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Vision

The vision of the Nansen Center is to 
serve the society through advancing 
knowledge on the marine environ-
ment and climate system in the spirit 
of Fridtjof Nansen.
Main research areas are:
•	 Climate processes, variability and 

change
•	 Arctic and Marine remote sensing 
•	 Ocean modelling, data assimila-

tion and forecasting
•	 Socioeconomic impact of global 

change

Organization

The Nansen Center is an independ-
ent non-profit research founda-
tion affiliated with the University of 
Bergen, Norway. The Nansen Center 
conducts climate and environmental 
research projects funded by the re-
search councils, space agencies, EU, 
national and international govern-
ment agencies, industry and private 
donations. The Nansen Center has, 
after 24 years of research on the na-
tional and international level, still no 
basic funding from the Government 
of Norway, despite recommenda-
tions from the Research Council of 
Norway.

Staff

By the end of 2010 the Nansen 
Center employed 57 persons from 
15 nations, including six in adjunct 
positions. The staff includes seven 
Post Docs and eight Ph.D. and one 
Master student. Foreign students and 
scientists from UK, Finland, France, 
India, China, The Netherlands, New 
Zealand, Russia and South Africa, 
have been visiting the Nansen Center 
for periods from weeks to several 
months during 2010.
The Nansen Center’s goal is to be an 
equal opportunity employer. 40% of 
the employees were female in 2010.

Office and Environment

The premises and working environ-
ment is very satisfactory – both in 
Bergen and in our office in Svalbard 
Research Park in Longyearbyen. The 
board concludes that the Center does 
not pollute or in other ways harm the 
environment.

Scientific Production

During 2010 40 articles were pub-
lished in international referee journals, 
including one in Nature Geoscience, 
one book, two book articles, 36 ar-
ticles in conference proceedings, 20 
technical and other reports, as well 
as seven popular science articles – 
totally 106 publications.
After completing their studies at and  
with supervision from the Nansen 
Center, four PhD students and two 
Master students defended their 
thesis at the University of Bergen. 
Another three doctoral candidates at 
the Center defended their thesis at 
foreign universities in 2010;
• Dr. Björn Backeberg: Modelling the 

mesoscale variability in the Greater 
Agulhas Current System Using a 
Hybrid Coordinate Ocean Model, 
Doctoral Thesis # 83, Department of 
Oceanography, University of Cape 
Town, South Africa. Supervisors at the 
Nansen Center: J.A. Johannessen and 
L. Bertino.

• Dr. Ling Ling Chen: Greenland Ice Sheet 
Surface Elevation Change and Influence 
of Atmospheric Teleconnections in the 
Northern Hemisphere, Doctoral Thesis 
# 90, Institute of Atmospheric Sciences, 
Chinese Academy of Sciences, Beijing, 
China. The supervisor at the Nansen 
Center: O.M. Johannessen.

• Dr. Florian Geyer: Overflow and to-
pographically induced mixing on the 
Svalbard shelf, Doctoral Thesis # 82, 
University of Bergen, Geophysical insti-
tute. Supervisor at the Nansen Center: 
T. Eldevik.

• Dr. Intissar Keghouche: Modeling the 
dynamics and operation of Iceberg in 
the Barents Sea, Doctoral Thesis # 85, 
University of Bergen, Geophysical insti-
tute. Supervisors at the Nansen Center: 
O.M. Johannessen and L. Bertino.

• Dr. Gisle Nondal: A study of the high 
and mid latitude biogeochemistry in 
the Atlantic Ocean: The Influence of 
surface process, Doctoral Thesis # 88, 
University of Bergen, Geophysical insti-
tute. Supervisor at the Nansen Center: 
O.M. Johannessen

• Dr. Irina Sakova: Low-frequency modes 
of variability of the Indian Ocean and 
the Connection with the Indian Ocean 
dipole, Doctoral Thesis # 89, University 
of Tasmania, Australia.

• Dr. Alexandra Seiler: Reservoir structur-
al model updating using the Ensemble 
Kalman Filter, Doctoral Thesis # 87, 
University of Bergen, Department of 
Mathematics. Supervisor at the Nansen 
Center: G. Evensen.

