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VISION
The Nansen Center´s vision is to make 
a significant contribution to the under-
standing, monitoring and forecasting of 
the world’s environment and climate on 
local, regional and global scales.
Main research focus areas are:
• Climate understanding - its variability 

and change
• Global ocean studies and ocean fore-

casting
• Development and use of satellite 

based methods for marine studies
• Satellite monitoring of global environ-

ment and climate
• Wind energy mapping in coastal areas
• Socio-economic impact of global 

change

ORGANIZATION
The Nansen Center is an independent 
non-profit research foundation affiliated 
with the University of Bergen, Norway. 
The Nansen Center conducts basic and 
applied research funded by research 
councils, space agencies, national and 
international governmental agencies 
and industry. The Nansen Center re-
ceives no basic funding – neither from 
the Government nor from the Research 
Council of Norway.

STAFF
At the end of 2006 the Nansen Center 
employed a staff of 64 persons from 14 
nations - including nine in adjunct posi-
tions. The staff includes seven Post Doc 
candidates, fifteen Ph. D. candidates and 
six Master students. Foreign students 
and visiting scientists from Russia, China, 
India, France, Germany, U.K., Italy and 
U.S.A. have visited the Nansen Center for 
periods from weeks to several months.
Research Director Stein Sandven was ap-
pointed Professor II in remote sensing at 
the University Centre in Svalbard, UNIS. 
The Nansen Center’s goal is to be an 
equal opportunity employer. 35% of the 
employees were female in 2006.

PRODUCTION
During the year 2006, 28 papers were 
published in international referee journals, 
two books, two book contributions, eight 
articles in conference reports, 10 techni-
cal reports, four popular science articles 
- totally 54 publications. Public outreach 
has been done through newspaper inter-
views at national and international level - 
including TV and radio. Popular scientific 
lectures have been given in the Nansen 
Center´s adventure center “Arctica”.

MASTER AND DOCTORAL THESIS 
Two doctor degrees and three mas-
ter exams were completed in 2006. 
Are Folkestad made his dissertation on 

“Satellite monitoring of algal blooms in 
the Norwegian coastal waters” and Ben 
Marzeion on “The influence of Vertical 
Mixing on the Stability of the Atlantic 
Meridional Overturning Circulation”. The 
Master exams were by Kathrine Bjordal 
on “Argo Profiling Floats in the Nordic 
Seas; Deep-water circulation, hydrogra-
phy and comparison to the TOPAZ mod-
el”, by Bjørn Backeberg on “Mesoscale 
variability study of the Agulhas Current 
from satellite radar altimetry and high 
resolution model” and by Gunn Elisabeth 
Olsen on “Elucidation of Two Different 
Sensitivity Experiments with the Bergen 
Climate Model”.

INTERNATIONAL ACTIVITIES
By the end of 2006, the Nansen Center 
participated in 14 EU projects and co-
ordinated four of these projects. The 
Nansen Center also co-ordinated two 
INTAS (International Association for the 
promotion of co-operation with scientists 
from the New Independent State of the 
former Soviet Union) project with par-
ticipation from Russia and Ukraine – the 
Nansen Center is also a partner in a third 
INTAS project.
The collaboration with the Nansen-Zhu 
Centre at the Institute of Atmospheric 
Physics (IAP) of the Chinese Academy of 
Science in Beijing has expanded through 
mutual exchange of students and sci-
entists. The Nansen-Zhu Centre now 
employees 36 persons – including 18 
Ph.D. candidates and five Master stu-
dents. Prof. Hui-Jun Wang, Director of 
IAP, is the co-director of the Nansen-Zhu 
Centre together with Helge Drange. Ola 
M. Johannessen is the co-chairman of 
the Board. 
Ola M. Johannessen and Helge Drange 
were formally appointed “Visiting 
Professors” at the Institute of Atmospheric 
Physics (IAP) for the period June 2005 to 
May 2009. Prof. Johnny A. Johannessen 
was formally appointed “Visiting 
Professor” at “Ocean University of China, 
Qingdo” for a period of 3 years.
Several Announcement of Opportunity 
(AO) projects from the European Space 
Agency (ESA) for the ENVISAT satellite 
are now being implemented for coastal, 
oceanic and Arctic areas. 
The Nansen Center is a major part-
ner in EuroGOOS, which is an interna-
tional organization with members from 
the major European meteorological and 
oceanographic institutions. The aim of 
the EuroGOOS is to develop and coor-
dinate ocean monitoring and forecasting 
in European and Arctic waters, as part 
of the “Global Ocean Observing System 
(GOOS)” program. Ola M. Johannessen 
is a member of the EuroGOOS Board un-
til the end of 2006 and Stein Sandven is 
the chairman of the Arctic task team. He 
also leads the ArcticGOOS Secretariat 
at the Mohn-Sverdrup Center/Nansen 

Center established under the auspices of 
EuroGOOS. 
Ola M. Johannessen is also member of 
the WMO Steering Committee for “Global 
Climate Observing System (GCOS)” – 
where Johnny A. Johannessen is a mem-
ber of the GCOS panel; “Ocean Observing 
Panel for Climate (OOPC)”. 
The Nansen Center is one of the founders 
of the “European Climate Forum (ECF)” 
and Ola M. Johannessen a member of the 
board. ECF is a multy-disciplinary forum 
gathering research, industry, governmen-
tal agencies and NGOs to meetings and 
projects dealing with climate change is-
sues.
Ola M. Johannessen is also a member 
of the Science and Technology Council 
of the International Risk Governance 
Council in Geneva, Switzerland. 
The co-operation with the Nansen 
International Environmental and Remote  
Sensing Centre in St. Petersburg 
(NIERSC), where Ola M. Johannessen 
is the Co-President, Dr. Leonid Bobylev 
the Director and Lasse H. Pettersson 
the Secretary General are constantly ex-
panding with new projects and students. 
During the next three years the Descartes 
price grant (1,6 mill. NOK), won in 2005, 
is used for young Russian climate sci-
entists together with a grant of NOK. 1,5 
mill. given by Minister Øystein Djupedal 
of the Norwegian Ministry of Education 
and Research. The Nansen Center in St. 
Petersburg has now a staff of 31 persons 
– including 10 PhD students and an ex-
tensive network of cooperation within 
Russia.

THE G.C. RIEBER CLIMATE INSTITUTE
The G.C. Rieber Climate Institute is a part 
of the Nansen Center, and is led by Prof. 
Helge Drange with Dr. Tor Eldevik as the 
deputy. Helge Drange’s Professorship II 
at the Geophysical Institute, University of 
Bergen is a donation from the G. C. Rieber 
Funds. The institute has a staff of 18 per-
sons. The main activity of the institute is 
devoted to studies of the variability of the 
North Atlantic and Arctic climate system. 
The Nansen Center is a major partner 
in the Bjerknes co-operation in Climate 
Research established in Bergen between 
the University of Bergen, the Institute of 
Marine Research and the Nansen Center. 
Helge Drange is a member of CLIVAR 
“Working group for Ocean Model 
Development” in The World Climate 
Program, and “Vestnordisk Oceanklima” 
for Nordic Council of Ministers, as well 
as a member of the Board of CICERO at 
University of Oslo.
Helge Drange is also the head of the 
leader team for the Norwegian Climate 
Center. The Norwegian Climate Center 
for Arctic and the Atlantic Ocean region 
is a cooperation framework for coordi-
nation of all Norwegian research activi-
ties on the physical climate system cur-
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rently performed at The Nansen Center, 
the Bjerknes Center, the Meteorological 
Institute, University of Oslo/CICERO and 
the Norwegian Polar Institute.
The G.C. Rieber Funds support the in-
stitute with NOK 0,4 mill. annually for re-
cruitment of Master students to climate 
research in Norway. The Board thanks the 
G. C. Rieber Funds for its important sup-
port during many years.

THE MOHN-SVERDRUP CENTER
The Mohn-Sverdrup Center for Global 
Ocean Studies and Operational 
Oceanography (MSC) is part of the 
Nansen Center. The Center is led by Ola 
M. Johannessen with Dr. Laurent Bertino 
as the deputy. By the end of 2006 the 
Center employed 19 persons. Its main 
scientific focus is to develop ocean and 
marine ecosystem models and data as-
similation techniques for the Norwegian 
Sea, the Barents Sea and the Arctic 
Ocean Region. Furthermore, also an 
ocean prediction model is implemented 
for the Indian Ocean in cooperation with 
the Nansen Center in Cochin, India. The 
Center in Cochin has four employees – of 
which two are conducting their PhD stud-
ies in Bergen.
The Mohn-Sverdup Center was estab-
lished in 2004 after an initial donation 
from Trond Mohn of NOK 25 mill. over a 
5 years period. The Board thanks Trond 
Mohn for his support and generous dona-
tion.

POLAR AND MARINE REMOTE SENSING
The Remote Sensing activities are led 
by Johnny A. Johannessen, who is also 
Professor II at the Geophysical Institute, 
University of Bergen, and Stein Sandven, 
who is also Professor II at the University 
Centre in Svalbard, UNIS. The Group has 
a staff of 16 persons, and the main re-
search focus is development and valida-
tion of algorithms for retrieval of ocean-
coastal and ice parameters, including 
detection of icebergs and their drift – from 
satellite Earth observation data. The infor-
mation from the satellites is used for rou-
tine monitoring as well as for process and 
climate studies. 
In particular, satellite ocean colour data 
are used in real time to monitor algae 
blooms and water quality conditions for 
the North Sea and Norwegian coastal wa-
ter. This activity is led by Research Leader 
Lasse H. Pettersson. In complement to 
this, SAR data are used to explore detec-
tion capabilities of high-resolution wind 
fields and surface current features in part-
nership with NIERSC and IFREMER.
Sea Ice information from satellite Earth 
observation data sources is also used 
in real time in support of navigation in 
ice covered waters. Particularly, for the 
Northern Sea Route, monitoring is done in 
cooperation with Russian scientists from 
the NIERSC and the Arctic and Antarctic 
Research Institute, both in St. Petersburg, 

and the Murmansk Shipping Company.
The focus of the Group is currently on the 
development of an integrated ocean and 
ice monitoring and forecasting system for 
the Barents Sea by using satellite and in 
situ data, models and data assimilations 
techniques. This will become an impor-
tant activity under ArcticGOOS, and will 
be to the benefit and use for fisheries, 
gas and oil exploration and production, 
as well as management of the Arctic and 
sub-Arctic regions. 

ARCTICA
“Arctica” is a small public adventure 
center at the Nansen Center. Among 
the attractions is a wide-screen movie 
“Svalbard – Arctic Seasons”, the life of 
Fridtjof Nansen in pictures and sound, 
and an Arctic exhibition in the “Science 
Room”. Several school classes and oth-
er groups have visited “Arctica” during 
2006, and it is becoming a popular meet-
ing place. 

TERRA ORBIT AS, COTO AS and 
OCEAN NUMERICS LTD.
The Nansen Center is the owner of the 
companies Terra Orbit AS and COTO AS 
and a shareholder in Ocean Numerics 
Ltd. The goal of these companies is to of-
fer services with respect to the environ-
ment, ocean monitoring and forecasting. 
The revenue of these activities will in turn 
contribute to the scientific development 
in the areas where the Nansen Center 
concentrates its main research and de-
velopment activities.

THE NANSEN SCIENTIFIC SOCIETY
The Nansen Scientific Society was es-
tablished on November 25th 2006 at the 
20th anniversary of the Nansen Center. 
The aim of the Society is to be “the parent 
organization” for all the Nansen Centers 
in Norway, Russia, China and India – and 
possible future Centers in other parts of 
the world. Its main goal is to expand the 
existing “Nansen Fellowship Program” in 
environmental and climate studies, sup-
porting young Ph.D. Candidates and fur-
thermore to contribute to the scientific 
coordination and funding of activities at 
the Nansen Centers – as well as public 
outreach on global warming research and 
its impact on society.
The vision is that research and education 
of young people from different countries 
and cultures will help to build a founda-
tion for better understanding and co-ex-
istence between people – “in the spirit of 
Fridtjof Nansen”. The founders are The 
Nansen Center, Trond Mohn and family, 
the G. C. Rieber Funds and Sparebanken 
Vest. The foundation starts with a capital 
of NOK. 10 millions. 

