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 (1) Dr Ray Leakey (SAMS Arctic Co-ordinator) and c olleagues: Scottish 
Association for Marine Science, Dunstaffnage Marine  Laboratory, Oban, 
Argyll, PA37 1SG, Scotland. ( rjl@sams.ack.uk   http://www.sams.ac.uk/ ) 
 
 
a. SAMS Partnership in Kings Bay Marine Lab, Ny Ale sund (Dr R Leakey): 
 
SAMS continues to be the official UK partner and advisory group member of the 
Kings Bay Arctic Marine Laboratory at Ny Ålesund, Svalbard.  
 
 
b. SAMS Arctic Education Activities (Prof AEJ Mille r): 
 
SAMS, through its partnership with the UHI Millennium Institute [www.uhi.ac.uk] 
deliver an undergraduate course “BSc (Hons) Marine Science with Arctic Studies”.  
Through an ERASMUS Bilateral Agreement with the University of Tromsø, Norway, 
our third year students study for up to one year at the University Centre in Svalbard 
[www.unis.no], developing expertise in Arctic environmental science.  This is a 
unique educational opportunity, offered only by SAMS-UHI in the UK.  During the 
2008-09 academic year, we have our first two students based at UNIS.  This activity 
is accompanied by exchange of teaching staff.  During 2008, three staff from SAMS 
spent time at UNIS, whilst we hosted a member of their faculty on a year-long 
sabbatical. 
 
c. SAMS Arctic Diving Activities (Dr M Sayer) 
 
Through hosting the NERC National Facility for Scientific Diving (NFSD), SAMS 
retains a polar diving capability.  Working with other international users of the Ny 
Ålesund laboratory, a diving facility has been re-designed to support land-based 
diving operations in the Arctic.  SAMS, through the NFSD, will soon host the BAS 
portable recompression chamber which will facilitate more remote ship-based diving 
operations in the future.  NFSD diving support is available to all NERC-funded users 
through a process of peer-reviewed proposals. 
 
Through the NFSD, SAMS were joint co-ordinators of the International Polar Diving 
Workshop held at Ny Ålesund in 2007 and part-funded by an IPY grant through the 
US NSF.  The NFSD contributed to diving regulator trials in 2008, examining the 
performance of a selection of modern valves in extreme cold waters under ice.  
Although conducted in the Antarctic (McMurdo station) and funded by the US NSF 
and US Navy, the results of these trials will be published and available to all.  The 
results will obviously be relevant to diving in the Arctic as well. 
 
 
d. SAMS International Polar Year (IPY) Activities 
 
SAMS co-leads two IPY research clusters: Polar Aquatic Microbial Ecology (PAME) 
and Pan Arctic Cluster for climate forcing of the Arctic Marine Ecosystem (PAN-
AME) 
 
SAMS is a partner in several other IPY research clusters: Integrated Arctic Ocean 
Observing System (iAOOS); Arctic Palaeoclimate and its Extremes (APEX); 
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Developing Arctic Modelling and Observing Capabilities for Long-term Environmental 
Studies (DAMOCLES); Plate Tectonics and Polar Gateways in Earth History 
(PLATES & GATES); Ecosystem Studies of Subarctic & Arctic Regions (ESSAR); 
Arctic Ocean Diversity (ArcOD). 
 
SAMS contributes to several other IPY research projects as outlined in relevant 
sections below.  
 
 
e. SAMS Strategic Arctic Research Programme 
 
SAMS is currently funded by the UK Natural Environment Research Council Oceans 
2025 strategic marine research programme to undertake a 5 year programme of 
marine environmental research in Arctic waters. The research programme, which 
started in 2007, comprises four major activities: 
 
Oceans 2025 WP 1.5. Past and present variability of  the northern limb of the 
MOC (Dr F Cottier, Dr J Howe, Dr T Sherwin)  
 
The objectives of this research are to:  
 
i) Establish the connectivity of the surface flow of the MOC across the Iceland - 
Scotland Ridge and determine any correlation with external forcing 
 
ii) Use modern hydrographic measurements to calibrate and interpret ancestral MOC 
flow using palaeo-proxy data.  
 
iii) Examine any inter basin MOC connectivity through the transmission of RCC 
events across the northern transect as measured in the palaeo-sediment archived 
records.   
 
Oceans 2025 WP 1.6. The effect of climate change on  the Arctic marine system 
(Dr R Leakey, Dr T Shimmield, Dr E Bell, Dr M Hart,  Dr F Cottier, Dr P Hwang, 
Dr V LeFouest, Dr H Stahl, Dr J Wilkinson) 
 
The objectives of this research are to:  
 
i) To improve understanding of how changing sea ice and water column structure 
influence  ecosystem structure and function, and subsequent biologically derived 
carbon export, by delivering novel and comprehensive observational data sets on 
biogeochemical parameters from Svalbard shelf waters (research cruises to be 
undertaken in summers 2008 and 2010) 
  
ii) To construct, test and refine a coupled physical-biological model to predict, for 
Arctic waters, how changes in sea ice and water column structure influence 
ecosystem function and subsequent biologically derived carbon export.  
 
iii) To develop a multi-sensor algorithm for sea ice classification, using a combination 
of current and future satellite sensors, to provide sea ice data to extrapolate ice 
driven model outputs over larger spatial scales. 
 
Activities in 2008 included: a major multidisciplinary biogeochemical research cruise 
to European Arctic waters north of Svalbard during July and August (objective i), 
data sets from this cruise are currently being analysed. Also the development and 
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parameterisation of a 3-D physical-biological coupled model (objective ii). The 
ocean-sea ice model POLCOMS-CICE developed at POL has been coupled to a 
plankton ecosystem model and is presently running at SAMS providing realistic 
physical and biological fields. Further validation of the model using coincident 
remotely sensed and in-situ data is on the way as well as the preparation of 
appropriate initial/boundary conditions for the biological model. Model scenarios are 
presently running and in preparation to infer the role of physics on primary 
production patterns in the Barents/Kara Sea. 
 
Oceans 2025 Theme 10:  Arctic Time Series (Dr F Cot tier, Dr T Sherwin, Dr M 
Inall). 
 
An oceanographic mooring has been operational in Kongsfjorden since April 2002.  
The multiparameter suite of instruments on the mooring has supported research 
projects on physical oceanography, zooplankton ecology and behaviour, 
palaeoceanography, marine ecology and primary productivity.  The time series has 
been funded by NERC from 2007 and will continue to 2012.  In kind support from 
UNIS enabled the mooring to be serviced in 2008. 
 
Oceans 2025: SOFI Collaborative Projects (Dr F Cott ier, Dr R Leakey, Dr T 
Sherwin)   
 
Three projects are ongoing as part of the SOFI collaborative research program: 
 
The causes of variability in the transport of Faroe-Shetland Bottom Water across the 
Wyville Thomson Ridge using laboratory and numerical models (Dr T Sherwin with 
Dundee and Plymouth Universities) 
 
Impact of Arctic sea-ice retreat on zooplankton foraging behaviour and vertical 
carbon flux (Dr F Cottier with St. Andrews University, the British Antarctic Survey and 
University Centre in Svalbard) 
 
Shipboard studies of the influence of inorganic seawater chemistry on calcareous 
microplankton and the biological carbon pump (PhD Studentship). (Dr R Leakey with 
Southampton University, the national Oceanogrpahy Centre and Plymouth Marine 
Laboratory). 
  
f. SAMS Non-strategic Research Projects – Physical Oceanography 
 
Convection and Cascading on Arctic Shelves (Dr F Co ttier)  
 
This NERC-funded project investigates the process of entrainment during convection 
and cascading events on Arctic shelves through production of brine-enriched shelf 
water.  The field-work took place in 2008 with RV Lance to collect water samples for 
oxygen isotope analysis and KV Svalbard to recover a mooring in Storfjorden.  This 
work is in cooperation with University Centre in Svalbard and formed a component of 
the IPY project BIAC. 
 
Exchange transports across the Greenland-Scotland r idge (Dr T Sherwin) 
 
SAMS is a partner in THOR, an EU Integrated Project investigating and quantifying 
the exchange transports across the Greenland-Scotland ridge, in which we will 
improve the array of ACDPs that monitor the inflow through the Faroe-Shetland 
Channel. 
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Under-ice submarine-launched oceanographic probes ( Dr T Boyd) 
 
T. Boyd has a project funded by the US Office of Naval Research to test digital 
under-ice submarine-launched expendable conductivity-temperature-depth 
(UISSXCTD) probes for use from US Navy submarines in the Arctic Ocean.  This 
project was funded by ONR because successful demonstration of these probes is 
essential to their future use in the US Arctic submarine science program (SCICEX).  
Boyd sits on the US interagency SCICEX Science Advisory Committee (SAC) that 
has recently drafted a science plan for the next phase of the SCICEX program.  The 
XCTD probes will be deployed by the US Navy Arctic Submarine Laboratory as part 
of a classified ice camp to be conducted during April 2009.  A report will be issued to 
the SCICEX SAC following testing of the probes. 
 
