting.
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Appendix I

ARCTIC OCEAN SCIENCESBOARD
Nineteenth M eeting (AOSB-X1X)

1-4 April 2000
Chadwick Room
Selwyn College
Cambridge, England

AGENDA

Saturday, 1 April

1700-1800

1800-1900

1900-
Sunday, 2 April

0830-0930

0930-0935
0935-0945
0945-1000

1000-1200

1200-1230
1230-1300

1300-1430

1430-1715
1430-1500
1500-1530
1530-1600
1600-1630
1630-1700

1700-1800

AOSB Steering Committee meeting

Informal gathering for AOSB members and friends (Bar in the Crowne Plaza Hotel,

Downing Street)

ASSW Icebreaker at Selwyn College

Registration at ASSW Conference Office (Stop by even if you are pre-registered to pick

up an ASSW conference packet.)

Opening of meeting by AOSB Chair (Leif Anderson)
Welcome from Cambridge (Chris Rapley)

Meeting arrangements and adoption of agenda

AOSB Programs and I nterests
A. |APP
a. NOW (Mitsuo Fukuchi)
b. Report from the SCG (Lou Brown and Mitsuo Fukuchi)
c. Futureplans for polynya research (Lou Brown)
B. APARD (Rudiger Stein)
C. Arctic Ocean remote sensing activities (Preben Gudmandsen)

Lunch

AOSB Programs and I nterests
D. Freshwater balance in the Arctic (Geoff Holland)
E. Shelf-basin interaction (Leif Anderson and Tom Pyle)
F. BIODAFF (Jan Marcin Weslawski)
G. GRASP (Henrik Hojmark Thomsen)
H. Arctic Ocean drilling (Yngve Kristoffersen)

Discussion, wrap-up, plans for Monday
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1900- Open
Monday, 3 April

0900-1100 Arctic-Subarctic Linkages (Robert Dickson)
* ongoing activities
* planned activities
» future actions

1100-1130 Break
1130-1145 Report of the Arctic Coastal Dynamics Workshop (Jerry Brown)
1145-1215 SHEBA/JOIS (Tom Pyle, Marty Bergmann)
1215-1245 LOIRA (TBD)
1245-1400 Lunch
1400-1600 Future Directions for Arctic Ocean Research (Leif Anderson)
Suggested topicsinclude:
* sea-ice thickness
* natural or anthropogenic variability?
* questions, topics of interest, etc.
1600-1630 Break
1630-1700 ACSY S (Howard Cattle)
1700-1730 Bathymetric Chart of the Arctic Ocean (Ron MacNab)

1730-1800 Wrap-up, plans for Tuesday

1900-2200 ASSW Reception (Scott Polar Research Institute, Lensfield Road. Bus service will be
provided from Selwyn College)

Tuesday, 4 April
0830-1030 National Presentations
UK National Presentation (Peter Wadhams)
Korea Presentation (Ho 1l Yoon)
China Presentation (Ligi Chen)
EU Presentation (TBD)
1030-1100 Break

1100-1130 Workshop for the Geophysical Compilation Group (Sergei Maschenkov)
1130-1200 SCICEX (Ted De Laca)
1200-1230 PAGES/IMAGES (Leif Anderson)

1230-1300 Arctic Climate Impact Assessment (Bob Corell)
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1300-1430

1430-

1900-2200

Lunch

Management issues

A. Interactions with other science organizations (EU, IASC, EPB)
B. Next year's meeting
C. Miscellaneous topics

ASSW Buffet Dinner and poster session (Selwyn College)
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Appendix Il

Arctic Ocean Sciences Board
Inter national Arctic Polynya Programme
Report of the Scientific Coordinating Group (IAPP-SCG)

M eeting of 28 January 2000
San Antonio, Texas

In attendance were: Jody Deming (USA), Louis Fortier (Canada), Martin Fortier
(Canada), Hans-Jurgen Hirche (Germany), Mark Johnson (USA), Louis Legendre (Chair,
Canada), Tsuneo Odate (Japan), lan Walsh (USA), Andrew Willmott (UK)

|. Polynya sessions at the Ocean Sciences meeting

Jody Deming, co-chair of the polynya sessions, reported there was excellent attendance
during both days of the polynya sessions and a good mix of Arctic and Antarctic
research. Many scientists expressed enthusiasm for the mix of north and south polar
research. The poster sessions had people from outside the discipline walking through,
and was a very productive forum.

Action
Jody Deming will compile a count of attendance at the polynya sessionsfor the SCG.

[1. 2000 ASL O meeting in Copenhagen

Louis Legendre reported that there is no information available yet on the number of
papers submitted for the polynya session, but in total, over 1200 papers were submitted
for the meeting. Each session will be opened by a 30 minute invited talk. Louis Fortier
has already accepted the invitation to speak at the polynya session.

Action
Louis Legendre will circulate the information on polynya submissions to the SCG
when he hasit.

The 2002 Ocean Sciences meeting will be held in either Honolulu, HI or New Orleans,
LA. The SCG would like to hold a polynya session there as well, though discussions
about this can be put off until the 2001 SCG meeting.
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1. TAPP-SCG membership

Current Members

Name Country Speciaty

Louis Legendre (Chair) Canada

John Andrews USA geologist

Jody Deming USA biological oceanographer (microbial)
Louis Fortier (NOW Chair) Canada biological oceanographer
Torkel Gissel Nielsen Denmark

Jean-Henri Hecq Belgium modeling

Hans-Jurgen Hirche Germany biological oceanographer
Mark Johnson USA physical oceanographer
Gerhard Kattner Germany chemical oceanographer
Tsuneo Odate Japan biological oceanographer
Atsumu Ohmura Switzerland physical oceanographer
lan Walsh USA physical oceanographer
Andrew Willmott UK physical oceanographer

Corresponding Member
R. Mabjerg Kristensen Denmark

A few of the members have either expressed interest in retiring from the SCG or have not
been active for some time:
* Gerard Kattner would like to retire from the SCG.
» Atsumu Ohmura has not attended in many years but is still interested in
participating.
* Jean-Henri Hecq has never attended an |APP-SCG meeting.

Action:

Louis Legendre will tell Jean-Henri Hecq that the IAPP-SCG has revised its
membership and he is no longer on the SCG, and will ask Atsumu Ohmura if he
would like to continue as an SCG member, a corresponding member or if he would
liketoretirefrom the SCG.

Before evaluating the distribution by country and dicipline of the remaining IAPP-SCG
members, it was decided to wait until a decision is made about the |APP’ s future plans.

V. North Water Polynya Project (NOW)

Louis Fortier made a short presentation on the history and progress of the NOW project.
Most recently, observations in the polynya were made from August-October 1999.
Approximately 80% of the moorings placed the previous year were recovered, and
another set of samples were obtained along the transects.



38 APPENDIX I11

Public Relations

The 1999 field season brought some concern among the people in Qaanaag and Grise
Fjord with how the ship would interfere with hunting and that the NOW scientists were
scouting for oil or fish. NOW held an open house in both ports to allow people to tour
the ship and learn about the research. This approach was successful. The presence of a
research ship should not pose a problem for future work.

The Canadians would like to declare the area a Marine Protected Area. However, the
most productive and diverse part of the polynyais on the Greenland side. At a previous
meeting in Virginia, it was privately suggested that UNESCO should declare the NOW
polynya a World Heritage Site. This would protect the entire polynya including the
Greenland side and prevent potentia catastrophe (e.g. if oil reserves are discovered) to
the world’s most productive region.

Action:
The 1APP-SCG would like the AOSB to explore the possibility of obtaining
UNESCO International Heritage Site statusfor the NOW polynya.

Action:
Martin Fortier will ask the Canadian Authorities about obtaining Marine Protected
Area statusfor the Canadian side.

Data

Presently, NOW participants are compiling the data and hope to have it online soon.
There is no timeline yet, but the framework is set up to handle the data whenever it is
ready. Participants at the NOW Workshop (which will be held in the next two days) will
discuss what should go on the database.

Summary
» The NOW Project had an extremely successful field component and collected
excellent data
* The next step is the synthesis of the data
* Future funding is an issue in Canada. Only four years were anticipated for this
project, 2 years in the field and 2 years of synthesis. Instead, 3 years were spent
in the field leaving only one year of funding for synthesis.

V. 2001 Polynya Symposium

Jody Deming spoke about the planning efforts underway for the 2001 Polynya
Symposium. The Steering Committee has been in contact via email to determine the date
and location for the meeting. They will now expand their mandate to plan the scientific
aspects of the meeting.



APPENDIX 11 39

Steering Committee Members:

Jody Deming (Chair) us microbiology NEW, NOW

Walker Smith (Co-Chair) us biological oceanographer NEW, Ross Sea

Knud Falk Denmark orinthologist NEW,

NOW

Louis Fortier Canada zooplankton and larval fish NEW, NOW

Hans-Jurgen Hirche Germany zooplankton NEW

Grant Ingram Canada physical oceanographer NEW, NOW

Peter Minnett us heat budgets and meteorology NEW, NOW

Tsuneo Odate Japan zooplankton and carbon flux NOW

Doug Wallace Germany inorganic chemistry NEW, NOW
Action:

Jody Deming will ask Heide Kassens, a member of the Laptev Sea Polynya
community, to join the Steering Committee.

Venues
The Steering Committee suggested these five venues:
1. Miami, FL
Local hosts: Sharon Smith, Peter Minnett
2. Williamsburg, VA (VIMYS)
Local host: Walker Smith
3. Kiel or Bremerhaven, Germany
Local hosts: G. Kattner, H.-J. Hirche, D. Wallace
4. Quebec City or Montreal, Canada
Local hosts: L. Fortier, M. Fortier
5. Seattle, WA or Victoria, BC
Local hosts: J. Deming, G. Ingram
6. San Diego, CA (Scripps Institution of Oceanography)

After some discussion, the SCG agreed that a Canadian site would be the best location for
the symposium, both as a way to recognize the work the Canadians have put into the
polynya projects and as a way to keep meeting and participant costs down.

Action:
The SCG decided on Quebec City in September 2001 asthelocation and date for the
Polynya Symposium.

Length of Meeting

The SCG felt that four days would be a sufficient length of time for the Symposium,
preferably held near a Saturday so participants could get a cheaper airfare by staying over
a Saturday night.
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M eeting For mat

A variety of meeting formats were discussed. A majority of the SCG favored non-
concurrent sessions so that there would be interaction between the disciplines. Two
dightly different formats arose around this idea.

9:00-11:00 talks(6) 9:00-11:00 talks(6)

11:00-noon  posters, lunch 11:00-noon  posters, lunch

1:00-1:30 talk (1) 1:00-4:00 talks (6)

1:30- posters beer, etc. 4:00- posters, beer, etc.
Themes

The SCG agreed that the symposium should not be divided by project (eg. NEW, NOW,
Laptev Sea, Ross Sea, etc.) since one of the goals of the meeting is to encourage
interaction between members of the various projects. Suggestions for daily topics (or
themes) included polynya formation, productivity rates, cross-polynya comparisons and
the carbon cycle.

Publicity

It was suggested that distributing emails on Arctic mailing lists would be the simplest,
most efficient and cheapest way to publicize the Symposium. Suggested mailing lists
include: NOW (Louis Fortier), NEW, Ross Sea (Walker Smith), Laptev Sea (Heide
Kassens), OAIl (Lou Codispoti), Arc Info, and AOSB (Lou Brown). The SCG will also
try to distribute flyers at the upcoming ASL O meeting in Copenhagen.

V1. Publication of polynya book and/or special journal issue

Both Jody Deming and Walker Smith, chairs of the polynya sessions at the Ocean
Sciences meeting, were approached at the meeting by various publishers about books
and/or special journal issues on polynyas.

Special Journal Issue on the NOW Polynya

The SCG feels that NOW should definitely have a special issue of an international
journal. It was suggested that an outline and/or manuscript be ready by the ASLO
meeting in Copenhagen in June 2000. Further discussion on timeframe, editors and
journas were planned for the NOW Workshop, held on the Saturday following this SCG
meeting.

Polynya Book

Publishers, including Kluwer, AGU Monographs, Academic Press and Elsevier,
approached the Ocean Sciences polynya session chairs about putting together a major
book on polynyas. Thiswould not be a textbook or a collection of papers, but a synthesis
of current knowledge about polynyas. The SCG encouraged thisidea. Jody Deming and
Walker Smith were already approached to be editors and are considering this opportunity.
Other suggestions for editors are welcome.
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VI1I. New projectdfuture of the lAPP

New Projects

Last year it had been suggested that the Lincoln Sea polynya be the focus for the next
|APP project. After further exploration, it was determined that this area is not really a
polynya and would not well-complement the NEW and NOW studies. A second
possibility suggested was the St. Lawrence Island Polynya (SLIP), a small polynya,
located outside the Arctic Basin (as were the Northeast Water and North Water
Polynyas). A new suggestion made this year is the Cape Bathurst polynya (also known
as the Banks Island polynya) near Banks Island in North Western Canada.

The Cape Bathurst polynyais a coastal polynya with a large freshwater input from the
Mackenzie River. It would be very different from the NEW and NOW polynyas and
probably the only North American analog to the Siberian polynyas. Thus, the Cape
Bathurst polynya may be more representative of the Arctic as a whole than either the
NEW or NOW polynyas are.

Satellite images of the Cape Bathurst polynya show that, although it was quite large and
productive in 1998, it is more often smaller than the NOW polynya. However, it is
located within the Arctic Basin and its close link with the Makenzie River outflow could
provide a link with the Makenzie River program taking place nearby. The intent is to
link with the new U.S. Shelf-Basin Interaction (SBI), to be conducted in Beaufort Sea.

Previous work in the area includes the collection of sediment trap data, but it is not yet
known what has aready been done in the marine biology. Before any decisions are made
to go forward on a Cape Bathurst polynya study, past research performed in the area
needs to be investigated. It was agreed that the driving questions for studying the Cape
Bathurst polynya would be discussed further at the upcoming NOW Workshop.

Logistics

Logistically, it might not be extraordinarily difficult to get a ship into the Cape Bathurst
polynya. Although thisis an area where the sea-ice is thick, it is also where the SHEBA
project observed thinning. One suggestion made was the CCGS Louis . Laurent be
brought into the polynya in the fall, overwinter (but not frozen into the ice), and be
present for the polynya opening in the spring. It was aso suggested that ice camps and
drifting buoys could be set up quite easily in the area.

Concerns were expressed about the possible difficulty moorings might face, including
6m-thick sea-ice and the dangerous combination of shallow water on the shelf and ships
with 20m-deep keels coming through.

Funding
Canada might have two simultneous avenues of funding for network renewa (4-5 years

of funding), through NSERC and DFO. It is easier for Canadian researchers to get
money for ship use if there are other countries putting money in as well. The United
States' NSF is putting in a request for 100 days of ship time for the Healy when it first
goes into operation. However, they have budgeted more money for ship time than is
required for these 100 days and may be able to put some of the excess into use of a
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Canadian ship. After the Healy gets fully underway, NSF will be budgeting for 200 days
of ship time and will no longer have the extralogistics money.

Other possible options for funding from the U.S.
» Through ARCSS, though the last project required a 7-year lead time
* The project could be coordinated unofficially as was the NOW project
» Compete through NSF s new Biocomplexity Initiative
* Other agencies besides NSF?

Action:

Louis Legendre will contact the IAPP-SCG with results of the discussions on the
Cape Bathurst polynya that will take place at the NOW Workshop this coming
weekend.

VIIIl. Terms of Reference

The IAPP-SCG discussed what would be gained by revising the Terms of Reference
document, first written in 1991. Scientists in some countries use this document as a
reference for their proposals, and it was agreed that such an old, scientifically outdated
document might look strange to reviewers and funding agencies.

The IAPP-SCG divided the document up among the SCG by subject (Missions) for
revision. The groups responsible for each section are:

Mission Revision Team
Water A. Willmott (lead), M. Johnson, A. Ohmura
Carbon Flux and Fate |. Walsh (lead), J. Deming, J. Andrews

Community Structure & ProductivityH.-J. Hirche (lead), L. Fortier, T. Nielsen, R.M.
Kristensen

Revisions will be done over email. After the Missions are revised, the Core
M easurements and General Introduction sections will be updated as well. 1t is hoped that
the revised Terms of Reference will be finished in time for the AOSB meeting (1 April
2000) for the Board' s approval.

I X. Next IAPP-SCG Meeting
The next IAPP-SCG meeting will be held in conjunction with the 2001 Gordon

Conference on Polar Marine Science. It will be held in Ventura, CA around the
beginning of March.
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Addendum 1
A follow-up from Louis Legendre (4 February 2000):

1. Membership. Because of numerous conflicting activities, Jean-Henri Hecq would
prefer to become corresponding member of the SCG-1APP, at least for the time being.

2. During the NOW workshop of 29 and 30 January, there were lengthy discussions
(some of them over dinner and wine) about a possible project concerning the Cape
Bathurst (also caled Bank Island) Polynya, in the Canadian High Arctic. We already
examined general aspects of that project during the SCG-IAPP meeting. Here is
additional information.

The winter system in the proposed study area is characterized by a latitudinal succession
of subsystems, from the mouth of the Mackenzie River to the Arctic Ocean Basin. At the
mouth of the Mackenzie in late winter, freshwater begins to accumulate behind an ice
dam, called "stamukhi”, eventually forming alarge, under-ice “inverted lake” called Lake
Mackenzie. The stamukhi-lake zone is expected to be dominated by a large input of
continental dissolved organic matter (DOM), chemical reactions, and heterotrophy. The
polynya is located offshore from the stamukhi. There, dense water is formed, and
biological activity is expected to dominate the organic matter processes (phytoplankton
production and biological transformation of the DOM). Between the polynya and the
basin, there is deep export of dense water containing dissolved and particulate organic
matter, while the surface underice waters may resemble the usua first-year ice
encountered elsewhere in the Arctic. The region supports very abundant marine life,
including mammals and birds. These elements will be used to develop an hypothesis
concerning the input, transformation and transport of organic matter, from the coast into
the deep basin, and itsimpact on marine life.

Starting in about a year time, the USA will conduct a mgjor Shelf-Basin Interaction study
in Beaufort Sea, to the west of the Mackenzie area. There will be a Canadian-led proposal
for a parallel, year-round study, to be conducted from the mouth of the Mackenzie River
to the basin. The provisional name for that study isMERLOT (Mackenzie Environmental
Research on Land-Ocean Transport). The study is intended to be open to international
participants. US and Japanese researchers, in addition to Canadian University and
Government scientists, have already expressed interest.

There will be a US proposal to the NSF biocomplexity initiative, led by Jody Deming,
focussed on the stamukhi zone. The name will be SHIRAZ (Stamukhi: Heat-Ice-River
Arctic Zone).

Finally, it was proposed that the SCG-IAPP recommends to the AOSB to conduct the
polynya component of MERLOT under the name of "CAB Polynya Project” (CAB:
CApe Bathurst).
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Addendum 2
A follow-up from Jody Deming (11 February 2000):

I nformation on the Special Session on Polynyas at Ocean Sciences 2000, San
Antonio:

Total number of presentations (oral and poster) = 46
Number of oral presentations = 32
Number invited = 6
Number of graduate students =5
Number withdrawn = 3
Number of poster presentations = 14
Number of undergraduate students = 2
Number of graduate students = 2
Withdrawn =1
Attendance ranged from about 40 to 100 participants per session.
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Appendix IV

Discussion Meeting on Sustained Monitoring of Arctic Fluxes
Selwyn College
Cambridge
6 April, 2000

Introducing the Strawman: itsrationale, contributorsand titles
. Rationale

Thiscircular isintended as support material for a small discussion session which has
been arranged during the Arctic Science Summit week (ASSW) in Cambridge. Theaim
of the meeting isto develop plans for the sustained monitoring of the oceanic fluxes
which connect the Arctic Ocean to lower latitudes, and the meeting will be held on
Thursday, april 6™ in the Diamond Room of Selwyn College, starting at 0900h.
Participation in this session has been limited by space and time considerations to about 40
scientists and thus has been mainly by invitation. However, if successful, thisis expected
to be thefirst step in a comprehensive scientific planning process, with later opportunities
for awider involvement of interested scientists in the planning process.