• Katherine K.B. Duarte: An Inconvenient 
Truth on Norwegian climate coverage: 
whose voices and opinions are repre-
sented in the Norwegian press cover-
age of climate change, Master Thesis 
# 84, Department of Information and 
Media Studies, University of Bergen. 
Supervisor at the Nansen Center: O.M. 
Johannessen.

• Sven Arild Haugen: Acoustic tomogra-

phy in the Fram Strait: - Predicted and 
Measured travel time, Master Thesis 
# 86. University of Bergen, Dept. of 
Physics and Technology. Supervisors at 
the Nansen Center: S. Sandven and H. 
Sagen.

Outreach is done through the press, 
television and popular science lec-
tures.

Awards

Professor Ola M. Johannessen was 
awarded the “Visiting Professor of 
International Senior Scientists of 
the Chinese Academy of Sciences 
for 2010” by Prof. Yongxian Dr. Ing 
Lu, President, Chinese Academy of 
Sciences. He was also elected as 
Honorary Member of the Norwegian 
Academy of Technological Sciences 
and received the “Certificate” from 
the Director-General of the European 
Space Agency for his contribution 
to the “High-Level Science Policy 
Advisory Committee from 2007-
2010”.
Professors Stein Sandven and 
Johnny A. Johannessen were elect-
ed as members of the Norwegian 
Academy of Technological Sciences.

National Cooperation

The Nansen Center is a partner of the 
Bjerknes Centre for Climate Research 
(BCCR) - a Norwegian centre of ex-
cellence, the Center for Climate 
Dynamics, established in 2010  as 
well as a member of Norwegian 
Climate Center and Bergen Marine 
Research Cluster. Furthermore, the 
Center has a memorandum of un-
derstanding with Institute of Marine 
Research and met.no in operational 
oceanography. The Nansen Center 
has extensive cooperation with the 
University of Bergen, UNIS and other 
Norwegian research institutions with-
in our fields of expertise.

International Activities

By the end of 2010 the Nansen Center 
participated in 13 EU funded projects 
and co-ordinated four of them.
The Nansen-Tutu Centre for Marine 
Research at the University of Cape 
Town was officially opened by 
Archbishop Desmond Tutu in May 
and had its opening scientific con-
ference in Cape Town in December 
2010. The Nansen Tutu Center 
is founded on the initiative of the 
Nansen Center in Bergen, along with 
the Marine Research Institute (MA-
RE/Department of Oceanography 
- University of Cape Town, the 
African Centre for Climate and Earth 
System Studies (ACCESS) and the 
Council for Scientific and Industrial 
Research (CSIR) in South Africa, 
the Geophysical Institute at the 
University of Bergen and the Institute 
of Marine Research in Norway and 
Princeton University, USA. Prof. 
Johnny A. Johannessen and Prof. 
Frank Shillington are the co-directors 
of the Nansen Tutu Center. Prof. John 
Field is the chairman of the board, 
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Cover page: On August 8th 2010 (white 
line) an approximately 270 km2 large ice 
floe broke off from the Peterman Glacier 
at northern Greenland. The drifting floe 
was monitored daily, here shown in the 
Landsat image from 15th (yellow/floe) and 
sketch from 31st (red). The floes broke in 
two pieces between 8th and 11th Septem-
ber and drifted southward towards the 
Baffin Bay. Courtesy: Mohamed Babiker.