THE NANSEN CENTER 20TH ANNIVERSARY
The Nansen Center was founded during 
the autumn of 1986, and the 20th years 
anniversary was celebrated on November 
26th with a scientific colloquium. The col-

loquium started with the inauguration of 
”The Nansen Scientific Society” by Marit 
Greve and Eigil Nansen – both Fridtjof 
Nansens grandchildren. Invited speakers 
were Prof. Walter Munk, Scripps Institution 
of Oceanography, University of California,  
– Prof. Klaus Hasselmann, Max Planck 
Institute for Meteorology, Hamburg,  – Prof. 
Lennart Bengtsson, Max Planck Institute 
for Meteorology/University of Reading, 
U.K. – Dr. Einar-Arne Herland, ESA, Head 
Science Division, Directorate of Earth 
Observations Programmes, Frascati, 
Italy – Prof. Hartmut Graßl, University of 
Hamburg - Dr. Leonid Bobylev, Nansen 
International Environmental and Remote 
Sensing Center, – Prof. Hui-Jun Wang, 
Nansen-Zhu International Research 
Center, Beijing  – Dr. Ajith Joseph, Nansen 
Environmental Research Centre, India – 
Dr. Ralph Rayner, Ocean Numerics as well 
as scientists from the Nansen Center. 
Two Nansen Center ”Polar Bear Award” 
for 2006 were given to University Director 
Kåre Rommetveit, University of Bergen, 
for his important administrative contri-
butions in environmental and climate re-
search during many years – supporting 
both the Nansen Group and the Bjerknes 
cooperation in Bergen. The second ”Polar 
Bear Award” was given to Prof. Lennart 
Bengtsson, for his path breaking scien-
tific work with respect to climate.

FINANCIAL SITUATION
The Nansen Center is an independ-
ent non-profit research institute with-
out basic public funding. The income in 
2006 amounted to NOK 35 757 814. The 
project income for 2006 was mainly from 
the Research Council of Norway, the 
European Commission (EU), European 
Space Agency, oil companies, the 
Norwegian Space Center and INTAS. 
Substantial financial supports have been 
received from G.C. Rieber Funds and 
Frank Mohn ASA by Trond Mohn. 
The annual net surplus for 2006 amounts 
to NOK 1 616 406 – after the sharehold-
ers capital of Ocean Numerics and other 
debts were depreciated. NOK 1 616 406 
of the annual income is transferred to the 
equity capital. The equity capital amounts 
to NOK 28 567 128.

PROSPECTS FOR 2006
We are expecting a moderate expan-
sion of our research activities in 2007, 
primarily due to increased activities in 
the Northern areas – where the Nansen 
Center has a lot of expertise and experi-
ence developed during the last 20 years 
– as well as increased funding for climate 
research activities.  
Bergen, April 24th 2007
Dag L. Aksnes (Chairman)
Bjart Nygaard (co-Chairman)
Hans Petter Sejrup
Anton Kjelaas
Lasse H. Pettersson (Repr. of employees)
Ola M. Johannessen (Director)



Leader Team
Founding Director
Professor Ola M. Johannessen, also chair in 
Remote Sensing/Oceanography at Geophysical 
Institute, University of Bergen, and visiting 
professor at Institute of Atmospheric Physics, 
Chinese Academy of Sciences.

Mohn-Sverdrup Center for Global Ocean Studies 
and Operational Oceanography
Research Director Ola M. Johannessen. 
Deputy leader Dr. Laurent Bertino

G.C. Rieber Climate Institute
Research Director Dr. Helge Drange, also 
Professor II at Geophysical Institute, University 
of Bergen, and visiting professor at Institute 
of Atmospheric Physics, Chinese Academy of 
Sciences. 
Deputy leader Dr. Tor Eldevik.

Polar & Environmental Remote Sensing
Research Director Stein Sandven, also Vice-
Director and Professor II at UNIS, Svalbard

Coastal & Ocean Remote Sensing
Research Director Dr. Johnny A. Johannessen, 
also Professor II at Geophysical Institute, 
University of Bergen, and visiting professor at 
Ocean University of China, Qingdao.

International Relations & Marketing
Director Lasse H. Pettersson

Administration
Director Bente E. Johannessen

Economy
Director Lars Gunnar Veland

The Board
Professor Dag L. Aksnes, University of Bergen, 
Chairman
Bjart Nygaard, Director, Rieber Eiendom AS, 
Vice Chairman
Professor Hans Petter Sejrup, Dean, Faculty of 
Mathematics and Natural Sciences, University 
of Bergen
Dr. Anton Kjelaas, representative for UNIFOB
Lasse H. Pettersson, Representative of the 
employees
Professor Ola M. Johannessen, Director

The Scientific Council
Professor Eirik Sundvor, University of Bergen, 
Chairman
Harald Dovland, Deputy Director General, 
Norwegian Ministry of the Environment
Professor Anton Eliassen, Director, met.no
Lars Ingolf Eide, Chief Engineer, Norsk Hydro 
AS
John Erik Hagen, District Director, Norwegian 
National Coastal Directorate
Professor Hartmut Graßl, University of 
Hamburg, Germany
Professor Einar Hope, Norwegian School of 
Economics and Business Administration
Jacqueline McGlade, Executive Director, 
European Environmental Agency, Denmark
Jan Petter Myklebust, Director International 
Division, University of Bergen
Sven Rong, Managing Director, Rieber Shipping 
ASA
Dr. Robert A. Shuchman, Senior Vice President, 
ALTARUM, Ann Arbor, U.S.A.
Bo Anderssen, Director General, Norwegian 
Space Centre
Professor Ola M. Johannessen, Director

20 YEARS OF SCIENCE -  
the Nansen Center 1986 to 2006
Founding director Ola M. Johannessen
The Nansen Environmental and Remote 
Sensing Center was formally established 
on November 28th 1986 as a non-profit 
foundation affiliated with the University of 
Bergen. It was based on a proposal submit-
ted to the Faculty of Science at University 
of Bergen by Ola M. Johannessen and 
colleagues Brian A. Farrely, Johnny A. 
Johannessen, Tor I. Olaussen, Lasse H. 
Pettersson, Stein Sandven and Einar A. 
Svendsen at Geophysical Institute. The 
Founders of the Nansen Center were The 
Scientific Foundation at the University of 
Bergen (UNIFOB), G.C. Rieber & Co A/S, 
Bergen and Tenneco Oil Inc., Stavanger. 
The Center was officially opened on June 
16th 1987 with Ola M. Johannessen as 
the Founding Director and at the same 
time appointed as the first Professor in 
marine remote sensing in Norway at the 
Geophysical Institute, UoB. Extracts from 
the Foundation’s bylaws are:
• “The Foundation’s goal is to perform 

interdisciplinary research and develop-
ment with focus on remote sensing 
and modelling with respect to scientific 
problems within the natural sciences.”

• “The Foundation shall offer services 
and perform research projects for na-
tional and international agencies and 
industry.”

• “The Foundation shall seek to publish 
all scientific results.”

• “The Foundation may participate in 
other enterprises.”

Dr. Jan A. Anderssen (the first chairman 
of the Board), University Director Magne 
Lerheim, Rector Arnfinn Graue, Deputy 
Director Sverre Spildo, UNIFOB Director 
Kristen Haugland, Deans Ulf Lie and Ian 
Dundas as well as Head of the Space 
Unit of the Norwegian Technical Research 
Council Professor Bjørn J. Landmark 
were key persons during the establish-
ment of the Center.
Furthermore, the G.C. Rieber Climate 
Institute was started in 1996 and the 
Mohn-Sverdrup Center in Operational 
Oceanography in 2004. By the end of 
2006 the Nansen Center employed a staff 
of 64.

THE VISION FOR 2004-2014
To provide an important contributions to 
the understanding, monitoring and fore-
casting of local, regional and global en-
vironmental and climate issues and their 
impacts on society.

SCIENTIFIC FOCUS
Main scientific focus for the Nansen 

Center for the period 2004-2014 are:
• Climate understanding, variability, 

change and prediction
• Satellite monitoring of the global envi-

ronment and climate
• Development and use of satellite  

methods in marine studies
• Marine forecasting
• Wind energy resources in coastal areas
• Socio-economic impacts of global 

change

IMPORTANT SCIENTIFIC RESULTS
• Diapycnal mixing in a conceptual model of the 

Atlantic Meridional Overturning Circulation. B. 
Marzeion and H. Drange, Deep-Sea Research II, 
2006.

• Recent ice-sheet growth in the interior of 
Greenland. O.M. Johannessen, K. Khvorostovsky, 
M.W. Miles and L.P. Bobylev, Science, 2005.

• Influence 
of the 
Atlantic 
Subpolar Gyre 
on the thermohaline 
circulation. H. Hátún, A. B. 
Sandø, H. Drange, B. Hansen, 
and H. Valdimarsson, Science, 2005.

• On radar imaging of current features: 2. 
Mesoscale eddy and current front detection. J.A. 
Johannessen, V. Kudryatsev, D. Akimov, T. Eldevik, 
N. Winther and B. Chapron, Journal of Geophysical 
Research, 2005.

• Arctic Climate Change – Observed and Modelled 
Temperature and Sea Ice. O.M, Johannessen, L. 
Bengtsson, M. Miles, S.I. Kuzmina, V. Semenov, 
G.V. Alekseev, A.P. Nagurny, V.F. Zakharov, L.P. 
Bobylev, L.H. Pettersson, K. Hasselmann and H.P. 
Cattle, Tellus, 2004.

• Sampling strategies and square root analy-
sis schemes for the EnKF. G. Evensen, Ocean 
Dynamics, 2004.

• The Challenge of Long-term Climate Change. 
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Hasselmann, K., M. Latif, G. Hooss, C. Azar, O. 
Edenhofer, C.C. Jaeger, O.M. Johannessen, C. 
Kemfert, M. Welp, A. Wokaun, Science, 2003.

• The Ensemble Kalman Filter: theoretical formula-
tion and practical implementation. G. Evensen, 
Ocean Dynamics, 2003.

• Satellite Evidence for an Arctic Sea Ice Cover in 
Transformation – O.M. Johannessen, E.V. Shalina 
and M. Miles, Science, 1999.

• Mixing and convection in the Greenland Sea 
from a tracer-release experiment. A.J. Watson, 
M. J. Messias, E. Fogelquist, K.A. Van Scoy, T. 
Johannessen, K.I.C. Oliver, D.P. Stevens, F. Rey, 
T. Tanhua, K.A. Olson, F. Carse, K. Simonsen, J.R. 
Ledwell, E. Jansen, D.J. Cooper, J.A. Krueoke and 
E. Guilyardi, Nature, 1999.

• Global Warming and the Arctic. Johannessen. 
O.M., E. Bjørgo and M.W. Miles, Science, 1996.

• The Arctic’s shrinking sea ice – O.M. Johannessen, 
M. Miles and E. Bjørgo, Nature, 1995.

• Sequestration of CO2 in the deep ocean by shal-
low injection. P.M. Haugan and H. Drange, Nature, 
1992.

• Ice-Edge Eddies in the Fram Strait 
Marginal Ice Zone. Johannessen, 

O.M., J.A. Johannessen, 
E. Svendsen, R.A. 

Shuchman, W.J. 
Campbell and 

E. Josberger, 
Science, 

1987.

• Remote Sensing of the Fram Strait Marginal Ice 
Zone. Shuchman, R.A., O.M. Johannessen, E.G. 
Josberger, W.J. Campbell, T.O. Manley, and N. 
Lannelogue, Science, 1987.

BOOK PUBLICATIONS
• Remote Sensing of Sea Ice in the Northern 

Sea Route, Studies and Applications. O.M. 
Johannessen, V.Yu. Alexandrov, I.Ye. Frolov, S. 
Sandven, L.H. Pettersson, L.P. Bobylev, K. Kloster, 
V.G. Smirnov, Ye.U. Mironov and N.G. Babich. 
Nansen Center´s Polar Series No. 4, Springer-
Praxis 2006.

• Data assimilation, The Ensemble Kalman Filter, G. 
Evensen, Springer 2006.

• White Sea – its marine environment and ecosys-
tem dynamics influenced by global change. N.N. 
Filatov, D.V. Pozdnyakov, O.M. Johannessen, L.H. 
Pettersson and L.P. Bobylev. Nansen Center´s 
Polar Series No. 3, Springer Praxis, 2005.