Temperature microstructure during the IPY: quantify ing the impact of warm 
subsurface water on melting of Arctic sea ice (Dr T  Boyd, Dr M Inall, Dr D 
Meldrum) 
 
This NERC-funded project measures temperature microstructure under sea-ice in 
the Arctic Ocean.  An Argo-type buoyancy-driven float was adapted by SAMS for this 
project in order to profile vertically in the upper 300m beneath the sea-ice.  Sampling 
to be conducted from an ice camp in the Arctic Ocean north of Greenland in April 
2009 should result in quantification of the upward vertical heat flux from the warm 
Atlantic Water layer toward the surface.  These measurements will be made in 
conjunction with measurements of water velocity, temperature, and salinity 
fluctuations in the upper water column, as part of an international effort to measure 
ocean-atmosphere-ice interactions in this important region, which has recently 
become known as the switchyard of the Arctic, due to its pivotal role in the 
bifurcation of outflow from the Arctic Ocean. 
 
Nansen and Amundsen Basin Observational System (NAB OS) (Dr V. Ivanov) 
 
NABOS  is an international collaborative program with an overall goal to improve 
understanding of the role of warm Atlantic water (AW) inflows in shaping the Arctic 
climate. The project is mainly funded by NOAA and NSF (USA), JAMSTEC (Japan), 
with contribution from NERC in 2007-2008. The program was initially motivated by 
substantial warming (~ 1ºC over climatology) in the AW layer (~150-900 m) along the 
Eurasian continental margin in the Arctic Ocean in 1990s. This warming coincided 
with continuous shrinking of the polar ice cap, thus suggesting possible contribution 
of the ocean heat on this process. Autonomous long term moorings supplemented 
by recurrent CTD transects along the mooring lines is the basic program approach 
(Fig. 1). NABOS is operating since 2002. Recent field studies (in 2007 and 2008) 
were supported by NERC through close partnership between NABOS and UK ASBO 
project. Among NABOS participants/collaborators are also institutions from Russia, 
Norway, Canada, Poland, Germany, Japan and France. Observations in the 
framework of NABOS allowed uncovering/elucidating climatically-important features 
of AW, which were unknown/poorly known before. Among them are: (i) 
unprecedented warming in AW layer in 2000s – its routes and development; (ii) 
seasonal oscillations in the AW layer deep in the Arctic Ocean; (iii) heat and salt 
exchange between AW and overlying waters. The project is funded through the 
current year with 5 moorings sitting in the water and awaiting recovery in August-
September 2009.  
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g. SAMS Non-strategic Research Projects – Sea Ice ( Dr J Wilkinson and P. 
Hwang and N. Hughes (now at Met.no) 
 
DAMOCLES (Dr J Wilkinson) 
DAMOCLES is an Integrated Project for Developing Arctic Modelling and Observing 
Capabilities for Long-term Environmental Studies, the so-called DAMOCLES project 
in order (1) to identify the on-going changes concerning Sea-ice, Atmosphere and 
Ocean in the Arctic, (2) to evaluate our capability to simulate these changes and to 
improve the level of confidence for predicting extreme events affecting the Arctic 
Environment, (3) to evaluate the socio-economics impacts of a drastic retreat of the 
Arctic perennial Sea-ice or even its disappearance in a near future.  In 2008 SAMS 
played a key role in the sea ice physics programme through the interpretation of in 
situ ice physics data as well as data from the autonomous tilt meter buoys. 
 
RECARO (Dr J Wilkinson, N. Hughes) 
Understanding the impact of a REduced ice Cover in the ARctic Ocean 
(RECARO) is a EU Framework 6 programme.  This programme, co-ordinated by 
Wilkinson, aims to understand the changes in the sea ice properties and upper 
oceanographic structure that could occur due to a reducing ice cover and increasing 
wave-field.  This is being achieved through a series of cutting-edge experiments in 
the world’s largest refrigerated Environmental Test Basin.  RECARO involves over 
20 partners from 10 European countries, Japan and the USA.  Initial results were 
summarised in a recent Eos article: 
http://www.agu.org/journals/eo/eo0910/2009EO10_tabloid.pdf 
 
Ice dynamics in the Lincoln Sea and Nares Strait (D r J Wilkinson) 
Our on going programme of buoy deployment in the Lincoln Sea continued in 2008.  
In April 2008 8 buoys were deployed on multiyear ice in the Lincoln Sea.  Results 
from our buoy deployments are playing a key role in elucidating the ice dynamics in 
the region, especially with respect to tides.   
 
CryoSat-2 validation programme  (Dr J Wilkinson)  
The UK NERC funded CryoSat-2 validation programme continued in 2008.  This 
international programme is designed to calibrate and validate the returns from the 
European Space Agency’s satellite radar altimeter, and forms part of the ESA 
funded,CRYOVEX campaign (CRYOsat Validation EXperiment). Lead PI: Duncan 
Wingham. 
 
Automatic Weather Station: Hans Island (Dr J Wilkin son) 
On the 4th May 2008 and international team (Canada, Denmark and the UK) installed 
an automatic weather station on Hans Island.  Hans Island is situated in the middle 
of Kennedy Channel one of a number of narrow marine channels and sounds that 
separate Greenland from Ellesmere Island.  Since that time the AWS has been 
transmitting half-hourly meteorological data (wind speed and direction, humidity, air 
temperature, air pressure, snow depth and solar radiation: incoming and outgoing).  
Real time data can be viewed at: http://dalriada.sams.ac.uk/aws_hans/ 
 
International workshop/brainstorming programme.   (Dr J Wilkinson) 
Two international workshops (co-ordinated by Wilkinson) concentrating on the Nares 
Strait / North Water Polynya region were held at the International Space Science 
Institute (Switzerland|).  Full funding (including T&S for all participants) for these 
workshops was obtained through the joint ESA/ISSI IPY programme. 
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ESA IPY PROGRAMMES (Dr J Wilkinson, N. Hughes) 
Our remote sensing links with the European Space Agency’s International Polar 
Programme continued through 2008. Ongoing programmes include: 

·  Co-ordinator Dr J Wilkinson : Has fundamental change occurred in the 
Northeast Water Polynya (NEW)? This programme, which involves 5 partners, 
from 3 EU countries, aims to assess the recent changes that have occurred to 
the NEW. 

·  Co-ordinator Hughes:  Investigations into the fate of THC in the Nordic Seas. 
This 3 partner programme aims to investigate the THC within the Nordic Seas.  

·  Partner  Dr J Wilkinson : Ice dynamics in the Lincoln Sea. This 3 partner 
programme  involves the tracking of sea ice from remote sensing images. 

 
h. SAMS Non-strategic Research Projects – Geochemis try (R Glud) 
 
Rysgaard, S., (Institute for Natural Resources, Greenland) and Glud, R.N. (SAMS) 
have a project funded by the National Science Foundation, Denmark examining N 
and C -cycling in Arctic areas. This project aims to investigate the importance of sea-
ice for gas transfer between atmosphere and the deep ocean. They have recently 
shown that sea-ice through brine rejection act as a giant gas pump transferring O2 
and CO2 to deeper water layers - this activity is not accounted for in any climate 
models. Further, have shown that sea-ice in spring can be strongly O2 depleted and 
host anaerobic biogeochemical processes like denitrification and anammox. The 
project investigates the importance of sea ice as a CO2-pump on regional and global 
levels and the role of sea-ice in regional and global N cycling. Gissel Nielsen, 
Rysgaard et al (> 10 partners, including SAMS) have a project entitled Ecogreen - 
Ecosystem of West Greenland supported by the Science Council for Nature and 
Universe – Denmark. This project aims to quantitatively describe the regional C-(and 
N) cycling in southern west Greenland in the context of climatic changes. The project 
includes a hydrographic description and C cycling from primary producers up to the 
trophic levels to commercial important fish and scrimps stocks. Further, budgets for 
sedimenting carbon will be established (microbial mineralization, fauna importance & 
burial). The impact of predicted climatic changes will be evaluated. Sejr et al 
(National Environmental research Institute- DK, University of Copenhagen- DK,  
Asiac- Grerenland, SAMS) and supported by KVUG (Royal Scientific Investigations - 
Greenland) are investigating Ecosystem metabolism and CO2 exchange in Arctic 
fjord systems. This project aims to quantify the autotrophic and heterotrophic activity 
in typical fjord systems - are the net heterotrophic? And how do the local C-cycle of 
fjord systems interrelate to the regional scale. 
 
i. SAMS Non-strategic Research Projects – Microbiol ogy and Ecology 
 
Bacterial diversity within the Arctic Ocean: an ass essment of hydrocarbon-
degrading taxa. (Dr M Hart, Dr D Green and Dr R Lea key) 
 
This project, funded by the ArcOD programme, is investigating microbial community 
abundance and diversity in Svalbard shelf waters, and characterising cultivable 
hydrocarbon-degrading micro-organisms.  
�

Modelling the impact of CDOM on plankton production . (Dr V LeFouest) 
 
As part of a NERC New Investigator Grant (2008-2011) a complex bio-optical model 
is being developed to predict the fate and impact of riverine coloured dissolved 
organic matter (CDOM) on plankton production in the coastal arctic. This modelling 
project will determine to what extent CDOM is likely to lower light levels in the water 
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column and, consequently, to dampen the predicted increase in plankton production 
in a sea ice melt context 
 
j. SAMS Non-strategic Research Projects – Social Sc iences (T. Potts) 
 

SAMS undertakes research on the management and international governance of 
polar environments, marine resources, and human impacts in the Arctic. Improved 
understanding of the complex international and national regimes that govern the 
Arctic is necessary to prepare for the future challenges brought about by pressures 
such as climate change. SAMS is committed to exploring the policy issues that 
surround integrated oceans management in the Arctic. This includes research and 
teaching in fisheries, energy, shipping, conservation and socio-economic impacts. 