where Prof. Ola M. Johannessen and 
Einar A. Svendsen from Institute of 
Marine Research are co-chairmen.
The Nansen Center in Bergen has 
expanded the collaboration with the 
Nansen-Zhu Centre at the Institute 
of Atmospheric Physics (IAP) at the 
Chinese Academy of Sciences (CAS), 
Beijing with mutual exchange of sci-
entists and Ph.D. candidates. 69 
persons are now employed at the 
Nansen-Zhu Centre, including 48 
Ph.D. and Master students. Prof. Hui-
Jun Wang, Director General of IAP, 
is also the Director for the Nansen-
Zhu Centre. Ola M. Johannessen 
and Hui-Jun Wang are co-chairmen 
of the Board. Ola M. Johannessen 
is ”Visiting Professor” at the Institute 
of Atmospheric Physics, CAS and 
“Guest Professor” at the Peking 
University, and co-chief editor of the 
journal Atmospheric and Oceanic 
Sciences of the Chinese Academy of 
Sciences.
The Nansen International Center in 
St. Petersburg is focusing on satellite 
Earth observation of sea ice, wind, 
waves, polar lows, climate, marine 
ecosystems and water quality. It has 
furthermore started studies of socio-
economic impacts of global change. 
Jean-Pierre Contzen is the President, 
Lasse H. Pettersson is the Co-vice-
president. The Centre, led by Director 
Dr. Leonid Bobylev, now has 29 em-
ployees, including 12 Ph.D. candi-
dates. Prof. Ola M. Johannessen is 
the Chairman of the Guardian Board. 
The co-operation with the Nansen 
Center in Cochin is expanding with 
several new young scientists and 
Ph.D. candidates, focusing their 
studies on the Indian Ocean. Dr. K. 
Ajith Joseph is the Director of the 
Centre. The Nansen Center in Bergen 
co-operates with Cochin University 
of Science and Technology, Anna 
University in Chennai and Indian 
National Centre for Ocean Information 
Services (INCOIS), which is the na-
tional centre for operational oceanog-
raphy in India located in Hyderabad. 
Prof. Ola M. Johannessen is the 
Chairman of the Board.
International Committees

Johnny A. Johannessen resigned in 
May 2010 as chairman of ESA’s Earth 
Science Advisory Committee (ESAC). 
He is also member of ”the ESA GOCE 
Mission Advisory Group” and “the 
ESA Sentinel-1 Science Advisory 
Group”. 
The Nansen Center is a major part-
ner in EuroGOOS, which is an inter-
national organization with members 
from the major European meteorolog-
ical and oceanographic institutions. 
The aim of EuroGOOS is to develop 
and coordinate ocean monitoring and 
forecasting in European and Arctic 
waters, as part of the “Global Ocean 
Observing System (GOOS)” pro-
gram. Stein Sandven is the chairman 
of the ”Arctic Task Team” and leads 

the international sea ice information 
system ArcticROOS http://arctic-
roos.org/ established at the Nansen 
Center. S. Sandven is also a member 
of ”ESA Cryosat-2 Science Advisory 
Groups” and J.A. Johannessen is a 
member of EuroGOOS Board.
Johnny A. Johannessen is a member 
of ”GCOS Ocean Observing Panel for 
Climate (OOPC)” and Management 
Group in ”Joint Technical Commission 
for Oceanography and Marine 
Meteorology (JCOMM)”. L. Bertino 
is a member of the “Expert Team 
in Operational Ocean Forecasting” 
under JCOMM. J.A. Johannessen 
is also a member of ”EUMETSAT 
Advisory Expert Group for Ocean 
Topography and Ocean Imaging 
Satellite Missions.
The Nansen Center is one of 
the founders of the ”European 
Climate Forum” (ECF) and Ola M. 
Johannessen is a member of the 
Council. ECF is a multi-disciplinary 
forum gathering research, indus-
try, governmental authorities, NGOs 
and stakeholders to meetings and 
projects dealing with climate change 
issues. 
Ola M. Johannessen is also a member 
of the “Scientific Advisory Committee 
of the Euromediterranean Centre 
for Climate Change” in Italy and 
President of the Norwegian Scientific 
Academy for Polar Research and 
elected member of five other acad-
emies.
The G.C. Rieber Climate Institute

The G.C. Rieber Climate Institute is 
a department at the Nansen Center, 
and is led by Dr. Igor Esau. The de-
partment has a staff of 9 employees. 
The main activity of the department is 
devoted to the variability and the dy-
namic properties of the North Atlantic 
and Arctic climate system, including 
boundary layer studies between at-
mosphere, ice and ocean.
The Nansen Center is a partner in the 
Bjerknes Centre for Climate Research 
(BCCR) established in Bergen be-
tween the University of Bergen, the 
Nansen Center, the Institute of Marine 
Research and UniResearch AS. The 
department contributes to the de-
velopment of the Norwegian Earth 
System Model (NorESM) and new re-
search expertise is established within 
the turbulent small scale bound-
ary layer modelling, which is used for 
studies of spreading of air pollution in 
cities and changes of climate in the 
cities. 
The department also published in 
2010 one study in Nature Geoscience 
on the thermohaline processes and 
interactions between the Atlantic and 
the Nordic Seas (Otterå et al., 2010).
The G.C. Rieber Funds support the 
department with NOK 0.7 mill. per 
year. The board sincerely thanks the 
G.C. Rieber Funds for this important 
support through many years.
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The Board
Executive Chairman 
Professor Ola M. 
Johannessen, 
Founding Director,  
Nansen Center
Vice Chairman 
Dr. Anton Kjelaas, representative for UNIFOB 
Foundation
Members
Bjart Nygaard, Director, Rieber Eiendom AS
Professor Dag Rune Olsen, Dean, Faculty of 
Mathematics and Natural Sciences, University 
of Bergen
Mette Krohn-Hansen, Managing Director, 
StormGeo AS, Bergen
Lasse H. Pettersson, Representative of the 
employees

