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1. Introduction
The session was opened by Bob Dickson (Chairman of ISSG) with welcoming
remarks to all the participants (APPENDIX C) and especially to M. Hildebrandt
(Senior Scientific Secretary of ESF Life and Environmental Sciences), thanking
ESF for providing the meeting support, and to Roberta Boscolo recently employed
by NOAA-ONR as part-time ASOF project officer. After a brief overview of the
meeting agenda (APPENDIX B) and logistics, Bob Dickson addressed the
importance of the ASOF observations in the global climate change context.
During the past century, the global mean temperature has increased in two main
episodes of warming (IPCC, TAR 2001). When air temperature is plotted as
function of latitude and time it becomes clear that the recent episode of warming is
different in one important aspect: in the last two decades the distribution of
warming has become global. The role of the ocean in this temperature change is
likely to involve the redistribution of heat by the so-called oceanic "great
conveyor". Passing north through the Atlantic near-surface and returning south at
depth, this forms a "Meridional Overturning Circulation" (MOC). Most Couple
Climate Models (CCM) anticipate a slow down of the MOC under GHG forcing
(IPCC, TAR 2001) as a result of freshening and warming of subpolar seas.
However the degree of the slowdown varies greatly between the CCMs thus
making impossible to predict the net effect on air temperature (i.e. the balance
between the general warming and sectoral cooling). The large discrepancy among
the CCMs projections is probably due to the lack of realism in describing the loop
of the MOC which in the North Atlantic is quite complex (McCartney et al. 1996).
Observations in the Nordic Seas show that the MOC loop is currently experiencing
an enormous perturbation. The time series of salinity at OWS M (1950-97
Norwegian Sea) show that the freshwater accession to the Nordic Seas has
increased steadily over the past 4 decades leading to a long term freshening to
depths >1Km. The two dense overflows that renew and ventilate the deep ocean
have also freshened over the past 4 decades (Dickson et al., 2002). The full-depth
change in the Labrador Sea is believed to be the largest change in the
instrumented oceanographic record. By 1992 the freshening is equivalent to
adding an extra 6 m of freshwater at the sea surface. As we follow the freshening
south through the western Atlantic, evidence of a salinifying upper layer is found
spreading in from the sub-tropics (Curry et al. 2003). Over the same 40-year
period, salinities at the E-P maximum (20-30°N) have been increasing. Three
tasks are of prime importance in order to observe these changes and understand
their effect on climate:
• Measure all of the ocean fluxes that connect the Arctic Ocean to the North
Atlantic through sub-arctic seas for long enough to describe their Dec-Cen
variability.
• Construct and maintain time-series describing change in the ocean's density
field. Hydrographic change will have its most direct climatic impact by changing
ocean density and hence circulation
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Deploy an observing array to determine how ocean climate signals negotiate
the western boundary
The first of these tasks is the ASOF study. ASOF will contribute to address several
climate issues that have been recently identified:
• Are changes in the isopycnal structure of the Nordic Seas causing slowdown of
the eastern overflow? (Hansen et al. 2001)
• What effect on Atlantic density structure if overflows continue to freshen for
further 4 decades? (Dickson et al. 2002). Could the DWBC cease to exist?
(Wood 1999)
• How is CAA throughflow transformed en route to DWBC?
• Can moored samplers and new tracers discriminate between recirculation and
throughflow?
• What forces LSW formation and export? (Straneo and Pickart, 2002)
• Does the deep freshening and salinification of Salinity Maximum Water (SMW)
represent a shift in the entire Atlantic Hydrological cycle? (Curry et al., 2003)
• Does the MOC respond to high-latitude forcing through fast Kelvin waves or by
slow advective transfers?
• How do changes in LSW thickness pass south to drive change in the SST
dipole of tropical Atlantic? (Yang 1999)
•

P. Rhines noted that ASOF should eventually team up with atmospheric scientists
in order to fully follow the climate changes forcing and/or forced by the observed
events.

2. Review of ASOF implementation plan and organisational structure
The ASOF Implementation Plan (IP) was written by Bob Dickson in April 2002.
Since then the document has been
distributed among the ISSG
members for review and comments.
This meeting therefore provided the
opportunity to review the main
objectives of the IP and issue the
ISSG endorsement.

Figure 1.The ASOF Domain
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The ASOF domain as defined in the IP is divided in six main regional tasks (Figure
1). In many ways these tasks form a successor study to EC-VEINS (1997-2000)
but now include efforts to measure both of the freshwater fluxes through northern
seas. Since the IP was published one suggestion that came from the ISSG was to
institute a cross-cutting modelling group (Numerical Experimentation Group) in
charge of co-ordinating modelling efforts in assisting in array design, in simulating
observed changes, in data assimilation and ultimately in prediction.
The tasks and their proposed Chairmen/Deputy Chairmen were identified as
follows:
q Task 1 Warm water inflow to Nordic Seas : H. Loeng, dep P. Haugan
q Task 2 Exchanges with the Arctic Ocean : E. Fahrbach dep. C. Mauritzen
q Task 3 Ice and freshwater outflow : S. Oesterhus dep. J. Meincke
q Task 4 Greenland-Scotland Ridge Exchange : B. Hansen dep. B. Turrell
q Task 5 Overflows and Storage basins to DWBC : T. Haine dep. B. Pickart
q Task 6 Canadian Archipelago, Baffin Bay and North Continental slope: P.
Rhines dep. S. Prinsenberg
q Task 7 Numerical Experimentation : M. Karcher dep. R. Wood

Figure 2. ASOF scales of management

Implementing this distributed system of
measurements requires the expertise,
access and funding of scientists and
agencies from both North America and Europe. Thus in order to organise the
research to match the available funding on either side of the Atlantic, the ASOF
domain (like the ISSG) is at present organised in ASOF-EAST and ASOF-WEST
(Figure 2).
The proposal to the ISSG was that as ASOF moves towards implementation, the
detailed, practical business of designing and deploying observing systems to carry
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out these tasks should be addressed by a series of task-related Working Groups
each with its own Chair, deputy Chair, and membership. The ISSG would remain
in being but might conduct its business by correspondence. This proposal was
accepted, though it was decided that the ISSG should continue to have annual
meetings.
Tasks 1, 2 and 4 are associated with ASOF-EAST while tasks 5 and 6 are largely
in the ASOF-WEST domain. Task 3 is shared between the two main EAST/WEST
divisions while task 7 encompass all the regional tasks (Figure 2). The tasks
chairmen are in charge of forming form their working groups, defining the terms of
reference (in relation with the other WGs) and organising workshops where the
implementation of ASOF in the each regional sub-domain can be focally
addressed. The workshops can aggregate more than one task and benefit from
the presence of external experts (from relevant existing projects).
ACTION ITEM 1. Chairmen of 1-7 tasks WGs to select draft teams and submit to
ISSG. (WG Chairs)
J. Marotzke suggested the leaders of task 5 to keep in touch with the group in Kiel
(PI F. Schott) that is involved in a big experiment (process studies and monitoring)
in the Labrador Sea since 1996 and are funded for another 3 years.
ACTION ITEM 2. Contact the group in Kiel (Schott and/or Send) to contribute
actively in task 5 WG. ( Haine and Meincke)
Peter Rhines highlighted the importance of the ISSG in addressing the global
aspects of ASOF, i.e. modelling efforts, links to atmospheric science and relevant
projects. Most of the participants agreed that the ISSG should continue to exist,
meet regularly and perhaps explore videoconference communications between
meetings.
ACTION ITEM 3. ISSG should continue to have annual meetings. (Dickson)
Regarding ASOF Data Management, Bob Dickson proposed in the draft
Implementation Plan that ASOF should conform to the data management model of
CLIVAR in order to ensure access to t he multidisciplinary data sets that will be
generated by CLIVAR and its related activities. In addition the data generated by
the individual regional tasks of ASOF should be of maximum use to the wider
community. Roberta Boscolo noted that CLIVAR ISSG is still in the process of
defining its data management strategy. Terrestrial and atmospheric data are
largely handled through operational agencies while ocean and paleo data still
reside with the research community. However CLIVAR is unlikely to establish its
delayed-mode data system based on the WOCE model. In WOCE each data
stream was submitted to a dedicated Data Assembly Centre (DAC) in standard
format. Each DAC carried out quality control and then made the data seta
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available to the user community. CLIVAR may instead opt to organise data in a
series of Regional Applications Centers (RACs).
ACTION ITEM 4. Write a position paper on how to treat the ASOF data streams in
the interim till CLIVAR data management strategy will be defined (Meincke and
Rhines)

3. Funding Status
Jens Meincke reported on the funding status of ASOF-EAST. A cluster of 3 ASOF
projects have been funded by EC under the framework programme 5, starting from
December 2002 for 3 years. The total EC Community contribution has been
agreed at 4.808 M Euros, to be matched by participating institutions. The projects
contribute to ASOF tasks 1, 2, 3 and 4 (more details can be found at
http://asof.npolar.no/).
Peter Rhines reported on the ASOF-WEST funded projects and related/relevant
work external to the Project. .
• Passage moorings:
Barrow Strait, û, Q, S, ice (PI Prinsenberg Canada & NSF)
Nares Strait (PIs Melling and Falkner, Canada & NSF-FW)
Cardigan Strait and Hell Gate (PI Melling Canada)
Bering Strait (PIs Aagaard, Woodgate andWeingartner, ONR)
Bellot Strait (???)
Davis Strait (PIs Lee, Moritz, Gobat, (NSF-FW) plus Petrie and Drinkwater,
Canada)
Hudson Strait (???)
q