• The Nordic Seas: An Integrated Perspective. H. 
Drange, T. Dokken, T. Furevik, R. Gerdes and 
W. Berger (Eds.), AGU Monograph, American 
Geophysical Union, Washington DC, 2005.

• Arctic Environment Variability in the Context of 
Global Change. L.P. Bobylev, K.Ya. Kondratyev and 
O.M. Johannessen. Nansen Center´s Polar Series 
No. 2, Springer-Praxis Publishing, 2003.

• Polar seas Oceanography: An Integrated 
Case Study of the Kara Sea. V.A. Volkov, O.M. 
Johannessen, V.E. Borodachev, G.N. Voinov, 
L.H. Pettersson, L.P. Bobylev and A.V. Kouraev. 
Nansen Centers Polar Series no. 1, Springer-Praxis 
Publishing, 2002.

• Limnology and Remote Sensing, A Contemporary 
Approach. K.Y. Kondratyev, N.N. Filatov, O.M. 
Johannessen, V.V. Melentyev, D.V. Pozdnyakov, 
S.V. Ryanzhin, E.V. Shalina and A.I. Tikhomirov, ed., 
K.Y. Kondratyev and N.N. Filatov, Springer-Praxis 
Publishing, 1999.

• High Latitude Climate and Remote Sensing. K.Ya. 
Kondratyev, O.M. Johannessen and V.V. Melentyev, 
Wiley Praxis Series in Remote Sensing, John Wiley 
and Sons in association with Praxis Publishing 
Ltd., 1996.

• The Polar Oceans and Their Role in Shaping the 
Global Environment - The Nansen Centennial 
Volume. O.M. Johannessen, R. Muench and J.E. 
Overland (Editors), Geophysical Monograph, 
American Geophysical Union, 1994.

• Polar region and climate. K. Ya Kondratyev and 
O.M. Johannessen, Monograph, Propo Publication, 
Russian Academy of Sciences, 1993.

INTERNATIONALIZATION
Internationalization is an important part 
of the Center’s strategy, in as much 
as the Center initiates or participates 
in international research projects and 
programs, exchange of students and 
scientists, and is involved in coopera-
tion with developing countries. In 1992 
The Nansen Center initiated the estab-
lishment of the research foundation 
“Nansen International Environmental 
and Remote Sensing Center (NIERSC)” 
in St. Petersburg, Russia, which by the 
end of 2006 employed 31 Russians, in-
cluding 10 Ph.D. candidates. ”Nansen 
Environmental Research Center – India” 
was established in Cochin in Kerala, India 
in 1998, and today employs five. In 2003 
the “Nansen–Zhu International Research 
Centre” was opened in Beijing, China 
at the “Institute of Atmospheric Physics 
– Chinese Academy of Sciences”. The 
Nansen-Zhu Center had in 2006 36 em-
ployees, of which 18 Ph.D. and five mas-
ter students. These international sister 
organizations are based on close coop-
eration with national and international co-
founders, such as “St. Petersburg State 
University”, the “University of Bergen”, 
“Peking University, China”, the Russian 
and Chinese Scientific Academies as well 
as the “Max Planck Society” in Germany. 
The University of Bergen and UNIFOB are 
co-founders of the Nansen Centers in St. 
Petersburg and Beijing.
The Nansen Center international research 
cooperation with Russia and Germany, 
over 10 years, have been summed up in 
the project “Climate and Environmental 

Change in the Arctic – CECA”, led by 
Ola M. Johannessen, with Leonid P. 
Bobylev and Lennart Bengtsson as part-
ners, which was the Laureate of the EU´s 
DESCARTES Research Prize for 2005 in 
Earth Sciences.
Projects funded through the EU 
Framework Programs have since 1993 
contributed in an increasing and sub-
stantial degree to the Center’s activities. 
For the period 2000-2006 an average of 
32 % of the Center’s funding came from 
EU projects (see fig. 4). The Center has 
participated in a total of 70 EU projects, 
of which the Center has coordinated 26. 
Through EU research projects, the Center 
has established solid scientific and prac-
tical experience of international scientific 
cooperation in Europe. 
The Center has also established inter-
national memoranda of understanding, 
with the French Oceanographic Institute 
IFREMER, St. Petersburg State University, 
the Institute of Atmospheric Physics 
– Chinese Academy of Sciences, Cochin 
University of Science and Technology, 
India, Anna University - Chennai, India, 
Environmental Research Institute of 
Michigan (ERIM), the US Geological 
Survey, the Fisheries Laboratory 
of the Faeroes and Department of 
Oceanography, University of Cape Town, 
South-Africa.
The Nansen Center’s scientists are ap-
pointed to several international councils 
and committees, such as:
• Board of EuroGOOS (O.M. 

Johannessen) and leader of its Arctic 
Task Team (S. Sandven).

• Member of the board of European 
Climate Forum (O.M. Johannessen).

• Steering committee (O.M. 
Johannessen) and Ocean Observing 
Panel for Climate (J.A. Johannessen) 
in World Meteorological Organisation 
- Global Climate Observing System 
(WMO-GCOS).

• Members of several Science Advisory 
Groups – European Space Agency 
(ESA) (for MERIS –L.H. Pettersson, 
GOCE – J.A. Johannessen and 
CryoSat – S. Sandven) and ESA 
Science Advisory Committee (ESAC 
- O.M. Johannessen and J.A. 
Johannessen).

• The World Climate Research program 
CLIVAR “Working group for Ocean 
Model Development” (H. Drange).

• International Risk Governance Council 
(IRGC), Geneva (Ola M. Johannessen)

NATIONAL COOPERATION
The Nansen Center cooperates widely 
nationally through research programs and 
education with a number of Norwegian 
Research institutes and higher educa-
tional institutions and Universities. The 
cooperation includes the Universities of 
Bergen, Oslo, Tromsø and Trondheim, 
UNIS, Marine Research Institute, 

Global 
precipita-
tion (pink) 
and water 

vapour (grey) on 
14th November 2005.
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met.no, SINTEF, Bergen University 
College, Tromsø University College, 
Narvik University College and Telemark 
University College, Akvaplan-NIVA AS, 
NIVA, NORUT, Fridtjof Nansen Institute 
and Norwegian Centre for Spacerelated 
Education (NAROM). The Nansen Center 
is also one of three partners in Bjerknes 
Centre for Climate Research, which is a 
national Center of Excellence in climate 
research.

NATIONAL ROLE
The Nansen Center is a national institute 
of expertise within scientific problems re-
lated to climate research, Earth observa-
tion and operational oceanography. In the 
field of climate research, the Center con-
tributes with model simulation using the 
Bergen Climate Model and analyses that 
have been used in the 4th assessment 
report of the Intergovernmental Panel 
on Climate Change. This work is done 
through the Bjerknes cooperation.
The Nansen Center has through the years 
developed an expertise in Earth observa-
tion, with a primary focus on marine and 
polar applications. Applications for the 
use of Earth observation are the monitor-
ing and research of: i) harmful algae in our 
coastal waters in support of fisheries and 
fish farming industries and authorities; ii) 
ice conditions in the Arctic in support of 
ship navigation and offshore oil and gas 
activities in ice covered areas, with special 
focus on the Barents Sea, Spitsbergen 
and the Russian Arctic; iii) variations of 
the Greenland Ice Sheet; and iv) mapping 
of wind energy resources for the wind en-
ergy industry.  
The Nansen Center initiated in 2002, to-
gether with Institute of Marine Research, 
met.no and others the establishment 
of a National Council for Operational 
Oceanography. The need for information 
and forecasts of the ocean’s state is an 
area with considerable international effort 
and the concept of operational oceanog-
raphy will in the near future become as 
recognized as weather forecasting. 
Expertise in the development of ocean 
models (the TOPAZ system), data assimi-

lation and in-
tegration of 
observations 
from field and 
Earth obser-
vation data 
are among 
the basic 
competence 
at the Nansen 
Center. The 
N a n s e n 
Center has 
considerable 
recogni t ion 
for theoretical 
development 
in data as-
similation and 
for the use of 

Ensemble Kalman Filter for data assimila-
tion in ocean modelling.
The Nansen Center contributes to in-
ternational marine monitoring within 
EuroGOOS (European part of the Global 
Ocean Observing System), ESA and EU´s 
GMES (Global Monitoring for Environment 
and Security) and GEOSS (Global Earth 
Observation System of Systems). The 
Nansen Center’s model system of the 
Atlantic and Arctic Oceans (TOPAZ) is 
the Norwegian contribution to the Global 
Ocean Data Assimilation Experiment 
(GODAE).

PUBLICATIONS
Scientific publication is an important cri-
terion for quality at the Center. 32 articles 
were published in international referee 
journals and books in 2006. Scientists at 
the Center have since its foundation initi-
ated or been co-authors of 10 publications 
in prestigious journals such as Nature and 
Science. The Center has totally published 
11 books, including seven books in coop-
eration with Russian co-authors, of which 
four books are in the Nansen Centers 
Polar Series published by Springer-
Praxis. Each year technical reports to the 
Center’s clients are produced (fig. 1). In 
addition, sci-
entific results 
are published 
in popular 
presentations 
and media.

EDUCATION
In 1990, the 
Center’s first 
six Master  
cand ida tes 
graduated at 
the University 
of Bergen. In 
total, 35 can-
didates have 
taken their 
degrees af-
ter complet-
ing research 

tasks related to Master degrees at the 
Nansen Center (fig. 2).
The first Ph.D. candidate defended his 
thesis at the Mathematical Institute, 
University of Bergen in 1992 after com-
pleting his studies at the Nansen Center. 
In total, the Center has supervised 24 
Ph.D. candidates toward completed de-
grees, mainly at several institutes at the 
University of Bergen, at SINTEF, at sev-
eral Norwegian Technical Colleges and 
Ecole des Mines in Paris. In addition, 
the Center has contributed in the de-
fence of 16 Russian doctoral degrees 
at, “St. Petersburg State University” 
“Arctic and Antarctic Research Institute” 
and “Roshydromet University”, all in St. 
Petersburg. Six Chinese doctoral stu-
dent and four Master students have 
completed their degrees at the Institute 
of Atmospheric Physics of the Chinese 
Academy of Sciences through the 
Nansen-Zhu Centre cooperation. A total 
of 39 Master and 62 Ph.D. candidates 
have made their exams within the Nansen 
Group.
Several of the Center’s employees are re-
sponsible for teaching university courses 
in remote sensing at the Geophysical 
Institute, University of Bergen, and have 
contributed to shorter and longer pro-
fessional courses and lecture series at 
several higher-level Norwegian educa-
tional institutions including UNIS, SINTEF, 
Bergen and Tromsø University Colleges, 
NAROM, in addition to organize and con-
tribute to international courses and sum-
mer schools.
Two of the Center’s research directors 
– J.A. Johannessen and H. Drange – are 
professor II at the Geophysical Institute, 
University of Bergen. Research director 
Stein Sandven was appointed professor II 
at University studies on Svalbard (UNIS) in 
2006 and the Nansen Center also opened 
an office at Svalbard Research Park in 
April 2006.
Ola M. Johannessen and Helge Drange 
are also appointed visiting professor 

Fig. 1: Number of scientific publications and  
technical reports for the years 1987-2006.

Fig. 2: Number of doctoral defenses and Master examinations pr. 
year (1987-2006) based on studies at and supervision from the 
Nansen Center. The formal degree is taken at other Norwegian 

Universities or higher-level educational institutions.



at Institute of Atmospheric Physics, 
Chinese Academy of Sciences. Johnny 
A. Johannessen is appointed visiting 
professor at Ocean University of China, 
Qingdao.

ORGANISATION AND STAFF
The Center is organized into seven disci-
plinary and administrative groups:
• Mohn-Sverdrup Center for Global 

Ocean studies and Operational 
Oceanography, 19 employees (2006)

• G. C. Rieber Climate Institute, 20 em-
ployees

• Coastal and marine remote sensing, 7 
employees

• Polar and environmental remote sens-
ing, 10 employees

• Administration, 7 employees
• IT-department, 1 employee
Totally the Center has 64 employees in 
full and part-time positions at the end 
of 2006, where 35% are female (fig. 3). 
Personnel progression increased stead-
ily from 22 employees in 1987 to 55 em-
ployees in 1997, and remained relatively 
stable between 45 and 50 toward 2005, 
when the Center had 63 employees. In 
addition, there are at least 4-5 foreign 
guest scientists at the Center at any giv-
en time. The staff increase since 2005 is 
mainly due to the NOK 25 mill. donation 
from Trond Mohn for the establishment 

of the “Mohn-
S v e r d r u p 
Center for 
Global Ocean 
studies and 
Operational 
O c e a n o -
graphy”.