The Leader Team
Executive Chairman of the Board
Professor Ola M. Johannessen, also Professor 
Emeritus at Geophysical Institute, University of 
Bergen
Director
Stein Sandven, also Professor II at UNIS, 
Svalbard
Vice Director
Johnny A. Johannessen, also Prof. II at 
Geophysical Institute, University of Bergen 
Mohn-Sverdrup Center for Global Ocean Studies 
and Operational Oceanography
Research Director Johnny A. Johannessen
Research Director Dr. Laurent Bertino, Deputy 
leader
Polar & Environmental Remote Sensing
Research Director Stein Sandven
Deputy leader Dr. Torill Hamre 
G.C. Rieber Climate Institute
Research Director Dr. Igor Esau
Nansen-Bjerknes Center Group
Research Director Prof. Yongqi Gao
International Cooperation & Marketing
Director Lasse H. Pettersson
Administration
Director Bente E. Johannessen
Economy
Director Lars Gunnar Veland
IT
IT Leader Lars-Gunnar Persson

The Scientific Council
Chairman 
Professor Lennart Bengtsson, Max Planck 
Institute for Meteorology, Hamburg
Members
Bo Anderssen, Director General, Norwegian 
Space Centre 
Ghassem Asrar, Director, World Climate 
Research programme, WMO, Geneva
Lars Ingolf Eide, Independent consultant
John Erik Hagen, District Director, Norwegian 
National Coastal Directorate
Professor Peter Mosby Haugan, Institute leader, 
Geophysical Institute, University of Bergen
Professor Einar Hope, Norwegian School of 
Economics and Business Administration
Professor Øystein Hov, Research Director, met.
no
Jan Petter Myklebust, Director International 
Division, University of Bergen
Pål Selvik, Chief finance officer, G.C. Rieber AS
Dr. Robert A. Shuchman, Senior Vice President, 
Michigan Tech Research Institute, Ann Arbor, 
U.S.A.
Einar Svendsen, Research Director, Institute of 
Marine Research



The Mohn-Sverdrup Center

The Mohn-Sverdrup Center for Global 
Ocean Studies and Operational 
Oceanography (MSC), a department 
at the Nansen Center, had 20 em-
ployees by the end of 2010. Johnny 
A. Johannessen, who also is Prof. II at 
the Geophysical Institute, University 
of Bergen, leads the MSC with Dr. 
Laurent Bertino as deputy leader. Its 
main research focus is to develop 
remote sensing methods for coastal 
and ocean areas, ocean and marine 
ecosystem models and data assimi-
lation techniques. These are applied 
world-wide, but with focus on the 
Norwegian Sea, the Barents Sea and 
the Arctic Ocean Region (http://to-
paz.nersc.no). 
Furthermore, ocean colour and in-
frared satellite data are used in real 
time monitoring of algae blooms and 
water quality conditions for the North 
Sea and Norwegian coastal water 
(http://HAB.nersc.no) and this activity 
is led by Lasse H. Pettersson. 
The Mohn-Sverdrup Center, with Drs. 
Geir Evensen and Laurent Bertino, 
coordinates a large multidisciplinary 
project under the eVITA program of 
the Research Council of Norway for 
applications of the Ensemble Kalman 
Filter including development of new 
data assimilation methods in various 
fields such as oceanography, weath-
er forecasting, oil reservoir modelling, 
health and bioeconomic manage-
ment. The TOPAZ ocean forecasting 
model system is also implemented 
for the Indian and Southern Oceans 
in cooperation with the Nansen 
Center in Cochin and INCOIS, which 
is the national, centre for operation-
al oceanography in India, as well as 
at University of Cape Town, South 
Africa. 
Trond Mohn through Frank Mohn ASA 
supports the Mohn-Sverdrup Center 
with NOK 5 mill. per year. The board 
sincerely thanks Trond Mohn for his 
important support of 50 million NOK 
that we have received since 2004 and 
that will last until 2014.