In order to make the maximum progress in the one-day meeting, | invited (most) session
participants to prepare in advance a set of condensed 2 page statements summarising
“present understanding” on the several key parts of the programme under discussion.
These form the basis for a*“ strawman” which is now circulated to you in advance in order
to avoid going over agreed ground at the meeting itself, and thus saving time for
discussion on the unresolved issues. The "* strawman™”is not expected to emerge
unscathed, but experience indicates that this kind of advanced preparation will enable
participants to get more rapidly to the point—which is defining what the optimal long-

term Arctic ocean observing system for climate might/should look like.

. Compostion of the Strawman

Despite the short notice, it was good to find that an almost complete set of contributions
to the stawman was returned. A few invitees won’t be able to attend, but have contibuted
2-pagers anyway. They are shown as bold but bracketed names below. bold,
unbracketed folk are coming and contributing.

We focus on four things:

1. TheScienceDriver: why we areinterested in the Arctic freshwater fluxesand
thermohaline shutdown in thefirst place?

(1) Freshwater influx effects on shutdown of the N. Atlantic MOC in the past 20,000
years. [Nick McCave, U. Cambsg]. (mccave@esc.cam.ac.uk)
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(2) What is the range and concensus of the present models on how the thermohaline
circulation is expected to change with rising CO, and what are the control variables.
Richard Wood, Hadley Centre, Bracknell. (rwood@meto.gov.uk)

(3) The atlantic surface freshwater flux balance and thermohaline shutdown. [Tom
Stocker, U. Berng]. (stocker@climate.unibe.ch)

(4) Evidence of MOC slowdown linked to Fram Strait Ice flux in the VEINS model.
Rudiger Gerdes, A-W-I Bremerhave. (rgerdes@AWI-Bremerhaven.de)l

(5) Impact of flow through the Candian Archipelago on the North atlantic and Arctic
thermohaline circulation: an ocean modeling study. Martin Wadley and [Grant
Bigg], UEA. (m.wadley@uea.ac.uk;]gbigg@uea.ac.uk)]

(6) What do models need to learn from observations? Adrian New, SOC Soton
(R.new@soc.soton.ac.uk)|

(7) Looking ahead 100 years: Outlook on Arctic freshwater fluxes and thermohaline
shutdown. Tom Haine, JHU Baltimor e (twnh@stommel.eps.jhu.edu)}

2. Observations: What and wher e would we measureto keep pace with any change
in thethermohaline circulation and deter mine its causes?

(8) The Arctic’s freshwater budget. [Eddy Carmack, 10S Sydney BC]. (carmack@dfo-|
po.ge.ca).

(9) Ice and freshwater flux passing south through the Western Fram Stait; Svein
Osterhus, Gl, U. Bergen. (svein.osterhus@gfi.uib.no)l

(10)  Measuring the freshwater flux passing south under the ice of the SE Greenland
shelf. Bob Dickson, CEFAS; lan Vassie, CCMS-POL; and Jens Meincke, IFMH
(r.r.dickson@cefas.co.uk;[jmv@pol .ac.uk;|meincke@ifm.uni-hamburg.de)}

(11) Thefreshwater flux through the Canadian Arctic Archipelago; Fiona
McL aughlin, and [Eddie Carmack], 10S Sydney BC. (inclaughlinf @dfo- |
mpo.gc.ca;jicarmacke@df o-mpo.gc.ca)

(12) Roleof long-term hydro sectionsin estimating oceanic f’w flux crossing the
Greenland-Scotland Ridge. Bill Turrell, FRS Aberdeen (furrellb@marlab.ac.uk)

(13) Poleward heat flux west of Norway. Peter Haugan Gl, U. Bergen.
(beter.haugan@agif.uib.no)

(14) Direct measurements of heat and mass transports through Fram Strait, Eber hard
Fahrbach, A-W-I Bremerhaven. (efahrbach@awi-bremerhaven.de)

(15) Measuring the Barents Sea throughflow; Harald L oeng, IMR Bergen.
(harald.loeng@imr.no)

(16) Observing the Bering Strait throughflow, [Knut Aagaard].

(pagaard@apl .washington.edu)

(17) therole of oxygen isotopesin monitoring freshwater fluxes through Fram Strait.
Mike Meredith, [Karen Heywood and Paul Dennis|, UEA Norwich
(m.meredith@uea.ac.uk)

(18) Tracersof key processes. how do we capture their time-dependence? Andy
Watson (ja.j . watson@uea.ac.uk)

(19) Pacific water in the Arctic and Atlantic oceans. Peter Jones, BIO Dartmouth
NS (PonesP@mar.dfo-mpo.gc.ca)
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(20)  Arctic seaice thickness changes. Peter Wadhams, SPRI Cambs.
(bwll@cam.ac.uk)

(21) Since the mechanisms and sites of deep water renewal change, how then should
we define the MOC? Jean-Claude Gascard, LODYC Paris.
(pascard@l odys.jussieu.fr)

(22) Where and how would we measure long-term change in the MOC? Jocem
Marotzke, SOC Soton. (Jochem.Marotzke@soc.soton.ac.uk)

3. Programs: What programs underway now or planned for theimmediate future
could contribute to such an effort?

(23)  Study of Environmental Arctic Change (SEARC H) Dick Moritz and [Jamie
Morison], U. Washington, Seattle (dickm@apl.washington.edu)

(24) Two EC projects on Arctic-North Atlantic exchanges. VEINS: Variability of
Exchanges in Northern Seas, 1997-2000; OPEC: Ocean Processes and European
Climate, 2000-2003. Jens M eincke, IFM Hambur g (meincke@ifm.uni-hamburg.de)

(25) The proposed UK-Norway initiative on Abrupt Climate Change; Jochem
Marotzke, SOC Soton (Jochem.M arotzke@soc.soton.ac.uk)

(26) ACSYS/CLIC of the WCRP; Howard Cattle, M et Office (hcattle@meto.gov.uk)

(27) CLIVAR and the Arctic. John Gould, WOCE and CLIVAR IPO, SOC
(Wjg@soc.soton.ac.uk)

4. Applicationsand Funding

(28) NOAA, John Calder, (john.cader@noaa.gov)

(29) NSF, Tom Pyle, (fpyle@nsf.gov)

(30) Research Council of Norway, Peter Haugan Gl, U. Bergen,
(peter.haugan@agif.uib.no)

(31) NERC, Jochem Marotzke, SOC Soton, (Jochem.M arotzke@soc.soton.ac.uk)

(32) EC (thd)

(33) Icelandic Research Council, Kristjan Kristjansson (M @rannis.is)

(34) Japan STA/JAMSTEC (tbd)

(35) Maindiscussion. This session may aso cover potential applications such as
initializing or verifying models; preparation of data products (gridded fields, etc.);
and possible contributions to periodic assessments (e.g., the proposed Arctic Climate
Impact Assessment), options for sustained measurement programs and observatories
efc.



mailto:pw11@cam.ac.uk
mailto:gascard@lodys.jussieu.fr
mailto:Jochem.Marotzke@soc.soton.ac.uk
mailto:dickm@apl.washington.edu
mailto:meincke@ifm.uni-hamburg.de
mailto:Jochem.Marotzke@soc.soton.ac.uk
mailto:hcattle@meto.gov.uk
mailto:wjg@soc.soton.ac.uk
mailto:john.calder@noaa.gov
mailto:tpyle@nsf.gov
mailto:peter.haugan@gif.uib.no
mailto:Jochem.Marotzke@soc.soton.ac.uk
mailto:vl@rannis.is

48 APPENDIX IV

Arctic Fluxes Discussion: Beyond the Strawman
April6, 2000
Cambridge, UK

Agenda

1) Arewe surethat the THC slowdown has happened in the past? What are the control
Variables? What do models need?

0920 Wood Paleo and control variables
0940 Gerdes Fram Strait flux can slow the MOC
0955 Wadley So can the CAA
1010 New
1025 Haine Overview, summary
Coffee
2) Problems and complexities of observations
1115 McLaughlin How do we cover the CAA?
1135 Osterhous, Vassie ~ New sub-ice profiles
1200 Fahrbach Discussion on needs and prolems associated with
heat flux
Lunch

Problems and complexities of observations continued
1400 Watson, Meredith, Jones Discussion on traces
1445 Marotzke, Gascard, Wadhams Discussion on observation strategies

3) Programsand Funds
1530 Corell Discussion on ways and means. How do we
achieve Pan-Arctic coordination? How do we get
stamina? SEARCH and intergency working
groups? Joint funding call?

Tea

4) Next steps. Toward aTOGA TAO Array for the Arctic? Pilot deployment?



APPENDIX V 49

Appendix V

Summaries of National Arctic Ocean Science Programs

CANADA

A. Department of Fisheriesand Oceans

The Department of Fisheries and Oceans Canada (DFO) operated a small number of
research programs in the Arctic in 1999. A number of research staff from the Central
and Arctic Region (Freshwater Ingtitute, FWI), Pacific Region (Institute of Ocean
Sciences, 10S), and Maritimes Region (Bedford Institute of Oceanography, BIO) were
active in anumber of ongoing programs described below.

JOIS - Joint Ocean | ce Studies

In 1999, DFO—in partnership with JAMSTEC, NSF and NOAA—carried out a suite of
multidisciplinary oceanographic investigations along approximately 6,000 km of
coastline extending from the Gulf of Alaskato Bellot Strait in the Arctic Archipelago.
Thiswork was carried out aboard the icebreaker CCGS Sr Wilfrid Laurier (Laurier-99).
The over-arching goals of Laurier-99 were to carry out research on: a) the Arctic’'s role
in globa climate; b) contaminants and the food web; and, c) sustainability of
biodiversity. Individual studies during Laurier-99 focused on: coastal freshwater flows
in the North Pacific; temperature and salinity distributions across the Bering Strait;
Shelf-Basin Interaction in the Bering, Chukchi and Beaufort Seas; air/sealice interaction
in the western Arctic; Arctic Archipelago freshwater throughflow; dynamics and
significance of buoyancy-boundary currents; and carbon sequestering in the Arctic
Archipelago.

In order to maintain continuity of essential time-series, to extend survey data, and to
expand partnerships with other nations, similar activities are planned for 2000, with
expanded emphasis on biodiversity. For more information on JOIS, consult the Arctic
website at: http://www.arcticexplorer.com|

In addition, scientists from 10S and FWI continue to collaborate on the analysis of
sediment cores collected during the 1997-98 JOIS studies, to determine large-scale
transport of mercury, lead and polycyclic aromatic hydrocarbons in the Arctic Ocean.
Working with DFO’s Laurentian Region, 10S studies will continue to test the
hypothesis that Arctic bowhead whalebone can be used to track temporal changes in
mercury contamination.

SCICEX

Scientists from BIO, Marine Environmental Sciences Division, participated in the fifth
USA SCICEX mission in 1999. In past SCICEX cruises, radioisotopic tracers had been
used to determine such things as the geographic origin of Arctic waters, particulate
organic carbon export over the shelves and basins of the western Arctic Ocean, and
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estimates of particle scavenging rates in the Canadian Basin. During 1999, scientists at
BIO continued sampling radiotracers in Arctic waters and analyzed the stable isotopes
of amphipods collected during SCICEX-98.

Arctic Hydrography

During 1999, the Canadian Hydrographic Service (CHS) in Central and Arctic Region
conducted charting surveys from two Coast Guard ships, the CCGS Nahidik and the
CCGS Sr Wilfred Laurier.

The CCGS Nahidik conducted surveys during August, while navigating the Mackenzie
River to Tuktoyaktuk. The Nahidik served as a multi-tasking platform for hydrography,
and physical and chemical oceanography programs with CHS and Oceans Sector staff.
A total of 3,368 km of line soundings were collected, 80 shoals were examined and 120
bottom samples were obtained using the Nahidik. In addition, approximately 8 km of
shoreline was positioned.

Hydrographic surveys were also conducted from the CCGS Sr Wilfrid Laurier from
August to September 1999. The ship and the launch were used on an opportunity basis
to collect hydrographic information, including data from Requisite Channel, Storis
Passage, Simpson Strait, Gjoa Haven, Douglas Bay to Todd Island, Taloyoak (Spence
Bay), Victoria Strait, James Ross Strait, Coronation Gulf, and St. Roch and Rasmussen
Basins. The GPS-C service provided by NRCan was used to position several Nunavut
Inuit Land Claim monuments for NRCan Legal Surveys. A total of 4,856 km of line
soundings were obtained, 170 shoals examined and 63 km of shoreline positioned
during the Laurier survey.

B. Swedish Tundra 99 Program—DFO Marine Science Program

The 1999 Swedish Tundra Northwest 99 Program was designed to provide value-added
marine work to the passage of the CCGS Louis S . Laurent through the Canadian
Archipelago between July and September 1999. It involved staff from DFO (Central
and Arctic, Pacific and Newfoundland Regions), NRCan, DOE and industry partners.
Six projects were conducted as part of the DFO Science Program during four legs.

Seabed Classification System Development (Bottom Mapping)

New hydroacoustic seabed classification systems can produce reliable and accurate
classifications of seabed type at a level of resolution unknown even three years ago.
However, since the technology is new, there are many applications for which it has yet
to be perfected. The objective of this project was to develop the capability to classify
seabed types with the same resolution as in shallow water to a depth of 1500 m.

Marine Fishing

In general, marine fish faunas are poorly known in the Canadian Arctic. The objective
of this project was to sample nearshore marine fish and zooplankton communities
during the stops for the land-based tundra work. Samples and data were used to: a)
provide data points on fish distributions for a book currently in preparation—Arctic
Marine Fish Field Guide; b) provide fish samples for contaminants projects (sculpins
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for the Swedish Natural History Museum; Arctic cod and zooplankton for FWI
Scientists); ¢) provide samples of other species for the Swedish and Canadian natural
history museums; and, d) link nearshore biological phenomena with the Oceanography
project (see Marine Oceanography).

Marine Oceanography

Throughflow of the Canadian Arctic Archipelago is recognized as a central question in
climate change, and the Archipelago has been identified as a thematic region for climate
research. The objective of this work was to better understand the interactions among
physical and biological systems within the Archipelago in the face of global warming.
This work collected fundamental oceanographic data (e.g., CTD, transmissivity,
nutrients, 18-oxygen, chlorophyll, and zooplankton) during station stops. This work was
carried out in collaboration with investigations of fish marine distributions (see Marine
Fishing, above).

Nearshore Sediment and Benthos Sampling

Recent research has indicated that stable isotope ratios in walrus tusks may provide
information useful in identifying stocks. The objective of this work was to obtain
inshore bottom sediment samples (mud, preferably) to understand stable isotope
distributions in the environment, and relate these to the ratios observed in walrus
sampled from Inuit subsistence hunts.

Marine Mammal and Bird Observation

The geographic and temporal distributions of marine mammals (e.g., polar bears, seals,
whales, walrus) in the Canadian Arctic are not well known for many regions of the
Arctic. Climate change may result in significant shifts in such distributions. The
objective of this work was to systematically record observations of marine mammals
(species, numbers, location, activity, environmental parameters) during the icebreaker
transits of the Archipelago. An operational component of this work was observation of
bowhead whales in the vicinity of Fury and Hecla Strait.

Marine Water/Air Contaminant Sampling

Previous measurements of organochlorine pesticides (OCs) in air and water have
covered the Bering-Chukchi seas, the northern portion of the Canada Basin, the central
Canadian Archipelago, the Barents Sea and the eastern Arctic Ocean. No data have
been collected for the eastern part of the Canadian Arctic Archipelago. The objectives
of this work were to: a) extend our survey of toxaphene, HCHs and chlordanes in water
and air of the eastern Archipelago; b) investigate the differential breakdown of one
HCH isomer in this area; and, ¢) measure polychlorinated naphthalenes (PCNs) in air
and determine whether shipboard measurements can be done cleanly for this class of
compounds.

C. Natural Resources Canada—~Polar Continental Shelf Project
Natural Resources Canada — Polar Continental Shelf Project (PCSP) coordinates field

logistics requirements, including aircraft, equipment, communications and a variety of
other services, for approximately 150 scientific programs conducted in Canada's High



52 APPENDIX V

Arctic each year. It supports research undertaken through Fisheries and Oceans Canada,
resource co-management boards in Canada’ s northern territories, and a variety of other
government and academic agencies conducting research in geology, marine biology,
physica and chemica oceanography, climate change, archaeology, traditional
knowledge, and environmental assessment and protection, among other areas. PCSP
extends its logistics support to multinational and multidisciplinary programs, one recent
example being the North Water Polynya Study (NOW). PCSP works closely with other
agencies in the Arctic to ensure shared resources are put to the scientific community’s
best advantage; in particular, PCSP and the Canadian Coast Guard (Fisheries and
Oceans Canada) work closely together in delivering support to High Arctic research
programs in Canada.

For more information about 2000 Arctic field season activities, and about S& T facilities
in Canada s North, please visit the PCSP web site at |ttp://polar.nrcan.gc.cq

D. North Water Polynya Study (NOW)

The third and final NOW expedition, carried out between August and October 1999,
had three main scientific objectives. The first was to recover the instruments moored in
July 1998, which recorded circulation and the deep flux of particlesin the polynya from
August 1998 to August 1999. The second was to quantify pre-winter primary and
secondary productions in the area, and identify the biological sources of the significant
deep particle flux measured in the fall of 1997 by the moored instruments. The third
objective was to strengthen communications with the Grise Fjord (Canada) and
Qaanaaq (Greenland) communities. All three objectives were fulfilled and the overall
operation, despite magjor logistic difficulties, was a great success. As with previous
NOW expeditions, fieldwork was conducted aboard the CCG icebreaker Pierre
Radisson.

Strengthening Contact with Local Populations

The Hunter and Trapper Associations (HTA) on both shores had some concerns (from
mild in Grise Fjord to severe in Qaanaag) about the potential impact of the scientific
program on hunting activities. During 1999, the scientists and crew visited both
villages to participate in community outreach efforts. In Grise Fjord, over 200 persons
visited the ship and two students remained onboard as observers and collaborators for
the remainder of the mission. In Qaanaag, over 500 people visited the ship. These
meetings increased the awareness of local people about the importance of the research
in a context of climate change, and the potential benefits to their community.

The detailed expedition report with accompanying figures can be downloaded from the
NOW FTP site at ftp://kestrel .fsg.ul aval .calhome/girog/now/1999/Report|

E. Geological Survey of Canada

Coastal Processes - Beaufort Sea

In 1999/00, oblique aerial video was obtained of the entire coast from the Eskimo Lakes
to the Yukon Alaska border. The Canadian Hydrographic Service assisted the program
by performing bathymetric surveys at Tuktoyaktuk, Tibjak Point and Atkinson Point. A
project was initiated to assess and map the vulnerability of the Beaufort Sea coast to
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changing climate. Coastal mapping is nearly complete and a storm surge model has
been developed and tested. Wind data and water level data have been acquired and are
being analyzed. Thiswork is also supported by PERD and the Oceans Sector of DFO.

In 2000/2001, the vulnerability mapping and assessment project will continue with an
emphasis on the analysis of environmental forcing, ice content mapping and historical
coastal response. A field survey is planned to resurvey several monitoring sites, obtain
high-resolution bathymetric data and fill in any gaps in aeria video. The shore
protection at Tuktoyaktuk will be monitored and discussions are underway with DFO
and the Haml et to implement a community based monitoring program.

Sea Floor Scouring by I ce Keels

Ice scouring poses an environmental threat to coastal and offshore engineering facilities,
including pipelines and cables. This project involved the detection of new scour events
and the mapping of changes to scour morphology over a five-year time period off the
coast of Resolute Bay, Nunavut. Scours were investigated using side-scan sonar and
SCUBA divers. The analysis of these data indicated scours cut as deep as 2.5 meters
into the sea floor, one significant new event occurs annually, and scour degradation has
been observed over the five-year period. In 1999, project participants returned to the
survey Site to assess the impact of a fifty year storm event on scour degradation
processes.

In 2000/2001, the repetitive mapping side-scan data and SCUBA diver observations
acquired between 1992 and 1999 will be analyzed to determine ice scour impact rates on
the seabed. In addition, scour degradation processes over time periods ranging from 1
to 1000 years will be modeled.

Law of the Sea

As part of Article 76 of the Law of the Sea, GSC continued to compile and analyze
bathymetry and sediment thickness information north of the Arctic Archipelago. This
was carried out as a preparatory step for any future Canadian claim for jurisdiction over
resources beyond 200 nautical miles.