Stable water mass moorings:
OWS Bravo (PIs Clarke and Yashayaev, Canada)
Irminger Sea (PI Pickart, NSF)
Beaufort Gyre (?) (PI Proshutinsky, NSF-FW)

•

Boundary current moorings:
CAA slope (PIs Pickart and Weingartner, SBI & ONR)
Labrador Sea 1000m isobath (PIs Clarke and Yashayaev, Canada)
Labrador Sea Outflow (PI Schott, Germany)
Subpolar gyre cont. slopes tracer sampler (?) (PI Watson, UK-Rapid)
New England cont. slope (?) (PIs Hughes, Marshall and Williams, UK-Rapid)

q

Bottom Pressure, tide gauges:
Barrow Strait (PI Prinsenberg Canada & NOAA)

q

Ship Hydrography:
Some WOCE line reoccupations (PIs EU )
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Labrador Sea AR7 line (PIs Clarke and Yashayaev, Canada)
Baffin Bay/Nares (PIs Falkner and Carmack, Canada & NSF-FW)
Barrow Strait (PI Prinsenberg, Canada)
•

Aircraft Hydrography:
Arctic: Alert-Pole (PIs Steele, Smethie and Schlosser, NSF-FW)

•

Glider Hydrography:
Labrador Sea, Deepglider (PIs Eriksen and Rhines, NOAA and ONR)
Davis Strait Iceglider (PIs Lee, Moritz and Gobat, NSF-FW)

q

VOS Ship adcp:
Denmark-Greenland (?) (PI Rossby, NSF)

• Drifters:
ARGO floats (NOAA & NSF)
Reykjanes Ridge RAFOS floats (?) (PI Rossby)
Labrador Sea outflow RAFOS floats (?) (PI Bauer)

4. ASOF Publications
Roberta Boscolo started her involvement as ASOF Project Scientist in September
2002. Her tasks as initially agreed in July 2002 with the ASOF Chairman, Bob
Dickson include:
• Manage ASOF web pages
• Design and edit ASOF publications
• Create and manage ASOF mailing list
• Organise and co-ordinate ASOF activities and meetings
The ASOF web pages are hosted in the server at the Norwegian Polar Institute in
Tromso. The person who created the ASOF web page and was in charge of its
maintenance, Tordis Villinger, kindly arranged a remote access for R. Boscolo to
start managing the web site. Some parts of the web pages has been already
modified and updated remotely by R. Boscolo. The ASOF ISSG gratefully
acknowledged the service provided so far by T. Villinger and will continue to rely
on her advice..
Roberta Boscolo presented a mock-up of what could become the ASOF
Newsletter. The Newsletter should contain as permanent features:
• Science articles
• Implementation reports
• Funding news
• Calendar of relevant events
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She proposed a production of 3 issues per year with a widely distributed first issue
(mailed together with the CLIVAR Newsletter) which would contain an expression
of interest to be sent to the editor. Possible first issue in December 2002.
ACTION ITEM 5. Place the news about ASOF (both EAST and WEST) funding in
the Newsletter issue. (Meincke and Rhines)
ACTION ITEM 6. Task 2 and Task 4 WGs chairmen to write an article for the first
ASOF Newsletter issue. Task 5 and 6 will form part of the 2nd issue, with the
remaining tasks in the 3rd. (Boscolo, Fahrbach and Bogi Hansen)
R. Boscolo also showed a mock-up of an eye-catching ASOF brochure that she
proposed to widely distribute to the climate community through relevant newsletter
mailing and meetings.
ACTION ITEM 7. Find out the production costs of the ASOF handout. (Boscolo)
ACTION ITEM 8. Interact with Dickson, Meincke and Rhines in order to define the
content of the ASOF handout and newsletter. (Boscolo)
ACTION ITEM 9. Find possible funding for ASOF publications. (Dickson).
Finally Roberta Boscolo mentioned the ASOF article she wrote together with Bob
Dickson that appeared in the CLIVAR Newsletter Exchanges special issue on
Atlantic sector, n.25, September 2002
(http://asof.npolar.no/library/pdf/ASOFexchanges.pdf) and the ASOF poster she
plans to present at the final WOCE Conference, November 2002
(http://asof.npolar.no/library/pdf/posterASOF.pdf).

5. ASOF Circum-Arctic Assessment Initiative.
John Calder explained the rationale and scope of the initiative he proposes for a
Circum-Arctic Assessment. The ASOF implementation plan makes the case that
the goals of ASOF require simultaneous observations at all the outlets from the
Arctic to the North Atlantic and that these observations must be decadal in
duration. Presently the implementation of ASOF is based on many independent
funding decisions by different organisations in several countries. Also the funding
for all participants expires in 5 years or less, meaning at least one renewal (but
likely two or three for most projects) will be needed before even one full decade of
data are available. The renewal times of every project for the full decade is
unknown, but risks are high that not all will be renewed through routine science
bids. Long-term stable support is desired but funders will need at least two years
to accomplish, and will need compelling evidence that such support is justified.
Therefore the ASOF community needs to start at the earliest possible time to
demonstrate that long-term support is justified, and define the nature of the
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"system" for which long-term support is needed. It might well be the case that the
current expression of ASOF is not what is needed for the long-term. One essential
for demonstrating a need for long-term support is evidence that the data from the
entire set of ASOF activities provides critical information that cannot be obtained
from any subset. The opportunity to demonstrate this will first appear after the full
set of funded ASOF projects has been in operation simultaneously for a period of
time. Data acquisition for the full set of ASOF projects will begin in summer 2003
with data being recovered by summer 2004. Several additional months will be
needed for data processing and analysis. Spring 2005 seems a reasonable time to
hold a workshop and/or symposium to present the circum-Arctic outcome of ASOF
and present a new type of analytical product that integrates the data from all
ASOF observations. This integrated analytical product is the first building block in
the argument for continuation of ASOF on a simultaneous circum-Arctic basis. The
ISSG endorsed Calder's proposal of the Circum-Arctic Assessment for 2004-05.
ACTION ITEM 10. The chairmen of the task-based WGs should address the
issue in their future activities and the ISSG itself should oversee progress across
the whole ASOF Domain. (All)

6. TASK 2 Exchanges of Heat Salt and Mass with the Arctic Ocean: Overview
of science and critical issues.
Eberhard Fahrbach as the co-chairman of this regional task was in charge of
giving an overview of the science and highlighting the critical issues. Fluxes
through Fram Strait from the Arctic Ocean into the Nordic Seas affect the water
mass modifications in the North Atlantic mainly by the freshwater transport by sea
ice and water of polar origin with relatively low salinity. This will not be addressed
any further here, because it is the subject of a separate presentation by Svein
Osterhus. In the eastern Fram Strait northward flow of water of Atlantic origin
provides a heat flux into the Arctic Ocean. Further flow of water of Atlantic origin
occurs through the Barents Sea. This is addressed in the presentation of Harald
Loeng. Here we focus on the northward heat flux through Fram Strait. In the
literature numerous estimates of the heat transport into the Arctic Ocean are
available from observations and models. The evaluation of measurements
occurred under the assumption of a steady state. However, it became obvious
during the last decade that significant changes occur in the Arctic including the
warming of the Atlantic layer. To understand its origin, the variations of the heat
transport through Fram Strait have to be taken into account. From hydrographic
sections, it is known that the temperature of the Atlantic Water inflow varies on
decadal time scales. Since heat flux variations can occur either by variations of the
temperature field or by those of the current field, time series of measured currents
and temperatures are needed. Quasi-continuous time series with moored
instruments can avoid aliasing of higher frequency variability, in particular by the
seasonal cycle. To obtain and evaluate those time series is the objective of task 2.
Fram Strait is an area of strong recirculations which have to be included in the
measurements. Therefore the array has to span the full width of the strait.
However, recirculation occurs as well in the northern part of the strait, north of it