FINANCIAL 
DEVELOPMENT
The opera-
tion of the 
N a n s e n 
Center is 
based on 
project appli-
cations, and 
the Center 
has no gov-

ernmental or basic funding. Primary 
project income during the past years 
have come from the Research Council of 
Norway, the European Union’s research 
programs (EU), the European Space 
Agency (ESA), and the Norwegian Space 
Center (fig. 4), with the two first being the 
primary contributors. The Center under-
takes also projects for Norwegian and 
foreign industry and public administra-
tion, mainly the offshore industry. In ad-
dition, G. C. Rieber Funds has contribut-
ed an annual amount since 1996, totally 
5 mill NOK, and Trond Mohn with 25 mill 
NOK over 5 years. In 2006 the turnover 
was 35,7 mill NOK. The Center’s finan-
cial development from its start in 1986 
until 2005 is shown in figure 5 based on 
income and assets per year.

THE NANSEN GROUP  
– leader Ola M. Johannessen
The international “sister-centers” in 
Russia, China and India form the sci-
entific partners of the Nansen Group. 
In addition, Terra Orbit AS was estab-
lished in Bergen in 1987 to commercial-
ize scientific results from the Nansen 
Centers. Terra Orbit has in periods had 
2-3 employees and achieved financial 
balance, without being able, in a large 
degree, to establish a stable commer-
cial operation based on remote sens-
ing products and services. To commer-

cialize the scientific result with respect 
to ocean sequestration of CO2, the com-
pany COTO AS was established in 1997. 
The company is today not in operation. 
In 2000, the Nansen Center initiated, 
together with British FurgoGEOS, 
and later French Collecte Localisation 
Satellites - CLS, the establishment of 
Ocean Numerics Ltd. (in England and 
the US) in order to commercialize opera-
tional ocean model forecasts globally for 
the use by the offshore industry. Today, 
Ocean Numerics operates operational 
ocean models in the Golf of Mexico, but 
without yet being financially profitable. 
Outreach of scientific results is impor-
tant for the Center and a Science Room 
“ARCTICA” was established for that 
reason. ARCTICA consists of a cin-
ema room, where the movie “Svalbard 
– Arctic seasons” and a “Slide show 
about Fridtjof Nansen” are shown. There 
is also an exhibition of Arctic and climate 
research. ARCTICA is used by schools, 
local organizations, and companies and 
in relation to the Center’s general mar-
keting. The Nansen Group employs a 
personnel of 136, including 43 Ph.D. 
students.

THE NANSEN SCIENTIFIC SOCIETY  
- education without borders
The vision of the Nansen Scientific 
Society is that education and research 
within global environment and climate 
problems, including their impacts on so-
ciety for students and young scientists 
from different countries and cultures will 
provide a foundation for greater under-
standing and co-existence in the word 
- in the “spirit of Fridtjof Nansen”.
The foundation was established in 
2006 by the Nansen Center, Trond 
Mohn and family, G.C. Rieber Funds 
and Sparebanken Vest. The foundation 
may accept additional members who 
will contribute to the objectives of the 
Foundation. Its capital funds, donations 
and project income will be used for edu-
cation of young students world-wide in 
cooperation with the Nansen Group and 
other institutions. 

Fig 3: Number of employees and doctoral candidates during  
the period 1987–2006.

Fig 5: Annual development of income and assets  
(in 1000 NOK) for the period 1987 - 2006.

Fig 4: The distribution of sources of income for the  
period 2000 - 2006 by Norwegian (total 55%) and  

foreign (45%) project funding.
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The TOPAZ Ocean Model
Laurent Bertino and the Mohn-Sverdrup Group

The TOPAZ system forecasts the 3D ocean circulation

it uses
• The HYCOM model on the Atlantic and Arctic basins

- 18 to 36 km horizontal resolution

- 22 hybrid layer

- The horizontal resolution will be increased to 11 to 16 km in April 2007
• A coupled Elastous-Viscous-Plastic sea-ice model
• The Ensemble Kalman Filter (EnKF) to assimilate

- Sea Level Anomalies from CLS, Fr

- Sea Surface Temperatures from AVHRR

- Sea-Ice Concentrations from SSM/I

- It will soon assimilate In-situ data from Coriolis, Fr. , Ice drift from
  CERSAT, Fr., Ice thickness from Cryosat, ESA

• Atmospheric forecast from the ECMWF, Reading, UK.
• Routine validation results are presented
• TOPAZ analyses and forecasts are served publicly on an OpENDAP
server (no password)
• TOPAZ is nested to high-resolution systems in coastal areas of interest
(Gulf of Mexico, North Sea, Barents Sea…) running daily forecasts.
• TOPAZ is the Arctic Thematic Portal in the MERSEA European
Integrated System and in the Global Ocean Data Assimilation
Experiment (GODAE).
• Get all of that and much more on http://topaz.nersc.no
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Operational forecasting in

the Gulf of Mexico
François Counillon

Our high-resolution (5km) HYCOM model is able to reproduce the dynamics
and the variability in the Gulf of Mexico, but cannot without additional
information, provide accurate locations of oceanic features such as eddies
and Loop Current fronts. Data assimilation is the science of introducing
observations into numerical models taking into account the dynamical
balance of the system. To be useful, models have to describe eddy fronts
to an accuracy of 30 km at a nowcast stage, which is almost impossible to
accomplish with the use of satellite maps of the same accuracy.

Our efforts  can be divided into 3 parts:

1. The implementation of the  Ensemble Optimal Interpolation
(EnOI), a 3D multivariate data assimilation method. We assimilate
Sea Level Anomaly (SLA) since the method shows for this variable
relevant correlation with currents, salinity, temperature, and layer
interface.

2. We are implementing track assimilation into the EnOI that can
allows a reduction of error induced by the age of the data. Hence,
the model are compared to data at the same date, and the
uncertainty of the data is dependant on time and space.

3. Estimate the predictability with the use of stochastic forecasting
system allows us to give location dependent confidence indices of
the prediction.
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Validation of

the HYCOM Indian Ocean model
Mary Swapna George

A number of models have been developed for the Indian Ocean and the
surrounding regions in the recent past. Still the modelling studies are not as
extensive as in the other parts of the world's oceans. In the NERSC,
HYCOM model has been developed for the Indian Ocean region. The
model is set up with a minimum resolution of 14 km, sufficient to resolve
the larger mesoscale features, with 30 hybrid layers.

The model was spun up for 8 years using climatological monthly means of
atmospheric data. The model has been run for 10 years of simulation. The
results obtained were compared with that of published results, WOCE
sections and ARGO data. The validation results showed good comparisons
with observed data. But the closer comparison of the last years data with that
of the ARGO floats data revealed that the model simulated fresh waters in
the surface and warm waters in the subsurface region. It was found that
there has been precipitation biases in the ERA 40 dataset used for the model
runs. Therefore the model run was performed starting from spin up, after
the biases from the ERA 40 dataset has been corrected. At present the
model is being run for the 14 years of simulation starting from the year 1992.
The data obtained till now  is being validated.

The validation  scheme for the HYCOM Indian Ocean model will further be
improved and implemented, using the in situ data, cruise data and satellite
derived data - mainly the data from the ARGO floats database. The
oceanographic processes of the region will be studied and also its influence
on the major phenomenons like Indian Ocean dipole mode and the ENSO.
And for further studies a finer resolution nested model will be implemented
for the northern part of the Indian Ocean.

The model domain with resolution in km
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The influence of mesoscale activity on the

primary production in the Norwegian Sea
Cecilie Hansen

Little is  known about the influence of fronts and eddies on the
primary production, although observations of Chlorophyll-a from
ocean color satellite images suggests that mesoscale variability is
important for primary production. At the front between  the
Norwegian Coastal Current and the Norwegian  Atlantic Slope
Current, there are frequently formation of eddies, some of which
detach themselves from the front and move out into Atlantic waters.
This contributes to the exchange of watermasses across the front.
The location of the front and the interaction between the fresh
coastal water and the warm, saline atlantic water are important for
the primary production. In some years with favorable wind
conditions, the coastal water forms a thin layer above the Atlantic
water, creates favorable stratificaton, which leads to an early
bloom.To study the influence of mesoscale variability at this
location, the physical ocean model HYCOM (HYbrid Coordinate
Ocean Model) has been coupled with the primary productivity
model NORWECOM (NORWegian ECOlogical Model System). A
high-resolution model has been set up along the Norwegian coast, in
an area where it is thought to be considerable exchange of
watermasses between the two currents. The ecosystem model
contains two phytoplankton classes, diatoms and flagellates, as these
are the two most abundant phytoplankton groups in the Norwegian
Sea. It also includes nitrate, ammonia, phosphate, silicate, detritus
and inorganic suspended particulate matter.
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Mass transport in long waves1

Frode Høydalsvik

The mass transport velocity induced by shallow water waves

reflected at right angles from an infinite and straight coast is

studied theoretically. The waves are weakly nonlinear,

monochromatic and propagate in a homogenous, viscous and

rotating ocean.

Similar to what has been found in earlier investigations, a wave-

induced pattern with alternating recirculation cells associated with

non-linear reflection is uncovered.

Unlike the traditional approach where the domain is divided into

thin boundary layers and a core region, the uniform solution is

here obtained without constraints on the bottom wave boundary

layer thickness.

It is found that the mass transport velocity is sensitive to

topography and depends heavily on the interplay between the

vertical length scales. For waves significantly affected by rotation,

the along-shore mass transport velocity is almost aligned with the

isobaths and the shoreline.

1 Initial parts of this investigation was performed while the author was a PhD student at the University of Oslo. The
investigation is now closed and the author is currently involved in the MERSEA project (with a comparison of TOPAZ model
results and argo data) together with L. Bertino and K. A. Lisæter

Example. The mass transport velocity for the M2 tidal component reflected from an infinite coast
propagates over sloping/oscillating bottom. The depth at a = 0 is 150 m, while at the shore (a =
L = 100) it is 50 m. (a) The cross-shore and vertical mass transport velocity components. (b) The

normalized along-shore mass transport velocity.
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Developing an iceberg forecasting system

for application to the Barents Sea
Intissar Keghouche

The general pattern of sea ice formation in the Barents Sea depends on
short-term atmospheric conditions, and on large-scale differential
bathymetrically controlled water masses on each side of the Polar Front.
In this region, the sea-ice extend has very high seasonal and interannual
variations. Therefore, local and detailed sea ice information, including
ice drift, ice concentration, ice thickness and iceberg drift will, in the
future, be essential for safe navigation and operations in the Barents and
Kara Seas.

To support these needs, a regional high-resolution coupled ice-ocean
model HYCOM (HYbrid Coordinate Ocean Model) has been
established and analyzed under the cold years 1979 and 1987 for the
Barents and Kara Seas. It has a grid cell resolution of about 5 km. The
implementation of an iceberg drift simulation module into the sea-ice
model is attempted. An assessment of the sensitivity of the iceberg drift
to errors in the wind, the ocean currents and the sea ice forcing will be
simulated via an ensemble forecasting experiments.

1 day forecast
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Recent ice-sheet growth in

the interior of Greenland
 Kirill S. Khvorostovsky, Ola M. Johannessen,

Martin W. Miles and Leonid P. Bobylev

The Greenland Ice Sheet is under increased attention concerning the consequences
of global climate change because of its potential for an increasing contribution of
ice loss to see level rise and to weakening of global thermohaline circulation.

ERS-1 and ERS-2 satellite radar altimeter data (1992 - 2003) were used to detect
ice sheet surface elevation changes, which represent mass balance of the
Greenland. Two methods based on crossover analysis were applied for ice sheet
elevation-change estimation. Average elevation- change rate over the whole time
period considered and seasonally averaged elevation time series were calculated
using 45 million crossover points. Besides, the method accounting bias  between
satellites was developed and applied to merge ERS-1 and ERS-2 measurements as
one dataset. Elevation change was estimated for 1° longitude by 0.5° latitude cells.