 
SAMS has been active in contributing towards UK Arctic policy and has built a 
relationship with the Foreign and Commonwealth Office over the impact of our Arctic 
science and looking at further ways to improve this in the future. SAMS and the FCO 
are collaborating on a number of proposals.  
 
SAMS presented at the recent Arctic Frontiers Conference in Tromso in 2009 and is 
presenting a keynote seminar the University of Durham International Boundary Units 
25th Anniversary conference on Arctic navigation and regulatory issues. Dr Potts will 
also present on Arctic governance at the Oceans Stewardship Forum at NOC in July.   
 
In 2008/09 Dr Tavis Potts and Dr Clive Schofield from the University of Wollongong, 
Australia, continue to collaborate on Arctic maritime jurisdiction issues and produced 
a second  publication outlining these issues in the Arctic for the Challenger Society. 
In addition Dr Potts has received a 4 month fellowship to the university of Oxford to 
focus research on Arctic Governance Issues and prepare an international meeting 
on Arctic governance with Professor Schofield and other colleagues. 
 
Dr Potts is leading a workpackage on a Norwegian Funding Council project, 
ECOBAR that is investigating benthic indicators in the Barents Sea. The work 
package is developing scenarios of future industrial activity.   
 
SAMS continues to teach Arctic and marine law and policy in its undergraduate 
Marine Science program. In addition, Dr Potts is teaching on the UNIS 
Environmental Management course at Longbearyen, Svalbard and the Polar Law 
course at the university of Akeuri, Iceland.  
 
k. SAMS Arctic Publications & Presentations 2008 
 
ISI Journal Publications: 
 
Glud RN (2008) Oxygen dynamics of marine sediments. Mar Biol Res 4:243-289 
 
Grøsfjeld, K., Knies, J., Harland, R. & Howe, J.A. (In Press) Dinoflagellate cyst 
assemblages inshore and offshore Svalbard reflecting their modern hydrography and 
climate. Norwegian Journal of Geology.  
 
Hancke, K; Hancke TB; Olsen LM; Johnsen G; Glud RN (2008) Temperature effects 
on microalgae photosynthesis-light responses measured by O2-production, pulse 
amplitude modulation (PAM) fluorescence and 14C-assimilation. J Phycol 44:501-514 
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Howe, J.A., Harland, R., Cottier, F., Brand, T., Willis, K., Eriksson, A., Grosfjeld, K. & 
Berge, J. (Submitted) Dinoflagellate cysts from sediment traps in Arctic Fjords. In: 
Howe, J.A., Austin, W.E.N., Forwick, M., & Paetzel, M. Fjords: Depositional Systems 
and Archives. Geological Society of London, special publication.  
 
MacLachlan, S.E. & Howe, J.A. (Submitted) Morphodynamic evolution of a fjord 
formed by tidewater glaciers in Svalbard. In: Howe, J.A., Austin, W.E.N., Forwick, 
M., & Paetzel, M. Fjords: Depositional Systems and Archives. Geological Society of 
London, special publication.  
 
McIntyre, K.L. & Howe, J.A. Bottom-current variability during the last glacial-deglacial 
transition, Northern Rockall Trough and Faeroe-Bank Channel, NE Atlantic. (In 
Press) Scottish Journal of Geology 
 
Mikkelsen, DM; Rysgaard S, Glud RN (2008) Microalgal composition and primary 
production in Arctic sea ice – a seasonal study from Kobberfjord/ 
Kangerluarsunnguaq, West Greenland. Mar Ecol Prog Ser 368:65-74 
 
Nilsen F, Cottier FR, Skogseth R, Mattsson S (2008) Fjord-shelf exchanges 
controlled by ice and brine production: The interannual variation of Atlantic Water in 
Isfjorden, Svalbard.  Continental Shelf Research. 28, 1838-1853 
 
Rysgaard,  S; Glud RN; Sejr MK; Blicher ME; Stahl H (2008) Denitrification activity 
and oxygen dynamics in Arctic sea-ice. Polar Biol 31:527-537 
 
Sherwin, T.J., Griffiths, C.R., Inall, M.E. and Turrell, W.R. (2008). Quantifying the 
overflow across the Wyville Thomson Ridge into the Rockall Trough, Deep-Sea 
Research, 55, 4, 396-404.    
 
Østerhus, S., Sherwin, T., Quadfasel, D. and Hansen, B. (2008).  The overflow 
transport east of Iceland, in R.R Dickson, J. Meincke and P. Rhines [eds] Arctic-
Subarctic Ocean Fluxes: Defining the role of the Northern Seas in Climate, Chapter 
18, Springer, Dordrecht, 427-442 
 
Willis KJ, Cottier FR, Kwasniewski S (2008) The impact of warm water advection on 
the winter zooplankton community in an Arctic fjord. Polar Biology. 31(4), 475-481. 
 
 
Book Chapters and other outputs: 
 
Lang, M.A. and Sayer, M.D.J. (2008).  Under-Ice Research:  Results of the Svalbard 
International Polar Diving Workshop.  Arctic Forum 2008. 
http://siempre.arcus.org/4DACTION/wi_pos_displayAbstract/16/1433  
 
Le Fouest V., Zakardjian, B., Saucier, F.J., Mei, Z.P., Lefaivre, D.,  Bélanger, S. & 
Babin, M. (2008), Bio-optics and fate of terrestrial CDOM as key issues in 
biogeochemical modelling of Arctic and subarctic coastal seas, Integrated Marine 
Biogeochemistry and Ecosystem Research (IMBER) Newsletter (9). 
 
Public Outreach: 
�
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(2) Prof. Keith Haines, Environmental Systems Scien ce Centre (ESSC), 
Reading University, 3, Earley Gate, Whiteknights, R eading RG6 6AL 
(kh@mail.nerc-essc.ac.uk ) http://www.nerc-essc.ac.uk/ 
 
Modelling and Assimilation of the N Atlantic and Ar ctic basins 
 
a) Hydrography assimilation algorithms for Arctic data : In order to extend new 
hydrography assimilation algorithms to the Arctic we are investigating density and 
spiciness assimilation as an alternative to temperature and salinity. This should allow 
the advantages obtained in lower latitudes of assimilating S(T) (Haines et al 2006 
Mon Weath Rev) to extend to the Arctic where temperature does not approximate a 
Lagrangian surface. In the the IPY project ASBO (PI Laxon) we are preparing to  
assimilate hydrographic data from both historical database sources and IPY data, 
especially gathered over for the Arctic region by NOC,,, with the aim of better 
quantifying the arctic freshwater budget. These data will be assimilated in the best 
fashion into the models described in (b) below. 
 
b) Mean Dynamic Topography and Transports :  
Mean dynamic topography in the Arctic basin are also being studied from the 
reanalyses above. 
 

1. Balmaseda, M. A., G.C. Smith, K. Haines, D. Anderson, T.N. Palmer and A. 
Vidard. Historical reconstruction of the Atlantic meridional overturning 
circulation from ECMWF operational ocean reanalysis. Geophys. Res. Lett., 
34, L23615, doi:10.1029/2007GL031645. 

2. Bingham R.J., K. Haines and C.W. Hughes, (2008) Calculating the Ocean’s 
Mean dynamic topography from a Mean sea surface and a Geoid J. Atmos. 
Ocean. Tech. 25, 1808-1822, DOI:10.1175/2008JTECHO568.1 

3. Lea, D. J-P. Drecourt, K. Haines and M. Martin (2008) Ocean altimeter 
assimilation with observational and model bias correction. Q. J. R. Meteorol. 
Soc., 134, 1761-1774. 

4. Haines, K. and J. Blower, J-P. Drecourt, C. Liu, A. Vidard, I. Astin and X. Zhou. 
(2006) Salinity assimilation using S(T): Covariance relationships. Mon. Weath. 
Rev. 134, 759-771. 

 
c) Ocean Reanalysis and thermohaline studies: Reading is carrying out both low 
and higher resolution global ocean reanalysis, in which boundary currents and strait 
flows between the Arctic and N Atlantic are better resolved. We also have funding 
from the EU Damocles project to use the new Damocles data sets and extend this 
assimilation work to higher latitudes in the N Atlantic. The ¼ degree resolution 
NEMO model from the DRAKKAR consortium is being used in addition to the 1 
degree NEMO being developed in the UK.   