Polar Remote Sensing

The polar remote sensing research 
activities are led by Stein Sandven, 
who is also a Professor II at the 
University Centre in Svalbard – UNIS. 
The Group has a scientific staff of 13 
persons. The main research focus is 
development and validation of algo-
rithms for retrieval of ocean and sea 
ice parameters, including detection 
of icebergs and their drift – from sat-
ellite Earth observation data. The in-
formation from the satellites is further 
used in studies of oceanographic 
processes and climate change. The 
department has started an acoustic 
tomography experiment in the Fram 
Strait, lasting until 2012. The ex-
periment is a part of the EU projects 
ACOBAR and will measure the ocean 
temperature by acoustic signals. 
Sea Ice information from satellite 

data is also used in hind-cast as well 
as in near real time to support naviga-
tion and operation in ice covered wa-
ters. Particularly, in the Northern Sea 
Route, monitoring is done in co-op-
eration with Russian scientists from 
the Nansen International Centre and 
the Arctic and Antarctic Research 
Institute, both in St. Petersburg.
The research work aims to develop an 
integrated ocean and ice monitoring 
and forecasting system for the Arctic 
Ocean by using satellite and in situ 
data, in combination with modelling 
and data assimilation. The results are 
disseminated by ArcticROOS, http://
arctic-roos.org/, which provides daily 
updated Arctic sea ice information.
The department also develops web-
based geographical information sys-
tems (GIS) for integration of different 
types of satellite, in situ and model 
data. 
The Svalbard office
The Nansen Center´s office in the 
Svalbard Research Park, Longyear- 
byen, contributes to building up Arctic 
research at the Center. The office is 
useful and supports several of the 
Center´s projects within oceanogra-
phy and ice research in the Svalbard 
region as well as the cooperation 
with UNIS. The office is also used in 
connection with major cruise activi-
ties starting from Svalbard. Several 
students and young scientists from 
the Nansen Center in Bergen and St. 
Petersburg have stayed at the office 
during ongoing projects. The Nansen 
Center is planning to increase its ac-
tivity at the Svalbard office, includ-
ing our participation in the project 
“Svalbard Integrated Observing 
System (SIOS)”. This is in support of 
the government’s priorities on Arctic 
research.

Terra Orbit AS and CoTo AS 
The Nansen Center is the owner of 
the companies Terra Orbit AS and 
COTO AS. The goal of these compa-
nies is to offer services for monitoring 
and forecasting of the environment 
and oceans. The potential revenue of 
these activities will in turn contribute 
to the scientific development in the 
areas where the Nansen Center con-
centrates its main research and de-
velopment activities. 
In 2010, Terra Orbit has produced a 
3D test reanalysis of the South China 
Sea currents using a nested configu-
ration of the NERSC HYCOM model 
to support offshore activities.

Nansen Scientific Society

The Nansen Scientific Society, estab-
lished in 2006, is “the parent organi-
zation” for all the Nansen Centres in 
Norway, Russia, India, China, South 
Africa – and possible new centres in 
other parts of the world. It´s President 
is Prof. Ola M. Johannessen. Its 
main goal is to expand the existing 
“Nansen Fellowship Program” to sup-
port young scientists in environmen-

tal and climate studies. Furthermore, 
it contributes to the scientific coordi-
nation and funding of activities at the 
Nansen Centres – as well as public 
outreach. The vision is that research 
and education in environmental and 
climate issues performed by young 
people from different countries and 
cultures will help build a founda-
tion for a better understanding and 
co-existence between people in the 
world - in the spirit of Fridtjof Nansen. 
The founders of the Society are the 
Nansen Center, Trond Mohn, G.C. 
Rieber Funds and Sparebanken Vest. 
The foundation started with an equity 
capital of NOK 10,8 millions.
In 2010 the Society has funded sever-
al Nansen Fellowships and exchange 
visits for students from China, India, 
Russia and South Africa as well as a 
summer school in Cochin, India for 
46 Indian students. Furthermore it 
also funded an oceanographic expe-
dition to the East coast of Greenland, 
organized by the Nansen Centre in 
Bergen.