The spatial pattern of variability is mapped as the 11-year elevation change rate for
each cell. Positive dh/dt values are generally found over most of the high-elevation
areas. The most substantial thinning is observed over outlet glacier areas,
particularly in western, southeastern, and northeastern Greenland, which implies a
dynamic mechanism in addition to changes in precipitation and melting. The
surface-elevation change rate averaged over the Greenland Ice Sheet excluding
those marginal cells with unreliable data is 5.4 ± 0.2 cm/year for the period 1992
to 2003. When adjusted for  average isostatic uplift, the overall ice thickness
change is thus ~5 cm/year. The time-series analysis of elevation changes indicates
seasonal and interannual variability of up to tens of cm, and divergence in elevation
changes since the year 2000 for areas above and below 1500 m, with high-elevation
increases and low-elevation decreases.

Direct relation between Greenland Ice Sheet elevation change and the NAO index,
was examined. The correlation is maximum in winter, when NAO strongly affects
precipitation over Greenland, with r = –0.88. This relation may be explained by the
migration of the Icelandic Low southwestward to Cape Farewell giving higher
precipitation especially in southern Greenland.

-30  -20  -15   -10   -5      0      5    10     15    20    30

cm/year
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Oceanographic database for the Nordic Seas
Alexander Korablev, Andrey Pnyushkov,

Alexander Smirnov and Ola M. Johannessen

Joint quality-duplicate controlled oceanographic database for the
Nordic Seas (ODB) was completed using about 2,5 million stations
from 27 initial data sources under the INTAS-4620 project. The
database was recently extended (50N - 82N, 50W- 70E) by adding
the data from WOD2005 database (fig. A) and includes now more
than 700,000 oceanographic stations.

Based on the data in the ODB monthly, annual and multi-annual
objectively analyzed (OA) climatology (0.25oalong
latitudex0.5oalong longitude) has been computed using OA
program module (fig. B,C).

Program software was specially designed for storing, processing,
analysis and visualization of the data in the initial and OA
databases. The database content and software are constantly
improved and updated.

B

S_ 100m

Salinity anomalies in June at 100m depth level for

1967-72 (B) and 1975-80 (C) periods relative to

mean for 1957-90

A
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Data assimilation of sea-ice concentration

in ocean forecasting models
Knut Arild Lisæter

In ocean forecasting systems, data from several sources are used to improve model
forecasts. Information on sea level, sea surface temperature and temperature and salinity
profiles is readily available for this purpose. By assimilating this information into ocean
models, the model estimates are improved, and this can be used to produce improved
ocean forecasts.

In regions where sea-ice is encountered, it is also necessary to include this information in
data assimilation systems. The TOPAZ forecasting system, operated by the Mohn-
Sverdrup group at NERSC, is one of the few ocean forecasting systems which also
assimilate sea-ice concetration into ice-ocean models. The forecasts of sea-ice
concentration are produced at NERSC on a weekly basis.

To assimilate sea-ice concentration into the ocean model, the TOPAZ system uses the
Ensemble Kalman Filter(EnKF). The EnKF uses an ensemble of models to predict
model error statistics, a data assimilation  approach which produces model error statistics
that evolve in time, contrary to many other assimilation methods where the model error
statistics are fixed in time.

The use of the EnKF assimilation method also produces multi-variate error statistics,
which means that an assimilation change of sea-ice concentration can also impact other
ice and ocean variables. For instance; when sea-ice concentration is introduced in a
region with warm surface  waters, the sea surface temperature must be reduced,
otherwise the newly introduced ice can melt away very rapidly. Studies have shown that
the EnKF is able to do this correction.

The plot to the right illustrates a sea-ice forecast for the Barents Sea. The Barents Sea is
a region where major oil and gas activities are planned. Improvements of sea-ice
forecasts will be important for the safe operation of these activities.

Sea ice Forecast from the TOPAZ ocean forecasting system; 

illustrating ice concentration and ice drift  for Nov. 14th 2006
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Effect of Indonesian Throughflow

in the Indian Ocean
Rahman Mankettikkara

The Indonesian Throughflow (ITF) is studied extensively during past few

decades using observational and modeling methods as it is a choke point of

the global ocean thermohaline circulation. It is the only tropical oceanic

pathway exists in the world Oceans connecting the Pacific and Indian

oceans. Thus, the ITF has been linked to the regional as well as the global

climate. Large scale observational studies reveal significant export of heat

and fresh water to the Indian Ocean through the Indonesian seas. The role

of ITF in the mean state of the Ocean-Atmosphere is not completely

understood yet. The major hindrance to a conclusion on this aspect is lack

of sufficient observation on interannual time-scale. For this same reason

most of the researches on ITF are based on numerical modeling.

Realizing the significance of the ITF in the regional as well as global

climate, efforts were made to understand its effect on the Indian Ocean.

The Hybrid Coordinate Ocean Model (HYCOM, Bleck, 2002) setup for the

Indian ocean is run with prescribed throughflow fluxes. The Indonesian

Throughflow influences the transport in the Agulhas region and South

Equatorial Current (SEC). The circulation near the Australia does not affect

the variations in the transport.

Snapshots of circulation showing the influence of ITF on

SEC, 0 Sv (upper) and 10Sv (lower).
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Sea ice and atmospheric CO2 concentration
Cathrine Myrmehl & Ola M. Johannessen

The objective of this study is to see if there is a direct link between Arctic
sea ice concentration and atmospheric CO2 concentration, and quantify how
much of the atmospheric CO2 is responsible for the decreasing ice cover
over the last few decades. This is motivated by the fact that coupled global
climate models are driven mainly by increasing CO2, and their results show
decreasing ice cover in the Arctic. Is it possible to make a shortcut? The CO2
data used in this study is taken from the forcing of the Bergen Climate
Model (BCM), which is based on global measured atmospheric CO2
concentrations (from 1958) and proxy data from (1900-1957). The sea ice
data are from Chapman & Walsh (1901-1999) and passive microwave
(SSM/I) data (2000.2005). The correlation between these two datasets is very
high (-0.89) for 105 years, and -0.90, when only remotely sensed data are
used (1978-2005). This indicates that at least 80% of the reduction in the
Arctic sea ice cover today is caused by increasing atmospheric greenhouse
gases. Cross-correlation gives a direct correlation (no lag). A running
correlation between the two datasets, with a 25 years window gives a very
high and stable negative correlation since the end of 1970’ies. If one looks at
the relationship between CO2 and sea ice, the sea ice will disappear during
summer, when the atmospheric CO2 concentration attains 641 ppm and will
disappear completely when this value reaches 805 ppm. This is of course
highly speculative and based on a continuous linear trend. We have also
looked at the correlation between NAO and CO2, which is not significant.
The same is valid for sea ice and NAO.

r = -0.9
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Subantarctic Mode Water in

the South Atlantic Ocean
Gisle Nondal

Subantarctic Mode Water (SAMW) is a water mass formed by deep
wintertime convection on the equatorward side of the Antarctic Circumpolar
Current (ACC). It  supplies large amounts of nutrients to the southern
hemisphere as well as the North Atlantic Ocean (Sarmiento et al. 2004).
SAMW is an important tool for detecting climate change (Banks et al.
2000,2002), and it plays an important role in ventilating the thermocline.

A study of the pathways and modifications of SAMW across the South
Atlantic Ocean will be conducted using model output from the HYbrid
Coordinate Ocean Model (HYCOM) (Bleck, 2002), as well as high quality
measurements of salinity, temperature and oxygen from three subsurface
drifting floats (NEMO floats).

The SAMW role in the carbon cycle will also be evaluated.

The NEMO floats where deployed on  October 30th 2006 outside the coast
of Argentina, and the float data are being sent to NERSC via Iridium, every
10 days.

The floats have been programmed to drift at 650m, based on in situ
measurements, as this represents the depth of the SAMW at the deployment
site.

The oxygen measurements from the floats will provide real time observations
of ocean ventilation, and serve as comparison for how the ventilation is
represented in HYCOM.

This presentation shows how HYCOM output as well as in situ
measurements where used to identify the optimal deployment site for
studying SAMW.

Spagetti plot showing the drift tracks of 111 floats released in

HYCOM 01.01.2001.
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DAMOCLES: Acoustic tomography

in the Fram Strait
Hanne Sagen and Stein Sandven

The overall objective is to build, test, validate and use an
innovated integrated observing and modelling system for
improved monitoring of volume, heat and freshwater
transports in the Fram Strait.

As part of the DAMOCLES-IP, NERSC, FORTH, and Naxys
AS, will be responsible for the development, production,
testing and deployment of the first step acoustic tomography
system in the Fram Strait between East Greenland and West
Spitzbergen . The system will use acoustic source from WEBB
research, USA and receiver technology from SCRIPPS
Oceanographic Institution, USA. Moorings will be deployed
during a Nansen Center field experiment in September 2007.
System will operate from fall 2007 and during the
International Polar Year (IPY) 2007-2009.
This tomography array will provide, through inversion
techniques, mean temperature profiles between the source and
receiver array. Direct acoustic measurements from the Fram
Strait array will be assimilated to the higher resolution Fram
Strait model nested to TOPAZ model system using the
Ensemble Kalman Filtering technique.

Project is funded by: European Union, Norwegian Research
Council, STATOIL, and HYDRO
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Modeling the shelf recruitement of Calanus

Finmarchicus on the west coast of Norway
Annette Samuelsen

The zooplankton species c. finmarchicus is important in the Norwegian
Sea because it is the main food for planktivorious fish such as herring
and for larvae of most commercial fish stocks.  C. finmarchicus has a
one-year life-cycle, and the shelf population is recruited from
individuals that has over-wintered at depth either in a fjords or in the
deep basins in the Norwegian Sea.  The shelf recruitment of c.
finmarchicus is investigated using a numerical ocean model, the HYbrid
Coordinate Ocean Model (HYCOM), that forces an individual based
model (IBM) for c. finmarchicus.  The model is set up on a 4 km grid
along the west coast of Norway and the focus is on shelf recruitment
from the Norwegian Sea population.  Numerical experiment are
performed investigate the effect of wind, temperature, food availability
on the shelf population.  Here, the focus particularly on what physical
mechanisms, such as Ekman transport and eddies, contribute to the
cross-shelf transport of c. finmarchicus in the spring, before and during
reproduction.  The figures shows the temperature and currents on the
30. of May 1996 together with the trajectories of a few c. finmarchicus
individuals.
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Classification, mapping and spatial analysis

of mires in Tierra del Fuego
Virginia Antonijevic

Different methods for classification of satellite data will be tested for the study of mire ecosystems. Mires are very substantial carbon stores
and comprise one third of the world’s pool of soil carbon; therefore, it is important to manage and conserve them. The Argentinean mires
of Tierra del Fuego (TDF) are in almost pristine state and they have been formally declared unique by local and international scientists.
There has been little research in these mires and this covers only a small proportion of the extent. As there are formal plans to declare
natural reserves it is of critical importance to develop tasks such as inventorying, mapping, classification and resources assessment.

Figure: clockwise from top left: mosaic of aerial photographs, training site

selection on a Landsat 7 TM image, unsupervisedly classified image and

supervisedly classified image.

The main objectives of this project are to map, classify and perform a spatial

analysis of TDF mires. To do so will require that several classification methods

will be tested in order to identify the most suitable methodology for the proper

classification of mires. Landsat images and aerial photography have been acquired,

all corresponding to the same phenological season. Aerial photos were scanned at

600 dpi and put together into a mosaic. Classification will be implemented in

ENVI where the performance of parametric methods, both supervised and

unsupervised, will be compared. For the unsupervised classification defined

spectral groups will be identified and both K-means clustering and ISODATA will

be applied. For the supervised classification thematic categories within the

mesotope level of mire patterning will be defined and training sites selected with

the aid of the digitized photos. Training statistics will be obtained and several

classifier algorithms employed. Accuracy assessment of the classification will

involve error evaluation, confusion matrix, Kappa values and the report of errors

as commission and omission. The classified images will be output to vector layers

to perform spatial analysis in ArcGIS 9.X.. Mesotope configuration will be studied

through patch-based indices and pattern metrics. Because the mires are very

valuable the identified classification procedure as well as the resulting maps and

the results of the spatial analysis, will provide valuable tools for both scientists and

managers.
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Solid ice fluxes from the Greenland Ice Sheet
Mohamed Babiker, Martin W. Miles,

Ola M. Johannessen and Stein Sandven

There is unequivocal evidence for rapid and large climate variations in the
Northern Hemisphere during the last glacial. These fluctuations involve
major changes in few decades, and probably associated with the shutdown of
the thermohaline circulation (THC) in response to massive iceberg discharge
events from the Laurentide ice sheet, resulting in a freshening of the surface
waters in the North Atlantic. Changes in the north Atlantic THC in response
to small changes in the hydrological cycle, for instance variability in the
outflow of Eurasian rivers or meltwater from Greenland ice sheet, (GrIS)
have also been implied as causing rapid climate change. The GrIS is the
largest single freshwater sources in the Northern Hemisphere, containing
enough water top rise global sea level by about 7 m.