Arctic Bathymetry

Development of a modern database of Arctic Bathymetry was ongoing during 1999.
The Arctic Bathymetry project is part of a circumpolar initiative to construct a digita
database containing all available bathymetric data north of 64N that can be updated
continually for use by cartographers, researchers, and others whose work requires
detailed and accurate knowledge of the depth of morphology of the Arctic seabed.

Russia/NATO Project

A Russig/NATO project to recover and preserve Russian seismic data to assist in the
development of sediment thickness maps in deep Arctic waters was completed in 1998.
A follow up project will run throughout 2000/01 with similar objectives.
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Davis Strait Region

As part of an effort to understand the origin and evolution of the Davis Strait region,
GSC continued a regional study that investigated the conjugate Canada and Greenland
margin in the region. In 1999, GSC Atlantic collaborated with the new Nunavut
Department of Sustainable Development to finish and publish thematic geological and
geophysical maps. Release of these maps is scheduled for March/ April 2000.

Oceanic Carbon Cycling

This work aims to provide a scientific basis for regional marine CO, residence times in
the oceans surrounding the Canadian landmass. Preliminary data suggest vast
differences between the various water masses surrounding Canada. Thus the results of
this activity will provide an important enhancement for the Ocean General Circulation
Models and will also alow geodynamic modelers to refine their predictions of ice sheet
growth and decay on northern North America. Primary output includes an improved
description of natural carbon cycling in Canadian oceans.

DENMARK

Integrated use of new Microwave Satellite data for improved |1ce mapping (IMSI)

The purpose of the project is to promote the use of microwave remote sensing for
operational ice mapping.

The Internet-based sea-ice data distribution system is continuously being updated.
Thus, it has been expanded to cover new areas around Svalbard, Northern Greenland
and Southern Kara Sea. The system allows users to access in near-real-time sea ice
information through the World Wide Web in an interactive manner. Daily updates of
SSM/I-based products as well as AVHRR images are available via the URL:
http://www.dcrs.dtu.dk/DCRS/atest-ice.html}

The system is being used to supply ice information to scientists but also to fishing
vessels operating in ice-frequented waters in the European sector of the Arctic.

(Contact: L. Toudal, Danish Center for Remote Sensing, Dept. Electromagnetics
Systems, Technical University of Denmark, e-mail: {[tp@emi.dtu.dk).

Salt Flux modedl for the Greenland Sea

This project is a continuation of sea ice studies initiated during ESOP (European
Subpolar Ocean Project). In collaboration with Dr. Max Coon of North West Research
Associates, the salt flux model has been improved in terms of the description of the ice
cover. The new version includes a parameterisation of a frazil-pancake ice model
developed by Alam & Curry. Inthe model, new ice is grown as a mixture of frazil and
pancake ice, the predominant ice types in Greenland Sea. Also, the model incorporates
an extensive scheme for interpretation of SSM/I data that compensates for the inability
of the passive microwave sensor to distinguish reduced concentration of pancakes from
ahigher concentration of frazil/greaseice.
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(Contact: L. Toudal, Danish Center for Remote Sensing, Dept. Electromagnetics
Systems, Technical University of Denmark, e-mail: [tp@emi.dtu.dk).

Remote sensing activities at Danish M eteorological Institute

A pre-operational activity of sea ice mapping of Greenland waters for safe navigation
has been undertaken by the Danish Meteorological Institute, Copenhagen (DMI), based
on RADARSAT data received from Gatineau (Canada) or West Freugh (UK). Data
were transferred to the institute via Internet at a delay of generally 4 to 6 hours after the
satellite pass followed by interpretation of data and compilation of ice maps. The map
compilation is based on dailly SSM/I DMSP satellite data and scatterometer data from
the ERS-2 satellite as well as NOAA-AVHRR. Thiswork will continue in 2000 based
on a long-term RADARSAT contract. It is expected that the number of aeria
reconnaissance’s carried out by the DMI’s Ice Patrol based in Narssarssuag will be
reduced significantly as aresult of this activity.

As part of the EUMETSAT-funded Satellite Application Facility project on ocean and
ice work on calibration and validation of the SSM/I and NOAA-AVHRR algorithms for
Greenland waters continued. Algorithms are developed for automatic computation of
sea ice parameters such as ice edge, ice concentration, ice extent and sea surface
temperatures.

DMI contributed to the ESOP-2 project with geo-coded images and sea-surface and sea-
ice temperatures derived from NOAA data. In the context of another EU-funded
project, IMSI, successful tests were carried out in the period June-August of
transmitting charts and imagettes deduced from RADARSAT, NOAA-AVHRR and
SSM/I data to a ship (Kista Arctica). The transfer was made via INMARSAT in near-
real-time for on-board display and evaluation.

A characteristic of the last-mentioned three projects is that they are carried out in co-
operation with institutes in a number of countries (Denmark, Finland, France, Germany,
Norway, Sweden, The Netherlands and even the United States), as part of the policies of
EUMETSAT and the European Union.

(Contact: R. S. Gill, Danish Meteorological Institute - Ice and Remote Sensing Section,
Department of Observation, e-mail: rsg@dmi.dk).

Linclon Sea and Nares Strait

A remote sensing study of Lincoln Sea and Nares Strait is in progress. It is based on
freely available satellite data such as passive microwave radiometer and visible/infrared
data supplemented by radar data. Initsfirst phase, the study includes the winters 1989-
90, 1991-92 and 1992-93.

The data show that the winter phenomenon that occurs in the southern part of Lincoln
Seais adrift of ice towards Nares Strait associated with rapid ice formation in the open
water created by the drift. The drift takes place in the period late September to April
with the ice concentration seldom being below 80%. On few occasions strong southerly
winds caused relative large patches of open water and up-held the ice drift. There are
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indications that the ice drift ends when an ice bridge forms in the other end of Nares
Strait in April-May, but data are too scant to make this a firm proposition.

12-hour position data for two buoys that passed Nares Strait in 1990 and 1991 are part
of the study. Their drift patterns were very different with the first one passing swiftly
through the strait in January-February and the other taking about three times as long to
pass from one end to the other, from late June to mid-September—partly confirming the
observations about the drift made above.

A brief description of the results of this introductory study is given elsewhere in this
report.

(Contact: P. Gudmandsen, NPOC-Denmark, e-mail: preben@gudmandsen.dk).

Numerical modelling of seaice

A numerical sea-ice model for the Cape Farewell area has been implemented as part of
aPh.D. project that was finalized in late 1999. Work with the model continues with the
goal of producing regular sea-ice forecasts for Greenland waters. Initial ice distribution
data are obtained from Radarsat images while wind velocities are derived from
HIRLAM simulations (High-Resolution Local AreaModel).

(Contact: N. Kliem and E. Buch, Danish Meteorological Institute, Copenhagen, Section
of Operational Oceanography, e-mail: nk@dmi.dk and ebu@dmi.dk).

Monitoring of the oceanogr aphic conditions along West Greenland

Within the North Atlantic Fisheries Organisation (NAFO) Denmark/Greenland has the
responsibility to monitor the physical oceanographic conditions along the west coast of
Greenland.

Temperatures and salinity’s are measured at standard stations along the west coast to
obtain knowledge about the marine climate in the area which has a great impact on the
recruitment and survival of the fish speciesliving in the area, some of which are closeto
the limit of survival. The data, therefore, are of great importance to the fisheries
assessment work.

(Contact: E. Buch, Danish Meteorological Institute, Copenhagen, Section of
Operational Oceanography, e-mail: ebu@dmi.dk).

Bio-geo-chemical cycling of carbon and ocean circulation in the northern part of
North Atlantic

The overall aim of the project is to describe the effect of high-latitude carbon dynamics
on the globa ocean-atmosphere carbon system, in general, and on atmospheric pCO; in
particular. At present, the knowledge of the seasona differences in turnover rates of
organic material in polar and sub-polar regionsis limited. Thus, it is hecessary to obtain
biological and chemical rate measurements to understand the production and destruction
of dissolved and particulate organic material at high latitudes and relate these to the
convection occurring at different times of the year.
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The project included three cruises to the Greenland Sea area—one in 1998 and two in
1999. The 1999 cruises used the Danish research vessel “DANA” as the platform. The
cruises were made in June and August and both were very successful.

The project is a co-operative activity of Danish institutions including the Nationa
Environmental Research Institute, Risg, and the Universities of Copenhagen and Arhus.
The Danish Meteorological Ingtitute has the responsibility for the physica
oceanographic measurements in the project.

(Contact: E. Buch, Danish Meteorological Institute, Copenhagen, Section of
Operational Oceanography, e-mail: ebu@dmi.dk).

Marine geological investigationsin Disko Bugt

The investigations are carried out as part of the UK NERC ARCICE Project concerning
“Late Quarternary Ice Sheet Dynamics in West Greenland” lead by the Department of
Geology, University of Durham, UK with participation by the Geological Survey of
Denmark and Greenland, Copenhagen, Denmark. It addresses the dynamics of West
Greenland ice margin and regiona paleoceanography since the last glacial maximum.
The target area of the project is Disko Bugt, the largest embayment and outlet from the
Greenland ice shest.

A cruise was made in August 1999 with RV Porsild on two legs in the inner Disko
Bugt. The study sites were selected from studies of archive seismic data from two
earlier cruises made in 1972 and 1978. The work included echosounder recording of
surface sediment reflectivity strength and seafloor topography, CTD hydrographic casts
revealing temperature, salinity, fluorescence and turbidity, and positioning with GPS.
Surface sediment sampling and coring was carried out using a grab and a 2-m gravity
corer at a number of stations selected from the seismic data. The maximum depth of
coring was limited to about 400 m of water depth.

The investigations showed the presence of larger postglacial sedimentary basins in
south-eastern Disko Bugt and a mgjor submarine fan east of Disko with ice rafting of
large icebergs. Near Jakobshavn Isfjord the measurements show a large sediment sheet
or fan off the mouth of the fjord.

The CTD data from eastern Disko Bugt (leg 1) showed a consistent pattern with a
warm, low-salinity surface water (5-7°C, 32-33 %) overlying a relatively stable, cold
and more saline water mass (1-2°C, 33.5 %o) over a layer of warmer saline water near
the bottom. The cold water mass is found at depths between 200 and 300 m. Data from
areas close to glaciers (leg 2) revealed a thick cold surface water (meltwater, 1-2°C)
down to 400-500 m over awarmer saline water (3-4°C, 34 %o) at one place down to 650
m (maximum depth of CTD casts).

The cores acquired are subject to analysis for foraminifera, diatoms, stable isotope and
sedimentological characteristics.

(Contact: A Kuijpers, Geological Survey of Denmark and Greenland, Copenhagen, e-
mail: aku@geus.dk).
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Marineresearch in thefjords of the Viking age " Eastern Settlement”

In Southwest Greenland, investigations of the possible causes for the disappearance of
the Norse continued in 1999. The investigations included acquisition of seismic datain
the Igaliko Fjord off the main Norse settlements of Gardar and Hvalsay. Pilot studies of
aeolian sand layers in soil profiles close to some Norse farms were also conducted in an
attempt to define whether these layers were created due to the deterioration of the
climate and hence increasing storminess or if they were the result of soil erosion caused
by Norse farming activities. The samples are subject to analysisin the laboratory.

The investigations were financially supported by the Home Rule Government of
Greenland.

(Contact: Naja Mikkelsen, Geological Survey of Denmark and Greenland, e-mail:
nm@geus.dk).

Airborne geophysics

Airborne gravity measurements were carried out north of Greenland and around
Svalbard with a new hardware system installed in a Greenlandair Twin-Otter operating
from Alert, Kap Morris Jesup, Station Nord and Longyearbyen. The measurements
extended approximately 120 nm from the north coast of Greenland, with the primary
am of complementing the coastal gravity coverage, to provide data for improved
determination of the geoid and satellite orbits, and to acquire basic data for the
geophysics of the North Greenland continental shelf and the Morris Jesup Rise.
Airborne laser atimeter data were collected over the sea-ice, for estimation of sea
surface height and ice thickness.

The gravity measurements were carried out by the National Mapping and Cadastre,
Copenhagen, in co-operation with Statens Kartverk, Norway and the National Imagery
and Mapping Agency, USA. They are co-ordinated with aero-geophysical programmes
of the US Naval Research Laboratory (Arctic Gravity Programme), the Canadian
National Research Council (“PMAP’ project) and the Alfred-Wegener-Institut
(“NOGRAM”), who performed aero-geophysica measurements in the Arctic Ocean
north of Greenland during 1998. These activities contribute to a new international
“Arctic Gravity Project”, an international programme to place all available gridded
gravity data of the Arctic into the public-domain by year 2000, see
(http://www.nima.mil/GandG/agp/index.htm).

(Contact: R.Forsberg, National Mapping and Cadastre, Copenhagen, e-mail:
rf@kms.min.dk)
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FEDERAL REPUBLIC OF GERMANY

Activites of the RV Polarstern (Bremerhaven-Tromsoe, 23 June through 19 July
1999)

The most prominent event of this expedition was the first deployment of the French
ROV “VICTOR 6000” from board of the RV Polarstern. It was carried out on the basis
of a French German cooperation between IFREMER and AWI. The mission was
regarded as a feasibility study. The ROV was employed to explore regions suitable for
a long-term study of benthic organisms in the Arctic Deep Sea, whereas the French
party focussed on technical aspects such as handling procedures on board of a foreign
vessel and performance under polar environmenta conditions including ice coverage of
the surface waters.

All dives of “VICTOR 6000" were undisturbed and successful beyond expectations.
The dives at 79°N lasted between 15 to 26 hours. In the Molloy Deep, the record depth
of 5,552 meters was reached. Besides test dives “VICTOR” was employed 111 hours
for scientific purposes. The work aims at testing recent hypotheses on the patterns of
life of the deep-sea faunal communities and their surprising biodiversity.

As in previous years, the hydrographic section of 75°N was occupied with 62 CTD
stations. The data are required for a study on the ventilation and bottom-water renewal
in the Greenland Sea. They aso contributed to the EU project, ESOP2.

Physical oceanography activitiesin 1999

In April 1999, the meteorological component of the SFB 512 in Hamburg carried out
the field study FRAMZY (FRAM Strait Zyclones). It included the deployment of 14
ice buoys and a three-dimensional survey of the research airplane Falcone in an
observation field of 200 by 200 km in Fram Strait. RV Valdiva operated in the
Greenland Sea. During the main field phase of two weeks, a cyclone moved from the
Norwegian Sea over the open water of the West Spitsbergen Current through Fram
Strait. The field measurements were used to validate the discrepancies obtained by two
different models (HIRLAM and DWD).

The oceanographic fieldwork in 1999 occurred during different legs of the Polarstern
cruise ARK XV in the Greenland Sea and Fram Strait. The physical oceanography
investigations were carried out as part of a climate research programme. The
mechanisms of heat exchange between ocean and atmosphere were investigated.
During the cruise, measurements were carried out by use of a CTD (Conductivity,
Temperature Depth) probe combined with a water sampler and a Lowered Acoustic
Doppler Current meter (LADCP).

The investigations represent a contribution to a long-term program in the framework of
the Arctic Climate System Study (ACSYS) of the World Climate Research Program.
The work in Fram Strait occurred in the framework of the European Union project
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VEINS. The VEINS measurements covered the Nordic Seas between Fram Strait and
Denmark Strait. The project will end in summer 2000 and a proposal for a modified
program OPEC (Ocean Processes and European Climate) is submitted within the Fifth
Framework Program.

To determine volume, heat and salt/freshwater transports through Fram Strait and their
variability, 14 current meter mooring of the VEINS group were deployed in Fram Strait
from September 1997 to September 1999 with a replacement in September 1998. The
moored instruments cover the water column from 10 m above the seabed to
approximately 60 m below the surface. In the horizontal, the measurements extend
from 6°51'W (the eastern Greenland shelf break) to 8°40'E (the western coast of
Spitsbergen) on aline along 78°50' N on the eastern part and along 79°N on the western
part of the transect. The flow field through the strait was compiled by interpolation
based on the records of 41 current meters from the first year and 45 for the second.

The velocity field averaged over two years from September 1997 to September 1999
relects the well-known current system in Fram Strait. The northward flowing West
Spitsbergen Current reaches a maximum speed in the core over the upper continental
slope of 24 cm/s. The core of the southward flowing East Greenland Current reaches 9
cm/s. The volume transports obtained north and 9 Sv to the south with a net transport
through the Strait of 1 Sv to the south. However, the time variability of the area
occupied by each of the two current systems on the vertical transect causes their
transports to be nonlinear quantities. The effect of the nonlinearity on the derived mean
properties is still under investigation. Averages over a time series of monthly mean
transports result in 10.8 to the north and 11.2 to the south. The observed variability
suggests that short-term estimates of the heat or salt transports based on a single CTD
survey can be strongly misleading.

The obtained transports are al significantly larger than earlier estimates given in the
literature.  However, the discrepancy to values obtained from direct current
measurements is smaller than to estimates from hydrographic data only. The agreement
in the East Greenland Current is better than that in the West Spitsbergen Current. This
is possibly due to the stronger baroclinic currents relative to the barotropic flow, which
resultsin rather small errorsif the geostrophic current velocities were calculated relative
to bottom.

Plansfor 2000 and 2001

The field work in the next two years will be determined by two programs. The work in
Fram Strait in the framework of the European union project VEINS will continue if the
OPEC proposal isfunded. Mooring will be deployed in the western Greenland Sea as a
contribution to the Deep Sea Research program. ARKTIEF Il of the German Ministry
of Eductaion, Science, and Technology (BMBF) if funded. The proposa is still
pending.
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Biological activities

As a contribution to IAPP data on the abundance and reproductive biology (gonad
maturation and egg production) of the Arctic copepod, Calanus glacialis collected in the
Laptev Sea and adjacent Arctic Ocean during earlier expeditions were analyzed and
published. The importance of the Siberian polynya for the maintenance of a local
population of this dominant species has been documented.

FINLAND
A. Finnish Institute of Marine Research

ARTIST

In an EU-funded Arctic Radiation and Turbulence Interaction Study, FIMR scientists
developed a method of optimizing flight patterns in airborne meteorological
measurements and it was accepted for publication. Modelling work is going on to study
the warm-air advection over sea ice, and the surface energy balance and
thermodynamics in Spitsbergen.

BASIS

Air-ice- sea process studies and process modelling were conducted in BALTEX-BASIS
(Baltic Air-Sea- Ice Study of BALTEX/GEWEX program), the EC funded study which
is coordinated by FIMR. A 9-day-long field experiment was made in the Gulf of
Bothnia in March. Most of the basic data analyses from this and the previous year’'s
experiment were made, and process studies and model simulations are going on. A
BASIS data archive was established.

VEINS

The EC funded project VEINS (Variability of Exchanges in the Nordic Seas) was
continued. The work conducted within the EU Mast 1l programme VEINS and has
concentrated on studies of transports, water mass formation, and mixing in the Nordic
Seas and the Arctic Ocean, especially relating to the conditions in the East Greenland
Current, Denmark Strait and Fram Strait.

IMSI

Under sheared-cost CEC project IMSI —Integrated use of new microwave satellite data
for improved sea ice observation (1997-1999), the FIMR has developed automatic
RADARSAT SAR classificator. The classficator is based on Pulse-Coupled Neural
Network and Segmentation Network methods. The classification classes are: open
water/ice, thin ice, thick ice, dightly deformed ice, and deformed ice. In the ice season
of 1998-1999 the results were used operationally at the Finnish ice service and sent in
digital format to the Finnish ice breakers and some merchant vessels.

CEO training
The Commission of European Communities under the CEC/Joint Research Centre/CEO
Programme financed a training project: Training in Use of Satellite Data for Sea Ice
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Monitoring (1998-1999). The FIMR, in co-operation with NERCS, Norway, arranged
training courses and common demonstrations in Finland, Norway, Iceland and Russia.
The course material is available at: http://www.nrsc.no/CEO_Training.

Barents Sea/Ob estuary

FIMR, jointly with Russian research institutions, continued studies of the Pechora Sea
and Ob Bay hydrography, chemistry and pelagic as well as benthic biology. The aim of
this programme is to establish baseline data for estimation of the impacts of future
hydrocarbon (oil and gas) exploitation and harbour impact close to terminals. No field
work was made, the activities focused on scientific analysis and publication of the
extensive material from previous years.