9

and in the Eurasian Basin of the Arctic Ocean. Therefore, it has to be taken into
account where exactly the fluxes are measured to estimate their significance for
clearly defined parts of the system, e.g. ice melt north of Spitsbergen transforming
sea ice to fresh water or renewal of Atlantic layer in the Arctic basins potentially
affecting the stability of the water column.
During the VEINS project current meter moorings were deployed in Fram Strait
from September 1997 to present with replacements in Septembers 1998, 1999,
2000 and 2002. The recovery of the present array is planned for 2003. Normally
14 moorings were deployed. Form 1999 to 2000 the three central moorings (F7,
F8 and F9) were omitted. In 2002 two additional moorings were laid between F8
and F9. The moored instruments covered the water column from 10 m above the
seabed to approximately 60 m below the surface. Three moorings in the East
Greenland Current were equipped with upward looking Doppler Current Meters
reaching to the sea surface. In the horizontal the measurements extend from
6°51'W - the eastern Greenland shelf break - to 8°40'E - the western shelf break
off Spitsbergen - on a line along 78°50'N on the eastern part and along 79°N on
the western part of the transect. The bend in the centre of the section presents a
problem in the transport calculation since it is located in a major recirculation band.
Therefore the western part of the section was shifted to 78°50’N during the
redeployment in 2002. The flow field through the strait was compiled by
interpolation based on the records of 40 current meters for the year 1997/1998
and 45 for 1998/1999. The data from later years are still in being processed. The
temperature and salinity distributions were obtained with significantly higher spatial
resolution by CTD measurements during the cruises.
From the velocity field interpolated over the cross section of Fram Strait monthly
volume transports were calculated. The malfunction or loss of instruments required
interpolation of data sets with different spatial distribution. The method to fill the
gaps (e.g. by use of long-term mean values or correlation with adjacent
instruments) affects the result of the estimated transports. Therefore, different
estimates were obtained during the work in progress. Interpolation over horizontal
distances larger than the eddy scale represents a further source of uncertainty. To
reduce the effect of the eddy field, one-month averages were calculated. This still
permits to resolve the seasonal variation (Fahrbach et al. 2001). The transports
obtained by averaging the monthly means from the two years resulted as 9 Sv to
the north and 13.1 Sv to the south for the period 1997/1998 (1 Sv = 106m3s-1) and
10 Sv to the north and 11.9 Sv to the south for the period 1998/1999. The net
transport over the two years is 4.1 and 1.9 Sv to the south. The monthly transports
reveal an intensive seasonal variation with large northward transports in winter
and weaker ones in summer. This is reflected in the net transport time series with
southward transports in May/June and northward ones in February and April.
Strong semi-annual fluctuations are superimposed. The monthly net volume
transport displays intensive variations with values of up to 10 Sv. This seems to be
unrealistically high and requires further investigations. The deployment of two
additional moorings in the central part of the strait will help to understand the
potential role of the unresolved recirculation to produce this error. About half of the
northward transport across the transect consists of Atlantic Water defined by water
with a temperature above 1°C and about half of the Atlantic Water recirculates
north of the transect. The northward heat flow of Atlantic Water (rather
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temperature flow relative to -0.1°C due to the unbalanced volume flow) across the
complete section results as 32 TW for 1997/1998 and 55 TW 1998/1999. The
obtained range of heat transports suggests an interannual variation of 50%. During
both years the transport was within the range of previous estimates. However, the
difference from year to year are large enough to explain most of the observed
warming. This suggests that a significant amount of heat is lost north of our
transect. The transport has its maximum in winter and varies by about 50% within
the annual cycle. The variance is mainly due to volume transport variability and
only to a minor extent to temperature fluctuation.
It is planned to continue the measurements during the next years to obtain reliable
estimates of the interannual variability of the transports and the effect on the Arctic
Ocean. Different possibilities are examined to reduce the number of instruments
and moorings. Since the currents are highly barotropic, measurements with bottom
pressure recorders might allow after careful calibration to conclude on volume
transport variations. The seasonal range of pressure variations is in the range to
be measured by available recorders. A time series of one recorder moored in the
western boundary of the Westspitsbergen current allows to identify the signature
of a seasonal shift of this boundary. However, the evaluation is still in progress.
The variation of the heat content can most likely captured by inverted echo
sounders. Since the variations of the mean temperature of the water column is
largely determined by the variations in the Atlantic water layer. Omitting moorings
in the recirculation area in the centre of the strait does not seem promising since
the recirculation will then not be captured. Correlation of transport time series with
monthly mean zonal current velocities at selected locations seems promising. The
present status of the evaluation suggests that a combination of bottom pressure
recorders, inverted echo sounders and a few full size moorings equipped with
current meters and temperature/salinity recorders can deliver time series of
northward heat transport after appropriate calibration. However, results based on
two-year long time series can not be simply transferred on longer periods, since
the present time series are dominated by the annual cycle. Consequently a longer
evaluation period is needed.
7. TASK 7 Numerical Experimentation Group: Overview of science and
critical issues.
Michael Karcher was in charge of leading the discussion on the emerging ASOF
modelling task (or NEG). A list of topics was presented (not all were addressed at
the meeting) in order to involve the 'observational community' into the planning for
the task from the very beginning since a close communication and cooperation of
modelers and observers was felt necessary. The list encompassed:
• What are the specific objectives of a modelling task in ASOF (keeping in mind
the overall objective of ASOF)?
• How to organize a modelling task? (e.g. along which aspect: regional methodological – thematical)
• How to approach other modellers/modelling groups?
• Which issues need (additional ) funding ...
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The overall modelling implementation strategy is planned in several steps till it
becomes fully functional. The first phase consists of structuring the modelling
objectives and putting together a community of modellers involved in activities
already linked or relevant to ASOF (the task group chairmen need input from the
ASOF community). This group of people might then form the ASOF Modelling
Task Group or NEG. The formed group will identify which of the objectives are
already dealt with in either one of the existing modelling groups relevant to ASOF.
Gaps in the treatment of ASOF modelling objectives will also be identified. This
first phase can be dealt with among the ASOF Modelling Task Group by email
correspondence. The second phase will encourage to foster a close
communication between teams or individuals which work on the same objectives.
The WG will also start to discuss how the objectives not yet covered by modelling
activities could be dealt with. This might result in the formation of a group of
people writing funding proposals or starting to work on the topic without additional
money. A third phase could be necessary for an intensification of the
communication among the modelling and observational groups to integrate the
results of models and measurements. It also could tackle the question of forming a
coordinated modelling effort specifically designed for ASOF (like: Is an ASOF
Model necessary /desirable?).
The following set of initial scientific objectives emerged from the discussion at the
meeting. This is by no means final and should be modified along the modelling
tasks lifetime:
• Model/data and model/model comparison: Model hindcasts vs. observations
q How well do models agree in the simulation of past periods? (input sought
from intercomparison studies: CMIP,OMIP,AOMIP,ARCMIP, etc.)
q How consistent are model simulations and present observations?
q What is the role of data assimilation in the achievement of the objectives?
• Observing system support
q What are the key sections/locations for most effective long-term
observations from the modelling point of view(s)?
q Is there a chance for using model data to interpolate/extrapolate sparse
observations of hydrographic/current meter data?
• Prediction
q Do advective signals carry a potential for prediction?
q What are necessary/desirable sensitivity experiments?
• Providing a synthesis/understanding the system
q Understanding the modes of variability on basin to THC scale: what is
nature of the interaction between the THC and the Arctic/Subarctic system?
q Is the outflow from the Arctic/Subarctic a random forcing for the THC?
q Are there particular upstream elements, which have a strong influence on
the overturning? Where do they originate and what is their cause
(imported/locally produced/exported)? Are they connected with a predictive
potential?
q What is the response of the different levels of the MOC to the external
forcing?
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q

q

q

q

q

q

q
q

q

Which parts of the THC may be sensitive indicators of unusual changes in
future?
What is the role of runoff and precipitation in the Arctic/Subarctic on the
large (basin to THC) scale?
What are the variability and the internal dynamics of freshwater content
(storage) in Arctic/Nordic Seas in dependence on external forcing? (heat-,
fresh-, momentum fluxes, runoff)
Do steric height changes play a significant role in the inter-basin exchanges
and what is their cause?
What are the buffering capacities and release timescales of the ASOF
basins for freshwater and heat?
What are the variability and the dynamics of freshwater export through the
connecting passages between Arctic and Subarctic Seas?
Where are the sites of watermass conversion?
What are the dynamics of cross-shelf transport of dense water and
freshwater?
Which tracers bare a potential for contributing to the ASOF objectives and
which gain can be achieved by their numerical simulation?

ACTION ITEM 11. Task 7 WG (modelling) to submit to ISSG a prospective plan
based on ASOF-relevant case studies. (Karcher and Wood)
M. Karcher invited Joachim Dengg from IfM Kiel (Germany) to give a presentation
on the results of eddy-permitting and eddy-resolving modelling activities of the
FLAME group (www.ifm.uni-kiel.de/fb/fb1/tm/research/FLAME/), with a focus on
three aspects relevant to ASOF:
• the temporal variability of the large-scale overturning in the Atlantic,
• the effect of overflows across the Greenland-Iceland-Scotland Ridge on the
basin-wide circulation,
• the export of LSW from the Labrador Sea to the subtropical North Atlantic.
Although non-eddy-resolving model versions were shown to be adequate for the
study of large-scale variability and budgets of tracer uptake (e.g. CFCs and
anthropogenic CO2), in the subpolar North Atlantic, an eddy-resolving model is
essential for reproducing the main dynamically relevant features, such as the
western boundary current's path and its recirculations and the effect of the eddyfield on the restratification of convective patches. Furthermore, for the first time the
1/12° FLAME model with a local resolution of about 5km makes a detailed
comparison to observed structures in this region meaningful. Through close cooperation with observational groups in Kiel (F. Schott, U. Send) and in Bremen (M.
Rhein) this allows a constant re-evaluation of the model performance and a
dynamical interpretation of the observed data. FLAME activities concentrate to a
large degree on process studies that try to determine mechanisms at work in the
formation and spreading of the deep-water masses of the North Atlantic. As an
example, the dynamical effect of prescribed changes in the density of overflows
was demonstrated, where the response of both the meridional overturning and
heat transport was found to be linear for an increase in the density of DSOW. In a
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second example, an observational method for the determination of formation rates
of Labrador Sea Water was tested in the model and shown to give close
agreement with model-derived estimates of the ventilated volumes (Böning et al,
2002, GRL, accepted). A new project entails a more detailed look at the export of
NADW from the Labrador Sea around the Grand Banks of Newfoundland and into
the Subtropical Gyre, in comparison to export paths derived from direct (PALACE
floats) and indirect (CFCs) observations.