The mass loss from the Greenland Ice sheet composes of melt-water and
solid ice. The outlet glaciers of Greenland can drain large volumes of solid
ice, via calving of iceberg and bottom melting from floating ice tongues. The
magnitude of solid ice entering the ocean from the Greenland Ice Sheet can
be determined by deriving the ice flux crossing line of calving glaciers, using
remote sensing data and ancillary data. The main objective is to identify the
spatial-temporal variability and possible trends in calving fluxes for the major
glaciers in northern Greenland.

Six satellite images were used to study the front behavior of the Petermann
glacier, Landsat (19990707), 3 ASTER images (20010717, 20020720 and
20030723) and 2 ENVISAT IMP images (20040806 and 20050828).
Preliminary Results show that:

1) There is a clear event of mass discharge from the glacier to the open
ocean between July 2001 to July 2002 and a normal advancement of the
glacier from 2002 to 2005.

2) The estimated displacement per a year is ranging between 1044 m from
July 2002 to July 2003 and 1627 m from July 2003 to August 2004.

Frontal behaviour of Petermann glacier extracted from 6 satellite images   
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This study aims is validated satellite images of chlorophyll-a (Chl-a) acquired by the MERIS sensor with in

situ measurements obtain from a ship in the Skagerrak region, this validation will assess the accuracy of

the retrieved results.

It will be validate the standard MERIS algorithms and the bio-optical semi-analytical algorithm developed

at Nansen International Environmental and Remote Sensing Center and identified each of these are the

more accurate to the region for that it will be important to have in situ measurements to validate the

satellite images.

The satellite images of MERIS Chl-a will be downloaded from the Nansen Environmental and Remote

Sensing Centre webpage that provide daily updates satellite images of MERIS ocean colour data.

For in situ validation of the satellite images data will be obtained from the Ferrybox system onboard the

passenger ferry “Color Festival” cruising daily between Oslo, Norway, and Fredrikshavn, Denmark.

Along the transect of this ship of opportunity the ferrybox system measures turbidity, chlorophyll-a

fluorescence and also temperature and salinity continuously, but is the Chl-a fluorescence that will be

analysed.

Both data sets, satellite images of Chl-a and in situ Chl-a fluorescence that will be use in this study

correspond to the month of May of 2006.

For this study first will be matched the in situ data with the corresponding satellite data both spatially and

temporally. It will be calculate which pixel in the satellite image matches the in situ location. The data

within a predetermined box around the matched pixel are then extracted and than it will be compared the

in situ Chl-a fluorescence and the Chl-a satellite images using geostatistical methods.

Comparasion between in situ and remote

sensing Chl-a for March 2006.

Validation of the satellite image of MERIS

chlorophyll-a using Ferrybox System in the

Skagerrak region
Sónia Cláudia Vitorino Cristina
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High resolution wind field retrievals

off the Norwegian coast:
Comparing ASAR observations and MM5 simulations

Knut-Frode Dagestad

Global weather forecasts have today a resolution of about 25 kilometres,
and variations at smaller scales are thus not precisely described. More
detailed forecasts are, however, possible on regional to local scales at a
shorter time scale by using non-hydrostatic mesoscale numerical models.
Such detailed forecasts, of wind in particular, are of large interest to the
general public, and also to commercial users. A major challenge of these
forecasts is to initialise the model with a good description of the initial
state of wind and other meteorological parameters.
Synthetic Aperture Radars (SARs), such as the ASAR sensor onboard
Envisat, are able to derive the wind field with a resolution of about 1 km.
However, unlike scatterometers, a SAR cannot retrieve both the wind
speed and direction. Either the wind direction must be known a priori
before the wind speed can be estimated (which is most common), or vice
versa. Thus we see a large potential for exploiting the synergy of SAR and
mesoscale models. The models may provide the SAR with an initial value
for the wind direction, and the high resolution SAR retrieved wind speed
may serve the purposes of both validation and initialising of the
numerical models.
We have combined the mesoscale model MM5 with ASAR images from
Envisat for retrieval of high resolution wind fields for the coastal regions
of Northern Norway and the Barents Sea. The SAR-retrieved and
modelled wind fields are compared, to assess the quality of both the
MM5-modelled and the SAR retrieved wind fields. Validation is
performed against both measurements from coastal meteorological
stations and offshore weather buoys. The processing chain is running in
near-real-time, thus another purpose is to present the wind fields on the
internet to stimulate the use of SAR-wind by operational meteorologists
when making short time forecasts and nowcasts.

A sharp front off the coast of Finnmark, modelled with MM5 (left) 

and observed with Envisat ASAR (right)
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Interoperable GMES services for

environmental risk management in

marine and coastal areas
Torill Hamre

The lack of a pan-European infrastructure for uniform access
and distribution of environmental data is a severe problem in all
types of risk and crisis management. In marine and coastal areas,
environmental risk and crisis situations such as oil spills and
harmful algal blooms usually have an international dimension.
Thus, users in several countries and organisations need access to
the same data, including observations, derived parameters and
predictions of future conditions.

The project aims to develop a pilot system for interoperable
GMES monitoring and forecasting services for environmental
risk management in marine and coastal areas. The InterRisk pilot
will consist of an open system architecture based on noted GIS
and web standards, and integrate services for several European
regional seas.

The InterRisk pilot portal and subsystem components will be
compatible with the European Space Agency's Service Support
Environment (SSE). The SSE implements an open service-
oriented and distributed environment among both service users
and service providers, and enables integration of remote sensing,
in situ, meteorological, oceanographic and GIS data. System
development will be based on standards from W3C, OASIS,
OGC and ISO, in line with INSPIRE recommendations.

InterRisk will provide a number of different products from
satellite and aircraft data, in situ measurements and model
simulations in several European seas. All products will be
available from a single portal, which will deliver the products to
users in each region for service assessment and validation.

Figure 1. Using web mapping techniques to overlay wind forecast on a satellite
chlorophyll image in the North Sea / Skagerrak area.
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Implementation of Web-mapping technologies

for satellite monitoring and management of

Barents and Kara seas
Oleksandr Kit

This project is both follow up and extension of earlier DISMAR project
on development of web-based open-source decision support system for
marine environment, integrating remote sensing data, field data and
model output. Unlike DISMAR, current project focuses on Arctic
conditions and is being customized according to specific environmental
conditions, resource use and user requirements there, as Barents and
Kara sea region is becoming more and more important for European
climate studies, shipping and energy sector.

User requirements study showed that basically there are three groups of
users in the Barents and Kara sea region, namely environmental agencies,
transport companies and oil/gas companies, which have two groups of
requirements: need for ice conditions monitoring and oils spill
detection/monitoring. Therefore it has been concluded that a Web-based
decision support system would consist of three modules (CORE, OIL
and ICE), consequently divided into layers. The system is based on
University of Minnesota MapServer coupled with other open source
solutions and is configured to remotely access, transform and provide to
the user the data, needed for efficient marine monitoring. Data sources
may include SAR/ASAR remote sensing data, TOPAZ model output,
and various field data.

Plans for further system development include further increase of data
layer numbers, user testing and general evaluation of the possibilities of
its use as an operational tool.

Basic screenshot of the Web-mapping application
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The sensitivity of ocean

primary productivity to mixed layer depth
Svetlana Milutinovic

Recent advance in the analysis of satellite data has opened a possibility to
account for the effects of nutrient availability, photoacclimation and
temperature on phytoplankton growth by using ocean colour
observations. Deriving phytoplankton growth rates directly from ocean
colour data, rather than from empirical relationships, is expected to
improve ocean-colour-based productivity calculations. This new approach
has been demonstrated for the first time by the Carbon-based
Productivity Model, CbPM1. One of the input variables for the CbPM is
the mixed layer depth (MLD). MLD affects the amount of light available
for the growth of phytoplankton in the upper ocean. This analysis
examines the effect of MLD on the determination of productivity by the
CbPM. The sensitivity of the CbPM to MLD is analysed by using two
different MLD data sets: one from the Fleet Numerical Meteorology and
Oceanography Center (FNMOC), Monterey, California, and the other
from the Nansen Center global version of the Miami Isopycnic
Coordinate Ocean Model (MICOM). The preliminary results of the
analysis are presented. The focus is put on the North Atlantic subpolar
gyre, which is the region of interest of the author’s PhD study.

1 Behrenfeld, M. J., E. Boss, D. A. Siegel, and D. M. Shea (2005), Carbon-
based ocean productivity and phytoplankton physiology from space,
Global Biogeochem. Cycles, 19, GB1006.
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EO-Windfarm
Morten Stette and Lasse H. Pettersson

Satellite based services for the wind industry

 The EO-windfarm project consists of an open consortium of
organizations providing highly innovative integrated
environmental services to support wind farm development and
management.

 The project will identify the present and long-term needs for
geo-spatial information related to global offshore (near-coastal)
wind mapping as defined in EU and ESA member states policies
and potential customers requirements.

 The wind power potential will be derived from satellite
Synthetic Aperture Radar (SAR), scatterometer and altimeter data,
numerical model results and in situ measurements.

 Customize and test the individual components of the wind
farm siting service chain for maximum site selection efficiency.

 Validate the service with key customers involved in the project,
and identify improvements required for developing a fully
operational service.

 The consortium is financially supported by the European Space
Agency.

Users
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Sea ice drift in the Barents Sea
Johan Wåhlin

The sea ice drift in the Barents Sea is observed by satellite scatterometer
and passive microwave data for the winter season provided by Ifremer.
The objective of this study is to test the capability of high resolution
ASAR Wideswath images from  ENVISAT to estimate sea ice drift and to
compare SAR retrievals with other satellite data and data from drifting ice
buoys. The hypothesis is that SAR data can provide higher-resolution ice
drift fields than the scatterometer/passive microwave data, and that SAR
can provide year-round data. The ASAR on ENVISAT produces both
Wideswath images and Global Monitoring Mode images every day in the
Arctic sea ice areas. This study is also focusing on comparing the capability
of the two SAR modes to produce ice drift data.

A period of three months (March-April-May 2006) has been studied
covering the north-eastern part of the Barents Sea. SAR data acquisition
was intensified in this region, providing Wideswath data at intervals of 1 -
3 days. With manual analysis, all the Wideswath images could be used to
derive accurate ice displacement vectors. The possibility to derive the
vectors were good in most parto f the images, except near the ice edge,
where features was difficult to recognise. In the Global Mode data, it was
more difficult to find ice displacement vectors, because fewer ice features
could be recognised. In cases when Global Mode data could provide ice
drift data, there was good agreement with the Wideswath data. The
comparison between SAR and merged scatterometer and passive
microwave data showed good agreement. Only a few cases near open
water and coasts showed any significant discrepancy between the two data
sets.

The ice drift was mainly westerly in the whole period, with a few incidents
of easterly ice drift. With systematic acquisition of Wideswath SAR
covering the straits between Svalbard, Franz Josef Land and Novaya
Zemplya, it is possible to monitor the ice flux in and out of the Barents
Sea throughout the year.
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Incremental remapping
Mats Bentsen

Incremental remapping was recently introduced as a transport/advection
algorithm (Dukowicz and Baumgardner 2000). The method solves the
transport equations in conservation form and, in the context of layered ocean
modeling, it ensures monotonicity of layer thickness for a non-divergent
velocity field.  Monotonicity is ensured for associated tracers for any velocity
field that does not violate the CFL condition of the method. Adding tracers
leads to a small incremental computational cost, since the method is
geometrical in nature and many computations can be reused. These features
make incremental remapping interesting for ocean model development effort,
especially taking into account that the model should be suited for earth system
modeling and must be able to deal with a large number of tracers. The
traditional incremental remapping algorithm is naturally suited for B-grid
models. We have investigated methods for implementing incremental
remapping in a C-grid model and it is currently operational in our version of
MICOM. Solving transport equations for temperature and salinity within a
layer with some reference density, typically introduces numerical density
errors.  We have developed a method for reducing this error using
incremental remapping. In light of this we will consider incremental
remapping as the transport algorithm of choice in our further development
effort. In the figure, incremental remapping is compared to MPDATA and
flux corrected transport for a case with simultaneous transport of layer
thickness, temperature and salinity. The upper 4 panels show the initial and
final temperature distributions and the lower panels show the corresponding
density errors introduced by the advection alone.