Several 50 year 1 degree NEMO reanalysis runs have been performed and 
show interesting results for the global ocean although the Arctic is still poorly 
represented. Two 18 year reanalyses at ¼ degree resolution have now been  
completed for the period 1987-2004 using DFS3 and DFS4 Met data. The 
assimilation has an important effect on the dense outflow through both the Denmark 
and Faroe-Shetland Straits resulting in a 0.5-1.0 Sv increase. The transports at all 
the major straits connected to the Arctic basin are being studied. We have seen that 
the Atlantic water boundary current in the Arctic is much improved by assimilation 
and the mean temperature and salinity properties are also much improved. 
Comparisons of Arctic Ice thickness in collaboration with UCL are underway. 
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A comparison of the transport diagnostics around the Arctic from free runs of 
the NEMO model at several resolutions can be seen in the figure.  

 
Figure shows a set of mass and heat transports from free runs of the NEMO 
model at 3 different resolutions 1 degree (green); ½ degree (red), ¼ degree 
(black). It can be seen the extent to which resolution affects the transport 
estimates. In general the 1 degree model is still remarkably good. 
 
 
 
 
(3) Prof Meric Srokosz, Science Coordinator UK Natu ral Environment 
Research Council (NERC) Rapid Climate Change (RAPID ) programme, 
National Oceanography Centre, Southampton  
(M.Srokosz@noc.soton.ac.uk)  
 
2008 saw the fourth successful recovery and re-deployment of equipment and 
moorings for monitoring the Meridional Overturning Circulation (MOC) at 26.5N. It 
also saw the transition from the initial RAPID funding and the end of that NERC 
programme, to the new NERC programme RAPID-WATCH (Will the Atlantic 
Thermohaline Circulation Halt). This will allow the observations to be continued until 
2014. The RAPID-WATCH observations will continue to be carried out in 
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collaboration with NSF (U. Miami, WHOI) and NOAA (AOML) funded scientists in the 
USA, the Max Planck Institute (Germany) and BIO (Canada). 
 
In addition to the observations, RAPID-WATCH issued an Announcement of 
Opportunity, for the use of the observations with others taken in the North Atlantic 
and with ocean and coupled climate models. This work seeks to determine and 
interpret recent changes in the Atlantic MOC, assess the risk of rapid climate 
change, and investigate the potential for predictions of the MOC and its impacts on 
climate. This will be carried out in collaboration with the Met Office Hadley Centre 
and interact with their decadal prediction system (DePreSys). To-date two proposals 
have been funded and further proposals are under consideration for funding. 
 
 
A website at the British Oceanographic Data Centre contains information on RAPID 
data (see http://www.bodc.ac.uk/projects/uk/rapid/). 
 
For further up-to-date details of the RAPID programme see: 
http://www.noc.soton.ac.uk/rapid/rw/ 
 
and for details of the MOC monitoring projects, see also: 
http://www.noc.soton.ac.uk/rapidmoc/ and 
http://www.pol.ac.uk/home/research/theme10/rapidII.php 
 
 
 
 (4) Prof. Grant R. Bigg, Department of Geography, University of Sheffield, 
Winter Street, Sheffield S10 2TN. (grant.bigg@sheff ield.ac.uk, 
http://www.shef.ac.uk/geography/staff/bigg_grant.ht ml)  
 
Arctic work carried out in Grant Bigg’s modelling and oceanography group over the 
last year has had several themes continuing and developing work reported 
previously: one project to examine the impact of polar mesocyclones on deep water 
formation, a second project to reconstruct the palaeo-British and Irish Ice Sheet ice 
streams, their input of ice and freshwater into the glacial ocean and possible 
consequences for the North Atlantic, a related project to examine the impact of 
collapse of the Barents ice shelf on Arctic circulation, a third project examining links 
between the genetic diversity of Atlantic cod and glacial climate, a fourth project 
examining geomorphological, modelling and ice-rafted debris evidence in the North 
Pacific for East Asian Ice Masses during the last glaciations and a fifth project 
beginning the development of an iceberg timeseries in the Fram Strait area from 
remote sensing. 
 
Alan Condron, a PhD student who was a CASE student with the British Antarctic 
Survey and co-supervised by Ian Renfrew, has continued his study of the impact of 
polar mesocyclones on the preconditioning and initiation of deep water formation in 
the northern polar seas while a Fellow at Woods Hole Oceanographic Institution. He 
has had a paper published on parameterising these small but vigorous atmospheric 
phenomena in ocean model forcing, showing that there is a detectable impact on 
ocean convection (Condron et al., 2008). 
 
There have also been a number of palaeoceanographic studies carried out at 
Sheffield. As part of the Joint Rapid Initiative a joint project on Punctuated 
disintegration of the Norwegian Ice Stream and British Ice Sheet is running between 
Hans Petter Sejrup of the University of Bergen and Grant Bigg and Chris Clark at 
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Sheffield. The Norwegian group and Chris Clark have reconstructing extents, timings 
and flow rates of past ice masses in the SW European Ice Sheet (Nygard et al., 
2007, Bigg et al., 2009), including the North Sea Ice Bridge. This information has 
been fed into ocean and iceberg modelling studies of the potential impact of this 
freshwater source on the northern Atlantic during glacial times by Richard Levine 
and Grant Bigg. A coupled iceberg-ocean model has been developed and papers 
have been submitted showing the sensitivity of glacial climate to the coupling (Levine 
and Bigg, 2009), and the relative rates of change of the North Atlantic to freshwater 
inputs from North America and northern Europe (Levine and Bigg, 2008). The 
modelling results have also been used to reconcile IRD evidence with terrestrial 
evidence for a Celtic Sea ice stream (Bigg et al., 2009). 
 
This work has led on to work with Clare Jones to use coupled modelling to examine 
the potential impact of catastrophic collapse of the Barents Sea ice shelf on both 
Arctic climate, but also the geology of the Lomonosov Ridge, through examining the 
hypothesis of deep iceberg scouring of the Ridge during past glacial periods.  
 
In collaboration with geneticists from the United States, fisheries biologists from 
Norway and other colleagues the impact of glacial conditions on the environmental 
range for the Atlantic cod has been modeled, using the spawning environment to 
define this range. Comparison with genetic divergence has shown conservation of 
stocks on either side of the Atlantic during glacial conditions, but recolonisation of 
northern cod stocks since glacial termination (Bigg et al., 2008). There are significant 
implications for future populations from the likely changes to environmental 
conditions over the next century, with significant northward movement of spawning 
regions being likely. 
 
Grant Bigg, with Chris Clark and Anna Hughes, has been studying ice-rafted debris 
in the North Pacific sedimentary record through geomorphological analysis of 
Landsat images, ice core analysis and iceberg trajectory modelling. This suggests 
that there was a significant source of glacial ice based around Kamchatka and the 
Sea of Okhotsk issuing into the NW Pacific during the last glacial period which is 
currently unaccounted for in reconstructions of past glacial ice masses. A two stage 
history of this ice mass is being constructed and a paper has recently been 
published (Bigg et al., 2008). A notable feature of the work is a suspected link 
between volcanism in the Kamchatka area and the transition from the large to small 
ice mass phase of glaciation, around 40,000 years BP. The geochemistry of ash in 
the marine cores is being investigated, in collaboration with Russian scientists from 
Petropavolsk, to ascertain the origin of the volcanic signal. 
 
Finally, work on development of a remote sensing algorithm to detect icebergs in 
SAR imagery has been resumed, with support from Kongsberg Satellite Services 
who have provided studentship funding to support Jennifer Hall to improve the 
algorithm and begin development of a timeseries of iceberg and sea-ice flow through 
the Fram Strait over the last decade. 
 
References: 
Bigg, G. R., C. W. Cunningham, G. Ottersen, G. Pogson, M. R. Wadley and P. 

Williamson, 2008, Ice age survival of Atlantic cod: agreement between palaeo-
ecology models and genetics, Proc. Roy. Soc. Series B, 275: 163-172. 

Bigg, G. R., C. D. Clark and A. L. C. Hughes, 2008, A Last Glacial Ice Sheet on the 
Pacific Russian coast and catastrophic change arising from coupled ice-
volcanic interaction, Earth Planet. Sci Lett., 265: 559-570, 
doi10.1016/j.epsl.2007.10.052. 
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(5) Dr Miguel A. Morales Maqueda, Proudman Oceanogr aphic Laboratory 
(mamm@pol.ac.uk) 
 
As part of its research commitments to NERC core research programme 
Oceans 2025 (http://www.oceans2025.org/), POL has recently initiated a 
series of Arctic-related research  activities under the general title of  “Arctic 
Ocean Climate Change”. Research carried out in 2008 under this programme 
are: 
 
 Investigation of the interactions between tides and sea ice thermodynamics 

and dynamics in the Barents and Kara seas. C. Postlethwaite (POL) has 
led a modelling study on the impact of tides on sea ice growth and melt in 
the Barents and Kara Sea, Arctic Ocean. The model employed is the POL 
Coastal Ocean Modelling System (POLCOMS) coupled to the Los Alamos 
sea ice model (CICE). This research have shown that tides tend to 
enhance ice growth and dense water formation in winter along the 
coastline of the Barents Sea. A paper on this work is about to be 
submitted. We plan to repeat this study using a high-resolution pan-Arctic 
ice-ocean model. This more ambitious modelling study will allow to 
elucidate whether the impact of tides on dense water formation in other 
regions of the Arctic is similar to the one encountered in the Barents Sea 
area. 