B. University of Helsinki, Department of Geophysics.

The BASY S project which aimed on development work of the advanced coupled ice-
ocean model for the Baltic Sea has been finalized. The modelling work have done in
collaboration with the groups from the Institute of the Marine Research of the
University of Kiel and the Swedish Meteorological and Hydrologica Institute and it
was supported by the European Commission MAST-III program. The high resolution
model developed in Kiel has been compared to the moderate ice climatology model
developed in Helsinki. The climatological ice model has been used aso for the
estimation of effect of the climate change for the Baltic Sea ice conditions. The project
was done in collaboration with the Finnish Meteorological Institute and the Rossby
Center (Sweden). Two ten-years numerical simulations were made in order to estimate
the pre-industrial and the future ice conditions in the Baltic.

The research topic of Prof. Leppéranta is geophysics of seaice. This has included sea
ice dynamics, structure and properties of seaice, and sea ice thermodynamics. The sea
ice investigations are focused on coastal processes including the fast ice zone, the
boundary of fast ice and drift ice, and the dynamic boundary zone of drift ice at the fast
ice boundary. Field work has been carried through in the coastal ice at Hanko peninsula
in the Baltic Sea. Modeling work has focused on coastal ice dynamics in the Baltic and
seaice growth and decay in Saroma-ko lagoon on the northern coast of Hokkaido.

2. PUBLICATIONS
Referred journals

Anderson, L. G., Jones E. P. & Rudels B. 1999: Ventilation of the Arctic Ocean
estimated from a plume entrainment model constrained by CFCs J. of Geophys. Res.,
104, 13423-13429.

Cheng, B., Seing, A., Vanio, J.,, Kdliosaari, S., Gronval, H & Launiainen. J..
Numerical Sea Ice Forecast in the Finnish Ice Service. In Jukka Tuhkuri and Kg Riska
(eds) POAC 99 proceedings The 15th International Conference on Port and Ocean
Engineering under Arctic Conditions, Helsinki, August 23-27, 1999, pp. 131-140.
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FRANCE

The main activities of French scientists in the arctic and subarctic domains for the 1999-
2000 period, have been concentrated mainly on the North Atlantic Subpolar Gyre
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concerning oceanic circulation (in particular thermohaline circulation) and also the
Arctic Ocean concerning Sea lce and Brines formation.

The North Atlantic subpolar gyre

The North Atlantic subpolar gyre is actually a region of very intense scientific activity
under European, North American and national leadership. INTERPOLE is the French
program supported by the French Polar Institute (IFRTP) on board Marion Dufresne 2
which represents the most important French scientific activity in this domain during the
1999-2000 period. This program includes severa projectss GINNA, GINS,
SIGNATURES and SURATLANTE, all dedicated for studying the North Atlantic
Subpolar Gyre Circulation and itsimpact on climates at different time scales.

The coring cruise project GINNA (paleoclimatology of the Greenland, Iceland,
Norwegian seas and Northern Atlantic) was prepared under the responsibility of the
international program IMAGES (International Marine Global Change Study) affiliated
with PAGES. This project corresponded to the priority of the French
pal eoceanographic community for 1999. This project has 2 main objectives:

* The decennal variability of the surface hydrology and climate of the northern north
Atlantic region over the last several thousand years and its evolution between 50 and
80°N, and

* The hydrologica and climatic variability of this region during the last 400,000
years, studied with a resolution of one to few hundred years in relationship to
changes in thermohaline circulation with a special emphasis on the exchanges
between the polar and subpolar zones and the evolution of the continental ice sheets.

These studies have been made using a giant sediment piston core (Calypso) on board
Marion Dufresne 2. More than 100 giant sediment cores (>50m) were taken during the
summer of 1999 and distributed all over the basins of the North Atlantic subpolar gyre
(from Labrador Sea up to Fram Strait) in areas with high sedimentation rate (several
tens of cm/kyr). Cores have been analyzed continuously on board the ship for physical
parameters (magnetic susceptibility, porosity, sound velocity, color reflectance). After
the cruise, the laboratory measurements will include micropaleontology, foraminiferal
isotopes, biomarkers, geochemical tracers following IMAGES protocol. French
laboratories involved are LSCE (Orsay) Pis: L. Labeyrie and C. Kissel; DGO
(Bordeaux) Pis: J.L. Turon and F. Grousset; and LGCA (Grenoble) Pis: M. Revel and
M. Desmet with a very important international participation from Norway, USA,
Denmark, The Netherlands, Canada, Germany, Sweden and Spain. Coordination has
been done by Prof. E. Jansen from Bergen.

The main objectives of GINS, SIGNATURES and SURATLANTE, based on large-
scale hydrological and tracers surveys, are to improve our knowledge of the oceanic
thermohaline circulation in the North Atlantic subpolar gyre and its variability. Thisis
a key to understanding low frequency (decadal) climate variability over the North
Atlantic (North Atlantic Oscillation) and more likely over the northern hemisphere
(Arctic Oscillation). The detailed objectives are to better define:
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» the fate of the warm and salty atlantic water masses entering in the Nordic Seas
along the Norwegian coast and recirculating in the Arctic Ocean, the Greenland and
Iceland Seas; and

+ thefate of the fresh and cold Arctic intermediate water masses formed in Arctic and
subarctic regions, in conjunction with:

» the origins of the dense waters overflowing above the sills located around
Iceland and Faeroes islands and feeding on the North Atlantic deep waters; and

« the influence of the surface waters, including polar waters and also continental
run-off around the North Atlantic subpolar gyre, on the transformation of
Atlantic waters, on the formation of Arctic intermediate waters and ultimately
on the formation of North Atlantic deep waters.

SIGNATURES (PI Catherine Jeandel, University P. Sabatier Toulouse, LEGOS
France) emphasizes its objectives on the present-day sources and fate of neodymium in
the North Atlantic Subpolar Gyre. Neodymium (characterized by its concentration and
its isotopic compositions, IC) isatracer of sources and mixing of water masses. Nd
isotopes are already used to quantify circulation processes and to trace the origin of
material into the ocean, in the present-day ocean as well asin paleoceanography. The
main goals of SIGNATURES are:

e to understand what are the main external contributions and what processes could
modify the Nd isotopic compositions of the surface waters sinking in winter in these
areas known to be very active for degp convection; and

» to characterize the isotopic compositions of the sources of water of the NADW, and
to quantify the isotopic value of this water mass in the present day ocean.

With these goals in mind, we tried to establish the isotopic composition of the North
Atlantic Waters when entering in the Norwegian Sea and their evolution in the Nordic
Seas; and also to measure the gradient of distribution of particulate and dissolved Nd at
high resolution along sections taken in two contrasted fields (Greenland's old craton and
young volcanic Iceland).

GINS (PIs: Jean-Claude Gascard from France, University P et M. Curie, LODYC in
cooperation with Elisabet Fogelgvist from Sweden, Chamers Ingtitute) is directly
related to the UK ARCICE program (James Clark Ross cruise in August 1999 in the
GIN Seas, PI: Andy Watson). Both GINS and ARCICE are an extension of ESOP 2
(MAST3) which ended in march 1999 and was funded by the EEC in 1996-1999. They
are very complementary to each other. They share the common objective of searching
for the spreading, al over the GIN Seas up to the sills in Fram Strait and Denmark
Strait, of a tracer (SF,) deliberately injected 3 years ago at the center of the Greenland
Sea during the initial phase of ESOP2. At the end of ESOP 2, 2 years after the tracer
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release, SF, was reported at its northernmost location in Fram Strait and at its
southernmost location in the Iceland Sea, but not in Denmark Strait.

During GINS, SFs was found at many stations taken along the East Greenland
continental margin from Fram Strait down to Denmark Strait. Peak in SFg
concentration was found around 28.05 isopycnal which varied between 700m and
1200m depth depending on location. This is the density horizon along which the tracer
was released in the center of the Greenland gyre 3 years before, but at shallower depths
(400m +/- 150m). At the sill located in Denmark Strait, the last station taken on the
Icelandic side, the were indications for the first time of SFg concentration levels above
background level and CFCs minimum concentration below 400m depth down to the
bottom. Thisisa clear manifestation of the SFs released in the Greenland Sea.

How has this signal been conveyed from the source in the Greenland Seato the sink in
Denmark Strait, 1200km apart and 3 years later? The data collected during this
program should provide some clues to answer thisimportant question.

SFs was found along the Jan Mayen ridge, southeast of Jan Mayen island at about
1000m depth, indicating a second path for Arctic intermediate waters ventilating the
Norwegian Sea upper deep waters. Are these Arctic intermediate waters feeding on the
deep overflow in Faeroes-Shetland channel which is a main source of water for the east
NADW? No SFs was observed there during the course of the hydro program which
could be interpreted as being due to alonger path and consequently alonger time for the
tracer to go around this way. However, we should be cautious considering the limited
number of hydro casts taken in this area during the cruise.

In the framework of the INTERPOLE program, thermosalinometer data and salinity
samples have aso been collected for the SURATLANTE project. SURATLANTE (PI
Gilles Reverdin, University P. Sdabatier, LEGOS, Toulouse France) is a French
operation also supported by the French Polar Institute (IFRTP), proposing a systematic
survey of the salinity and heat contents of the upper layers in the North Atlantic
(Iceland/Nova Scotia section). SURATLANTE started 5 years ago and studies the
circulation pattern and water masses in the Southern region of the North Atlantic
subpolar gyre and its variability (interannual to decadal).

FutureWorksrelated to GINS, SGNATURES AND SURATLANTE

Four laboratories will collaborate in the near future for exploiting data issued from this
cruise: LODY C will be mainly responsible for all the physical data. GOTEBORG will
be responsible for tracers and multivariate analysis. LEGOS will be responsible for Nd
and Hf isotopes analysis and water masses analysis. CSNSM will be responsible for
lodine 129 tracer analysis. There will be a close cooperation with University of East
Anglia (UK) for exchanging data between INTERPOLE and ARCICE (Pl A. Watson).
Regarding the analysis and interpretation of the data, one can foresee the following
directions leading to scientific publications for all the groups:
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129

1) Inputs from other tracers: lodine (1) and Neodymium will be very important for a
better identification of water masses, pathways, circulation, diapycnal and isopycnal
mixing, vertical and horizontal diffusion in these regions. These isotopes could not
be analyzed on board since they require sophisticated mass spectrometers
(Tandetron, for instance, for 1) and no result are available at time this report was
written.

2) SF, complete analysis gathering MD2 and James Clark Ross (ARCICE) cruises will
give aclearer picture of the overall spreading in the GIN seas, 3 years following the
release of the tracer. These new data will allow us to estimate more precisely transit
and/or residence times and numbers of other important parameters such as
horizontal and vertical diffusion at large scale.

3) Dynamica studies, in particular regarding the East Greenland Current. How the
EGC may interact with the different basins of the GINS seas and contribute in
transporting part of the water masses formed in these basins towards Denmark
Strait?

4) Integration of tracersinto numerical models.

Also, it should be mentioned that LODYC (Pl J.C. Gascard) is a partner in a new
project MAIA of the EEC 5™ Framework Program (2000-2002). The main objective of
MAIA is to monitor the warm and salty Atlantic Inflow past the Norwegian coast
towards the Arctic Ocean.

Arctic Ocean

In addition to these main activities concerning the Subarctic areas, French scientists
have aso contributed to an extended modelling and remote sensing program over the
entire Arctic Ocean and participated in some research in Fords around Svalbard
(Storfjord)

The IFREMER /Département d'Océanographie Spatiae seaice team (Pls.A.Cavanié, R.
Ezraty and F. Gohin) located in Brest (France), pursues the construction and analysis of
a consistent time series of sea ice backscatter maps, at polar ocean scale, using data of
the in-orbit scatterometers. In addition to the European Space Agency ERS mission
(still on-going), the data set includes now the maps produced from the NASA NSCAT
data, for the 1996-1997 winter period. These products were developed in the
framework of the project "Integrated use of new microwave satellite data for improved
sea ice observation” (IMSI) supported by the European Commission Environment and
Climate Program. These maps are available on the web. The NASA QuikSCAT mission
provided its first data. Improved products in terms of sampling of the time series and
map resolution have been developed paving the way to regional monitoring. The time
series of backscatter maps, interpreted in terms of first year and multiyear sea ice
extension, reveals that over the Arctic, during the period 1991-1999, the winter 1996-
1997 was a maximum of multi-year seaice extension, while the winter 1995-1996 was a
minimum.
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A modelling effort (Pl M.N. Houssais) is currently being developed at LODYC
(University Pierre et Marie Curie, Paris, France) in order to study some aspects of the
variability of Arctic Sea ice. These studies are supported by the French national
program PNEDC (Programme National d’ Etudes de la Dynamique des Climats). Dr B.
L' Heveder, in a post doctoral position at McGill University in Montreal in the group of
Pr L. Myzak, is continuing the work initiated during her Ph.D. thesis in collaboration
with M.N. Houssais, regarding the seasonal and interannual variability of the Arctic Sea
ice and itsinfluence and interaction with the atmosphere.

Research has aso been conducted in Storfjord, known to be one of the most active areas
for brine formation. High resolution remote sensing observations, in particular using
SAR on board ERS1 and ERS2, have been used extensively to observe a very active
latent heat polynya developing in Storfjord resulting in dense brine production. Thisisa
cooperative program between French and Norwegian scientists based at LODYC in
Paris (Pl J.C. Gascard), a University of Bergen (Pl P. Haugan), and at Norsk Polar
Institute in Tromso (Pl J. Harpaintner). A number of presentations have been made this
year (EGS Nice, April 2000; Fairbanks, June 2000; and IGARSS, Hawaii, July 2000)
and publications are underway mainly in JGR and Annals of Glaciology. Thiswork is
part of the Ph.D. thesis of Jorg Harpaintner under supervision of J.C. Gascard.

JAPAN

(1) Arctic Research Activitiesof JAMSTEC in 1999
(Takatoshi Takizawa: JAMSTEC, takizawat@jamstec.go.jp)

1. Chukchi/Beaufort Sea shelf-break dynamics study

We have conducted two cruises during July-October, 1999.

(1) CCGS Sr Wilfrid Laurier cruise; (JOIS-99: July - October, 1999)

This work is ajoint project between JAMSTEC, University of Washington, University
of Alaska Fairbanks, and the Institute of Ocean Sciences, Canada. During the cruise,
we deployed 6 moorings along the outer shelf and slope of the Alaskan Beaufort Sea in
1998 and recovered 5 moorings in October 1999.

1998 Mooring deployment

Mooring ID Depth Lat.(N) Long. (W)
BF-K-98/JAMSTEC 132m 71°23 152° 05 recovered
BF-S-98/JAMSTEC 513m 70°57 146° 37" recovered
NS-B1/UW, UAF 92m 70° 54 146° 41’ recovered
NS-B3/UW, UAF 1,280m 71° 01 146° 39' recovered
NS-B4/UW, UAF 1,621m 71°03 146° 38’

NS-B5/UW, UAF  1,100m 70° 36’ 139° 58  recovered
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Figure 1. CTD stations® @ and piston core sampling A\ points for Leg-2 of MR99-
KO05.
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JAMSTEC re-deployed 3 moorings in October 1999.
1999 Mooring deployment

Mooring ID Depth Lat.(N) Long. (W)
CB-E-99/JAMSTEC 156m 71°45 155° 04’
MB-J-99/JAMSTEC 270m 70° OO 138° 28’
AG-J99/JAMSTEC 302m 71° 34 130° 34’

(2) R/V Mirai cruise (MR99-K05: 24 August- 6 October, 1999)

The purposes of this cruise were to study: 1) the physical/chemical oceanographic
processes in the Canada Basin and at the marginal ice zone on the shelf of the Beaufort
Sea; 2) the distribution of various kinds of volatile organic compounds (VOCSs) in the
atmosphere, sea ice and sea water in the Arctic Ocean; 3) the distributions and
behaviors of trace gases and aerosols in the atmosphere in the Arctic Ocean and
Subarctic seas; 4) the radio-echo and dynamic structure of cloud system developed over
the Arctic Ocean; and 5) the paleo-climate history of the Arctic Ocean by sediment
samples. In addition, the observations of physical and chemical properties from the
central to eastern part of the subarctic gyre along the latitude of 47°N in the North
Pacific was one of major objectives aswell (Fig.1).

2. Development of next-generation of |OEB

' JAMSTEC has developed and deployed fully

i J-CAD automated drifting buoys—Ice-Ocean
— Environmental Buoy (IOEB)—in cooperation
T with Woods Hole Oceanographic Institution

mniler wplvT sem s

since 1992. Its observation data have provided
several new findings about oceanic structure of
“ the upper Arctic Ocean. We are confident that

the multi-deployment of automated drifting
buoys like IOEBs makes it possible to carry out

e e - basin-scale observations over al seasons.
JAMSTEC has built 4 next-generation Arctic
ey e ST Ocean drifting buoys (J-CAD; JAMSTEC
Compact Arctic Drifter) in 1999 (Fig. 2). We
- e I believe that multi-deployment of next-
gl generation Arctic Ocean drifting buoy will
oo i . MIN WIS establish a buoy network for continuous and
i long-term observations of the upper 200-300m

e T layer of the Arctic Ocean.

: MM RTHEHIS]
TTM0 et e 8 TR ¢ (T
.

Figure 2. Components of J-
CAD (JAMSTEC Compact
Arctic Drifter)
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3. 2000 cruise plan

(1) MR0O-K 06
R/V Mirai is scheduled to sail to the Arctic Ocean for 4 August - 12 October, 2000
(Fig.3). The purposes of this cruise are as follows:

a. To observe the physical/chemical/biological properties in the Beaufort, Chukchi, and
Bering Seas in order to clarify distributions and behaviors of these properties and
investigate the Arctic change and its role on the global climate system.

b. To observe hydrological, amospheric and sedimentological properties in order to
study geochemical and hydrological interactions between north Bering and Arctic
Ocean, shelf-edge exchange processes, air-sea exchange and Arctic pal eoenvironmental
change.

c. To investigate dynamic, thermodynamic and radiative properties of Arctic summer
stratus and Polar lows.

d. To observe photosynthetically available radiation (PAR) in order to construct a model
to predict a primary production from satellite observation such as GLI (NASDA) and
SeaWiFS (NASA) based on the Photosynthesis vs Irradiance curve experiment.

e. To observe chemical propertiesin order to discover the distribution of trace elements,
such as Cd, Co, Cu, Fe, Ni, Zn, V, Zr, Hf, Nb, Ta, Mo, W, U, and Mn, in the Beaufort
Sea, Chukchi Sea, and Bering Sea.

f. To investigate the dissolved and colloidal rare earth element (REE) concentration of
Arctic seawater in order to complete their vertica profiles, illuminate the REE
fractionation and demonstrate REE transportation in the Arctic Ocean.

Figure 3. Cruise track of MROO-K06 (Plan)
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(2) J-CAD deployment for 2000

We plan to deploy one JJCAD at the North Pole in April, as a part of North Pole LEO
(Long-term Environmental Observatory) project funded by USNSF (Pl is Prof. J.
Morison, University of Washington).(Fig.4)

We also plan to deploy two JJCADs and one IOEB in the Laptev and East Siberian Seas
during "Arktika-2000" cruise on R/V Academik Federov in August-September.

3.06

Figure 4. Buoy deployment plan for 2000.
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(I1): North Water Polynya program
(Tsuneo Odate: Division of Biology, NIPR, odate@nipr.ac.jp)

The North Water polynya in northern Baffin Bay is one of the most biologicaly
productive areas north of Arctic Circle. For fully understanding of the polynya
ecosystems, the North Water Polynya (NOW) program, which is a part of the
International Arctic Polynya Program (IAPP), started in 1997. In 1999, a research
expedition was conducted in the North Water using the C.C.G.S. icebreaker Pierre
Radisson from 22 August to 13 October. There were six participants from Japan,
including four graduate students. During Leg 1, moorings deployed in 1998 were
recovered. Water sampling was done on board during Legs 1-2. Using the water
samples, the primary production-phytoplankton group conducted P-I curve experiments,
guantum yield measurement by PAM, and estimates of phytoplankton growth rate. In
addition, temperature, salinity and in vivo fluorescence of pumped up seawater from the
vessel’s bottom were measured and recorded continuously with the surface water
monitoring system during sailing. Surface seawater, which passed through the system,
was collected to measure the chlorophyll a concentration for calibration of in vivo
fluorescence and to determine pCO,. Zooplankton samples were collected during Legs
1-2. Using the zooplankton collected, gut pigment was determined and experiments to
evaluate gut evacuation rate and respiration rate were conducted.