MPDATA

RemappingFCT2

RemappingFCT2

MPDATAInitial distribution
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Future salinity of the North Atlantic
Ingo Bethke, Tore Furevik and Helge Drange

Most atmosphere-ocean general circulation models forced with
increasing greenhouse gas concentrations predict enhanced
atmospheric moisture transports to the high northern latitudes.
Together with melting of Arctic sea ice and glaciers, this has led to
the expectation of a gradual freshening of the northern North
Atlantic, tending to reduce the strength of the Atlantic Meridional
Overturning Circulation (AMOC).

In this study, a multi-member greenhouse gas experiment with the
Bergen Climate Model is used to demonstrate that both the salinity in
the North Atlantic and the inflow of Atlantic Water to the Nordic
Seas may increase despite a strong freshening of the Arctic Ocean and
a reduced AMOC.

The upper figure displays the simulated net evaporation minus
precipitation (colors) and atmospheric moisture transport (arrows),
showing the transport of fresh water out of the Atlantic Basin. The
resulting ocean salinity is displayed in the lower panel, showing
increased salinity in the Atlantic Ocean and the Nordic Seas despite
strong freshening in the Arctic Ocean. It is therefore likely that the
salinity of the North Atlantic/Nordic Seas region  may increase
despite a strong freshening of the Arctic Ocean.

Psu per decade
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Little trace of the Greenland Sea in the

Atlantic Conveyor
Tor Eldevik

0.5 Sv

2 TW

The buoyant Atlantic inflow to the Arctic
Mediterranean is totally transformed on its route
through the Nordic Seas and the Arctic Ocean
(right). The dense overflows through the
Denmark Strait and the Faroe Bank Channel
connect directly to the deep circulation of the
North Atlantic Ocean and what is commonly
visualized as "The great ocean conveyor". The
Nordic Seas thus contribute about 2/3 of the
deep limb of the Atlantic part of the conveyor.

Open ocean convection in the Greenland Sea is
often considered to be a (the) main part in the
Nordic Seas' transformation and overturning
from Atlantic inflow to dense overflow. This
assumption is put to test for the period 1950-
2003 combining the observational data from a
recent tracer release experiment, the most
complete hydrographic data base for the Nordic
Seas, and a state of the art regional ocean model.
It is found that the partition of the overflow
waters that originates in the Greenland Sea is
quite marginal (below), and that there is no
significant co-variability between the convective
activity and the overflows. In particular, there
are no systematic changes associated with the
1970s when the deep/bottom convection was
replaced by the present regime of convection to
intermediate depth.
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Turbulent mixing enhancement over

heterogeneous surfaces
Igor Esau

Using turbulence-resolving numerical model LESNIC, I simulated the
turbulence over narrow (5-200 m, as studied in field campaigns) and
wide (200-12000 m, as observed on satellite images) leads.
Simulations confirmed existence of a monotonic fetch dependence
for the heat exchange coefficient as it has been derived from field
data. In contract, monotonic decrease of the heat flux with increase
of fetch has not been confirmed. Simulations disclosed profound (by
factor of ~5) enhancement of the fluxes over kilometer-scale leads
thus invalidating the existing surface flux schemes (adopted from
homogenous turbulent mixing studies) and assumed monotonic
decrease of fluxes with increasing lead width. The fluxes peaks at the
lead scale comparable to the corresponding scale of the coherent
structures in the convective layer. Over wider leads, flux decrease to
its value typical for the shear-free homogeneous convection. Onset of
the flux suppression has been related to reorganization of the flow
structure over leads. The flow over a narrow lead is organized in a
single plume. The plume entrains the cold air horizontally, that
maintains large air-water temperature difference and makes the
mixing proportional to the entrainment velocity and very efficient.
The flow over a wide lead is organized in multiple plumes with
downdraught areas over the lead. The temperature difference is
reduced and the turbulent mixing is inefficient. The wide leads
comprise the major part of the open water in the Arctic, the found
turbulent mixing enhancement is of significant importance and calls
for the re-evaluation of the averaged surface heat balance over the
Arctic Ocean. For instance, Alam and Curry model (1997) for a 2 km
lead, 10K temperature difference and wind speed 3 m/s predicts the
heat flux ~ 60 W/sq. m., while simulations predict 110 – 150 W/sq.
m.
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Response of North Atlantic Meridional

Overturning Circulation (AMOC) to

the changes in wind stress
Yongqi Gao, Helge Drange, Mats Bentsen and Even Nilsen
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(a) AMOC

(b) Normalized AMOC

The response of the AMOC to the changes in wind stress has

been investigated using global version of Miami Isopycnal

Coordinate Ocean Model (MICOM) forced by the

NCAR/NCEP daily forcing 1948-2004. The results suggest

that:

1. Wind stress is responsible for the inter-annual and decadal

variations in the simulated AMOC (Fig.a)

2. Thermohaline forcing alone can maintain the AMOC at low

level and is responsible to shape the long-term increasing

trend in the simulated AMOC (Fig. b)
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Storfjorden: Small-scale modeling of

an Arctic Shelf Overflow
Florian Geyer

The Storfjorden overflow has climatic significance and

contributes newly formed waters into the deep Arctic Ocean.

Small-scale modeling of the overflow can in combination with in-

situ turbulence measurements help to understand the small-scale

processes that contribute to the mixing of the brine-enriched

Storfjorden overflow water. Field data is available only in times

of weak overflow. This period is characterized by a thin overflow

layer of intermediate density and remnant pools of more dense

water from the periods of stronger overflow. The shown model

setup tries to simulate this configuration.
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Both numerical and analytical models have been used to analyze the
large-scale circulation in a convective semi-enclosed basin subject to
surface cooling. The key aspect of the model configuration is the
presence of a sill in the narrow strait connecting the basin to the outer
open ocean.

The properties of the water mass formed in the marginal sea are set
by the interaction between the interior of the marginal sea and a
boundary current that cyclonically encircles it. This exchange is due to
mesoscale eddies, and controlled by baroclinic instabilities of the
boundary current. While the current structure and instability are set
by the sloping bottom configuration in absence of sill, they are largely
controlled by the sill when it is introduced. Important differences can
result in the circulation: current thickness limited at the sill depth;
lower interior and outflow temperatures; narrower and shallower
current at the sill. The relevance of the sill influence is a function of
its depth.

Though the presence of the sill limits the heat transport in and
reduces the temperature of the waters into the marginal sea, the
interior is not as cold as one may expect. Theoretical analysis provides
a further insight into the dynamics at play: another relevant effect due
to the sill is the modification in the vertical structure of the inflow
that becomes more unstable entering the basin and so more efficient
in transmitting heat to the interior. The net sill-impact is thus a colder
interior, but also a colder outflow, both affected by the variation of
the boundary current properties .

Though the model formulation is suitable to any marginal sea with
such large-scale characteristics, this study may provide a better
understanding of key aspects of the northward transport of warm
water and the formation of deep water in the North Atlantic-Nordic
Seas system.

On the effect of a sill on dense water

formation in a marginal sea
Dorotea Iovino
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Response of the North Atlantic Subpolar Gyre

to a persistent positive NAO forcing
Katja Lohmann

Within the framework of the NERSC coordinated EU-project DYNAMITE the
response of the North Atlantic Ocean to an idealized North Atlantic Oscillation
(NAO) forcing is investigated. The Nansen Center Version of the Miami Isopycnal
Coordinate Ocean Model is, after a spin-up phase of more than 200 years, forced
for 40 years with idealized positive and negative NAO fields respectively. The
forcing fields are taken from the ERA40 reanalysis.

One interesting result of the idealized model integrations is a prominent ’regime
shift’ in the subpolar gyre (SPG) region after about 15 years of constant positive
NAO forcing (upper panels). This ’shift’ is caused by the different response
timescales of the SPG and the meridional overturning circulation (MOC). During a
positive NAO, strong cold winds in the SPG region lead (via a large heat loss of the
ocean) to cold sea surface temperature (SST) and (via deep convection) to a
thickening of the Labrador Sea Water (LSW) layer. The SPG responds to the LSW
thickness with a lag of about 2-3 years in the idealized simulation (lower panel; note
that a negative index corresponds to a strong SPG). This (initial) strengthening of
the gyre (upper left panel) under positive NAO forcing is consistent with previous
studies. On a longer timescale, however, the strength of the MOC increases
(lagging behind the LSW thickness by about 9 years in the idealized simulation;
lower panel).  The spinning-up of the MOC is accompanied by the advection of
warm, saline water from the subtropical gyre. Considering density changes, the
temperature effect is dominating. Additionally, the idealized simulation suggests an
increased transport of relatively fresh water from the Arctic through the Denmark
and Davis Strait under positive NAO forcing. Consequently, the thickness of the
LSW decreases, leading to a ’breakdown’ of the SPG (upper right panel). The
thinning of the LSW will also tend to decrease the strength of the MOC again,
allowing a small strengthening of the SPG after year 25 (lower panel).

Modelled North Atlantic sea surface height anomaly

Modelled time series averaged over the SPG
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The marine carbon cycle
Kjetil Lygre

The model is MICOM predicting ocean circulation and sea-ice,  augmented

with a carbon cycle model predicting dissolved inorganic carbon (or total

CO2),  alkalinity, phytoplankton, zooplankton, NO3-,

NH4+ and detritus. The model is  forced by observed annual atmospheric

CO2 partial pressure and daily atmospheric forcing from NCEP (winds,

temperature, precipitaiton, rel. humidity etc.) from 1948 till present.

The simulated pattern of primary production (upper) resembles that of the

observational estimate (lower), although deviations occur e.g. on both sides

of the Equator in all oceans.

In turn ocean primary production, by carbon consumption, keeps the

partial pressure of CO2 in the ocean down, and is thus an important

contributor to the uptake of CO2 from the atmosphere

The work contributes to the EU CARBOOCEAN integrated project
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Stratification-dependent mixing may

decrease the stability of the

Atlantic Overturning
Ben Marzeion

Stratification-dependent vertical diffusivity is employed in a global
coupled climate model, calculating the diffusivity ! as

! ~ N(-")

 where N is the local buoyancy frequency.

This simple parameterization reflects results based both on
observational data and theoretical considerations.

A potential feedback (figure 1) involving stratification, diffusion, and
convective mixing during the winter season is identified.
It is shown that this feedback may fundamentally change the sensitivity
of the Atlantic Meridional Overturning Circulation to changes in the
forcing (figure 2).
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The role of wind for North Atlantic-Nordic

Seas exchanges
Jan Even Øie Nilsen

Atlantic inflow over IFR

0.5 ! 1 !!=0 2 !

Atlantic inflow through FSC

0.5 ! 1 !!=0 2 !

IFR inflow

FSC inflow

The role of surface wind stress for the variability of
volume exchanges between the North Atlantic and the
Nordic Seas during the last 50 years is investigated using
a synoptic forced, global version of the Miami Isopycnic
Coordinate Ocean Model (MICOM).

Four model experiments using zero (blue), half (green),
normal (red) and double (cyan) wind stress forcing,
show increasing northward flows through the
Faroe–Shetland Channel (FSC) and across the
Iceland–Faroe Ridge (IFR) and southward flow through
the Denmark Strait (DS), with stronger wind forcing.

The results from the zero and double wind experiments
differ in northward Atlantic flow through the FSC and
IFR with ~2 Sv, and in southward DS flow with as
much as 3.8 Sv.

The model also indicates that normal wind forcing is
responsible for 3 Sv of the modeled 9.5 Sv total Atlantic
inflow to the Nordic Seas. Furthermore, while the
normal and double wind stress introduce trends in the
FSC (positive) and IFR (negative), reduced wind stress
result in no such inter-gap relation.
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Dispersion properties of radioactive tracers

from Sellafield and La Hague in the Nordic Seas

The spatial and temporal evolution of the anthropogenic radionuclide Tc99 in

the North Sea and the Norwegian Seas have been simulated with a regional

version of MICOM for the period 1975 to 2003. The main source of this

radionuclide is the reprocessing plants at Sellafield in the Irish Sea and La Hague

on the French coast in the English Channel.