8. TASK 1 Heat, Salt and Mass Flux west of Norway: Overview of science and
critical issues
Harald Loeng gave a brief overview of the Norwegian Ocean Climate (NOClim)
Project and its contributions to ASOF's objectives.
NOClim (www.noclim.org) is one of the four Norwegian co-ordinated climate
projects that address:
• Regional climate modelling based on global warming scenarios (RegClim)
• Paleoclimate in Norwegian areas (NorPast)
• Ozone and UV (COZUV)
• Ocean climate processes, ocean-atmosphere coupling and Arctic climate
processes (NOClim)
NOClim overall objectives include the improvement of our understanding on rapid
changes in the thermohaline circulation and on ocean and ice processes related to
climate - including mechanisms causing significant variability in the hydrography,
circulation and ice cover - in the Nordic Seas. It also committed to maintain time
series for early detection of climate change in the Northern Seas. The main
approach of the project is to combine observation oriented activities, numerical
modelling and interpretation of past climate variability in studies where different
kinds of expertise complement each other. The scientific work is divided into seven
tasks each with contributions from several groups and institutes. In addition
NOClim collaborates with the corresponding activities in the UK (Rapid) and
RegClim modelling. The funding for this first phase (2000-2002) comes from the
Norwegian Research Council and is co-ordinated through Bjerknes Centre for
Climate Research.
The working area of NOClim includes the Northern Seas from south of GreenlandScotland ridge to the ice edge. The seven tasks address:
• Rapid and dramatic past changes
• Deep water ventilation from shelves (Storfjorden as "laboratory" for process
studies)
• Deep water ventilation in the deep sea
• Cross front exchange formation of intermediate water (front between Atlantic
and Arctic water)
• Variability and signal propagation (high resolution information)
• Co-ordinate analysis of long time series
• Long term observations of Atlantic inflow from the North Atlantic towards the
Arctic as well as ice and freshwater flow through the Fram Strait.
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In the near future NOClim will continue to strengthen cross-disciplinary
communication within the project, give scientific backing to sustained ocean
climate monitoring efforts and maintain and strengthen international connections
(RAPID, ASOF, SEARCH and others).
Some of the scientific challenges posed by NOClim will develop priorities and
internal structure of NOClim phase 2:
• Does freshwater outflow from the Arctic really reduce northward oceanic heat
transport?
• Do dense overflows from the Nordic Seas really "drive" North Atlantic
Meridional Overturning?
• Does ice freezing/melting or subtle equation-of-state effects influences THC?
• What is the role of mechanisms that maintain low latitude stratification and thus
THC?
Another project, the Polar Climate Research Programme (ProClim) will address
climate processes in the geographical region by observations, process modelling,
parameterisation, and analyses of observations/model field and synthesis. It will
be organised in five work packages:
• Deep mixing and sinking
• Water mass formation on shelves
• Slope convection and overflows off shelves
• Exchange with regional basins
• Integration by (basin scale) models, instrumental and proxy observations,
theory.
Some preliminary aspects of the NOClim phase II were given by Cecilie Mauritzen.
The goal is to understand the factors that determine the northward oceanic heat
transport into and through the Nordic Seas. Funding provided by the Norwegian
Research Council are available for 2003-2006. There are three modules:
A
Theoretical modelling (Project Leader H. Grange)
B
Interpretations of Paleo Data (Project Leader T. Dokken)
C
Interpretations of modern data (Project Leader C. Mauritzen)
The module C fuses directly on the warm inflow. Under VEINS and other preASOF projects, four regions were monitored during the 1990s: Faroes, Svinøy,
Barents Seas opening and Fram Strait. How continuous/connected is the current
system? The NAO/AO is probably not sufficient as a climate index for the warm
inflow at all times. In what ways are the winds/buoyancy forcing important?
Locally? Externally? For the mean? For the variability? The module C will make
inferences between the direct current measurements and the density fields to work
on earlier periods of the 20th century.

9. TASK 4 Greenland-Scotland Ridge Exchanges: Overview of science and
critical issues
The chairman of Task 4, Bogi Hansen, reviewed the present knowledge of the
exchanges across the Greenland-Scotland Ridge (GSR) and addressed the
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challenges for ASOF. The Greenland-Scotland exchanges include the system of
the Atlantic inflow in the upper layers, the surface outflow in the East Greenland
Current and the deep overflow. In the budget for the Arctic Mediterranean, the
GSR exchanges account for all the Atlantic inflow (90% of the total inflow) and
probably about 90% of the total outflow. Both the Atlantic inflow and the overflow
are carried by several different branches. In the GSR exchange system the
Atlantic inflow is split into three separate branches. One branch passes through
the Denmark Strait and then eastwards, north of Iceland. This branch may be
identified by a high-salinity core over the outer shelf region. Newest estimates of
the Atlantic inflow west of Iceland (Steingrimur Jonsson) report: 0.95Sv for the
total volume flux with 0.8Sv due to Atlantic water. Another branch of Atlantic inflow
crosses the Iceland-Faroe Ridge widely distributed along its total length, but
become focused to form a narrower current north of the Faroe Islands.
Measurements performed during 2000-2001 at the north of Faroes indicate an
Atlantic inflow volume flux of 3.5 +/-0.5Sv. The third branch, the so-called FaroeShetland Atlantic inflow, is focused over the south-eastern side of the FaroeShetland Channel (FSC). The latest estimates for this inflow (Turrell et al.) indicate
an average volume flux of 3.2Sv with a seasonal variation of 0.2Sv. In the
northeastward flow in the FSC there is also a component of Atlantic water that
derives from the Faroese Atlantic inflow. That current sends a branch southwards
into the FSC where most appears to recirculate and join the Shetland Atlantic
inflow. All three branches that import Atlantic water to the Arctic Mediterranean
have been monitored during recent years. This activity is planned to be continued
from summer 2003 onwards under the ASOF-EC(E) and to be improved based on
past experience.
The overflow areas in the Iceland-Scotland region are very dissimilar. The Faroe
Bank has a sill depth of around 840m and the deepest parts of the channel are
constantly filled with cold water (<0.3°C) flowing into the Atlantic with an average
velocity exceeding 1m/s in the core. From an upward looking ADCP moored
deployed at the sill of the channel since 1995, the flux of the overflow core was
estimated to be 1.9 Sv. However as observed by Hansen et al. (Nature, 2001)
using the data available at OWS-M and converting monthly interface depth to
overflow flux, the decrease of the total Faroe Bank Channel overflow amount to
0.5Sv since 1950. The Iceland-Faroe Ridge (IFR) overflow is that part of the
Greenland-Scotland Ridge that extends from Iceland to the Faroes. On the crest it
is fairly flat with several depression through which overflow can cross and has
been observed to do so. Two types of overflow cross this ridge: the Norwegian
Sea Arctic Intermediate Water (NSAIW) and the Modified East Icelandic Water
(MEIW). Flux estimates based on hydrography indicated an overflow of about 1Sv.
The Wyville-Thompson Ridge is considerably deeper than the IFR and has a more
irregular topography that slopes from both sides down towards the middle where
the sill is found with a depth slightly more than 600m. Early estimates of the WTR
overflow indicated a flux of undiluted cold water around 0.3Sv, but more recent
estimates have reduced this number considerably to around 0.1Sv. All three
overflow areas in the Iceland-Scotland region will also be monitored within ASOF-
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EC(E). In the Faroe Bank Channel, the overflow has been monitored since 1995
with an ADCP moored at the sill. A more detailed description of the cross-sectional
velocity distribution has been established by two short-term experiments with three
ADCP’s moored across the channel. This strategy, with one ADCP permanently
moored in the channel, will be continued in ASOF-E. In addition, a CTD standard
section across the channel has been occupied 4 times a year and this is also
planned to continue. The other two overflow branches in the Iceland-Scotland
region have not been monitored regularly. For the Wyville-Thomson Ridge
overflow there is considerable experience from a number of experiments (Ellett,
1998) on which to base a monitoring system. Guided by topography and earth
rotation the cold waters spilling over the ridge funnel in a channel between the
Faroe Bank and the Ymir Ridge. The transports here are easily accessible, but
require additional high quality temperature and salinity information to determine
the degree of mixing that has occurred along the path of the plume from the sill of
the ridge to the monitoring site. Two standard current meter moorings are
sufficient to monitor the fluxes. As in the channel, we plan annual re-deployments.
Capturing the fluxes across the Iceland-Faroe Ridge is more difficult. The
overflows are associated with the passage of meso-scale eddies generated
through instabilities at the Iceland-Faroe Front. As a result the overflows are highly
variable in time but also in space. This intermittency and the high fishing activity
complicate the logistics of the experimental work. We can thus only use near
bottom and trawl resistant equipment for the observations. Also, the overflow may
cross the ridge along several different paths, and with present knowledge a
system guaranteed to monitor all the flow simultaneously would require a large
number (about 15) of moorings. The plan is to develop a monitoring scheme with a
number of field experiments aimed at assembling the information necessary to
design a long-term monitoring system. Two bottom mounted ADCPs will provide
flow and flux statistics from a number of deployments (5-6 months each) in
different sub-sections on the ridge.