 M. Maqueda, A. Willmott and I. Walkington have created a new polynya 
model based on shock methods that shows that polynya opening times 
under realistic forcing conditions (wind speeds, ice growth rates and pack 
ice velocities) might be significantly longer than commonly accepted and 
that, in some cases, polynyas do not actually reach a steady state even 
when their forcing is constant in time. The polynyas rather keep opening 
indefinitely without never reaching an equilibrium. A paper on this work is in 
preparation. 

 M. Maqueda, in collaboration with S. Bouillon, Th. Fichefet and V. Legat 
(all three from the Universite Catholique de Louvain), have introduced a 
new sea ice dynamics scheme defined on a C grid in the European ocean 
model NEMO (Nucleus for an European Model of the Ocean). NEMO is 
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being used by the Meteorological Office and several UK oceanographic 
laboratories to investigate ocean climate problems at global and regional 
scales. The new sea ice dynamics improves the coupling between sea ice 
and ocean in the model is leads to more realistic simulations of polar 
oceans than hitherto achieved with NEMO. A paper on this work has been 
pusblised in Ocean Modelling. 

 J. Huthnance is leading an observational project devoted to the 
investigation of dense water cascades in Storfjord, Svalvard. Ultimately, 
the aim is to quantify and predict dense-water formation, cascading and 
slope mixing and their effects in the ocean by combining field data and 
models. A James Clark Ross cruise to the area in July-September 
(JCR210) successfully deployed and recovered three STABLE (Sediment 
Transport And Boundary Layer Equipment) landers and two ADCPs. Data 
from this deployments is under analysis and will be used to look at 
turbulence and mixing in the outflow of dense water from Storfjorden. 

 
 
 
(6) Dr Sheldon Bacon (shb@noc.soton.ac.uk), Dr. Tak amasa Tsubouchi, 
National Oceanography Centre, Southampton, UK, with  Dr Seymour 
Laxon, University College, London, UK. 
 
The NERC Arctic-IPY project “Arctic Synoptic Basin-wide Observations” 
(ASBO) is developing an Arctic Ocean / sea ice inverse model, in 
collaboration with Dr. Laxon (UCL) and other international IPY partners.  Initial 
development (data collection and database assembly, quality control, inverse 
model setup) has been completed and presented at the “Search for 
Damocles” Arctic workshop in Paris (Univ. P & M Curie), 6-7 March 2009.  
Further results / publications will be described next year. 
 
Dr Yueng-Djern Lenn (oss618@bangor.ac.uk), Dr Tom R ippeth, Prof 
John Simpson (Bangor University, UK), Dr Sheldon Ba con, Dr Sinhue 
Torres Valdes (National Oceanography Centre, Southa mpton, UK), Mr 
Povl Abrahamsen, Dr Mike Meredith (British Antarcti c Survey, 
Cambridge, UK), with Dr Igor Polyakov (University o f Alaska, Fairbanks, 
USA) and others. 
 
ASBO project scientists participated in the 2008 NABOS (Nansen and 
Amundsen Basins Observational System) cruise on the I/B Kapitan Dranitsyn 
to the Siberian Margin.  ASBO contributed turbulence measurements 
(Bangor), dissolved oxygen and nutrient measurements (NOCS) and oxygen 
isotope and barium measurements (BAS).  Data are presently being 
processed and analysed. 
 
Results from ASBO participation in the 2007 NABOS cruise on the RV Viktor 
Buynitsky have been / are being published in Lenn et al. (GRL, 2009;  upper-
ocean vertical mixing) and Abrahamsen et al. (GRL, 2009, in press;  
freshwater composition on the Siberian continental shelf and slope in 2007). 
 
Dr Sheldon Bacon (shb@noc.soton.ac.uk), Dr. Yevgeny  Aksenov, Dr. 
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Andrew C. Coward, Dr. N. Penny Holliday, Dr. George  Nurser, National 
Oceanography Centre, Southampton, UK, in collaborat ion with Dr 
Vladimir V. Ivanov, Dunstaffnage Marine Laboratory,  Scottish 
Association for Marine Science, UK, and Dr Martin W adley, University of 
East Anglia. 
 
A further piece of work under the ASBO project.  Freshwater storage and 
transport associated with principal water masses in the Arctic were 
investigated.  Analysis of the halocline- and shelf-water pathways was 
completed.  The study involved on-line and off-line watermass tracking, the 
latter has been performed in collaboration with Dr Martin Wadley (UEA).  In 
collaboration with Dr V.Ivanov (SAMS) we carried out a study of the Atlantic 
inflow into the Arctic along the Siberian Shelf Slope;  analysis of high-
resolution model output and co-located CTD/current measurements has been 
performed.  A paper has been submitted to the Journal of Marine Systems 
and another publication is in preparation. 
 
Dr Adrian New (anw@noc.soton.ac.uk), Dr. Yevgeny Ak senov, Dr Steven 
Alderson, Dr. Tom Anderson, Dr. Andrew C. Coward, M rs. Beverly de 
Cuevas, Prof. Gurvan Madec*, Dr. Katya Popova, Dr A ndrew Yool, 
National Oceanography Centre, Southampton, UK, in c ollaboration with 
Dr Chris Harris, UK MetOffice Hadley Centre, UK. 
 
a) Arctic Ocean modeling within the Nucleus for the European Modelling of 
the Ocean framework (NEMO) has been carried out in the Oceans2025 
NERC programme.  A novel, accurate sea ice-ocean coupling scheme using 
rescaled vertical coordinates has been developed and tested in multi-decadal 
experiments with the 2° global ocean model.  The re sults show the sensitivity 
of the ocean salinity and sea ice thickness fields to the coupling.  A variety of 
model tests were performed to elucidate the biases in the atmospheric forcing 
and revealed a warm bias in the Arctic near-surface air temperatures in the 
ERA reanalysis.  To compare the performance of CICE and LIM3 sea ice 
models, a configuration with both models and 1° glo bal ocean model has 
been setup and tested in collaboration with the UK Met. Office.  Analysis of 
the results is underway.  Coupling of the global 1/4° model to the ecosystem 
model MEDUSA has been completed and the model configuration has been 
tested. 
 
b) Arctic Ocean Model Intercomparison Project (AOMIP).  From 2009 
NOCS began to take part on the AOMIP and became one of the AOMIP 
virtual departments.  The NOCS contribution to the project will comprise 
Arctic fresh water simulations and coupled sea ice-ocean-ecosystem 
modeling. 
 
* joint affiliation: NOCS and Institute Pierre Simon Laplace, Paris, France 
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(7) Prof. Tim Minshull (tmin@noc.soton.ac.uk), Nati onal Oceanography 
Centre, Southampton, UK 
 
During August-September 2001, a consortium of UK university groups 
participated in RRS James Clark Ross cruise JR211 on the western margin of 
Svalbard (Fig. 1).  The consortium is led by Prof. T. A. Minshull (NOCS) and 
the chief scientist on the cruise was Prof. G. K. Westbrook (Birmingham). 
Scientific leadership was also provided by Prof. E. Rohling, Dr H. Pälike and 
Dr R. James (all NOCS) and Prof. C. Berndt (IFM-GEOMAR).  During the 
cruise, the following data were collected: 

1. Swath bathymetric data covering an area of 8000 km2 and 
complementing existing datasets at the Norwegian Hydrographic 
Service (mainly on the shelf) and at the University of Tromsoe (mainly 
on and nearby the Vestnesa Ridge). 

2. Deep-towed sidescan sonar data from the NOCS TOBI system (1710 
km2 of coverage, mainly close to the shelf edge) and from a smaller 
and higher resolution system (25 km2 of coverage) deployed mainly in 
shallower water (200-400 m) off Prinz Karls Foreland. 
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3. High-resolution, multichannel seismic reflection profiles using a 600-m, 
96-channel streamer and a GI-gun source (1250 km of profile).  

4. EK60 multi-frequency echosounder data, for detection of gas bubbles 
in the water column. 

5. Ocean bottom seismic data from three separate experiments involving 
the deployment of a total of 13 seafloor instruments. 

6. More than 30 sediment cores, some sampling undisturbed sections 
and some focused on and around fluid escape features. 

7. Thirteen CTD profiles sampling both the background water column 
structure and the vicinity of fluid escape features. 

8. Samples of surface water and air. 
Data analysis is at an early stage, but highlights of the cruise included: the 
discovery of more than 250 plumes of gas bubbles escaping from the seafloor 
close to the landward limit of the methane hydrate stability field, and 
associated anomalies in water column physical and chemical properties; the 
first direct sampling of methane hydrate from the west Svalbard margin; 
detection of a widespread methane hydrate “bottom simulating reflector” 
across much of the margin; and high-quality imaging of fluid-escape 
structures underlying some seabed pockmarks. 
 