The field work portion of the NOW program is concluded. Activities in 2000 will
concentrate on synthesizing the scientific results.

NIPR aso intends to seek future work in the Arctic Sea, focusing on carbon dioxide
exchange between atmosphere and ocean and its relation to biogeochemical processes.

(r: Oceanographic  study  on board the T/S  Oshoro-Maru
in the Bering Sea and its adjacent waters

(Sei-ichi Saitoh: Faculty of Fisheries, Hokkaido University,
ssaitoh@sal mon.fish.hokkaido.ac.jp)

Faculty of Fisheries, Hokkaido University (FF-HU), conducted an annual cruise (cruise
#96) in the northern North Pacific, Bering Sea and Gulf of Alaska during June — August
1999, using the T/S Oshoro-Maru. Hydrographic and bio-optical observations, drifting
gill net research, salmon surface long-line research, mid-water trawl research, trawl
research and plankton sampling were carried out. Salmonid abundance, distribution,
stock origins, san various aspect of salmon age, growth, maturity and ocean ecology were
also investigated. A study of the vertical transport of organic particles in the northern
North Pacific and the Bering Sea was also carried out with time series sediment trap
moorings. Research was also carried out on the abundance and distribution of age-zero
walleye pollock on the southeastern Bering Sea Shelf and zonal transportation of heat and
sediments in the North Pacific Subarctic circulation were estimated. The tempora and
gpatia variability of primary production was examined with the aid of the high latitude
bio-optical algorithms for satellite ocean color remote sensing using SeaWiFS/Seastar
data sets.
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All data collected during the cruise #96 is published in “Data Record of Oceanographic
Observations and Exploratory Fishing No.43, 2000” (FF-HU).

The Oshoro-Maru will conduct the annual cruise (#105) in the similar area to the cruise
#96 from June to August 2000. Items of research on the cruise #105 are amost similar to
the previous year.

(1v): International Arctic Research Center/Frontier Research System
for Global Change
prepared by M. Ikeda (Program Director)

The main activities during the last year were (1) analyses of data to draw comprehensive
pictures of climate variabilitiesin the Arctic, and (2) model studies to understand
atmospheric variabilities and fundamental mechanismsin the ice-ocean system. In (1),
we have found that the recent decaying trend in the Arctic Basin ice cover may have been
caused by cloud decrease in summer and cloud increase in winter, both of which
contribute extra heat flux to seaice and ocean. These effects are larger than those
associated with the atmospheric circulation such as Arctic Oscillation. In (2), we have
developed and utilized two coupled ice-ocean models, which have MOM and POM ocean
components, respectively. Another approach is to force an atmospheric GCM with the
observed ocean surface conditions (ice cover and SST) with an attempt to reproduce the
observed atmospheric variabilities.

POLAND

The Institute of Oceanology of the Polish Academy of Sciences (IOPAS) continued for
the 12" year CTD, aerosol, optical and plankton sampling on board the RV Oceania on
the transects from Nordkap to Spitsbergen in July. Measurements are reported to VEINS
and ACSY S projects and the ICES database. The main task of the cruiseisthe analysis
of interannual variability of Atlantic water flow along the Barents Sea shelf. The second
leg of the RV Oceania cruise was the continuation of BIODAFF sampling in
Kongsfjorden at 79°N. Collected data sets are the fifth replication of hydrology, benthos,
plankton and suspensions sampling in the selected fjord. Extensive sampling for carrion
feeding fauna and sedimentation measurements were included this year. The main task
of the BIODAFF project is the evaluation of salinity-sedimentation gradients influence
on pelagic and benthic biodiversity. A team of marine optics from Scripps Institute
participated in both legs of the Oceania cruise.

SWEEDEN

In 1998, Swedish Arctic research was dominated by the Tundra Northwest expedition
that sailed through the Canadian Arctic Archipelago on board the icebreaker Louis S .
Laurent. However, most of the research performed during this expedition was terrestrial,
where the marine research contributed by Swedish scientist was devoted to investigations
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of the distribution of organochlorine pesticides, under the leadership of Dr. Henrik Kylin,
Department of Environmental Assessment, Swedish University of Agricultural Sciences,
Uppsala. More information on Tundra Northwest expedition can be found at the
homepage of the Swedish Polar Research Secretariat (http://www.polar.kva.se/).

Professor Jan Backman and Dr. Martin Jakobsson from the Department of Geology and
Geochemistry, Stockholm University, has taken an active role in collecting site survey
datafor scientific drilling on the Lomonosov Ridge as well as to help develop a modern
bathymetric data base for the Arctic. Part of this undertaking was achieved through
cooperating in the SCICEX99 programme.

A follow up of mapping the spread of the artificial tracer Sk, released in the Greenland
Sea during the EU funded ESOP-2 project, was conducted during two cruises in the
Nordic Seas. A group from the department of Analytical and Marine Chemistry,
Goteborg University under the leadership of Prof. Elisabet Fogelqvist performed the
analysis during cruises on board R/V Marion Dufresne and R/V James Clarke Ross.
This mapping will continue within anew EU funded project, TRACTOR (Tracer and
Circulation in the Nordic Seas Region).

A summary of Swedish polar research can be found in the Annual report of the Swedish
Polar Research Secretariat, email: office@polar.se

UNITED KINGDOM

(1) Peter Wadhams, Sea | ce and Polar Oceanography Resear ch Group, Scott Polar
Resear ch I nstitute, University of Cambridge. (pwll@cam.ac.uk),

a) Datasets from eight UK submarine cruises to the Arctic Ocean and Greenland Sea
were released from the UK Hydrographic Office. These relate to the years 1987-95 and
cover the parts of the Eurasian Basin not covered by SCICEX. esults on ice thickness
changes for the summer months are already showing good agreement with results
published by Rothrock et a, delineating a 40% decrease in thickness over 2 decades.
Analysis of the datasets is proceeding, together with a 1996 cruise in which we took part.
A further cruise is planned for the near future.

b) The role of salt flux in the Odden ice tongue on winter convection in the Greenland
Sea has been modeled, and a cruise planned which took place in February-March 2000
using the Jan Mayen (in collaboration with Universities of Hamburg and Tromso).
Hydrography in the convection region was mapped and pancake ice collected and
anayzed. A set of 10 PIMMS buoys (Pancake Ice Motion Mapping System) developed
jointly by SPRI and Southampton Oceanography Centre was released on ice, among M1Z
ice floes, and in the open sea, to map surface motion. The Odden ice tongue did not form
this year, and research showed that the Jan Mayen Current was very weak with much
warm water in the central gyre. Convection occurred only in March, and to less than
1000 m.
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c) Ph.D. thesis projects were completed on the mechanism of brine drainage in sea ice
(involving experimental work in the Hamburg HSV A ice tank); on the remote sensing of
sea ice variability along the Northern Sea Route; and on the interpretation of SAR and
passive microwave imagery of young sea ice. A thesis on improving the historical data
record on sea ice occurrence around Iceland is nearing completion. A joint research
project was completed with IARC (Fairbanks) on improved representation of sea ice
mechanicsin ice-ocean models (jointly with W. D. Hibler).

d) Peter Wadhams has received a grant from the Royal Society to develop Anglo-
Japanese collaboration in Arctic marine science research, and plans an initial visit to
NIPR shortly. Plans are aso being developed, involving many UK scientists, for an
Anglo-Norwegian science programme on rapid climate change in the marine Arctic.

€) Modeling work continued on the Arctic AMOC project (Acoustic Monitoring of Ocean
Climate in the Arctic), jointly with NERSC and Max Planck Institute, Hamburg. Theaim
isto model low-frequency sound propagation and scattering in the Arctic Basin so asto
develop a system for mapping temperature and ice thickness changes across Fram Strait.
Thisisan EU programme.

f) An IceCam system for automated monitoring of ice conditions ahead of an icebreaker
has been developed and tested during 3 cruises aboard Polar Star, James Clark Ross and
Jan Mayen. Further development work is planned in collaboration with NPI, Tromso.

(2) Dr Karen J. Heywood, Prof. Andrew J. Watson, Dr. Grant R. Bigg, Dr Mike
Meredith, Dr Marie-Jose M essias, School of Environmental Sciences, Univer sity of
East Anglia, Norwich, NR4 7TJ. [k.heywood@uea.ac.uk; a.watson@ uea.ac.uk;
g.bigg@uea.ac.uk; m.meredith@uea.ac.uk. m.-jm@uea.ac.uk
http://lwww.uea.ac.uk/~ajw/aiw.htm, http://www.uea.ac.uk/~e151/mpm.html,
http://www.uea.ac.uk/~e930/wwwagr b.html

a). Measurement of oxygen isotopes has continued at UEA as part of the EU-funded
VEINS programme. Two sections across Fram Strait have now been completed (samples
collected from RV Lance in 1997 and FS Polarstern in 1998). The isotope data are used
to indicate the relative contributions of river runoff and sea ice melt in the freshwater
composition of the East Greenland Current (EGC). In both years, the river runoff flux
exceeds that of the seaice by a factor of approximately three. This compares to results
from 1991, when the relative contributions were approximately equal. Such variability in
flux composition is potentially important for studies of regional and global climate
variability (via the effects of freshwater in promoting/inhibiting deep convection in the
Labrador and Greenland Seas); measurements will hopefully be continued as part of the
forthcoming EU OPEC project.

The 1998 Polarstern section extended much further west onto the Greenland shelf than
the Lance section, due to favourable ice conditions. The isotope data show the shelf
waters to be extremely isotopically light, indicating substantial river runoff and/or glacial
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ice melt. It is thus clear that this portion of the freshwater, which cannot usually be
measured, also requires long-term monitoring. In the short-term, we plan to make
oxygen isotope measurements here as part of the NERC Autosub-Under-Ice project.
Long-term monitoring with moored velocity profilers and water samplers can hopefully
be initiated as part of the OPEC project.

A number of oxygen isotope sections across Denmark Strait have been completed. These
data will be used to help identify the formation processes and freshwater diluents
involved in the formation of dense water in the Greenland-1celand-Norwegian seas.

b). As part of the NERC ARCICE project, the Greenland Sea tracer release experiment
begun in 1996 was followed using a cruise of the RRS James Clark Ross in summer
1999. The tracer was documented flowing north into the Arctic Ocean via Fram Strait,
east into the Norwegian Sea and South via the lower East Greenland Current to Denmark
Strait. There was clear evidence that the tracer was beginning to overflow the strait,
probably intermittently. The experiment enables us to give a clear account of the
contributions, and rates of transit, of central Greenland Sea water to these different
destinations. The tracer release project is part of the work of Andrew Watson and Marie-
Jose Messias at UEA. A UEA student (Kevin Oliver) is performing inverse calculations
on hydrographic data collected on the same cruise, on a transect across the Greenland
Sea. Thiswill enable determinations of the heat and freshwater fluxes into and out of the
Arctic Basin.

c). Arctic work recently carried out in Grant Bigg's modeling and oceanography group at
the School of Environmental Sciences, University of East Anglia, has been on several
lines of research. In modeling, the distribution of oxygen isotopes in the global ocean, a
model with enhanced resolution over the Nordic Seas and the Arctic, has been devel oped
by Martin Wadley. By-products of this work have shown the significant impact of the
flow through the Canadian Archipelago on damping the strength of the North Atlantic
thermohaline circulation, by up to 60% in the model (Wadley and Bigg, 2000). In
addition, an enclosed Arctic, without this exit, exhibits a 200 year oscillation through
exchange in density properties between the Arctic Ocean and the Nordic Seas. This
would be relevant to a glacial Arctic. Related work to ascertain the Greenland iceberg
flux into the northern oceans has recently been published (Bigg, 1999), giving a
substantialy reduced flux compared to previous estimates. Further work on validating
the trajectory and meltwater predictions of the group’s iceberg model, both at the present-
day and the last glacial maximum, is underway through collaboration with Barbara
Maher on supervision of a new student, Sarah Watkins. Finally, Stephen Dye, jointly
supervised with Bill Turrell from SOAFD, completed work on a reconstruction of the
transport series for the 100 year-long Faroe-Shetland Channel sections. This has shown
high correlation with the NAO on intermediate timescales, but not interannually.
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(3). Dr R.R. Dickson Centrefor Environment, Fisheriesand Aquaculture Science,
(CEFAYS) Lowestoft Laboratory, Lowestoft NR33 OHT, Suffolk.
(r.r.dickson@cefas.co.uk)

a) The VEINS project of MAST-III is now in its final year. Dr. Dickson acts as
coordinator of the Denmark Strait component (VEINS-4; Denmark Strait Overflow). The
primary aim is to maintain the long-term monitoring of variability in the cold dense
Denmark Strait overflow off SE Greenland, begun in 1986. The full
MAFF/CORC/VEINS array of 6 current meter moorings (17 instruments) was recovered
by F/'S METEOR in August 1999 after a 1-year deployment, together with one of two
bottom-mounted Inverted Echo Sounders. All 17 current meters provided full one-year
records. Dr Stephen Dye was recruited in October 1999 to begin analysis of the
accumulated records of overflow plume thickness from IES and ADCP records. An 8-
mooring array (6 current meter moorings, |IES mooring and a bottom-mounted ADCP)
was relaid for recovery in August 2000. Supplementary support to maintain and extend
this array has been sought under the OPEC submission to the EC Framework-5 Program
in February 2000. Updating the plot of 30-day mean speeds at 2000m off Angmagssalik
to August 1999 confirms that there is no obvious or systematic seasonal or interannual
change in the mean speed of the overflow core in a data set which now extends back to
1986 (confirming Dickson and Brown 1994). On the other hand, the current meter
thermistors continue to show evidence of a clear decadal signal in the temperature of the
overflow core. The lengthening series continues to confirm our hypothesis, published in
our recent Nature paper (21 Jan 1999), that the hydrographic character of the overflow is
alagged reflection of NAO climatic forcing far upstream in the Fram Strait some 3 years
earlier. Thus the cooling of the overflow core to a second sub-minimum in the spring of
1999 would be the result of earlier cooling in the Eastern Fram Strait in 1996, caused by
the abrupt and temporary weakening of the NAO in that year, and the subsequent re-
warming in the Fram Strait is expected to be reflected in the temperature of the Denmark
Strait overflow during the current deployment. Since the temperature of overflow
determines its density, this continued link with the NAO carries the implication that
important characteristics of the overflow, including its path as it descends the East
Greenland Slope, may be predictable. With BIO Canada and IFMH Hamburg, we have
also begun the attempt to track this temperature signal a further 2500km downstream to
the abyssal layers at OWS BRAVO in the Labrador Sea over. If successful, this would
be an early demonstration of a surface climate signal feeding rapidly (3-4 years) to the
true abyssal ocean some 5000km downstream, i.e. evidence of direct climatic effects on
the Thermohaline Circulation.

b) Tracers and ocean circulation: Supplementary gear recovered with the main current
meter array in August 1999 included, for the first time, a trial deployment of a pre-
programmable whole-water sampler. This had been set at 2000m depth in the Denmark
Strait Overflow South of Denmark Strait in August 1998 in the hope of intercepting the
arrival of the SFg tracer “front” from the 1996 ESOP-2 release in the Greenland Sea and
so providing a direct measure of oceanic transit times through the western Greenland and
Iceland Seas. The trial was partly successful. The instrument contained the expected 50
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water samples (one per week) on recovery, but samples were smaller than the 150ml
expected.

c) E. Greenland freshwater flux:We have aso begun (with POL, Bidston) the
development of the cheap profiling CTD and MICROCAT moorings that will be used to
measure the freshwater flux to the Atlantic passing south on the East Greenland Shelf,
and (later) the heat flux to the Arctic Ocean passing by Svalbard. Recent tank tests of the
former system in Birkenhead were successful and deep tests in Loch Etive are currently
underway. If these too prove successful, we intend to deploy the first freshwater flux
array on the East Greenland shelf in August 2000. The MICROCAT sensors form a
collaborative initiative by CEFAS and IFMH. Supplementary support for this work has
been sought in our OPEC bhid.

(4) Dr Peter Kershaw, Centrefor Environment, Fisheriesand Aquaculture Science,
L owestoft L aboratory, Lowestoft NR33 OHT, Suffolk. (p.j.ker shaw@cefas.co.uk).

CEFAS has continued to study the long-distance transport of artificial radionuclides—
released from the nuclear reprocessing facilities at Sellafield (UK) and La Hague
(France)—as tracers of ocean circulation. In the past year, work has again focussed on
the passage of the 1994-96 **Tc ‘plume’ (i.e. asubstantial peak in the Sellafield discharge
of ®Tc) from the Irish Sea, via the Norwegian Coastal Current, towards Svalbaard. This
has been achieved using a combination of seawater sampling and time-series shoreline
sampling of the brown seaweed Fucus sp. Surface water in the western Barents Sea,
Norwegian Sea and Fram Strait was sampled in 1999, using Norwegian RVs. After the
rapid transport in the NCC (1996/97), the progress of the leading edge of the *Tc in the
West Spitzbergen Current has slowed markedly. Further sampling will take place in
2000, in the Norwegian Sea, Barents Sea, Fram Strait and into the Eurasian Basin. Thisis
a collaborative study with institutes in Norway, Denmark, Sweden, Canada, Germany,
Italy and the UK. The preliminary results have been published in a specia edition of the
journal The Science of the Total Environment and were presented at 2 meetings in the UK
in 1999: IAPSO/IUGG (Birmingham); and, the 4th Internationa Conference on.
Radioactivity in the Arctic (Edinburgh). It is planned, in the coming year, to include the
radiotracer data in 2 coupled ocean-ice models based at IMR Bergen and AWI
Bremerhaven.

(5) Dr Andrew Kerr, ARCICE Programme Manager, Edinburgh University
(arcice@ed.ac.uk)

Six projectsin the £3 million ARCICE Programme are investigating:

. ocean circulation and seaice cyclesin the Nordic Seas;

. the exchange of energy between ocean and atmosphere at the seaice margins; and
. changes in seaice thickness from satellite data.

Perhaps the most exciting results to have emerged already from ARCICE involve the
measurement of sea ice thickness by satellite, which is generating considerable interest
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internationally and provides evidence that the thickness of Arctic ice in the 1990s is
significantly less than it was in the 1970s.

In summer 1999, ARCICE chartered the ice-strengthened vessel, RSS James Clark Ross,
for a very successful six-week cruise in the Nordic Seas working hydrographic survey
lines, mainly along sub-satellite (ERS-2) tracks, in addition to meteorological
measurements at seaice margins. Seaice work continues with the recent winter cruise of
the Jan Mayen to the Greenland Sea. Data from these cruises, coupled to the
development of the OCCAM high-resolution ocean-sea ice model, will contribute
towards our understanding of the complex interchange of water masses in the Nordic and
Arctic Sess.

A geophysical cruise of the RSS James Clark Ross in summer 2000 will investigate
pal aeo-environmental conditions in the Nordic Seas during the last few thousand years.

The ARCICE Programme will continue to communicate its findings as they emerge over
the coming year to audiences of policymakers, the media and commerce. ARCICE is
scheduled to finish with a high profile meeting in autumn 2001.

(6) Professor Julian Dowdeswell, Bristol Glaciology Centre, School of Geographical
Sciences, University of Bristol, Bristol BS8 1SS. (j.a.dowdeswell@bristol.ac.uk)
http://www.ggy.bris.ac.uk/

At Bristol University, Prof. JA. Dowdeswell and colleagues have continued work on the
anaysis and interpretation of long-range side-scan sonar and seismic data from the
continental margins of the Norwegian-Greenland Sea.  Marine geological and
geophysical evidence on the morphology and stratigraphy of these glacier-influenced
margins has been augmented by numerical ice-sheet modelling of the flux of sediments
delivered to the upper sope by full-glacial ice sheets reaching to the shelf break during
the Late Weichselian. The predictions of sediment flux from the numerical model match
the order of magnitude of the sediment volumesin the dated geological record. Work has
also continued on the nature of iceberg rafting of sediments into the Arctic seas, and the
synchroneity of iceberg sediment delivery from many glacier drainage basins of varying
dimensions has been questioned. Bristol University, together with the British Antarctic
Survey and the University of Oxford, have also been awarded a grant to purchaseal by 1
degree deep-water swath bathymetry systems and parametric echo sounder for the RRS
James Clark Ross. This equipment will be instaled in spring 2000 and deployed on a
cruise to the continental margins of the Norwegian-Greenland Sea in summer 2000, led
by Prof. Dowdeswell.
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(7) David Webb, Large Scale Modelling Group, Southampton Oceanography
Centre, (David.Webb@soc.soton.ac.uk ;
http://www.soc.soton.ac.uk/JRD/OCCAM /welcome.html)

a) Arctic Ocean Circulationin OCCAM

Yevgeny Aksenov, funded by the ARCICE project, has started analysis of the Arctic
ocean circulation in the OCCAM 1/8 degree model. This has shown the existence of a
series of narrow boundary currents flowing eastwards near the shelf edge around the
whole of the Arctic Basin. North of Spitzbergen the main flow is dightly offshore,
following the path of some deep topography. Elsewhere the strongest and narrowest
currents are found where the alongsl ope direction has a southeastwards component.