Figure 3. This vertical distribution of temperature above the crest of the
Greenland-Scotland Ridge was observed during July 2001. The broken lines show
schematically the slope of the sea surface (red) and that of the interface (yellow)
between the inflow and the deep outflow layers. The slope reversal in the east
(blue) is due to the southward flow of Polar surface water.
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The hydrographic and the current structure over the Greenland-Scotland Ridge
can, with some simplification, be viewed as a three-layer system: deep overflows,
inflows of Atlantic Water and an outflow of Polar surface water. The first order
dynamics of the exchanges is then governed by geostrophy and hydraulic control.
The near surface flows of Polar and Atlantic waters are geostrophically balanced
and are associated with certain slopes of the sea surface and of the interface to
the overflow water (Figure 3). The mean height of the interface depends on the
production and availability of dense water in the Nordic Seas north of the ridge. To
determine the fluxes in the different layers, the mean height of the interface and
the slope of the sea surface has to be known. Variations of the latter can be
obtained from satellite altimetry, such as from the TOPEX/Poseidon and ERS
missions.
Denmark Strait Overflow (input from Meinke)
ACTION ITEM 12:select a reference salinity value to be used uniformly for
freshwater flux calculation within the ASOF Community. (Quadfasel)
10. TASK 3 Ice and Freshwater Flux passing Greenland, Fram Strait and
Denmark Strait: Overview of science and critical issues
The net production of ice mass in the Arctic Ocean is transported by the
Transpolar Current through Fram Strait; the major connecting passage with the
world oceans. This transport, which represents the world’s largest fresh water flux
next to the Amazons, affects the stability in the Nordic Seas to a variable extent as
the ice melts on its way southward in the East-Greenland Current.
The ice thickness through Fram Strait has been monitored from upward looking
sonars (ULS) for the period 1990-2002. Since 1996 a couple of Doppler Current
Profilers have been deployed for measuring directly the ice and water velocities.
The instruments are placed at the top of a mooring underneath the drifting ice. The
ice draft is measured by emitting four 300kHz sound pulses every three minutes;
the sonar beam covers a footprint on the underside of the ice of radius 1.75m. The
Doppler current profiler works at 600kHzand has three beams, it also measures
the wave height.
When the wind is weak, the ice drifts with the current, at about the same speed.
Under strong wind forcing, the ice moves much faster than the water beneath and
the current measurements cannot be used to estimate the ice speed. By
comparing the measured ice velocity with the sea surface pressure field from
NCEP/NCAR reanalysis a linear relation has been established between the ice
velocity at 5°W and the SSP difference 10°W and 5°E at 80°N. This relationship
gives a positive area flux trend from 1960 to 2000.
The width of the ice stream has been taken from weekly ice maps edited by the
Norwegian Meteorological Institute. Close to 90% of the ice area flux in the Fram
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Strait passes between 0-10°W. There is a clear annual cycle in the area flux with a
mean minimum during the summer months, which is about half as high as the
mean maximum observed during the winter months. In general the area flux is
overestimated in OGMs. Positive correlation has been found between the area flux
and NAO after 1970, but none or negative before 1970.
The annual mean cross-strait thickness is about 2.6m with a maximum interannual
variation of 25%. The ice thickness depends on thermodynamic processes,
dynamic deformation and characteristics at origin. By using a simple model, it has
been demonstrated that the ice thickness is highly correlated to the reference
temperature of the previous year. By using this relationship a reduced thickness is
obtained for the period 1960-2000.
The ice volume flux thus calculated gives a negative trend from 1960 due to the
decrease of ice thickness. The measurements will continue under ASOF-EC(N),
deployment of moorings and hydrographic surveys together with basin scale
model will allow to monitor and understand the flow of sea ice from the Arctic
Ocean to the Nordic Seas. The techniques to measure the ice-bond freshwater will
be further developed to obtain time-series measurements of the salinity profile
from underneath the ice to the bottom.
East Greenland Current (input from Meinke)