 
 

Figure 1: Ship track for cruise JR211 
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(8) Met Office Contributions to the UK Report to AO SB 2009 
(Peili Wu, Jeff Ridley, Sean Milton, Matthew Martin, Chawn Harlow and 
colleagues) 
 
The Met Office is engaged in a wide range of research activities related to the 
Arctic, covering from short-range weather and ocean forecast to climate 
change and variability including sea ice and Greenland ice sheet. Dr Peili Wu 
(peili.wu@metoffice.gov.uk) is the coordinator of this Met Office Contribution. 
The following is a list of research areas. 
   
a) Coupled Model Development (Banks, Culverwell, Harris, Hill, Keen, 
Golding) 
 
We are developing a new global coupled model, HadGEM3-OA, which 
consists of the CICE sea ice model, the NEMO ocean model, and the Met 
Office UM atmosphere model, coupled using the OASIS coupler. We are 
currently assessing the performance of development versions of the model, 
including comparison with observations of sea ice area, thickness and velocity 
over the Arctic. The model will be used primarily for climate change 
predictions.  
 
b) Sea Ice and Climate Change  (Ridley, Good)  
It has been verified that the modelled Arctic sea ice in HadGEM1 precisely follows 
the trends of satellite observations to date. The observed low sea ice extent of 
summer 2007 is not inconsistent with the internal variability of the model. An 
attribution study of Arctic sea ice change shows that the model and observed trend is 
attributable to increases in anthropogenic greenhouse gases. 
 
c) Greenland ice sheet ( Ridley, Lowe and Gregory) 
We have conducted a series of climate model simulations (HadCM3) in which the 
melt with increasing regional temperatures is reversed by reducing the climatic 
forcing to pre-industrial levels. Under these conditions the ice sheet initially grows 
regardless of its initial size and shape. The growth is sustained by altering the local 
climate in response to the amount of ice free land. The experiment indicates that 
stable intermediate sized ice sheets can evolve, illustrating that some hysteresis is 
present in the volume evolution of the major ice sheets. 
 
d) Arctic Climate Change and Variability  
(Peili Wu, Richard Wood, Anne Pardaens) 
 
Research has been carried out to assess changes in the Arctic hydrological cycle 
and its impacts on the North Atlantic Meridional Overturning Circulation (MOC) using 
coupled climate models as well as historical observations. One particular aspect is 
the detection and attribution of hydrological changes and the observed freshening 
trends in the sub-polar North Atlantic Ocean. There is clear evidence of 
anthropogenic influence on increasing precipitation into the northern polar cap and 
river discharges into the Arctic Ocean. Most of the observed freshwater content 
changes are consistent with internal climate variability. Low-frequency variability of 
freshwater content within the subpolar basin is quite common in climate model 
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simulations with fixed preindustrial greenhouse gas concentrations in the 
atmosphere. There may be various mechanisms within the climate system to cause 
freshwater redistribution between the subpolar North Atlantic and neighbouring 
ocean basins. The real impact of Arctic hydrological changes on ocean circulations 
may have yet to come.  
 
We have been drawing up plans for a focused research project to improve climate 
predictions of the large scale hydrological cycle. The Arctic is of particular interest. 
Interactions between changes in the large scale hydrological cycle and ocean 
circulation remain one of our high priorities. 
 
e) Evaluating NWP models against Arctic Summer Clou d and Ocean 
Study 
(ASCOS-IPY) Field Experiment  
C.Birch, I.Brooks (U.Leeds)  
S.Milton, P.Earnshaw (Met Office) 
 
We are evaluating the Arctic summer surface energy balance and BL 
structure/cloud in the global NWP version of the Met Office Unified Model 
(MetUM) against in-situ measurements from the Arctic Ocean Experiment 
(AOE - 2001) and Arctic Summer Cloud Ocean Study (ASCOS -2008). The 
strategy is to use short-range (12-36hr) NWP forecasts to study the 
deficiencies in the model's atmospheric parametrizations and sea-ice model 
with the eventual aim of developing improvements that will benefit both 
weather and climate predictions. The large scale synoptic evolution is well 
handled by the global MetUM. There are large errors in the structure of the 
boundary layer cloud and radiative fluxes (cloud too thick), but the model 
performs well for synoptic scale frontal passage. Near surface temperatures 
are too warm in the coldest periods and this has been linked to the model's 
100% sea-ice fraction, unrealistic temperature dependence of the modelled 
sea-ice albedo, and no representation of melt ponds (Birch et. al., 2009).         
 
Reference  
Birch, C.E, I.M. Brooks, M. Tjernstrom, S.F.Milton, P.Earnshaw, and 
S.Soderberg (2009) - The Performance of a global and mesoscale model 
over the central Arctic Ocean. Submitted to JGR (in Review). 
 
f) Operational short-range ocean and sea-ice foreca sting  
(Matthew Martin and colleagues)  
 
A new version of the Forecasting Ocean Assimilation Model (FOAM) deep 
ocean forecasting system has recently been made operational at the Met 
Office. The model component is a coupled ocean-sea-ice model composed of 
the NEMO ocean model and the LIM2 sea-ice model. A global configuration is 
run at ¼º resolution with nested 1/12º resolution models in the North Atlantic, 
Indian Ocean and Mediterranean. The sea-ice concentration data which is 
assimilated into FOAM is produced by the EUMETSAT OSI-SAF using SSM/I 
data. A number of upgrades to the data assimilation component of the system 
have been developed which enable better use to be made of the sea-ice and 
SST data in polar regions. An example of the daily monitoring of the Arctic 
sea-ice concentration is shown in the figure below.  
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Figure: Sea-ice concentration fields for the 7th October 2008 from (a) 
EUMETSAT OSI-SAF, (b) the FOAM sea-ice concentration model 

background field and (c) their difference. 
 

g) Sea ice and Snow emission at AMSU frequencies: t he Alaska phase 
of the Cold Land Processes Experiment (CLPX-II). 
R. Chawn Harlow (Met Office) and Richard Essery (University of Edinburgh) 
 
   Data assimilation of satellite radiances has been practiced by the Met Office and many other 
Numerical Weather Prediction (NWP) centers for some time now. Assimilation of microwave 
radiances from instruments such as AMSU-A and AMSU-B has been particularly useful in 
constraining atmospheric temperature and humidity profiles. To date at the Met Office (and 
many other NWP centers) the majority of AMSU channels is only being assimilated over open 
sea where the microwave emissivity is well constrained by models. Over land there are 
problems with the assimilation of lower tropospheric sounding channels due to the effects of 
poorly constrained emissivity and radiative effective temperature. A key objective of the Met 
Office is to model the emissivity and effective temperature in order to allow the assimilation of 
channels sensitive the surface and lower atmosphere. This should allow the assimilation of 
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these low opacity channels as well as providing data relevant to the modeling of the surface 
state (eg. the global snow pack distribution).  

In order to investigate snow microwave emission in the 20 to 200 GHz frequency range and 
its relationship with snow physical state, the Met Office participated in the second phase of the 
CLPX-II campaign in late February and early March 2008. Personnel from a multi-agency 
consortium were engaged in a combined airborne and ground-based field campaign to 
promote active microwave retrievals of snow water equivalent. Ground-based measurements 
of the snow physical state including temperature, density, depth and stratigraphy were carried 
out for the period 18-21 and 23-24 February. These measurements were interspersed along 
two transects on the North Slope of Alaska. Additional measurements of sea ice were 
obtained from the Barrow Sea Ice Mass Balance Site (SIMBS) which was overflown on three 
flights during the campaign. This site was installed in February 2008 and is owned and 
maintained by the Floating Ice Group of the University of Alaska's Geophysical Institute. The 
site is located on first year, land-fast sea ice offshore of Niksiuraq, the hook at the 
northernmost end of Point Barrow. The instrumentation at the site continuously monitors ice 
thickness, snow depth, and snow and ice temperatures with a 15 minute averaging interval. In 
addition, ice cores were taken on 8 February and 15 April 2008. These cores give estimates of 
the density and salinity profiles in the ice. 

The Facility for Airborne Atmospheric Measurement (FAAM) BAe 146-301 aircraft was 
based in Fairbanks, AK, and flew five sorties over the snow measurement sites on the North 
Slope. Three additional sorties were flown over the sea ice-bound Chukchi and Beaufort Seas 
near Point Barrow. In addition, one flight sampled the emission variability over the frozen 
wetlands south and east of Barrow. The sorties each contained a profile from transit altitude, a 
series of low level straight and level runs at 500 ft above the highest ground point on the run, a 
deep profile from low level to above the tropopause (ascertained from O3 and temperature 
aircraft profiles), and some straight and level work at high level with the release of 
dropsondes.  
   The FAAM aircraft provided the basic meteorological and radiation data.  Instruments of 
note on the BAe 146 included the Microwave Airborne Radiometer Scanning System, a 
Heimann KT 19.82 infrared radiometer with a fixed downward field of view, the Airborne 
Research Interferometer Evaluation System (ARIES) infrared interferometer, a radar altimeter, 
the GPS-aided Inertial Navigation unit which provided information about the position and 
attitude of the aircraft, a General Eastern chilled mirror hygrometer, a Fluorescence Water 
Vapor Sensor and other in situ instruments which provided, among others, measurements of 
air temperature, pressure, and humidity content that compliment the sonde measurements. 
More information about the aircraft instrumentation may be found on the FAAM website 
(www.faam.ac.uk). 
   The data set accumulated during this campaign has lead to a more thorough understanding 
of the interaction of microwaves with snow-covered land and sea ice. In particular, analysis of 
the data set provides strong evidence for diffuse scattering in the 20 to 200 GHz frequency 
range [1]. This should have an impact on the assimilation of microwave sounding data into 
NWP models. Current and future work investigates the statistical properties of snow and sea-
ice emissivities under diffuse scattering formulation as well as the modeling of such 
emissivities given the ground-truth obtained during CLPX-II.  
 