There is evidence that part of the current system is driven by entrainment and detrainment
in regions where dense bottom water is spilling off the continental shelf. There is also
evidence that the strong eddy field found north of Alaska may be caused by the flow of
fresh water from the Mackenzie River. However the possibility that the latter is a model-
induced effect also needs to be investigated.

b) Norwegian Sea Overflows and the Bottom Boundary Layer.

George Nurser and Peter Killworth are testing out versions of the Killworth and Edwards
(JPO, 1999) turbulent bottom boundary layer code in a global model, and are leaders in
an international effort to intercompare such models. Their code, which treats the bottom
layer in a similar manner to the surface mixed layer permits dense water to escape from
the Nordic seas without mixing with the environment in the unrealistic fashion that
occurs with z-coordinate ocean models, especially at the climate scale.

Using a version of the pressure gradient formulation due to Nurser, the model behaves
well globaly (pressure gradient errors usually give difficulties near the equator, where
thereis no Coriolis force to balance the errors). Within afew years of integration thereis
a cold tongue of water descending from Denmark Strait which is not present in a model
without the layer; the top-to-bottom temperature contrast in the northern gyres is much
improved by the addition of the bottom layer.

c) Experimental Work in the Nordic Seas.

The NERC ARCICE thematic programme provided funding for Sheldon Bacon (SOC-
JRD), in collaboration with Peter Wadhams (SPRI), to carry out two cruises to the Nordic
Seas. The first, on RRS James Clark Ross, was in July/August 1999 (cruise JR44), and
comprised hydrographic sections sub-satellite (ERS-2) from Norway to Greenland, from
Svalbard to Iceland, and across northern Denmark Strait. Additionally, a short section
was made across Fram Strait. Stations were at a nominal horizontal resolution of 20 nm
and comprised CTD, LADCP and some sample chemistry (including SF6 by Andy
Watson's UEA group).
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The second cruise was carried out in February/March 2000 on F/F Jan Mayen. Time for
hydrography was shorter than on JR44, and the weather was rather less clement.
Nevertheless, a good quantity of high-quality repeat or near-repeat data was collected,
mainly in the area of western and centra Greenland and Iceland Seas, and a small
number of experimental drifters were set on ice floes in the East Greenland Current.
Now that the field work for this project has (just) been completed, we expect to begin
analysis of the hydrographic data, and integration with satellite (particularly sea surface
height) data.

d) Model Studies of Saline Inflow into the Nordic Seas.

Adrian New has used the results from high resolution numerica models to study the
routes by which saline water masses of southern origin provide inflows to the Nordic
Seas. The results indicate that little Mediterranean Overflow Water reaches the Nordic
Seas. Instead the main inflow of salinity is derived from shallow sources advected into
the region by the North Atlantic Current (NAC) and the "Shelf Edge Current” (SEC) seen
in the Bay of Biscay. The model results also indicate that the high salinities found on
density surfaces appropriate to the MOW in the Rockall Trough and the Nordic Seas
result from the wintertime mixing of the saline near-surface waters carried by the
SEC/NAC system and not by advection at depth from the south.

(8). Dr Bill Turrell, Marine Laboratory Aberdeen, PO Box 101, Victoria Road
Aberdeen, AB11 9DB Scotland (turrellb@marlab.ac.uk) http://www.marlab.ac.uk/

Long Term Monitoring of Inflow to the Nordic Seas at the Marine Laboratory Aberdeen.

a) The 100 Year Time Series: The Marine Laboratory Aberdeen has regularly surveyed
two standard hydrographic sections between the Scottish continental shelf and the
Faroese plateau since 1900. This has been augmented by surveys by Faroese, Danish,
Norwegian, Russian, Swedish and Polish ingtitutes. The sections crossing the Faroe
Shetland Channel intercept the southerly branch of the Atlantic Inflow to the Nordic
Seas, which carries approximately half of the mass, heat and salt flux into the Arctic
Mediterranean. Approximately one third of the compensating deep water outflow occurs
through the Faroe Shetland Channel, and this is a'so monitored by the sections. There
have been significant changes in temperature and salinity in both the surface Atlantic
inflow and the cold water return flow over the century. As the two sections cross the
Channel, which has limited lateral exchange with the adjacent shelves, inverse modelling
assumptions have been applied in order to obtain long-term estimates of flux variability.
In addition, since 1994, the sections have been instrumented with 5 semi-permanent
ADCP mooringsin order to directly examine fluxes into and out form the Nordic Seas

b) MAIA (Monitoring the Atlantic Inflow to the Arctic): The Ocean Climate Group at the
Marine Laboratory Aberdeen are aso participating in the EU Framework V Project
MAIA (Monitoring the Atlantic Inflow to the Arctic). This project aims to validate a
novel method of monitoring long term variability of the warm water Atlantic inflow into
the Nordic Seas using coastal tide gauge data, following the method developed by
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McClimans et a (1999). The project involves a collaboration between MLA, the
Proudman Oceanographic Laboratory (Liverpool), the Institute of Marine Research
(Bergen), the Swedish Meteorologica and Hydrologica Institute (Norrkdping), the
University Pierre et Marie Curie (Paris) and the Faroes Fisheries Laboratory (Torshavn).
The project is being co-ordinated by Professor Tom McClimans of the SINTEF Coastal
and Engineering Unit (Trondheim). The Marine Laboratory Aberdeen will be
coordinating the assembly of historic data sets of current measurements, sea level
measurements, and meteorological parameters in the Faroe - Scotland area; and
participating in a year long validation field study involving the deployment of 9 bottom
mounted ADCP moorings around Faroe and 2 sea bed mounted pressure recorders. In
addition extensive CTD surveys will be performed and coastal hydrographic observations
will be undertaken on the Scottish shelf.

(9) Dr Seymour Laxon, Mullard Space Science Laboratory. (swl@mssl.ucl.ac.uk)

The primary focus of our activity has been to continue to refine our procedures for
extracting unique measurements of ice elevation, and hence thickness, from space-borne
altimetry. We have now extended our time-series to cover the period from September
1993 to June 1999. Ice draft data from 4 submarine cruises has been acquired and
analyzed to better understand the errors and biases inherent in our measurements. Work
IS now concentrating on investigating the possible effects of snow cover on our
measurements.

In light of the recent results gained from submarine data, which appear to show a
significant decrease in ice thickness during the past 40 years, we have begun to assess
trends in ice thickness from our own data from the past 6 years. Our data show decreases
similar to the submarine observations in areas where the two datasets overlap, but some
increases in areas where submarine data are not available. Overal our results suggest
some small decrease of thickness during the period 1993-1999 but perhaps not as large as
suggested by the submarine data.

Comparisons between the UCL ice thickness estimates and the UCL, Kiel and Hadley sea
ice models have been carried out. Data and models show reasonable agreement in the
Eastern Arctic, but modelled ice is significantly thicker than observed in the Western
Arctic. A positive correlation between longer melt-seasons and a larger decreases in ice
thickness during the summer months has a so been observed.

(20). Dr Howard Cattle, Ocean Applications, The Met. Office, Bracknell, Berkshire
RG12 2SZ. (hcattle@meto.gov.uk). Chairman, WCRP Arctic Climate System
Study/Climate and Cryosphere (ACSY S/CLIC) Scientific Steering Group.

Analysis of the Arctic Ocean freshwater balance of the Hadley Centre coupled climate
model (HADCM3) was completed and a paper was submitted to the Proceedings of the
NATO Advanced Research Workshop on the Freshwater Balance of the Arctic Ocean
(Talinn, Estonia, April 1998), also sponsored by the AOSB. The model’ s representation
of ice dynamics has, until now, been relatively simplistic in format, being an ice
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thickness advection formulation. Though it does result in well-represented and stable sea
ice extents in multi-century timescale integrations, there are shortcomings, particularly in
the geographical distribution of modelled ice thickness. This may in part be the reason
for the model’ s substantial underestimation of the Arctic Ocean export of sea ice through
the Fram Strait (compensated by correspondingly increased oceanic export). Noting also
the work of the ACSYS Sea Ice Ocean Modelling Panel which recommended more
sophisticated treatments of sea ice dynamics in coupled models, the elastic-viscous
plastic model of Hunke and Dukovitz is currently being coded in and assessed. Thisis
aimed at the provision of an up-to-date ice modelling capability in future model versions.
A full coupled model run will be carried out once work to paralelise the code is
complete. The impact on the model’s freshwater balance will be a particular feature.
Work is aso in hand to open the through-flow through the Canadian Archipelago in this
model, again from the perspective of impact on the modelled freshwater export.

The Met. Office's Forecast Ocean Atmosphere Model (FOAM), an operational ocean
data assmilation and forecast modelling system, is being expanded to run at eddy-
permitting resolution (1/3 degree) for the Atlantic on a rotated grid which includes the
Arctic Ocean. Higher eddy-resolving versions of the model at 1/9 degree resolution, with
emphasis on the North East Atlantic, will also be nested in. The seaice component of the
operational global model, which runs on a 1 degree grid, has been developed to include
assimilation of satellite-derived ice concentration data, which has a significantly
beneficial effect on the day-to-day sea ice analyses. The assimilation scheme was
included in the operational versionin April 1999.

(11). Mrs. AngelaMorrison, in conjunction with Phil Newton and Mike Webb,
Marine Science and Technology Board, NERC, Polaris House, Swindon
(a..morrison@ner c.ac.uk; ppn(a)nerc.ac.uk )

NERC has under development two programme proposals which may be of interest to
AOSB. These are:

a) Autosub-under-Ice (AUI)

A NERC thematic programme, AUTOSUB-UNDER-ICE (AUI), has been established to
investigate the marine environment of floating ice shelves with a view to advancing our
understanding of their role in the climate system. Work will focus on the water masses
and circulation on the continental shelves of Antarctica and Greenland, the seasonal and
perennial ice cover, the atmospheric forcing on ice and ocean, the structure of the seabed
and the nature of the sedimentary record left by past and present configurations of the ice
sheet and sea ice. Fieldwork will be conducted over three seasons, during which the
NERC Autonomous Underwater Vehicle, Autosub, upgraded to achieve 1000km range
and 2500m water depths, will provide unprecedented accessto ice covered regions.

The likely candidate areas for research are ice shelves and proximate continental shelf
areas. 1) near the 79 degree Glacier at the east margin of the Greenland Ice Shest; 2) in
the eastern Pacific sector of Antarctica, in the vicinity of Pine Island Glacier, and Wilkins
and George VI ice shelves, and 3) in the Weddell Sea sector of Antarctica, under and
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north of the Filchner-Ronne Ice Shelf. Field investigations are scheduled to run from
2002 to 2004 in the respective summer seasons in each hemisphere. An ice-capable
research vessel will be the launch and retrieval platform for the Autosub and will also act
as a platform for additional science measurements in the support of the science
programme.

b) Abrupt Climate Change/Thermohaline Circulation Variability.

In early 1999, the UK and Norwegian Prime Ministers suggested scientific collaboration
between their two countries in air-sea-ice interactions in Arctic and Subarctic regions.
UK and Norwegian scientists consequently met in Bergen, and have produced a proposal
for abilateral research programme—the Bergen Report—entitled "Rapid Climate Change
and the Northern High-Latitude Oceans.” The key question that would be addressed by
such a programme is whether a rapid cooling could occur in the climate of northwest
Europe in response to changes in the overturning thermohaline circulation of the Arctic
and Subarctic sess.

Such a circulation change and climate cooling is a potentially realistic scenario with
enormous socio-economic implications, for example for agriculture, fisheries, industry
and housing. To assess the risk of catastrophic change, a mgor international and
multidisciplinary programme is needed, combining observations and new process
experiments with high-resolution modelling. Key scientific objectives would include
understanding the dynamics of the present northward transport of heat, modelling and
predicting the circumstances under which rapid weakening of the circulation can occur,
and obtaining data on the variability of the thermohaline circulation over the past 10,000
years.

A UK programme could provide a critical contribution to such objectives, and serve as a
focus for building a larger national, and an international (with Norway and beyond),
framework. The possibility of a NERC-funded programme addressing the role of the
ocean's thermohaline circulation in driving rapid (multidecadal to centennial) climate
change has consequently been explored by way of a UK science working-group meeting
on 21 December 1999. While the objectives have yet to be further defined—iterations by
the working group, leading to a town meeting on 19 May 2000, will allow this to be
achieved—the programme will have strong Arctic Ocean and high-latitude northern
North Atlantic Ocean components, including an extensive observational programme. It
should build upon recent and existing programmes, developments and initiatives.

Informal discussions have taken place (February 2000) between NERC and
representatives of the Norwegian Research Council (Environment & Development
Division), and the principles of a framework for optimizing collaborative components
have been established. Both research councils are keen to explore further international
collaborations so as to increase the scope and power of such aprogramme. Following the
19 May Town Meeting (at which there will be Norwegian participation), it is anticipated
that a NERC Thematic Programme bid to the Science & Technology Board will be
developed by the Working Group. On the same timescale, the outcome of relevant
components of the governmental spending review could be taken into account.
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(12). Polar Regions Section, Overseas Territories Department, Foreign and
Commonwealth Office, London. (prs.fco@gtnet.gov.uk).

The FCO has continued to strengthen its Arctic interests throughout the last year. Once
again, FCO officials have attended all Senior Officials and Ministerial meetings of the
Barents Euro-Arctic Council and the Arctic Council. The FCO is exploring the
possibility of greater involvement from UK scientists in the projects undertaken by the
Working Groups to the Arctic Council.

On the home front, 1999 had a strong Arctic focus for the UK. FCO funding contributed
to two Arctic-related conferences held in the UK. The 4™ Circumpolar Universities
Association Conference which took place in Aberdeen in June and the 6th International
Conference on Radioactivity in the Arctic which was held in Edinburgh in September.
This year will be no exception with the FCO partly funding the Arctic Science Summit
Week being organized by the British Antartcic Survey on behalf of the UK, and taking
place at Selwyn College, Cambridge at the beginning of April.

UNITED STATESOF AMERICA

Arctic Ocean activities in the United States were centered around two main programs as
well as the launch of the new Coast Guard research vessel the Healy.

The Western Arctic Shelf-Basin Interactions (SBI) Program

The fundamental goal of the Shelf-Basin Interactions (SBI) program is to understand the
physical and biogeochemica processes that link the arctic shelves, dopes, and deep
basins within the context of global change. these processes strongly influence the
biology, chemistry, and physics of the Arctic ocean and it associated ecosystems. The
Arctic marine system is linked to the global ocean and atmosphere by both physical and
biogeochemical mechanisms, such as the influence that freshwater outflows from the
Arctic have on North Atlantic convection and thermohaline circulation of the world
ocean. Arctic Ocean waters are strongly influenced by biogeochemical processes is
essential for predicting, anticipating and ameliorating the impacts of climate change. The
SBI program specifically focuses on identifying processes that are sentinel indicators of
global change, including alteration of current and biogeochemical cycles.

Phase | of the SBI included retrospective, laboratory, modeling and ship-of-opportunity
studies, with Pl meetings held in October of 1999 and March, 2000 and a pan-Arctic
meeting planned for November 2000. A total of 18 Phase | SBI projects have been
funded, with 31 Pl and co-Pls and various international collaborators. Funded projects
include retrospective, experimental and modeling studies in fields of biological,
chemical, geologica and physical oceanography. Phase | of the SBI program also
includes the deployment of an initial mooring array in the fall of 2001, and a Phase 11
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announcement of opportunity for the field program is projected for January 2001 with
commencement in spring 2002 and extending over 4 years.

The initia focus of the SBI program is the Western North American Arctic, particularly
where North Pacific waters are modified by shelf processes that exert significant
influences on the biology and physics of the Arctic Ocean. Prior carbon cycling work
indicates that the southern Chukchi Shelf isthe most biologically productive region in the
marine Arctic, and that biogeochemical processes in both the water column and
sediments control the use and recycling of organic carbon prior to advection into the
deeper polar basins. By comparison, the Beaufort Sea has a narrow shelf and is primarily
influenced by riverine inflow. From a physical oceanographic perspective, northward
flowing Pacific waters are substantially modified over the shelves before entering the
deeper Arctic Ocean. This has consequences for the stability of Arctic Sea ice cover,
vertical and horizontal mixing, internal wave dynamics, and the accessibility of inorganic
nutrients to the euphotic zone. Sensitivity of the Western Arctic to climate change has
direct consequences for human society, perhaps most obviously shown in such physical
conditions as the extent of the ice cover. Higher trophic level animals, particularly
marine mammals and seabirds, migrate between the Pacific and the Arctic, and Native
IAupiat communities have traditionally depended on harvests from these migrations.

Surface Heat Budget of the Arctic Ocean (SHEBA)

SHEBA is an interdisciplinary program studying the surface heat budget of the Arctic
Ocean. Its goals are to understand the ice-albedo and cloud radiation feedback
mechanisms and use that understanding to improve the treatment of sea ice in climate
models. The year-long field experiment ended in October 1998 and recent efforts have
focused on archiving data, analyzing observations, and incorporating results into models.
A major accomplishment of the SHEBA field experiment was obtaining a complete time
series of parameters defining the state of the "SHEBA column” over an annua cycle.
The SHEBA column is an imaginary cylinder stretching from the top of the atmosphere
through the ice into the upper ocean. Observations in the column included radiative and
turbulent fluxes; cloud height, thickness, and properties, energy exchange in the
atmosphere and ocean boundary layers; snow depth and ice thickness; and upper ocean
salinity, temperature, and currents. These data have been archived at the Joint Office for
Scientific Support (http://www.joss.ucar.edu/shebal) and will be available to the scientific
community starting October 2000. This integrated, annual cycle dataset is an excellent
testbed for exploring the feedback mechanisms and for model development.

Significant insights regarding the cloud radiation and ice albedo feedback mechanisms
have been determined from the observations. Summer clouds have two opposing effects
on the surface heat budget: they act as an umbrella for solar radiation, reducing the
incident shortwave radiation; and they act as a blanket for thermal radiation, increasing
the net longwave radiation flux at the surface. Preliminary results indicate that, for the
pervasive low cloud conditions of the SHEBA summer, the blanket effect dominates.
The overall effect of summer cloudsisto warm the surface and enhance ice melting. The
annual cycle of albedo was a combination of a smooth, gradual seasonal trend and rapid


http://www.joss.ucar.edu/sheba

88 APPENDIX V

fluctuations caused by synoptic weather events such as rain and snow. Albedos were
highest in the spring (0.8-0.9), decreased sharply when melting began in late May and
early June, and decreased even more as the snow melted and ponds began to form. As
melt progressed, the melt ponds deepened and became more numerous, resulting in a
slow downward trend in albedo. At the end of August, the albedo quickly increased with
the onset of fal freezeup, as the ponds froze and the surface became snow covered. The
key quantities defining the timing and the amplitude of the albedo cycle were determined.
These quantities include the date melting begins, the duration of the melt season, the
initial snow depth, and the evolution of the amount of open water and melt ponds.

USCGC Healy

In November, 1999, the USCGC was delivered and began Icebreaking trials. The Healy
isthe first polar ice-breaker to be commissioned by the U.S. coast Guard since 1978. The
ship is designed as a high-latitude research platform and is capable of extended polar
operations, including the ability to winter over in the Arctic. The vessd is scheduled for
up to 200 days of operation per year. Icebreaking trials took place from April 3 to May
17, 2000. The vessel exceeded minimum design icebreaking requirements by breaking
5.5 ft. of ice at a sustained average speed of 2.6 kts. It was able to ram through pressure
ridges as high as 45 ft. in three attempts. Maneuverability and sea keeping qualities have
been excellent.