11. TASK 5 Overflows and storage basins to Deep western Boundary
Current: Overview of science and critical issues
Tom Haine reported some preliminary thoughts on the science agenda for task 5.
This regional task can be seen as the interface between the ASOF domain and the
rest of the global processes. The scope of the WG is to study and monitor the
equatorward branch of MOC (LSW and denser) with the aim of observing the
variability in stratification, circulation, ventilation and fluxes (freshwater, ice, heat
mass). The main questions to address are:
• What processes are in control? How predictable are they?
• How do stratification anomalies propagate through the region (dynamic and
passive)?
Task 5 will aim to optimise the observing array and promote model/data synthesis.
Ongoing activities that are relevant to ASOF and can serve the scope of task 5
are:
• Estimates of Arctic/Subarctic Exchange using in-situ and Space-Based sensors
with Data Assimilation (PI Haine)
• Irminger Sea Deep Convection (PI Pickart)
• EGC and DWBC mooring array (PI Meincke/Dickson, Pickart, Schott)
• CLIVAR/Carbon repeat hydrography
• CLIVAR/ASOF process study: the Subpolar Gyre Experiment (PI Haine)
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T. Haine gave a detailed description of the process study he is promoting as a joint
CLIVAR/ASOF proposal for US funding and asked feedback from the ASOF ISSG.
The experiment is planned in two phases: a field programme lasting 2 years, and
model/data assimilation development based on the results of the field campaign.
The subpolar North Atlantic will be the site of substantial future field work (ASOF,
German SFB460, CLIVAR hydrography, ARGO etc…) but none of those will be
able to measure the mesoscale stratification as it evolves over the seasonal cycle.
The field programme of the Subpolar Gyre Experiment will provide this information
through seasonal hydrographic surveys of the upper ocean at high resolution, and
full water column every few degrees. The surveys will follow altimeter tracks where
possible and connect the other time-series sites in the area. A regional ocean
general circulation model and data assimilation system will be developed and
tested. The model will cover the subpolar gyre at high enough resolution (5-10km
grid spacing) to capture the details of the mesoscale eddy field. The data
assimilation system will blend diverse observations with the model so that it can
accurately track the evolution of the gyre through the 2 year field programme. Data
sources apart from those described above include remote-sensed SSH, SST, Sealevel, winds, sea ice cover. An important secondary aims is to design an optimal,
reduced cost, monitoring system for long-term (decadal) deployment.
Bob Pickart noted that the western North Atlantic is a region of intense air-sea
interaction and water mass transformation, which directly influence the global
overturning circulation. While the basic warm-to-cold conversion has been
recognised for many years, the details of the transformation are complex, and
many aspects are yet to be sorted out. Until recently it was thought that the
circulation in the interior of the subpolar gyre was very week compared to the
boundary current system but new direct measurements with PALACE floats
revealed the presence of a series of sub-basin-scale recirculation embedded
within the western subpolar gyre. Both the Irminger Sea and the Labrador Sea
contain such recirculations, which are relatively strong, narrow and weakly
baroclinic. Hydrographic evidence suggests that these recirculations may play a
role in the formation and export of LWS. It is argued that the local wind-forcing or
eddy fluxes along the boundary plays a role in driving close recirculations. It was
therefore suggested to monitor the modification of overflows and boundary
currents in relation to local air-sea fluxes and study the small-scale boundary
processes. B. Pickart will make available to the task 5 WG the data from the two
profiling CTD moorings deployed in summer 2001 in the Greenland Sea (deep
convection site) and in the slope (western boundary current). (Following the
Meeting, Bob Pickart kindly accepted the invitation to join the membership of
ASOF ISSG in place of Peter Schlosser who was forced to resign recently due to
pressure of other commitments).
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12. TASK 6 CAA, Baffin Bay and Davis Strait throughflow: Overview of
science and critical issues
Peter Rhines reviewed some of the ongoing activities under the ASOF regional
task 6.
The Labrador Sea plays a significant role in the thermohaline circulation as the
formation site of the Labrador Sea Water. When strong winter north-westerly
winds from the Canadian Arctic reach the Labrador Sea ice edge, they generate
high air-sea heat fluxes which erode the surface stratification and allow deep
vertical overturning. Hydrographic observations in the Labrador Sea from the
1930s to the 1990s reveal large annual and decadal variations in the water mass
properties. In the late 1960s - early 1970s, the intermediate and deep waters of
the Labrador Sea were at their warmest and saltiest since the 1930s. It took only
two decades for all the waters to reach the lowest ever observed temperature and
salinity of the entire water column. Temperature and salinity variations in the three
main water masses are similar over decadal scales. For example the rapid cooling
and freshening of the LSW observed in the 1970s was not found in the NEADW.
The lowest q and S of the 1990s were observed in the DSOW 2-4 years later than
those in the LSW, but haven't been seen in the NEADW yet. The LSW, formed by
deep convection in the central part of the Sea, has become denser and more
widespread due to a series of severe winters between 1988 and 1993. Since 1993
convection has become gradually weaker leading to the coexistence of three
versions of the LSW. Unlike the LSW, the NEADW has continued to cool and
freshen since 1990 and shown weak interannual variability. The rate of cooling
was the highest in the LSW, resulting in the top part of the NEADW being warmer
than the entire LSW, and thus forming a narrow deep temperature minima, that
has been decaying or diminishing since 1995. The boundary circulation of the
Labrador Sea is essentially cyclonic and consists of three main currents: the West
Greenland Current (WGC) flows northward along the Greenland shelf and shelf
break with a transport of roughly 3Sv. Along the Labrador coast, the Labrador
Current (LC) flows southward above the shelf and upper slope with a summer
transport around 11Sv and an annual range of 4Sv. Most of the transport occurs in
a jet centred at the shelf break whose velocity is maximum in October and
minimum in March-April due to variations in freshwater influx from Baffin Bay. The
WGC carries fresh and cold water from the Nordic Seas. The warmer and saltier
Irminger Sea Water (ISW) flows above the upper slope and below the cold water
with an estimated transport of 11Sv. Similarly the LC carries fresh and cold water
from Baffin bay above the shelf-break area. Offshore the main boundary currents a
series of cyclonic recirculation cells form a weak anticyclonic flow in the interior.
The deep circulation consists of the Deep Western Boundary Current travelling
cyclonically along the 3000m isobath. It carries North Atlantic Deep Water,
including Northeast Atlantic Deep Water and the denser Denmark Strait Overflow
Water. The total transport past Cape Farewell ranges between 34Sv and 50Sv.
The ISW is essential to the convection process as it is the heat source balancing
the winter cooling to the atmosphere. It is thus a part of the restratification process
after convection and it keeps the LS ice-free. An hypothesis for the fate of the ISW
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in winter suggests that ISW mixes along-isopycnals with interior surface waters
directly forced by the atmosphere. This happens predominantly above the northern
slope of the basin where the currents are slower.
As part of ASOF, an integrated observing system is proposed that will provide year
round measurements of volume, freshwater and ice fluxes across Davis Strait (PI
C. Lee, co-PIs R. Moritz and G. Gobat, UW; Petrie and Drinkwater, BIO). Fluxes
through the Strait represent the net integrated Canadian Archipelago throughflow,
modified by terrestrial inputs and oceanic processes during its southward transit
through Baffin Bay. By the time they reach Davis Strait, Arctic waters already
embody most of the transformations they undergo prior to exerting their influence
on the deepwater formation sites in the Labrador Sea. This makes the Strait an
ideal site for monitoring temporal and spatial variability in the critical upstream
boundary condition for Labrador Sea convection. Measurements at Davis Strait
will be used to study how fluctuations in the Arctic freshwater system modulate
deep-water formation to the south, thus influencing the associated meridional
overturning circulation (MOC). The observational array will provide:
• comprehensive, high-resolution measurements of the primary CAA outflow with
uncertainty estimates
• Spatial structure and temporal variability of freshwater flux through Davis Strait
• Salinity distribution and flux contributions across density classes
• Ice thickness and velocity-quantify ice component
• Coordination with measurements programs in Northern Straits and in Labrador
Sea.
The system employs complementary techniques, combining mature technologies
with recent developments in autonomous gliders (presently undertaking their first
extended science missions) to address all aspects of flow through Davis Strait,
including some measurements that have not previously been technologically
feasible. The components of the proposed system include:
• A sparse array of subsurface moorings, each instrumented with an upward
looking sonar, an Acoustic Doppler Current Profiler (ADCP) and a single
conductivity-temperature (CT) sensor, will provide time series of upper ocean
currents, ice velocity and ice thickness. These measurements will be used to
estimate the ice component of freshwater flux, provide an absolute velocity
reference for geostrophic shears calculated from Seaglider hydrographic
sections, and derive error estimates for our lower-frequency flux calculations.
• Trawl and iceberg resistant bottom landers, instrumented with ADCPs and CT
sensors, will be deployed across the Baffin and Greenland shelves to quantify
variability associated with strong, narrow coastal flows.
• Acoustically navigated Seagliders will provide year-round, repeated, highresolution hydrographic sections across the Strait. The resulting sections will
be combined with the moored array data to produce sections of absolute
geostrophic velocity and to estimate volume and freshwater fluxes.
In addition to the immediate impacts of improved estimates of freshwater inputs to
the Labrador Sea, the array will provide an initial data set with which to study the
relationships between Arctic freshwater system variability and large scale
atmospheric fluctuations (e.g. the North Atlantic Oscillation (NAO)). The
combination of emerging and existing technologies implemented in the observing
system may serve as a prototype for accurate long-term monitoring of freshwater
and ice fluxes in high latitude environments subject to seasonal or permanent ice
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cover. Acoustically navigated autonomous gliders (RAFOS Seagliders) capable of
extended missions in ice covered environments will provide a significant new
observational tool, opening important regions of high latitude oceans to intensive
measurement programs. Computer models of climate cannot accurately resolve
key high-latitude processes, in part due to the fine spatial scales of oceanic
freshwater, upper-ocean boundary layers and boundary currents, topography and
ice fields. There is also rich temporal behavior from strong tides, diurnal, seasonal
cycles as well as the sought-after decadal variability. It is these aspects of the
ocean that the Seaglider, an autonomous undersea vehicle, is designed to
observe. RAFOS Seagliders have extended 12 month + 20% endurance, altimeter
for ice/ocean bottom sensing and fully autonomous operation and navigation using
RAFOS sources during ice-covered periods. However power considerations
restrict payload to T, C and dissolved oxygen.
The project have the following timeline:
• 2003 – retrospective analysis, RAFOS Seaglider development and local
testing, summertime hydro section (Faulkner)
• 2004 – RAFOS Seagliders development and testing in CA and/or N. Atlantic
RAFOS fields. Deploy moored array.
• 2005 – RAFOS Seaglider development and under-ice testing. Mooring turnaround, RAFOS source deployment. First Seaglider deployment
• 2006 – mooring and Seaglider turn-around
• 2007 – recover moorings and gliders.
The proposed 5-year deployments should yield more than 120,000 km of
hydrographic and biological sections in support of the ASOF program, in the
passages and basins connecting the Arctic Ocean, Nordic Seas, Labrador Sea
and Atlantic oceans. Four Seagliders will be on continuous patrol, carrying sensors
for temperature, salinity, dissolved oxygen, fluorescence and particle scattering.
They will gather high-resolution data through all seasons. The Seaglider also can
measure depth-averaged velocity. With geostrophy this gives estimates of the full
velocity profile normal to its path. Emphasis will be on the rather fine-scale watermasses of the upper ocean, a region completely resolved by the Seaglider. The
proposed program makes a substantial contribution to the hydrographic
requirements of ASOF. The measurements will cover the northwestern Labrador
Sea, the Davis Strait in summer, boundary currents and standard cross sections of
the Labrador Sea, the Iceland-Faeroe Ridge and Faeroe-Shetland Channel. The
depth of the sections initially will be 1000m, with 3 to 6 km horizontal resolution,
yet proportionately higher finer resolution in shallower regions, and with real-time
intensification of sampling at fronts. The glider’s effective speed depends upon the
regime of currents through which it is passing, but averages 20km day-1
horizontally; the program can provide 24,000 km per year of sections, equivalent
to about 8000 hydrographic stations per year. The sections will extend to full
ocean depth following development of gliders with strengthened hulls (a
development currently underway, funded by Office of Naval Research). The data
will be integrated with Baffin Bay and Canadian Archipelago hydrography collected
by Canadian and US elements of the ASOF program, by the GreenlandNorwegian Sea hydrographic work in ASOF and CLIVAR, and by CLIVAR-related
hydrography in the subpolar Atlantic. The proposed work will provide the first
three-dimensional, regularly sampled image of the ocean circulation and water
masses associated with Arctic outflows and global climate change. Ocean
buoyancy, velocity and potential vorticity fields are key dynamical variables, while
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dissolved oxygen and multi-channel particle scattering are key biological variables.
The observations will serve climate models as well as our conceptual
understanding of high-latitude climate and our practical awareness of its
consequences. They may explain the long-term upward trend of freshwater in the
entire subpolar Atlantic. This is a step toward dynamical understanding and
prediction of oceans and climate, and ultimately of the changing biosphere
ASOF is heavily invested in flux measurements in key inflow/outflow regions of the
North Atlantic, the Nordic Seas and the Arctic Ocean. However Understanding of
the processes that are responsible for the observed fluxes and their variability
requires observations of the variability of the water masses and circulation
between flux arrays. It has been shown in the past that such surveys provide
significant information on the underlying dynamics of the circulation and its
changes. Specific objectives of combined hydrography/tracer observations in
ASOF include:
• Determine the sources and pathways of fresh water out of the Arctic Ocean
and study the processes by which this fresh water becomes incorporated into
and influences the formation of water masses in the Nordic Seas and the
properties of the waters exported into the North Atlantic Ocean.
• Determine the sources and characteristics of intermediate and deep waters of
Arctic origin in the Nordic Seas, how Arctic and Nordic water masses modify
each other within the Nordic Seas, and how these modified water masses are
exported into the Atlantic Ocean.
• Determine the Arctic and Nordic Sea components of Denmark Strait Overflow
Water and Iceland-Scotland Overflow Water.
• Determine the pathways of Atlantic water through the Nordic Seas and into the
Arctic Ocean and how it transforms Nordic Sea water masses, for example by
recirculation and mixing.
• Obtain a synoptic survey of the major water masses in the Nordic Seas. This
survey will provide a key baseline observation to bridge past and future studies
of the link between the Arctic Ocean, the Nordic Seas, and the Atlantic Ocean.
• Use new surveys in conjunction with previous observations to determine the
evolution of 1) deep and intermediate water mass characteristics in the Nordic
Seas and 2) deep exchange between the Arctic Ocean and the Nordic Seas, in
response to the major reduction in Greenland Sea Deep Water formation in the
early 1980s, as well as the increased penetration of Atlantic-derived water into
the Arctic Ocean since the late 1980s. This will include quantitative
determination of these decadal shifts in balance between Arctic, Nordic, and
Atlantic components at all depths in several key regions of the Nordic Seas.
For optimum use of hydrographic and tracer surveys it is important to select the
proper combination of tracers and to design appropriate sampling schemes. A
recently funded project will explore a region that lies to the north of the eastern
Canadian Archipelago and Greenland, extending about 500-800 km into the
central Arctic Ocean. Evidence suggests that the circulation in this region is highly
variable on interannual time-scales, and that this variability might correlate with
large-scale climate signals such as the Arctic Oscillation. However the mean
circulation, interannual variability and physical processes that govern the
circulation of this area are presently unknown. The hypothesis is that this area is a
bifurcation point for the freshwater tranfer between the Arctic and the North
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Atlantic Oceans, and that small changes in the overall circulation of this region
may have large downstream effects.
This collaborative research project (PI M. Steele and co-PI W. Smethie and P.
Schlosser) proposes to perform observations of the ocean temperature, salinity,
currents, and geochemical freshwater tracers such as oxygen, oxygen isotopes,
tritium/He3, CFCs, barium and nutrients. The focus will be on the upper ocean (0300m) where freshwater resides. This will be an aircraft-based operation, because
thick sea ice prevents access by most surface ships and political realities prevent
access by submarine. Two different aircraft will be used to sample the physically
relevant scales. (i) A helicopter will make a high-resolution 120 km long CTD,
XCP, and limited geochemical tracer section across the North American
undercurrent that flows eastward at about the 500 m isobath. (ii) A Twin Otter
fixed-wing aircraft will complete two CTD and tracer sections from the coast, one
of which will terminate at the North Pole. To measure tracers, a compact
CTD/rosette system with six 3L bottles and a Seacat CTD will be built and
deployed through a 12" hole in the sea ice. Filled rosette bottles will be transported
to a land-base camp for nightly sample processing, thus saving time-on-station
and allowing for occupation of more stations per day. The rosette is a new
technology that can be used in other arctic studies, and the overall aircraft
sampling strategy is a possible prototype for future SEARCH activities. Also
planned is a satellite-based study of sea ice motion and thickness in the
switchyard region, in which it will be determined how much ice recirculates
westward within the Beaufort Gyre, how much exits through Fram Strait, and how
much exits within the various passages of the Canadian Archipelago.
Simon Prinsenberg as co-chairman of the Task 6 WG reported on the Canadian
efforts in monitoring and modelling the heat, mass and freshwater fluxes passing
through the channels of the Canadian Arctic Archipelago (CAA). One of the
monitoring site is the Barrow Strait where year-long moorings have been deployed
from 1998 to 2001 and CTD transects were carried out on board of the Can. Coast
Guard Icebreakers. The two mooring arrays in the Barrow Strait (Lancaster
Sound) consisted of 4 moorings each, 5 CTDs at 30 m, 40m, 65m, 100m and
165m, and 2 ADCPs. The present array (2001-2002) includes 9 moorings, 5
ADCPS and 13 CTDs modules at 40m, 80m and 160m depth. Future deployment
in the site will count on additional 1 ICYCLER , 3 tide gauge, 1 ULS and 1 ADCP.
The ICYCLER is a newly developed year-long surface layer CTD profiler under a
mobile ice-cover. The instrument is equipped with Datasonic Altimeter, Seabird
19+CTD and Wetlabs Fluorimeter. The geostrophic currents across Lancaster
Sound as derived from CTD profiles are positive in Baffin Bay direction. The
volume, freshwater and heat transport calculated from the 3-year deployment data
exhibit a variability that correlates with NAO monthly mean. Estimated volume
fluxes from mooring observations show a large seasonal and inter-annual
variability. Volume fluxes through Barrow Strait vary from summer highs of 2.0 Sv
to winter lows of 0.4 Sv with freshwater fluxes being 1/10 to 1/15 of the volume
fluxes. A finite element numerical model of the CAA has been developed at BIO
and diagnostic simulation of the circulation in have been performed. Model
simulated volume, heat and freshwater fluxes are shown in Table 1.
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Barotropic
V(Sv)