[1] R.C. Harlow, “Millimeter microwave emissivities and effective temperatures of snow 
covered surfaces: Evidence for Lambertian surface scattering,” in press, IEEE Trans. Geosci. 
Remote Sens. 

 
 
 
(9) Dr S. Laxon, Centre for Polar Observation and M odelling, University 
College London ( swl@cpom.ucl.ac.uk ); Dr Daniel Feltham 
(dlf@cpom.ucl.ac.uk) 
 
(a) Envisat Ice Thickness 
(Giles, Laxon and Ridout) 
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UCL has generated the first time-series of winter sea ice thickness preceding 
and following the 2007 sea ice extent minimum. The results show a gradual 
decline in sea ice from the winter of 2002/3 up until winter 2006/7. However in 
winter 2007/8, following the 2007 ice extent minimum, a sharp decrease in 
average winter ice thickness of 25 cm was observed. On a regional basis the 
largest thinning was centred in the Canada Basin with ice up to one metre 
thinner than the 2002-8 average (Giles, Laxon and Ridout, GRL, 2008). 
 
 
(b) Realistic simulation of the Arctic sea ice cove r 
(Turner and Feltham) 
 
The CICE sea ice model has been coupled to the OPA ocean model and 
used in regional mode to simulate the Arctic Ocean. The model components 
were coupled using a code we developed to pass fluxes of heat, mass, and 
momentum between the components. The coupled model has been 
optimised against observations and can now produce a realistic sea ice 
cover. The model has been used to investigate the thermohaline structure 
and circulation within the Arctic Ocean and adjacent seas. There are 
outstanding issues concerning the inability of the model to simulate Atlantic 
Water influx through the Fram Strait, which are currrently being investigated. 
The simulations and the technical issues encountered are relevant to the Met. 
Office Hadley Centre, who are using similar model components. 
 
 
(c) Role of melt ponds in controlling the sea ice m ass balance 
(Flocco, Feltham, and Turner) 
 
The new model of summer sea ice albedo, accounting for the presence of 
melt ponds, has been incorporated into the CPOM sea ice model and 
debugged. Simulations of the pan-Arctic sea ice state, using this new model, 
have been performed. These demonstrate that sea ice thickness and extent 
are strongly influenced by the pond coverage. The mass balance is strongly 
influenced by the number of thickness classes chosen in the sea ice model 
since this affects the pond coverage.  
 
 
(d) Use of a discrete element model to study failur e modes of a sea ice 
cover 
(Wilchinsky, Feltham, Hopkins, Sammonds, and Lishman) 
 
Sea ice can deform through propagation of fractures, delineating floes of 
different shape. The sea ice rheology depends on the shape and orientation 
of the floes. The fracture can occur through normal or shear failure. We have 
used a discrete element model to study aggregate formation of blocks 
through different failure modes. The sea ice cover initially consists of 
polygonal floes connected by frozen joints. Once a critical amount of shear or 
compressive elastic deformation is reached at the joints, the joints fail. 
Multiple failure of the joints produce different flow shapes under different 
failure criteria. 
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(e) Rate and state sea ice friction 
(Lishman, Sammonds, Feltham, Wilchinsky) 
 
The distribution of ice thicknesses in the Arctic is a function of the ice 
deformation which occurs through ridging, rafting and sliding of ice floes. We 
have performed experiments in HSVA ship testing facility in Hamburg, 
Germany to explore the rate and state dependence of sea ice friction and the 
deformation of granular assemblies of sea ice floes. We varied the sliding 
rate, and the hold-time before commencing sliding. Our results suggest that 
the static contact time between ice floes may be the key parameter 
influencing the ensemble movement of sea ice. 
 
 
(f) Modelling of melt ponds on a sea ice floe 
(Scott and Feltham) 
An accurate estimate of the fraction of the upper sea-ice surface covered in 
melt ponds during the summer melt season is essential for a realistic estimate 
of the albedo for global climate models. A model has been developed that 
simulates the two-dimensional (areal) evolution of melt ponds on an Arctic 
sea-ice surface. Water transport across and through the sea-ice surface is 
described by the major hydraulic processes believed to be present. 
Thermodynamic processes are modelled using heat flux equations. Lateral 
and vertical melt water transport is described by Darcy’s Law. The model 
simulates a section of a sea ice floe where edge effects such as the presence 
of leads are neglected. The model consists of a grid of cells, each of which 
can be in one of four possible configurations: snow covered ice; bare ice; melt 
pond covered ice or open water. A cluster of adjacent cells containing melt 
water may be considered to have formed a melt pond. The model is initialised 
with ice topographies that represent either first-year or multi-year sea ice, 
these are reconstructed from ice thickness data using standard statistical 
methods; in this way characteristic examples of both first-year ice and multi-
year ice can be constructed. The roughness of the ice and snow surfaces 
were altered and the sensitivity of the model to the initial data was tested. 
First-year ice and multi-year ice simulations agreed with observed differences 
in individual pond size and depth. Sensitivity studies showed that pond 
fraction is most sensitive to mean initial snow depth in first-year ice 
simulations and reduction of ice permeability all cases. 
  
 
 
(10) Professor Julian Dowdeswell, Scott Polar Resea rch Institute, 
University of Cambridge, Lensfield Road, Cambridge CB2 1ER. 
(jd16@cam.ac.uk ) 
 
(a) Cruise of the RRS James Clark Ross to Svalbard,  2006 
 
    Work has continued on processing, analysing and interpreting the datasets below 
from cruise JR142 in August 2006. Kelly Hogan, Julian Dowdeswell and other are 
working on several of these topics, including;  
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·  TOBI 30 kHz side-scan sonar imagery, swath bathymetry and TOPAS data 

from an extensive area of the huge Hinlopen Slide, on the continental slope 
north of Svalbard. 

·  Swath and TOPAS data, and cores, from Hinlopen Trough, from Nordporten 
to the scar marking the uppermost part of Hinlopen Slide. 

·  Swath and TOPAS data, and cores, from the Kvitøya Trough, from its trough 
mouth and the adjacent upper slope to Erik Eriksen Strait east of 
Nordaustlandet. 

·  Swath and TOPAS data from Olga Strait, between Edgeøya and Kong Karls 
Land. 

 

 
 
 

(b) Continuing study of geophysical datasets from A rctic seas 
 

Work continues on several marine geophysical and geological datasets acquired 
from the fjords and shelves of East Greenland on a 2004 cruise of the RRS James 
Clark Ross (JCR). The following papers have been published since 2008:  
 
Dowdeswell, J.A., Evans, J., Mugford, R., Griffiths, G., McPhail, S., Millard, N., 
Stevenson, P., Brandon, M.A., Banks, C., Heywood, K.J., Price, M.R., Dodd, P.A., 
Jenkins, A., Nicholls, K.W., Hayes, D., Abrahamsen, E.P., Tyler, P., Bett, B., Jones, 
D., Wadhams, P., Wilkinson, J.P., Stansfield, K. and Ackley, S., 2008. Autonomous 
underwater vehicles (AUVs) and investigations of the ice-ocean interface in Antarctic 
and Arctic waters.  Journal of Glaciology, v. 54, p. 661-672. 
 
Dowdeswell, J.A., Noormets, R., Evans, J., Griffiths, G., Larter, R. and Ó Cofaigh, 
C., 2008. A comparison of swath-bathymetric imagery from high-latitude glacier-
influenced fjords derived from AUV, ROV and shipboard systems. In Collins, K. and 
Griffiths, G., (Eds.), Autonomous Underwater Vehicles in Extreme Environments, p. 
47-54. 
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Evans, J., Ó Cofaigh, C., Dowdeswell, J.A. and Wadhams, P., 2009. Marine 
geophysical evidence for former expansion and flow of the Greenland Ice Sheet 
along its northeastern margin. Journal of Quaternary Science. 
 
 
   Collaboration with Dag Ottesen and Lief Rise of the Norwegian Geological Survey 
has also led to the analysis and interpretation of several submarine landform sets 
imaged using high-resolution swath bathymetry, and the publication of these data.  
 
The following papers were published in 2008: 
 
Dowdeswell, J.A., Ottesen, D., Evans, J., Ó Cofaigh, C. and Anderson, J.B., 2008. 
Submarine glacial landforms and rates of ice-stream collapse. Geology, v. 36, p. 
819-822. 
 
Ottesen, D., Dowdeswell, J.A., Benn, D.I., Kristensen, L., Christiansen, H.H., 
Christensen, O., Hansen, L., Lebesbye, E., Forwick, M., Vorren, T.O., 2008.   
Submarine landforms characteristic of glacier surges in two Spitsbergen fjords. 
Quaternary Science Reviews, v. 27, p. 1583-1599. 
 