Science trials were held in four one-week phases from 27 May to 29 June. The trids
have been coordinated by five of the nine members of the Arctic icebreaker Coordinating
Committee, a panel of nine scientists from academia who advise the Coast Guard and
National Science Foundation on science-related issues pertaining to the operation of the
polar icebreaker fleet. The trials have been largely successful with al major systems
functioning well, including the bottom mapping sonar, 80 ft piston coring system for
bottom sampling, an acoustic Doppler current profiler, and the science data network
which monitors input from all of the ships scientific and navigational sensors. The Healy
will be ready for itsinitial science mission in April 2001.
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ARCTIC SUBARCTIC LINKAGES
Steps Towards Implementation of a New AOSB Research Program

At the 18" Meeting of the Arctic Ocean Science Board,
Tokyo, Japan, 28 March-2 April 1999, the Board agreed that
a new program on “Arctic-Subarctic Linkages” would form an
appropriate new focus for its activity. This report is intended
to brief the Board and others on progress since that date.

The first activity, in the two weeks which followed the Board
Meeting, was the compilation of a Newsletter article’ which
would describe the rationale for the new program to the
delegates at the Arctic Science Summit in Tromso, 25-29
April. The article was well received as a timely contribution
to the planning of Arctic science in general and the Arctic
role in global change in particular. The point of the article
was reinforced by a talk to the Joint Science Day session on
“Marine Climate of the Arctic’ by Bob Dickson on “The
influence of the NAO on the Nordic Seas and North Atlantic,
with suggestions for the further study of Arctic-Subarctic
exchanges.” The message was amply reinforced in several
other talks, noteably those by Leif Anderson of Goéteborg
University on “Chemical and biochemical processes and
Arctic Climate”, by Peter Jones of BIO on “The Recent Arctic
Ocean Warming” and by Peter Schlosser of LDEO on
“Freshwater balance and Arctic Ocean stability in a changing
global climate”.

In the following month, the principle related activity was the
compilation of an EC proposal for the sort of gear-
development we would need to implement a second phase
of the present EC VEINS Project (Variability of Exchanges in
Northern Seas) which comes to an end in summer 2000.
VEINS-2, intended to continue from that date, will focus on
precisely the measurements envisaged in the AOSB
Newsletter article and will be submitted to the EC
Framework 5 Programme at the appropriate time (February
2000). However, the call for the supporting gear-
development work occurred earlier and a three-part VEINS-2
Pilot proposal (V-2P) was duly submitted by the due date of
15 June 1999.

Following a successful workshop on Arctic Change’ at the
Polar Science Center of the University of Washington in fall
1997, the Science Steering Committee of the Ocean-
Atmosphere-Ice-Interactions element of the U.S. Arctic
System Science Study (ARCSS-OAIl) requested the
development of a science plan for the study of such
changes. A workshop for the Study of Environmental Arctic
Change (SEARCH) was convened at the Polar Science
Center on 30 June to 2 July 1999 to begin the process. This
meeting was important to our AOSB interests and program
for three reasons: First the SEARCH group had been asked
by U.S.-CLIVAR to consider the design of a field program
which might act as a high-latitude component of the WCRP
CLIVAR program. Second, as our Newsletter article points
out, the study of Arctic-Subarctic linkages should ideally
seek to make the necessary measurements simultaneously
at all the main inflow and outflow points, since advanced
models now anticipate that the time-dependence of the main
fluxes may be linked; the SEARCH workshop was an ideal
venue to begin the task of persuading a long-term
simultaneous pan-Arctic coverage. Third, we envisaged a
need to conduct, as part of our study, a retrospective
analysis of an earlier episode of Arctic warming that
occurred in the middle decades of this century, and
publicising this task at the SEARCH workshop would be an
ideal means of promoting the necessary data rescue effort.
As invited participants, Bob Dickson and Roger Colony were
able to describe these aspects of our intended program and
its requirements. A report of the meeting is currently in draft.

Two steps were made in September, one positive, one less
so. On 9-11 September, a small UK-Norway Workshop was
convened in Bergen to begin the task of designing a modern
research programme which might address questions of
“Rapid Climate Change and the Northern High-latitude
Ocean”. The two main issues of the many which surround
this topic seem to centre on whether Arctic—subartic change
can be expected to disrupt the thermohaline circulation and
its warm salty return flow, and what model developments
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would be necessary to improve our ability to predict such
effects. As lead-off speaker, Bob Dickson again made the
case for collecting improved numbers for modelers,
particularly those which describe the heat and salt flux to the
Arctic through all its main gateways of inflow, and the
freshwater flux from the Arctic to lower latitudes via the
Canadian Arctic Archipelago and East Greenland shelf. The
minutes of the Bergen workshop are in final draft form at
present. This sort of initiative might potentially complement
the North American SEARCH program in forming a high-
latitude component of CLIVAR.

In the last week of September came the less-welcome news
that although our EC V-2P proposal had given a mark which
would normally imply acceptance, it lay slightly below the
threshold set for funding in this particular call, so that
effectively the proposal failed.

In  October, two further steps were made towards
implementing the “Linkages” project as an AOSB
programme. On 18-22 October, Bob Dickson visited the
present VEINS Coordinator, Dr. Jens Meincke at the
University of Hamburg to carry out the initial stages in the
drafting of the main VEINS-2 proposal for submission to the
EC Framework 5 program in February 2000. The central
motivating objective will be the same as that of VEINS-1: “To
measure and model the variability of fluxes between the
Arctic Ocean and the Atlantic Ocean with a view to
implementing a longer term system of critical measurements
needed to understand the high-latitude ocean’s steering role
in decadal climate variability”. Despite the failure of its gear-
development pilot project, the prospects for VEINS-2 remain
good since it maps closely onto three specific objectives of
Key Action 2 of Framework 5 on “Global Change, Climate
and Biodiversity”. These are, first, action 2.1 “To
understand, detect, assess and predict global change
processes”, and its task 2.1.4 on “Climate variability and
abrupt climate changes” which specifically aims for “a better
understanding of the role of the ocean in the climate system,
in particular the thermohaline circulation, deep water
formation.....polar processes ....and interactions with ocean
circulation,  cryosphere,  atmosphere and  natural
resources...”. Second, the priorities of VEINS-II seem
ideally matched to action 2.4 of Framework 5 in developing
“A European component of the global observing system”,
and its two subtasks: namely task 2.4.1 on ‘“better
exploitation of existing data and adaptation of existing
observing systems” and task 2.4.2 on “Development of new
long term observing capacity”. The outline plan drawn up in
Hamburg is presently on circulation to the VEINS community
for approval, modification and construction.

During the same week, 18-22 October, a paper describing
precisely where that new long term observing capacity
should be applied was being presented at the St. Raphael
Conference on The Ocean Observing System for Climate by
Dr. Howard Cattle, the current ACSYS chairman. Once
again this presentation stressed the three essential points of
the AOSB proto-program: that our main priority should lie in
measuring the exchange of heat and freshwater between the
Arctic and the subjacent seas, that we need to conduct such
measurements for a long enough period of time to describe
the decadal variations in Arctic climate that are now known
to exist, and that we have much to gain if we can coordinate
our measurement programmes so that the measurements of
these fluxes are made simultaneously at all main gateways
connecting the Arctic Ocean to lower latitudes. A pre-
conference transactions volume is available®.

Though much of this report has concerned the necessary but
not yet productive business of programme planning and
proposal writing, other areas have shown real scientific
progress. Despite the failure of the V-2P, CEFAS, Lowestoft
and IFM Hamburg have been able to purchase much of the
hardware that will be needed to deploy moored strings of
SEACAT-SBE-16 salinity sensors under the ice of the East
Greenland Shelf. We are thus in prospect, for the first time,
of being able to monitor this important component of the
freshwater flux as it passes south to the North Atlantic.
Collaboration between the CCMS-Proudman Oceanographic
Laboratory at Bidston and IFM Hamburg has provided
sufficient equipment to build and test prototypes of the
cheap, fishing-reel-based profiling CTD systems that will be
an essential component of our moored array north of
Svalbard. Trials in a deep aquarium tank have proved the
system and further deeper trials to 300m are planned for
Loch Etive, Scotland, next spring.

-Bob Dickson
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Discussion Session On Sustained Monitoring Of Arctic Fluxes

6 April 2000
Cambridge, U.K.

Dr. Robert Dickson is organising and will chair a small
discussion session during the Arctic Science Summit Week
(ASSW) to advance planning for sustained monitoring of
Arctic fluxes. This session will be held on Thursday, April
6". Participation in this session is limited by space and time
considerations to about thirty scientists and thus will be by
invitation only. Nominations (including self-nominations!)
may be sent to Bob via email or fax (these communications
addresses are provided below).

Dr. Dickson will then consider all such nominations and
invite those most likely to be able to contribute to the
discussions. Please bear in mind that this is expected to be
the first step in a comprehensive scientific planning process
that will provide opportunities at a later stage (probably at
multiple stages) for all interested scientists to become
involved in the planning process.

In order to make the maximum progress at the meeting, Bob
is inviting some session participants to prepare for circulation
before the meeting a set of condensed 1-page statements
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(plus figures) on “present understanding” that apply to the
several key parts of the programme participants will be
discussing. This should avoid the need to go over agreed
ground during the session itself. Such strawmen are not
expected to emerge unscathed, but experience indicates
that kind of preparation would enable participants to get
more rapidly to the point -- defining what the optimal long-
term Arctic observing system for climate might/should
look like.

The preparations will focus on four issues:

1. The Science Driver - why we are interested in the Arctic
freshwater flux and thermohaline shutdown in the first
place;

2. Observations - what and where would we measure to
keep pace with any change in the thermohaline
circulation and determine its causes;

3. Programs — what programs underway now or planned
for the immediate future could contribute to such an
effort; and

4. Applications and Funding

Specific issues that are likely to be addressed in these
preparations include the following:

The Science Driver

(1) paleo evidence that increased freshwater accession
has caused rapid shutdown of the MOC in the past;

(2) what is the range and concensus of the present models
of how the thermohaline circulation is expected to be
affected by rising CO, and what are the control
variables;

(3) how close are we to shutdown at present;

(4) where their main observational needs presently lie for
coupled models; and

(5) what is the climate of the sector likely to do as we move
from the extreme NAO-positive state of the 1990’s to
the extreme anthropogenic forcing expected around
21007

Observations

(6) ice and freshwater flux in the western Fram strait;

(7) the freshwater flux array under the ice of SE Greenland
shelf (i.e., how much of the Arctic efflux reaches the
open North Atlantic);

(8) the freshwater flux through the Canadian arctic
archipelago;

(9) poleward heat/salt flux west of Norway;

(10) the heat/salt flux into the Arctic via E. Fram Strait;

(11) these same fluxes via the cooler fresher pathway
through the Barents Sea;

(12) heat, freshwater, and nutrients via the Bering Strait;

(13) ice extent and thickness in the Eurasian Basin; and

(14) where would the meridional overturning circulation
be monitored?

Programs

(15) SEARCH;

(16) VEINS-2;

(17) the proposed UK-Norway initiative;
(18) ACSYS/CLIC; and

(19) others

Applications and Funding

No one-pagers are planned for this section. Topics that are
expected to be covered in this section include: potential
applications such as initializing or verifying models;
preparation of data products (gridded fields, etc.); and
possible contributions to periodic assessments (e.g., the
proposed Arctic Climate Impact Assessment), etc.; options
for sustained measurement programs and observatories;
and the key issue: how might we best achieve some sort of
long-term stamina in funding (prospects for funding for
sustained observations in the Arctic from both national and
international sources).

To comment on this paper or to submit nominations, please
contact Dr. Dickson at: [.r.dickson@cefas.co.uk| (email) or
+44 1502 513 865 (fax)

The IAPP North Water Polynya Study (NOW)

Progress Report on Field Work (1997-1999) with emphasis on the 23 August to 2 October 1999 expedition to the North

Water on the CCG ice breaker Pierre Radisson
Background

The North Water in northern Baffin Bay is perhaps the most
productive ecosystem north of the Arctic circle. It is located
at latitudes that will be impacted early and most strongly by
the present trend in climate warming. The functioning of the
North Water ecosystem, its role in the overall Arctic biota
and its potential response to global warming are the subjects
of the International North Water Polynya Study (NOW),
conducted by the NOW Research Network with funding from
the Natural Sciences and Engineering Research Council of
Canada, U.S. National Science Foundation and Japan. After
three expeditions to the North Water in 1997 (August-
September), 1998 (April-July) and 1999 (August-October),
scientists are now in a position to assess inter-annual
variability in the biological productivity of the ecosystem in
relation to ice cover dynamics and climate.

Synopsis of operations

The main scientific objectives of the third and last expedition
(NOW99) were (Leg 1) to recover the instruments moored in
July 1998, which recorded circulation and the deep flux of
particles in the polynya from August 1998 to August 1999,
and (Leg 1 & 2) to quantify pre-winter primary and secondary
productions in the area, and identify the biological sources of
the significant deep particle flux measured in the fall of 1997
by the moored instruments. A third objective was to
strengthen communications with the Grise Fjord (Canada)
and Qaanaag (Greenland) Communities. All  three
objectives were fulfiled and the overall operation, which
entailed major logistic difficulties, was a great success.

Four types of stations were carried out during the mission.
CTD stations consisted of continuous profiles of
temperature, salinity, light transmittance and chlorophyll a
fluorescence. Sampling at Basic stations included the
same continuous profile plus DOC, DIC, nutrients, total and
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fractionated Chl a, microbial densities and picoplankton
densities at selected depths; plankton nets for the
determination of zooplankton and juvenile fish areal
densities (bottom to surface tows). Operations at Full
stations included Basic sampling plus additional CTD-
rosette casts and plankton nets for the determination of
bacterial, phytoplankton and zooplankton physiological rates
and the concentration of macrozooplankton and juvenile fish
in the surface layer (multiple oblique tow from surface to 70
m); the deployment of cameras and floating sediment traps
for the determination of particle concentration and flux; box
coring of bottom sediments, and thorium pumping profiles.
The priority at Mooring stations was the recovery of the
instruments moored in 1998 and 1997. In between stations,
salinity, temperature and chlorophyll a fluorescence,
atmospheric conditions, heat fluxes and bird and mammal
abundances were continuously monitored along the ship’s
track in the North Water and in Baffin Bay and the Labrador
Sea during the return trip to Quebec City.

Leg 1 (23 Aug to 12 Sep)

Thirty-six scientists boarded the Pierre Radisson in Resolute
on 23 August. The ship sailed first to Pond Inlet to receive
fuel from the Des Groseillers (25 Aug) and then towards the
North Water. Thereafter, operations for Leg 1 generally
proceeded according to the plan, with moorings recovered in
succession at D1 (26 Aug), S4 (28 Aug), S5 (29 Aug), D2
(31 Aug) and E2 (02 Sep). At each of these Mooring
stations, a Full station was completed (see above for
definition of station types). We reached stations N2 and N3
on 03 September. Ice conditions prevented the recovery of
moorings but a Full station was completed at N3. After
several attempts at locating the moorings, we sailed back
South to E1 (05 Sep), S2 (06 Sep) and S1 (08 Sep).
Instruments moored in 1998 were recovered at E1 and S2
and an unsuccessful attempt was made to recover the
bottom half of a 1997 mooring at S1. A Full station was also
completed at each of these Mooring stations. We then
sailed to S4 again (09 Sep) where we completed a second
Full station and successfully retrieved an American sediment
trap that could not be recovered in July 1998. Enough time
remained in Leg 1 for a second attempt at recovering
moorings N2 and N3. After unsuccessfully trying to contact
and grapple the moorings in relatively mild ice conditions
from 10 to 13 September, it was concluded that the said
moorings had probably been carried away by the strong
currents prevailing in the narrows, and that they should be
considered lost. Overall, 34 of the 43 instruments moored in
1998 and 1 trap moored in 1997 were recovered. Overall, 6
CTD stations were carried out, 10 Mooring stations were
occupied (more than once for some) and 10 Full stations
were completed.

Leg 2 (13 Sep to 02 Oct)

Leg 2 officially started on 13 September, but stations 2 and 3
of transect 1 were completed during the attempts at
recovering moorings at N2 and N3 on 11-12 September.
Transect 1 was completed on 13 September (stations 3-6).
While weather deteriorated, the ship sailed to Grise Fjord (14
Sep) for an exchange of scientists (11 left the ship and 9
boarded), a meeting with the Community (see below) and
the calibration of the compasses of the recovered
instruments. Scientific operations resumed on 15
September with the completion of transect 5 (stations 43 to
58, 17-20 Sep), followed northward by transect 4 (stations
42 to 31, 20-23 Sep). Time was running short and given
some uncertainties in the timing of the visit to Qaanaagq, it
was decided to sail along transect 3 without completing the
station work, only the continuous, between-station,
monitoring being carried out (23 Sep). Normal operations
resumed along transect 2 (stations 20 to 14, 23-25 Sep).
After obtaining diplomatic clearance to enter the Greenland
3-mile limit, the ship sailed on 26 September to Qaanaaq in

Inglefield Fjord for a meeting with the Community (see
below). The ship left Inglefield Fjord on 28 September, en
route to a 3“ Full station at S4, which had to be cancelled
because of residual rough weather from the storm that
prevailed in the area during the visit to Qaanaaq. Scientific
work resumed at station 62 at the Canadian end of transect
6 (stations 62 to 82, 29 Sep to 02 Oct). The completion of
transect 6 ended Leg 2, NOW99 and the 3-year field
program of NOW. Overall, 29 CTD stations, 20 Basic
stations and 11 Full stations were completed during Leg 2.

On 2 October, the ship sailed to Pond Inlet to debark one
Inuit student and then headed South for the return voyage.
Scientists being what they are, some additional sampling
was carried out at 4 basic stations in Baffin Bay and Davis
Strait. The Radisson dropped anchor in Pangnirtung on 6
October to refuel the CCGS Henry Larsen and for a visit of
the village. We reached Rimouski (St-Lawrence Estuary) on
11 October to unload some scientists and scientific
equipment. The ship arrived in Quebec City on 12 October
for final unloading.

Strengthening contact with local populations

In previous years, establishing contact with the Inuit
communities nearest to the North Water proved a difficult
and costly process. The Hunter and Trapper Associations
(HTA) on both shores had some concerns (mild in Grise
Fjord and severe in Qaanaaq), about the potential impact of
the scientific program on hunting activities. In 1999, careful
preparation made possible a call of the ship to both villages.
During the visits, the Community was invited onboard to see
for themselves the work of the scientists and to discuss with
them. Community Council and HTA representatives were
also invited to dinner and discussion of the program. The
scientists and crew visited the villages. Exchanges were
congenial and allowed in-depth discussions of concerns. In
Grise Fjord, over 200 persons (adults and students) visited
the ship and two students remained onboard as observers
and collaborators for the remainder of the mission. In
Qaanaagq, over 500 people visited the ship and the crew and
scientists were invited to a traditional dance followed by a
discotheque.

Overall, the scientists and crew felt that discussions and
information provided during the visits resolved any concerns
that the local populations may have had about the impact of
the scientific operations on the region. Also, these activities
certainly increased the awareness of local people about the
importance of the research in a context of climate change,
and the potential benefits to their Community.

Networking at its best

The spectacular success of the NOW field program reflects
months of careful preparation by scientists and professionals
all over the world. From August 1997 to October 1999, the
different teams have logged 169 days of shiptime in the
North Water (190 days at sea when including voyages to
and from the area). This total very favourably compares with
the 95 days planned in the original proposal funded by
NSERC. Overall, this represents 6543 scientist-day at sea,
not including the field work of our teams at Cape Hershel,
Coburg Island and Hakluyt Island.

Much of our success at sea can be attributed to the savoir-
faire of our closest collaborators, the officers and crew of the
Canadian Coast Guard ice-breakers Pierre Radisson, Louis
S. St-Laurent and Terry Fox. Over the years of planning and
field work, we have developed with these men and women a
remarkable complicity that has enabled us to carry out one
of the most complex and complete oceanographic program
in ice-infested waters ever. In particular, the Pierre
Radisson, which supported the 1998 (124 days) and 1999
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(51 days) field operations and voyages, has become for
many of us a second home.