Full Diagnostic
V(Sv)
F(10-1Sv)
Q(1012W)
Barrow Strait
1.8
0.3
0.2
-1.3
Jones Sound
0.6
0.2
0.1
-0.8
Nares Strait
2.4
0.4
0.2
-1.3
Total
4.8
0.9
0.5
-3.4
Table 1. Modelled Volume (V), Freshwater (F) and Heat (Q) fluxes through the
CAA.
The Canadian efforts in the Labrador Sea include the Labrador-Baffin Bay iceocean coupled model (CIOM), Sea-ice Labrador Shelf flux mooring, climate
variability analysis (iceberg population forecast) and helicopter survey for sea ice
thickness (and satellite imagery).
Andreas Muenchow gave a presentation on the 5-year research programme on
the variability and forcing of fluxes through Nares Strait and Jones Sound. This is
a contribution to ASOF and SEARCH funded by NSF under the Arctic Freshwater
Cycle Announcement and will start in early 2003. The project proposes to:
• Monitor water properties abd current over 3.5 year period in Nares St.,
Cardigan St. and Hell Gate via mooring array that resolve barotropic and
baroclinic motions at their relevant scales
• Measure ice fluxes through satellite-based and moored observations of ice
advection and thickness
• Track remote and local forcing of throughflow via a moored pressure sensor
array and mesoscale atmospheric modelling for Nares St.
• Determine water mass origins and transformations via modern tracer
hydrographic time series in the straits and Northern Baffin Bay
• Explore bivalve shell records as a proxy of historical throughflow variability and
retrieve sediment cores that can be used to address longer time-scale
variability in future studies
• Exploit the findings of this study to improve parameterisation of Archipelago
throughflow in the Arctic and global models.
The planned array across 40-km wide Kennedy Channel will resolve the spatial
and temporal scales required to developed accurate estimates of fluxes, errors
and dynamical response to remote and local forcing. The main array consists of a
densely instrumented section to measure accurately freshwater, volume and ice
fluxes. Specifically, this section contains 6 uniquely mounted ADCPs at ~6km
spacing as well as 3-5 conductivity-temperature (CT) and 1 CTD sensor at each
location. Two upward-looking ice-thickness sonars will be deployed to complement
advective data acquired from satellite. For the dynamical and forcing issues a
single ADCP in the centre of the channel (2 internal deformation radii from each
coast) will be deployed with 4 CT and 1 CTD unit about 40km to the north and
south of the main section. This entire array will be augmented with additional 8
pressure sensors deployed across and along the channel near protected coastal
embayments. The across-channel geostrophy (thermal wind) in dynamically wide
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channels (W>>L) allows opposing buoyancy-driven flows on opposing sides of the
channel. Along-channel hydraulics (non-linear) in dynamically narrow channels
(W<<L) may transfer kinetic energy from high to low frequencies in addition nonlinear interaction of tidal currents with topography generate low-frequency and
mean flows. For this reason it is needed the estimates of baroclinic and barotropic
pressure gradients as well as velocity observations. The proximity of the magnetic
North Pole constitutes a major challenge to the operation of the current meters. To
circumvent this dilemma a novel approach was proposed: a torsionally rigid ADCP
mooring design. It allows the ADCP to pitch and roll but not to change its
headings.

13. New Instrumentation overview
Ian Vassie briefly reported on the development of the deep water profiling system
HOMER (HOMing Environmental Record). HOMER is a bottom-mounted package
with a buoyant capsule (BART) that is winched on a buoyant line through the
water column while measuring and recording the thermohaline properties. The
winch mechanism maintains a constant buoy velocity of 0.3m/s to ensure a low
drag force. It presently has a range of 400m from the bottom and has been tested
in the laboratory to a simulated pressure equivalent to 3000m. The bottommounted frame, containing buoyancy acoustic releases, to which HOMER is
attached, is of the type developed at POL during its programme of Bottom
Pressure measurements in the deep ocean. In the longer-term it is intended that
different sensors be attached and integrated with a profiler, i.e. optical backscatter
sensor, fluorometer, optical nitrate sensor etc…. Ultimately, the profiling vehicle
should be capable of two-way communication with the surface and telemetry via
satellite.
Moored Profiler is also a new instrument, developed at WHOI designed to provide
long, time-series, in-situ profiles of temperature, salinity, velocity and other
properties of interest. The commercial version is in production at McLane
Research Laboratories. The moored profiler follows a programmed trajectory
along a mooring cable, automatically sampling the water column with a suite of
sensors and logging the results. Deployments up to a year or more are possible.
Profile patterns can include the full depth of the water column down to 6000m. A
cheaper version of this instrument has been developed at WHOI for shallow
mooring sites and is called Coastal Moored Profiler.

14. Sustaining the future of ASOF: future-funding opportunities
The European Science Foundation is the European association of 70 major
national funding agencies devoted to scientific research in 27 countries. The
Foundation assists its Member Organisations in bringing together in its
EUROCORES (ESF Collaborative Research Programmes) scientific forward
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looks, programmes, networks, exploratory workshops and European research
conferences to work on topics of common concern including research
infrastructures. It also conducts the joint studies of issues of strategic importance
in European science policy. The ESF through its Standing Committee for the Life
and Environmental Sciences (LESC) was greatly acknowledged for its support to
this ASOF ISSG. Martina Hildebrandt, senior secretary of LESC, was present at
the meeting and reviewed the scientific activities of ESF and described how ESF
can support ASOF in the future. EUROCORES is the principal mechanism for
funding basic research at the European level. It aims to co-ordinate national
research funding on priority topics through a common call for proposals and single
peer review system. The set up of an EUROCORES programme is a quite lengthy
process that can take up to 3 years. Other two ESF "Action Line" called Scientific
Forward Look and Research Infrastructures were mentioned as additional
mechanisms for ESF support but they are not applicable to ASOF. The Foundation
also employs four principal networking instruments:
• Exploratory Workshops which is the funding mechanism adopted for supporting
this ASOF ISSG meeting and helps scientists to come together and examine
topical scientific issues. The Workshops frequently lead to further collaborative
action on a longer-term basis.
• Scientific Networks are intended to be essentially interdisciplinary in character
and are primarily oriented toward co-ordinating activities in order to stimulate
and consolidate the European scientific community in specific fields. The level
of support is about 75-100K euros for three years.
• Scientific Programmes are long-term activities focused on specific themes.
They bring together substantive research projects carried out by multinational
teams of researchers with participation from average 10 countries and may
include limited fellowship schemes. These are funded on an a la carte basis by
participation Member Organisations and the level of support is about 250K
euros for 5 years.
Regarding the EC future funding Jens Meincke reported on the new rules within
the Sixth Framework programme (2002-2006). The main focus of FP6 is the
creation of a European Research Area aiming at scientific excellence, improved
competitiveness and innovation. New support instruments have been introduced
called networks of excellence and integrated projects which should assemble
genuine critical masses of resources to better co-ordinate national research efforts
and to diversify support activities in key areas. A call for an Expression of Interest
was published in June 2002 for identifying research actions ready for specific
programme topics as a basis for the preparation of work programmes for the FP6.
ASOF-EAST teamed up with the NERC-Rapid programme and submitted an EOI
for a potential Integrated Project called WATCHER (Will the Atlantic Thermohaline
Circulation Halt; is Europe at Risk?). The full proposal will be submitted at a
suitable EC call probably in 2004.
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15. ASOF Links to relevant projects
ACSYS and CLIC are WCRP projects. The Arctic Climate System (ACSYS) will
finish in 2004 after 10 years of activities in understanding the role of the Arctic in
global climate. A new project on Climate and Cryosphere was established in 2000
to study important cold region processes globally, its implementation plan is going
to be published soon. ACSYS/CLIC SSG met in China the week after the ASOF
ISSG meeting and E. Fahrbach as co-chairman of ACSYS was going to participate
to the meeting. The move from ACSYS to a program devoted to the narrower but
more extensive study of the cryosphere must place a greater reliance on ASOF for
Arctic/subarctic oceanography.
ACTION ITEM 13. Fahrbach to report to CLIC SSG on the progress of ASOF and
its potential contribution to CLIC goals. (Fahrbach)
E. Fahrbach received a proposal on SAR ice monitoring for climate research
(ICEMON) to develop and implement a monitoring service for sea ice and related
atmospheric and ocean process in polar regions using satellite earth observation
data. The Nansen Environmental and Remote Sensing Center (NERSC) who is
promoting ICEMON is seeking support from potential users. ASOF certainly would
benefit from such a monitoring system and it was agreed to send a letter support
to the PI.
ACTION ITEM 14. Write a letter to Sandven (NERSC) stating that ASOF support
of the ICEMON proposal to develop an optimal system to deliver sea ice extent
and thickness, ice motion volume and fluxes from several types of satellite data
including SAR. (Fahrbach)
Harald Loeng and Cecilie Mauritzen described the funding of current ASOFrelevant work in Norway. To summarise, these are:
• NoCLIM II: comprising 3 modules (A. Theoretical modelling, B paleo, C,
interpretation of modern obs.) funded at 3.4 M NOK/a
• PROCLIM: 5 modules, 4-5 M NOK/a + 1.8M NOK for equipment
• KLIMAPROG: 20M NOK/a
• Polar Climate Initiative: 25M NOK/a + 10 = 110 M NOK over 4 years
• Climate Impact: 10M NOK/a.
Jamie Morison, director of the SEARCH project office, presented the US Study of
Environmental Arctic Change. SEARCH has been conceived as a broad,
interdisciplinary, multi-scale program with a core aim of understanding the panArctic complex of interrelated changes that has occurred in the Arctic in recent
decades. In 2001 the research community working with the SEARCH Science
Steering Committee (SSC) has developed the science plan
(http://psc.apl.washington.edu/search/index.html), which describes the observed
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changes, makes four key hypotheses regarding the changes and lay outs the
objectives and general strategy for investigating the changes.