 
   Work has also been undertaken with Dr Chris Woodworth-Lynas from Perta, 
Canada. Joanna Metz analysed side-scan sonar data from Hudson Strait as part of a 
Masters Thesis at the Scott Polar Research Institute: 
 
Metz, J., Dowdeswell, J.A. and Woodworth-Lynas, C.M.T., 2008. Sea-floor scouring 
at the mouth of Hudson Strait by deep-keeled icebergs from the Laurentide Ice 
Sheet. Marine Geology, v. 253, p. 149-159. 
 
 
(c)  Marine-geophysical and -geological cruise of t he RRS James Clark Ross to 

the West Greenland margin, August 2009 
 
A five-week cruise to the West Greenland shelf and slope will take place from late 
July to early September 2009. The Principal Investigator is Prof. Colm Ó Cofaigh 
(Durham Universtiy) and Prof. Julian Dowdeswell (SPRI, University of Cambridge) is 
the Co-PI. The cruise will focus on the continental margin offshore of Illulisat Glacier, 
and the growth and decay of the Greenland Ice Sheet across the continental shelf 
and its influence on slope sedimentation. 
 
(11) Bob Dickson and Stephen Dye, Centre for Enviro nment, Fisheries and 
Aquaculture Science, (CEFAS) Lowestoft Laboratory, Lowestoft NR33 OHT, 
Suffolk. ( r.r.dickson@cefas.co.uk; stephen.dye@cefas.co.uk ) 
�
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a) Arctic-Subarctic Ocean Flux study (ASOF): ASOF (http://asof.npolar.no) 
continues as a flexible and effective subset of these larger programs, still with the 
unifying aim of measuring and modelling 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. RRD stepped down as the chair of ASOF in 2008. 
 
The ASOF volume was launched at Oceans Sciences 2008. Reviewing the 
achievements of an intense recent observing and modelling effort, this volume 
assembles the body of evidence that climate models will need, quantifying the ocean 
exchanges through subarctic seas, describing their importance to climate as we 
currently understand it, explaining their variability, setting out our current ideas on 
the forcing of these fluxes and our improved capability in modelling the fluxes 
themselves and the processes at work.   
 
b) Ocean Fluxes South of Denmark Strait study (OFSO D) 
 
OFSOD, funded by the Department for Environment, Food and Rural Affairs (Defra), 
forms the Cefas contribution to the European-wide DAMOCLES project, (Developing 
Arctic Modelling and Observing Capabilities for Long-term Environmental Studies; 
see www.ipy.org/development/eoi/proposal-details-print.php?id=40), an Integrated 
Project within the EC Sixth Framework Programme covering the period 2005–09. In 
December 2008 the new FP7 programme THOR (Thormohaline Overturning at 
Risk?) began and is contributed to by the deep component of OFSOD  
 
The aim of OFSOD is to maintain two moored arrays, which are measuring ocean 
flux components of importance to climate. These are a Denmark Strait overflow 
array on the SE Greenland slope, and the freshwater flux array on the adjacent SE 
Greenland shelf. 
 
The slope array has been deployed discontinuously since 1986. It is set to measure 
the transport of the cold dense Denmark Strait overflow where it descends the 
continental slope off SE Greenland. Originally deployed by Cefas, this array has 
been jointly maintained since 1997 by Cefas, the University of Hamburg and the 
Finnish Institute of Marine Research Helsinki. No recovery & redeployment cruise 
took place in 2008 instead this will happen in May-June 2009. 
 
Despite losses it is intended that this array will be maintained to point where decadal 
measurements of overflow transport and its hydrographic characteristics have been 
recovered. This is being done in order 
·  to assess the causes of long-term variability in overflow, and 
·  to identify the links between that variability and climatic forcing. 
 
A NERC funded PhD student examining the observed variability of the properties of 
the overflow and the forcing mechanisms for any changes through use of OCCAM 
began work in October 2008 (S.Hall based at UEA and supervised jointly with Prof K. 
Heywood).  
 
The freshwater flux array off SE Greenland is at a much less advanced state of 
development. Its justification is again climatic, namely that an increasing outflux of 
freshwater from the Arctic has been implicated in advanced coupled climate models 
with slowing down the North Atlantic’s THC. Losses here mean that only bottom 
frame mounted ADCP is in place at 63°N with mooring  instrumentation sent to 
enhance the University of Hamburg freshwater flux array at 74°N focussing on the 
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initial pathway of freshwater out of the Arctic into the Nordic Seas. These moorings 
are due to be recovered in May 2009 with no plan for redeployment. Despite the 
heavy losses of instrumentation making flux estimates very difficult we are using the 
data that is in place to help inform groups working on the glaciers of East Greenland. 
In particular examining whether the moorings provide any evidence to support the 
hypothesis that ocean conditions are a major driver on the calving rates of the 
glaciers in east Greenland (the collaboration is with the GLIMPSE group at Swansea 
University Prof T. Murray & Dr K.Scharrer).   
 
c) The integrated Arctic Ocean Observing System (iA OOS), an AOSB-CliC 
observing plan for IPY 2007–09. 
 
At the instigation of the Arctic Ocean Science Board and the WCRP Climate and 
Cryosphere Programme, RRD has been instrumental over the past 5 years in piecing 
together the present and potential observing effort of three continents to form an 
integrated Arctic Ocean Observing System (iAOOS) that might take on the task of 
viewing the ocean-atmosphere-cryosphere system of high northern latitudes 
operating as a complete system for the first time. The rationale is simply that 
understanding that system and testing its predictability seems to be the most direct 
way of extending the ability of society to mitigate for or adapt to its changes, 
including global change. 
 
For AOSB RRD collated the status of the integrated Arctic Ocean Observing System 
(iAOOS) in 2007. This report was launched at the Ocean Sciences conference in 
Orlando March 2008. The report concentrates largely on the physical oceanography 
of iAOOS and has two main aims. First to provide a concise account of the activities 
of the main iAOOS flagship projects during 2007---cruises taken, instrumentation 
deployed, measurements made and models being developed, and plans for 2008.A 
second component of the report describes first results, concentrating in particular on 
cases which demonstrate the validity of an iAOOS programme for the IPY. A second 
iteration of this report has been collated in 2008 ready for publication in early 2009. 
This updates the earlier information with more initial results and findings and adds a 
set of ecosystem projects to the overview it provides. 
 
d) The Marine Climate Change Impacts Partnership (M CCIP) Secretariat. 
Cefas hosts the Secretariat for MCCIP which is principally a mechanism for 
communicating the scientific evidence on climate change impacts in the marine 
environment to policy makers in UK government and agencies. Previously this has 
had little Arctic information but in 2008 the partnership developed a new mechanism 
to try to explain the complexity of interacting ecosystem impacts in a way simple 
enough for non-specialists and to include the cross ecosystem impacts of changes in 
Arctic Sea Ice. this is due to be published in Spring 2009.  

Published in 2008 : 

Dickson, R. R. and iAOOS PIs (2008) The integrated Arctic Ocean Observing 
System (iAOOS) in 2007 Report of the Arctic Ocean Science Board 
 
Dickson, R.R., J. Meincke and P. Rhines (Eds. 2008)  Arctic-Subarctic Ocean 
Fluxes: Defining the role of the Northern Seas in Climate.�738 pp. 304 illus., 220 in 
color., Hardcover ISBN: 978-1-4020-6773-0 
 
Dickson, R.R., S. R. Dye, S. Jonsson, A. Köhl, A. Macrander, M. Marnela, J. 
Meincke, S. Olsen, B. Rudels, H. Valdimarsson, & G. Voet (2008) The overflow flux 
west of Iceland: variability, origins and forcing in Arctic- Subarctic Ocean Fluxes 
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(Eds. Dickson, R.R., Meincke, J., & Rhines, P.), Chapter 19, 443-474, 
doi:10.1007/978-1-4020-6774-7_20 

Holfort, J., E. Hansen, S. Østerhus, S. Dye, S. Jonsson, J. Meincke, J. 
Mortensen, M. Meredith. (2008) Freshwater fluxes east of Greenland in 
Arctic- Subarctic Ocean Fluxes (Eds. Dickson, R.R., Meincke, J., & Rhines, 
P.), Chapter 11, 263-287, doi:10.1007/978-1-4020-6774-7_12 

Vellinga, M., R.R. Dickson, R. Curry (2008) The Changing View on How 
Freshwater Impacts the Atlantic Meridional Overturning Circulation in Arctic- 
Subarctic Ocean Fluxes (Eds. Dickson, R.R., Meincke, J., & Rhines, P.), 
Chapter 12, 289-313, doi:10.1007/978-1-4020-6774-7_13 

Yashayaev, I , R.R.Dickson (2008) Transformation and Fate of Overflows in 
the Northern North Atlantic Circulation in Arctic- Subarctic Ocean Fluxes (Eds. 
Dickson, R.R., Meincke, J., & Rhines, P.), Chapter 21, 289-313, 
doi:10.1007/978-1-4020-6774-7_22 

 
 