From keel to crow nest, these ships are wonderful tools for
the study of Arctic marine ecosystems. All departments,
from bridge to engineering, from logistics to deck crew, (not
omitting the kitchen staff and the stewards) have constantly
demonstrated remarkable inventiveness and dedication in
solving the problems that necessarily arise at the turn of

every iceberg in such an endeavour. In each and every
occasion, our difficulties and successes became those of the
officers and crew. We are grateful for this complicity which
is one of the main ingredient for successful oceanographic
work in this adverse environment.

-Louis Fortier, Chief Scientist
Scientific Leader of NOW

The full expedition report with accompanying figures can be downloaded from the NOW FTP site at
ftp://kestrel.fsg.ulaval.ca’lhome/girog/now/1999/Report

IAPP-SCG Meeting

28 January 2000
San Antonio, Texas

The Scientific Coordinating Group of the International Arctic
Polynya Project (IAPP-SCG) met in San Antonio
immediately following the 2000 Ocean Sciences Meeting.
Dr. Jody Deming, co-chair of the Ocean Sciences polynya
sessions, reported there was excellent attendance during
both days of the polynya sessions and a good mix of Arctic
and Antarctic research. The combination of both north and
south polar polynya research was met with enthusiasm by
the attending scientists. Dr. Louis Legendre, Chair of the
IAPP-SCG, reported that a large number of proposals have
been received for the upcoming 2000 ASLO meeting in
Copenhagen, though information is not yet available as to
how many were submitted for the polynya sessions. IAPP
planning efforts are also underway for a Polynya Symposium
tentatively scheduled for Fall 2001 in Quebec City.

Dr. Louis Fortier made a short presentation to the IAPP-SCG
on the history and progress of the NOW project (see the first

article in this newsletter), discussing the success of the field
program and plans for NOW's future. He also spoke briefly
about the NOW Workshop being held the two days following
the IAPP-SCG meeting. Dr. Louis Legendre, Chair of the
IAPP-SCG, led discussions on a variety of other topics
including publication of a polynya book and publication of a
special international journal issue on the NOW polynya. He
also discussed possible new and future projects of the IAPP
and suggestions for study of the Cape Bathurst polynya,
near Banks Island in North Western Canada, met with
enthusiastic response. Plans were made for future
discussions concerning science, logistics and funding
possibilities.

The full IAPP-SCG meeting report is available on the AOSB website at lwww.aosb.org/IAPP.html|

ARCTIC SCIENCE SUMMIT WEEK

2 -7 April 2000
Cambridge, U.K.

The Arctic Science Summit week is held during April each
year. This year it will be held in Cambridge, U.K. An
initiative of IASC, its rationale is to provide a focus for
opportunities ~ for  co-ordination,  collaboration  and
complementarity in all areas of Arctic science, and to
combine science and management meetings to save time
and travel. The week comprises a series of meetings of
circumarctic science organisations, organised around a joint
science day focussed on topical issues of concern to them
all. In addition specially focussed workshops also take the
opportunity to meet in parallel.

This year the science focus develops the foundations laid by
last year's workshop in Tromso on the impacts of global
change on the Arctic. That meeting provided input to the
evolution of the Arctic Climate Impact Assessment (ACIA)
Plan and identified the importance of addressing the socio-
economic implications of global change impacts.

The Science Day this year is part of the preparation for
implementing the ACIA Plan, as well as promoting the ACIA

to the Arctic science community at large. The science focus
will comprise of an open poster session one evening
followed by a Joint Science Day devoted to keynote lectures
and associated workshops on aspects of the impacts of
global change. In addition there will be three special
workshops: 1. Monitoring of Arctic marine fluxes, 2. Carbon
cycling in terrestrial ecosystems, and 3. The compilation of
geophysical data for the Arctic.

The following circumarctic organisations are at present
taking part in the meetings:

Arctic Ocean Sciences Board (AOSB)
European Polar Board (EPB)

Forum of Arctic Operators (FARO)
International Arctic Science Committee (IASC)
Nansen Arctic Drilling (NAD)

Nordic Polar Meeting

For more information go to jyww.iasc.no/ASSW2000.htm |
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ACIA
ACD
ACSYS
ADCP
ADEOS-2
AERU
AGU
AMAP
AMOC
AMOR
AMS

AO
AOSB
APARD
ARC
ARCICE
ARCSS
ARGOS
ARKTIEF
ARMINES
ASDIC
ASLO
AUl

AUV
AVHRR
AWI
BARKODE
BAS
BASIS
BGS

BIO
BIODAFF
BMBF
CAD
CAFF
CASE
CCG
CCGS
CEC-DGXII
CEFAS

Appendix VII
List of Acronyms

Arctic Climate Impact Assessment

Arctic Coastal Dynamics

Arctic Climate System Study

Acoustic Doppler Current Profiler

Advanced Earth Observing System 11

Atlantic Environmental Radioactivity Unit (Canada)
American Geophysical Union

Arctic marine Animal Program

Acoustic Monitoring of Ocean Circulation in the Arctic
Arctic Mid-Ocean Ridge

Automated Mass Spectrometer

Arctic Oscillation

Arctic Ocean Sciences Board

Arctic Paleo-River Discharge

Arctic Research Commission

Arctic Ice and Environmental Variability

Arctic System Science

Airborne Remote Geographic/Oceanographic System
Arctic Deep Sea

Ecole des Mines de Paris — Centre d’ Energetique (France)
Anti-Submarine Detection Investigation Committee
American Society of Limnology and Oceanography
Autosub-under-Ice (UK)

Autonomous Underwater Vehicle

Advanced Very High Resolution Radiometer

Alfred Wegener Institute (Germany)

Barents and Kara Seas oceanographic Data Base Project
British Antarctic Survey

Baltic Air-Sea- Ice Study

British Geological Survey

Bedford Institute of Oceanography (Canada)

Biodiversity and Fluxes of Glaciated Arctic Fjords
Ministry of Education, Science and Technology (Germany)
Compact Arctic Drifter

Committee on Arctic Floraand Fauna

Cooperative Awards in Science and Engineering
Canadian Coast Guard

CCG Ship

Commission of the European Community-Directorate Genera Xl
Centre for Environment, Fisheries and Aquaculture Science (UK)
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CFC

Chl

CHS
CLIC
CLIVAR

chlorofluorocarbon

chlorophyll

Canadian Hydrographic Service
Climate and Cryosphere Programme
Climate Variability and Predictability

CLIVAR-DecCen  CLIVAR Decadal Century Timescale Study

CNRS
COP
CORC
CSNSM
CTD
DCRS
DFO
DGO
DIC
DLC
DMI
DMSP
DNA
DOE
DSOW
DSR
DWD
EC

EGC
EGS
ENSO
ENVISAT
EPB
ERS-1
ESA
ESOP
ESOP-2
EU
EUMETSAT
FARO
FCO
FIMR
FOAM
FRAM
FRAMZY
FWI
GCM
GEOMAR
GEWEX
GINNA

Centre National de Recherche Scientifique (France)
Coastal and Offshore Permafrost

Consortium on the Ocean’s Role in Climate

Centre de Spectrometrie Nucleaire et de Spectrometrie de Masse (France)
Conductivity, Temperature, Depth profiler

Danish Center for Remote Sensing

Department of Fisheries and oceans (Canada)
Departement de Geologie et d’ Oceanographie (France)
dissolved inorganic carbon

Danish Lithosphere Center

Danish Meteorolgical Institute

Defense Meteorlogical Satellite Program (USA)
deoxyribonucleic acid

Department of Energy (USA)

Denmark Strait Overflow Water

Deep Sea Research

German Weather Service

European Commission

East Greenland Current

European Geophysical Society

El Nifio Southern Oscillation

Forthcoming ESA remote sensing satellite to be launched in 2001
European Polar Board

European Remote Sensing Satellite

European Space Agency

European Subpolar ocean Project

second phase of ESOP, 1996-1999

European Union

European Meterological Satellite Organization

Forum of Arctic Research Operators

Foreign Commonwealth office (UK)

Finish Institute of Marine Research

Forecast ocean-Atmosphere Model (UK)

Fine Resolution Antarctic model

FRAM Strait Zyclones

Freshwater Institute (Canada)

Global Circulation Model

Research Center for Marine Geosciences (Germany)
Global Energy and Water Cycle Experiment
paleoclimatol ogy of the Greenland, Iceland, Norwegian seas and Northern Atlantic
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GINS
GLORIA
GNWT
GPR

GPS
GRASP
GSC
Gx0OS
HADCM3
HIRLAM
HMS
HTA
IAEA
|IAPP
IAPP-SCG
IAPSO
IARC
IASC

IC
ICESTATE
IFREMER
IFRTP
IHO
IMAGES-5
IMSI
INMARSAT
INSROP
10C

|OEB
IOPAS
[0

|PA

IPCC
UGG
JAMSTEC
J-CAD
JCOMM
JGR

JOl

JOIS

JPO
KORDI
LADCP
LEGOS
LEO
LGCA

Greenland, Iceland and Norwegian Seas

Geological Long Range Inclined ASDIC

Government of the Northwest Territories (Canada)

Ground penetrating Radar

Global Positioning System

Greenland Arctic Ocean Shelf Project

Geological Survey of Canada

Global Observing System

Hadley Centre coupled climate model

High-Resolution Local Area Model

Her Majesty’s Service (UK)

Hunter & Trapper Association

International Association of Aeronomy and Geomagnetism
International Arctic Polynya Program

| APP-Science Coordination Group

International Association for the Physical Sciences of the Oceans
International Arctic Research Center (University of Alaska)
International Arctic Science Committee

| sotopic Compositions

Local Ice Cover Deformation and Mesoscale |ce Dynamics
Insitut Francais pour la Recherche et I’ Exploritation de la Mer
Insitut Francais pour la Recherche et la Technologie Polaires
International hydrographic organization

International marine global changes 5

Integrated use of new Microwave Satellite data for improved Ice mapping
International maritime Satellite organisation

International Northern Sea Route Programme

International Oceanographic Commission

Ice-Ocean Environmental Buoy

Institute of Oceanology Polish Academy of Sciences

Institute of Ocean Sciences (Canada)

International Permafrost Association

Interngovernmental Panel on Climate Change

International Union of Geodesy and Geophysics

Japanese Marine Science and Technology Center

JAMSTEC Compact Arctic Drifter

Joint technical Commission on Oceanography and Marine M eteorology
Journal of Geophysical Researc

Joint Oceanographic Institutions Inc. (USA)

Joint Ocean Ice Studies

Journal of Physical oceanography

Korean Ocean Research and Development Institute

Lowered Acoustic Doppler Current Profiler

Laboratoire d’ Etudes en Geophysique et Oceanographie Spatiale (France)
Long-term Environmental Observatory

L aboratoire de Geodynamique des Chaines Alpines (France)
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LOIRA Land-Ocean Interactions in the Russian Arcitc

LODYC Laboratoire d’ Oceanographie Dynamique et de Climatol ogie (France)
LSCE Laboratoire des Sciences du Climat et de |” Environnement (France)
MAIA Monitoring the Atlantic Inflow to the Arctic

MAGICS Mass Balance of Arctic Glaciers and Ice sheetsin relation to Climate and Sea Level Changes
MOC Meridional Overturning Circulation

MOM Moduled Ocean Model

MPA Marine Protected Area

NAC North Atlantic current

NAD Nansen Arctic Drilling

NADW North Atlantic Deepwater

NAFO North Atlantic Fisheries organization (Denmark/Greenland)
NAO North Atlantic Oscillation

NASA National Aeronautic and Space Administration (USA)
NATO North Atlantic Treaty Organization

NERC Natural Environment Research Council (UK)

NEW Northeast Water Polynya Study (IAPP)

NGDC National Geophysical Data Center (USA)

NIPR National Institute of Polar Research (Japan)

NOW North Water Polynya Study (IAPP)

NPI Norsk Polarinstitutt (Norway)

NRCan Natural Resources Canada

NSCAT NASA Scatterometer

NSERC National Science and Engineering Council (Canada)

NSF National Science Foundation (USA)

OAlI Ocean-Atmosphere-Ice Interactions

OCCAM Ocean Circulation and climate Advanced Modelling

OCs Organochlorine pesticides

ODP Ocean Drilling Program

OGCM Ocean Genera Circulation Model

ONR Office of Naval Research (USA)

OPEC Ocean Processes and European Climate

OSIMS Ocean Status Information System

PAR photosynthetically available radiation

PAGES Past Global Changes

PCN polychlorinated naphthal enes

PCSP Polar Continental Shelf Project (Canada)

PERD Program on Energy Research and Development (Canada)

Pl Principle Investigator

PIMMS Pancake Ice Motion Mapping System

PINRO Polar Research Institute of Marine Fisheries and Oceanography (Russia)
PMAP Polar Margin Program

PNEDC Programme National d’ Etudes de la Dynamique des Climats
POM Princeton Ocean Model

ROV Remote Operated Vehicle

RRS Royal Research Ship
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R/V

SAR

SBI

SCG
SCICEX
SEARCH
SeaWiFS
SEC

SFB
SHEBA
SIRRO
SIZE
SPRI
SSM/I

Research Vessel

Synthetic Aperture Radar

Shelf-Basin Interactions

Science Coordination Group (of the IAPP)

Submarine Arctic Science Cruise Exercise

Study of Environmental Arctic change

Sea-viewing Wide Field-f-view Sensor (on SeaStar satellite)
Shelf Edge Current

Specia Research Project of the German Research Association
Surface Heat Budget of the Arctic Ocean

Siberian River Run Off

Emissions from the Sea Ice Zone

Scott Polar Research Institute (UK)

Specia Sensor Microwave/lmager

SURATLANTE Surface Atlantic Studies

THC

TOBI
TRACTOR
UEA

ULS

USN

vVOC
VEINS
WCRP
XBT

Thermohaline Circulation

Towed Ocean Bottom Instrument

Tracer and Circulation in the Nordic Seas Region
University of East Anglia (UK)

Upward Looking Sonar

United States Navy

volatile organic compounds

Variability of Exchanges in Northern Seas
World Climate Research program

Expendible Bathythermograph
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Relevant Web Sites

Programs

ACSYS www.npolar.no/no/acsys/

ADEOS-2  www.eoc.nasda.go.jp/guide/satellite/satdata/adeos2_e.html

AGU www.agu.org/

AMOC www.spri.cam.ac.uk/sig/amoc_fnd.htm
Www.Nnrsc.no/~amoc/

AOSB www.aosh.org

APARD www.awi-bremerhaven.de/ GEO/APARD/index.html

ARCICE www.arcice.cecs.ed.ac.uk/

ARCSS www.nsf.gov/od/opp/arctic/system.htm

Arctic Gravity Project www.nima.mil/GandG/agp/index.htm

ARGOS geo.arc.nasa.gov/ERST/ARGOS

ARMINE WWW.armines.org

ARTIST Arctic Radiation and Turbulence Interaction Study

ASLO www.aslo.org/

AVHRR daac.gsfc.nasa.gov/ICAMPAIGN_DOCS/LAND_BIO/GLBDST_mail.html
podaac-www.jpl.nasa.gov/sst/

CLIC www.npolar.no/acsys/CL1C/clicindex.htm

CLIVAR www.dkrz.de/clivar/hp.html

DMSP leonardo.jpl.nasa.gov/msl/Programs/dmsp.html

ENVISAT  www.jw.estec.esa.n0:8080/~enviweb/ENVINEW/ENVISTAT.html

ERS-1 dutlru8.Ir.tudelft.nl/ers/

ESOP-data  www.dcrs.dtu.dk/DCRS/ latest-ice.html

ESOP-2 www.smr.uib.no/

EUMETSAT www.eumetsat.de/en/

FOAM www.meto.gov.uk/secl/AR9596/sec1pg6n.html

FRAM www.mth.uea.ac.uk/ocean/fram.html

GEWEX www.cals.com/gewex/gewex.html

GLORIA kai.er.usgs.gov/images/sigsbee/ GLORIA.html

Gx0OS www.wmo.ch/web/gcos/gcoshome.html
WWW.UNesco.org/ioc/goos/iocgoos.htm
www.fao.org/GTOS

HADCM www.meto.gov.uk/sec5/sec5pgl.html

IAEA www.ngdc.noaa.gov/IAGA/

IAPSO www.olympus.net/biz/| APSO/

IASC www.iasc.no/

IMAGES-5 www.images.cnrs-gif.fr/

IMSI-data  www.dcrs.dtu.dk/DCRSY latest-ice.html

INFEA infeo.ceo.org

INMARSAT

www.lmsw.external .|mco.com/tel sat/inmarsat.html
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INSROP
|IOEB
UGG
JGR
JOIS
NAD
NOW
OAll
OCCAM
ODP
OSIMS
QUEEN
RADARSAT

SCICEX
SeaStar
SeaWifs
SHEBA

SSM/I
TOBI

www.npolar.no/insrop/

ioeb.whoi.edu/index.htm

www.obs-mip.fr/uggi/

www.agu.org/pubs/agu_jourjgro.html
www.arcticexplorer.com/
www.joi-odp.org/NAD/Default.html

kestrel .fsg.ulaval.ca/girog/now/

www.ccpo.odu.edu/~arcss/
www.soc.soton.ac.uk/JRD/OCCAM /welcome.html
www-odp.tamu.edu/

osims.eng.miami.edu/
www.geomar.de/~hbauch/king/html/queen.htm,|
WwWw.ccrs.nrcan.gc.cal/cers/tekrd/radarsat/specs/l aunche.html
www.asf.al aska.edu/

www. 1deo.columbia.edu/SCICEX/
seawifs.gsfc.nasa.gov/SEAWIFS/'SEASTAR/SPACECRAFT .html
seawifs.gsfc.nasa.gov/SEAWIFS.html

WWW.j 0ss.ucar.edu/sheba/webresponse/sheba2.html
www.sheba.apl.washington.edu/default.ntml
www.daac.msfc.nasa.gov/userservices/pathfdr_ssmi_readme.html
www.soc.soton.ac.uk/OTD/seasys/TOBI/

TRANSDRIFT-V www.uni-kiel.de/ipoe/expedition/TransdriftV/

VEINS
WCRP

www.ifmiserv.ifm.uni-hamburg.de/~veing/
www.wmo.ch/web/wcrp/wcerp-home.html

Universities, Institutions and Government Offices

AWI
BAS
BGS
BIO
BMBF
CCG
CEC-DGXII
CEFAS
CNRS
DCRS
DFO
DLC
DMI
DOE
EC
EPB
ESA
ESF

EU
FCO

www.awi-bremerhaven.de/
www.nerc-bas.ac.uk/
www.bgs.ac.uk/
www.mar.dfo-mpo.gc.cale/s_bio.html
www.bmbf.de
WWW.ccg-gcc.ge.cal
europa.eu.int/comm/dgl2/
www.cefas.co.uk/
www.cnrs.fr/index.html
www.dcrs.dtu.dk
www.ncr.dfo.ca/

www.dlc.ku.dk/

www.dmi.dk/

www.doe.gov/
europa.eu.int/comm/index_en.htm
www.esf.org/lifelac/epb/a.htm
www.esrin.esa.int/

www.esf.org/
europa.eu.int/index_en.htm
www.fco.gov.uk/
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FF-HU
FIMR
FPS
GEOMAR
GNWT
GSC
HSVA
IOPAS
10S
JAMSTEC
JOI

JPL
MAST-I1I
NASA
NATO
NERC
NIPR
NOAA
NPI
NSERC
NSF
ONR
SHEBA
SPRI

Swedish Polar Research Secretariate www.polar.kva.se/

UAF
UEA
UKMO
UNIS
USGS
USN
WHOI

www.fish.hokudai.ac.j p/wwwfish-e.html
www2.fimr.fi/

www.cordis.lu/
www.GEOMAR.DE/
www.gov.nt.cal
emrl.emr.ca/gsc/

www.hsva.de
www.iopan.gda.pl/
www.ios.bc.cal
www.jamstec.go.jp/
www.joi-odp.org/
www.jpl.nasa.gov/
europa.eu.int/comm/dgl2/marinel.html
www.nasa.gov/
www.nato.int/science/index.html
www.nerc.ac.uk/
www.nipr.ac.jp/

WWW.nhoaa.gov
www.npolar.no/npi/
www.nserc.cal

www.nsf.gov/

www.onr.mil/
www:joss.ucar.edu/sheba
www.spril.cam.ac.uk/

www.uaf.edu/
www.uea.ac.uk/env/
www.meto.gov.uk/
WWW.unis.no/
WwWw.usgs.gov/
www.navy.mil/
www.whoi.edu/
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