Figure 4. SEARCH Implementation: Ocean Observations (left), Atmosphere and
Cryosphere (right).
The general strategy includes four major activities: long-term observations,
modelling, Process studies and application of what we learn to understanding the
ultimate impact of the physical changes on the ecosystems and those due to other
factors. SEARCH has organised in the last two years several workshops
addressing key issues:
• the Atmospheric and Cryospheric change in the Arctic
• Arctic Ocean Modelling and measurements
• Marine and terrestrial biology and human dimension
The SEARCH Interagency Working Group together with the SSC will develop the
SEARCH Implementation Plan which will include the details of measurement and
analysis (i.e. Figure 4).
Discussions are taking place within the SEARCH community in order to define the
organisational structure and make SEARCH a truly international programme.
The NERC RAPID Thematic Programme is funded by UK at £20M over six years.
Jochem Marotzke, involved in designing and promoting the programme, reported
that the main objective of RAPID is to establish a pre-operational prototype system
to continuously observe the strength and structure of the Atlantic MOC. A call for
proposals for the first round (~£8M) had the deadline set in July 2002, final
decisions will be issued in November 2002. Marotzke and Bryden have a proposal
for monitoring MOC at 26.5°N. The latitude corresponds to an area in North
Atlantic where heat transport is maximum and MOC dominates heat transport. In
addition the Florida Strait transport has been monitored for more than 20 years
and there are 4 modern hydrographic occupations done at the same latitude. The
observing system design has been developed through the analysis of modelbased experiments using two high-resolution models: OCCAM and FLAME. Model
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analysis confirms the fundamental feasibility of boundary monitoring design. At the
western boundary a quite dense mooring array with ADCP, current meters
pressure gauges, moored profilers and HOMER. In the middle two moored
profilers at each side of the Middle Atlantic Ridge and at the eastern boundary one
ADCP, HOMER, moored profile and current meter. The model shortcomings do
not currently allow fine-tuning of the experimental set-up, so the density of
observations is left to the PI's judgement.
J. Ukita lastly described some ideas on the Japanese Contribution to ASOF.
Current ongoing (present - 2004) activities in Japan relevant to ASOF are:
• NPEO (North Pole Environmental Observatory) consists of drifting buoy (JCAD) with hydrographic and atmospheric sensors.
• JWACS (Canada/Japan joint Western Arctic Climate Studies) where the R/V
Mirai has been involved with measurements between Bring Strait and CA.
Two key components for a direct Japanese involvement and contribution to ASOF
are the formulation of science questions and communications of funding agencies
among US, Canada and Japan. At the science level Japan would focus on the
relevance of the North Pacific to the fundamental questions posed by ASOF and a
possible linkage between NAO and ENSO.

16. Close.
Bob Dickson then reviewed the agreed outputs form the meeting before thanking
the ESF Sponsors and participants for their hard work over two long days. Peter
Rhines moved a vote of thanks to the local host and his staff for their hard work in
arranging the meeting and in dealing so effectively with its support and logistics.
The meeting was then adjourned
ACTION ITEM 15: prepare a meeting report for participants (Dickson, Boscolo)
and a Report to meet the needs of ESF / LESC (Meincke)
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APPENDIX A. ACTION ITEMS
1) Chairmen of 1-7 tasks WGs to select draft teams and submit to ISSG.
(WG Chairs)
2) Contact the group in Kiel (Schott and/or Send) to contribute actively in task 5
WG.
(Haine and Meincke)
3) ISSG should continue to have annually meetings.
(Dickson)
4) Write a position paper on how to treat the ASOF data streams in the interim till
CLIVAR data management strategy will be defined.
(Meincke and Rhines)
5) Place the news about ASOF (both EAST and WEST) funding in the Newsletter
issue.
(Meincke and Rhines)
6) Task 2 and Task 4 WGs chairmen to write an article for the first ASOF
Newsletter issue. Task 5 and 6 will form part of the 2nd issue, with the remaining
tasks in the 3rd.
(Boscolo, Fahrbach and Bogi Hansen)
7) Find out the production costs of the ASOF handout.
(Boscolo)
8) Interact with Dickson, Meincke and Rhines in order to define the content of the
ASOF handout and newsletter.
(Boscolo)
9) Find possible funding for ASOF publications.
(Dickson)
10) The Chairmen of the task-based WGs should address the Arctic Circum-Polar
Assessment issue in their future activities and the ISSG itself should oversee
progress across the whole ASOF domain.
(all Chairs)
11) Task 7 WG (modelling) to submit to ISSG a prospective plan based on ASOFrelevant case studies.
(Karcher and Wood)
12) Select a reference salinity value to be used uniformly for freshwater flux
calculation within the ASOF Community.
(Quadfasel)
13) Report to CLIC SSG on the progress of ASOF and its potential contribution to
CLIC goals.
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(Fahrbach)
14) Write a letter to Sandven (NERSC) stating that ASOF support of the ICEMON
proposal to develop an optimal system to deliver sea ice extent and thickness, ice
motion volume and fluxes from several types of satellite data including SAR.
(Fahrbach)
15) Prepare a meeting report for participants and a report to meet the needs of
ESF/LESC.
(Dickson, Boscolo and Meincke)
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APPENDIX B. AGENDA
Day 1. Friday October 18th
9.30

Welcome Remarks and revision of the agenda (Dickson)
Housekeeping (Meinke)

10.00 Introduction : ASOF science in a broader perspective (Dickson)
•

Coffee break

11.00 Review ASOF implementation plan and organisational structure (Dickson)
12.45 Lunch
13.15 Funding Review of ASOF-EAST (Meincke)
13.30 Funding Review of ASOF-WEST (Rhines)
14.00 ASOF publications and tasks of staffer (Boscolo)
14.30 ASOF Circum-Arctic Assessment initiative (Calder)
14.45 TASK 2 Overview of science and critical issues (Fahrbach)
15.30 Coffee Break
16.00 TASK 7 Overview of science and critical issues (Karcher )
Science talk (Dengg)

Day 2. Saturday October 19th
9.00

TASK 1 Overview of science and critical issues (Loeng)
NoCLIM project phase II (Mauritzen)

9.30 ACSYC-CLIC link to ASOF and issues related to ESA projects to study ice
fluxes from SAR images (Fahrbach)
9.50

TASK 4 Overview of science and critical issues (B. Hansen)
Danmark Strait Overflow - results from VEINS (Meinke)

10.30 Coffee Break
11.00 TASK 3 Overview of science and critical issues (Oesterhus)
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12.00 TASK 5 Overview of science and critical issues (Haine)
observational system (Pickart)
13.00 Lunch
13.45 TASK 6 Overview of science and critical issues (Rhines)
New USA measurements with gliders (Lee)
Canadian Activities (Prinsenberg)
Coastal processes studies (Munchow)
15.30 Coffee Break
16.00 New Instrumentations overview
HOMER (Vassie)
Mooring Profilers (Pickart)
16.45 Sustaining the future of ASOF
ESF possible funding source (Hildebrand)
EC FVI (Meincke)
US funding post 2005 (Rhines)
17.15 SEARCH Links to ASOF (Morrison)
17.30 UK RAPID programme and link to ASOF (Marotzke)
18.00 JAMSTEC activities and interest in ASOF (Ukita)
1830 Close.
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