The radioactive contaminants follow the general ocean circulation in the area,

and are eventually transported northwards along the Norwegian coast heading

towards the Arctic Ocean. Comparison with observational time series from two

stations along the coast of Norway shows that the model fairly realistically

captures both the amplitude and the temporal trend of Tc99 from Sellafield and

La Hague.

To isolate the effect of changes in the ocean circulation and mixing on the

released tracers, idealized age tracers are included. These tracers measure the age

along the pathways of the tracers from the two sources. The age of the

Sellafield-derived tracer at the island Hillesøy on the northern coast of Norway is

found to be in the range 5 - 8 years.

Steinar Orre
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The Atlantic meridional overturning

circulation response to anomalous

freshwater forcing
Odd Helge Otterå

A key challenge in climate research addresses the stability of the Atlantic
Merdional Overturning Circulation (AMOC). Evidence from paleo
records indicate that the Earth underwent large and rapid climate changes
during the last glacial and postglacial periods. The origin of these abrupt
changes is heavily discussed, but there is evidence that the AMOC played
an active and important role in the transitions.

    Numerous modeling studies have demonstrated that the Atlantic
surface freshwater balance is a key control parameter for the strength and
variability of the AMOC. However, the actual response of the AMOC to
perturbations in this balance varies between the models. It is therefore still
a large degree of uncertainty regarding the sensitivity of the AMOC to
anomalous high latitude freshwater forcing. At the Nansen Environmental
and Remote Sensing Center and the Bjerknes Centre for Climate Research,
the transient effect of increased freshwater fluxes to the high northern seas
has been examined using the Bergen Climate Model. The simulated
response indicates that the present-day AMOC might be robust to the
isolated effect of enhanced, high-latitude freshwater forcing on a
centennial time scale, and that the western tropical North Atlantic may
provide key information about the long-term variability of the AMOC. Air temperature response in a BCM simulation with a threefold increase in the

river runoff to the Arctic Ocean and the Nordic Seas

Schematic diagram of the AMOC
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Passive tracers and active dynamics in

the northern North Atlantic
Anne Britt Sandø

A long-standing problem in oceanography has been to
understand the relationship between what can be measured in
the ocean, such as hydrography, and what cannot, such as the
strength and structure of the complete Meridional Overturning
Circulation (MOC) of the world oceans, commonly considered
the main oceanic long-term modifier of Earth’s climate. With
the aid of a 50 year simulation from a numerical ice-ocean
model we have investigated this relationship in the area of the
northernmost extension of the MOC, in the Subpolar and
Nordic Seas, on interannual timescales. We find that variability
in the northward flux of salt and temperature in this region is
controlled almost entirely by the volume flux, confirming that a
knowledge of the variability of the circulation strength proper is
necessary. The simulated hydrographic anomalies are within the
range observed in the 20th century, thus fundamental changes
to the circulation were not expected nor found. It is seen that
variability in either temperature or salinity does contain some
information about the variability in current strength, because
hydrography and circulation generally respond to the same
atmospheric forcing in the North Atlantic sector. Whether it is
temperature or salinity that contains the information is related
to the parameter range of the equation of state at the location in
question: If density depends primarily on temperature then a
salinity anomaly will tend to survive and vice versa. The oceanic
response involves hydrographic changes and propagation of
these, gyre strength changes, and changes in the MOC.

,
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High latitude heat waves and methods

for diagnosing extremes
Dag Johan Steinskog

Heat waves in high latitudes contribute to a warming Arctic. It is well
known that Arctic warming is not uniform in time and space, and
heat waves explain this. In general, heat waves are known to have
huge social, environmental and economical consequences. The
definition of high latitude heat wave is also examined and improved,
since the definitions used on heat waves and extremes in general have
the basis on low- and mid-latitude climate.

With focus on the heat wave in Svalbard in Spring 2006, some new
methods for looking at extremes introduced with the RCLIM
intitiative (Caio et. al. 2007) are tested on this particular heat wave.
RCLIM is based on the statistical package R, and more info can be
found at: http://www.met.reading.ac.uk/cag/rclim/

The plot on the right hand side show the horizontal dependence of a
spring heat wave at the Svalbard region. There are some dependence
between extreme high temperature in Svalbard and Eastern part of
Canada. The reason why is not obvious. Heat waves at Svalbard is
caused by mostly horizontal temperature advection, indicating
transport of warm air into the region. There could be a correlation
between heat transport in North Atlantic and North Pacific causing
the correlation of heat waves.

Chi bar (75th quantile) Svalbard

-1 -0.82 -0.64 -0.45 -0.27 -0.09 0.09 0.27 0.45 0.64 0.82 1
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The Lomonosov-Nansen master programme

in climate research

Lasse H. Pettersson, NERSC/NIERSC, St. Petersburg, Russia

The Arctic climate of the 20th century has undergone major
fluctuations. This includes a substantial warming between 1925
and 1945, a marked cooling in 1950-1970 and finally an ongoing
warming trend, which started around 1980. These events have
not been restricted to the Arctic only, but the strength of the
warming has by far been most pronounced in the Arctic region
as the climate models predict.
Accordingly and in conformity with the Bologna process to
establish and formalize a joint high quality educational Master
program in climate research between the Universities in St.
Petersburg, Bergen, Helsinki and Vilnius.

The Lomonosov-Nansen program will encourage the education
and recruitment of young climate research scientists in Russia
and the Baltic countries, to be achieved through:

• Formulating and implementing a joint curriculum for climate
research Master students.

• Exchange of key scientific expert lecturers.

• Selection and implementation of an educational and exchange
program for up to twenty master students.
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Monitoring of Water Quality from Space

A new operational non-satellite-specific algorithm for a simultaneous retrieval of
contents of phytoplankton chlorophyll (chl), suspended minerals (sm) and dissolved
organics (doc) from space sensor data was developed. It is employed along with an
improved algorithm for inferring sea surface temperature to monitor the surface
expressions of biotic and abiotic processes in marine and lacustrine ecosystems.

The water quality algorithm contains an array of neural networks providing input for
the Levenberg-Marquardt multivariate optimisation procedure as the final retrieval
tool. With a given accuracy threshold, the algorithm is sufficiently robust to data with
noise up to 15% for certain hydro-optical conditions. To avoid inadequate retrieval
results, the algorithm identifies and eventually discards the pixels with inadequate
atmospheric correction and/or water optical properties incompatible with the applied
hydro-optical model. The validation of the algorithm is strongly indicative of its
operational efficiency.

The employment of the new bio-optical algorithm processing multispectral satellite
data jointly with in situ measurements, and 3-D hydrodynamic and biogeochemical
model simulations allowed implementing a synergistic approach. The latter is widely
applied to comprehensively studying both marine and large inland water bodies, such
as the White Sea, the Kara Sea, the North Sea, Lake Ladoga and Lake Michigan.

Dmitry Pozdnyakov
Anton Korosov and

Lasse H. Pettersson -
NERSC/NIERSC, St. Petersburg, Russia
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Impact of El Nino and Indian ocean tsunami

on chlorophyll production in the Arabian Sea
K. Ajith Joseph - NERCI, Kochin, India

Eastern Arabian Sea is one of the major productive regions in the  Indian Ocean as
this region often shows maximum abundance of phytoplankton and zooplankton. But
this region at times shows decrease in productivity due to the impacts of oceanic
phenomena like El Nino signals and events like Tsunami in the Indian Ocean which
normally occurs in the Pacific. The present study utilized ocean colour data from
SeaWiFs with the aid of GIOVANNI (GES-DISC Interactive Online Visualization
ANd analysis Infrastructure) online software to analyse these impacts for the eastern
Arabian Sea region. We observed  Chlorophyll reduction in this highly productive
regions during the years after the occurrence of  El Nino in 1997 and also in the year
after the occurrence of Indian Ocean Tsunami in December 2004. This reduction in
chlorophyll production has directly affected the fishery potential of the west coast of
India in the year 1998 and 2005 respectively. The present study further substantiate the
fact that oceanic phenomena (El Nino) and events (Tsunami) have negative effect on
the chlorophyll production in the normally productive regions of the eastern boundary
currents surrounding the Oceanic regions.
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A Synergistic use of Ocean colour,

Satellite Altimetry and AVHRR data
for the studies of upwelling and Chlorophyll productivity

in the Northern Indian Ocean

Prasanth Divakaran & Ajith Joseph - NERCI, Kochin, India

Upwelling is an oceanographic phenomenon that involves wind-
driven motion of dense, cooler, and usually nutrient-rich water
towards the ocean surface, replacing the warmer, usually nutrient-
deplete surface water.

In this study we adopted a synegy of different sensor data like Ocean
colour (SeaWiFs and MODIS), AVHRR and Altimeter data to make
a more meaningful approach in studying upwelling features in the
coastal seas in the Northern Indian Ocean in general and also in the
seas around India in particular.  It provides information on
upwelling of northern Indian Ocean using Sea surface temperature
and Sea surface height anomaly measured from Satellites. The
upwelling is inferred as low sea surface temperature and low sea
surface height variability. The horizontal scales for SST and SSH are
not equal, due to SSH being more dominated by the dynamical
processes in the ocean than SST, which is more dominated by the
smooth atmospheric fields. The Area plot of Ocean color provides
the development of chlorophyll maxima in the seas around India in
synegy with the upwelling signals in the Indian Ocean.
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Eddy evolving processes in the greater Agulhas Current system are examined in

both satellite radar altimetry data and a hindcast simulation experiment of a

regional Hybrid Coordinate Ocean Model from January 2000 to December 2004.

The Mozambique Channel eddies consistently drift into the northern Agulhas

Current and appears to frequently interact with the Agulhas Retroflection and

ring-shedding area up to 73% of the time. Statistical analyses show variability on a

range of weekly-to-monthly, intra-seasonal and seasonal frequencies. The model

simulation of the circulation in the greater Agulhas current is promising, and

clearly supports the major findings in the altimetry sea level anomaly

observations.

Altimeter eddy kinetic energy estimation - year 2000

HYCOM eddy kinetic energy simulation - year 2000

Mesoscale variability study of the greater

Agulhas Current from satellite radar altimetry

and a high resolution model

 Bjørn C. Backeberg - Cape Town University, South Africa,

Johnny A. Johannessen and Laurent Bertino
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Impact and modelling of the Boreal

winther-spring Atmospheric Circulation on the

Typhoon Frequency
Ke Fan and Huijun Wang - Nansen-Zhu Center, Beijing, China

Major WNP typhoon activities happen in June-July-August-
September-October. Therefore, the study of the effects of the
atmospheric circulation in winter-spring on the typhoon frequency is
crucial for establishing the forecast model of the typhoon frequency.
In this research, we try to detect new predictors of the typhoon
frequency, based on the analysis of the atmospheric circulation
associated with the typhoon genesis. Then we established a new
prediction model for the typhoon frequency, by using the NPO index,
the index of Sea ice area over the Pacific in DJF and MAM, the area
mean geopotential height in the region of （30°S-20°N，90°E-
180°E, the area mean geopotential height in the region of （50°N-
60°N，180°E-140°W）, the area mean 1000 hPa air temperature in
the region of （20°S-20°N，100°E-140°E）, Nino34 index, the area
mean 850 hPa vorticity in the region of （5S°-15°N，130°E-
145°E）, as well as the area mean MWS in the region of （5°-15°N，
140°E-160°E）as key predictors. Some of the predictors are newly
identified in this research. Each of factors in the established model not
only has a significant correlation with the typhoon frequency over
WNP but also has physical basis.
The new model shows a reasonable skill for the period of 1965-1999,
especially for the variability of typhoon over WNP in 1997 and 1998
(some previous models have been failed in the prediction for these
two special years). The model provides a reasonable prediction of the
WNPTF for the years of 1965- 2006. However, validation of the
model by more challenging cases needs to be done. We should also try
to improve the model in future works by considering other factors
that are physically important for the typhoon genesis.

Fig. The time series for actual WNPTF (solid line) and the model simulated (dashed
line) and predicted WNPTF (dashed line). The model simulated WNPTF is for the
period of 1965-1999, and the forecasted WNPTF is for the period of 2000-2006.
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