Financial Situation

The Nansen Center is an independ-
ent non-profit research institute with-
out any basic Governmental funding. 
The total income in 2010 was 42.39 
MNOK. 1.792 MNOK is transferred 
to the equity capital, which now 
amounts to 38.835 MNOK.
The 2010 project income has mainly 
come from The Research Council of 
Norway, the European Commission 
(EU), European Space Agency, oil 
companies, the Norwegian Space 
Center and a small part from indus-
trial projects. The Nansen Center has 
received substantial financial support 
(14%) from G.C. Rieber Funds and 
Frank Mohn ASA by Trond Mohn.

Prospects for 2011
We expect an expansion of our re-
search activities in 2011, prima-
rily due to increased activities in the 
Northern areas – where the Nansen 
Center has a major expertise and ex-
perience developed over the last 24 
years. Additionally, increased fund-
ing for climate research is expected. 
The Nansen Center has an urgent 
demand for basic funding from the 
Government in order to further de-
velop the expertise needed to meet 
the future needs within environmental 
and climate research.  

Bergen, April 15th 2011

Ola M. Johannessen, Executive Chairman
Anton Kjelaas, Vice Chairman

Mette Krohn-Hansen 
Bjart Nygaard

Dag Rune Olsen
Lasse H. Pettersson, Repr. of employees
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Studies of Glaciers in Greenland Using 
Satellite and Oceanographic Data

Ola M. Johannessen, Mohamed 
Babiker, Victoria Miles & Alexander 
Korablev 
The Greenland Ice Sheet is drained 
by outlet glaciers that terminate on 
land or in the sea, and by runoff from 
summer melting. Mass losses from 
the marine-terminating glaciers oc-
cur through calving of icebergs. The 
Nansen Center has over the last 
few years studied and monitored 
the calving from the Petermann 
Glacier in North-West Greenland and 
the Helheim Glacier in South-west 
Greenland by use of high-resolution 
radar (SAR) and optical satellite im-
ages over the last decades. 
The Petermann Glacier extends out 
in the Petermann Fjord as a 70 km 
floating ice shelf. Petermann ice shelf 
is the longest floating ice shelf on the 
Northern hemisphere. In the last 50 
years there have been several mas-
sive calving events where more than 
100 km2 of the ice shelf has been re-
leased and drifted as icebergs into 
the Nares Strait and the Baffin Bay. 
In August 2010 a record large calv-
ing event was observed in a series of 
images, where a 270 km2 large part 
of the ice tongue was detached and 
started to drift out in the fjord (see 
Cover page).
The Helheim glacier front position in 
the Sermilikfjord has been studied 
systematically with satellite images 
from 1980 to 2010, showing the larg-
est retreat of the front in 2005 (Figure 
1). The reason for the variability in 
the calving events is not well under-
stood, and several mechanisms can 
contribute to the events. It is hypoth-
esized that the glaciers have recently 
become vulnerable to calving due to 

extensive fracturing and subsurface 
melting, where Atlantic warm water 
in the fjords can play an important 
role. In order to investigate the role 
of the ocean in melting of the outlet 
glaciers, the Nansen Center has con-
ducted several field expeditions to 
the Sermilikfjord in East Greenland. 
Oceanographic measurements have 
been obtained in the fjord, showing 
that subsurface warm Atlantic Water 
up to 4.50C is present and represents 
a mechanism for melting of the out-
let glacier. The studies will continue 
in the coming years to improve the 
knowledge of the effects of ocean 
and atmospheric forcing on the vari-
ability of the outlet glacier. 

Radioactivity in The Nordic Seas

Ola M. Johannessen, Lasse H. 
Pettersson & Yongqi Gao
Radioactivity in the Nordic Seas and 
the Arctic is a matter of concern be-
cause it can persist for long periods 
and spread over large distances, pri-
marily through the rivers and seas, 
but also the atmosphere. In terres-
trial environments it may also lead 
to high exposure in organisms and 
humans. Therefore, the ability to un-
derstand and predict the spread of 
radioactivity and other contaminants 
(eg. persistent organic environmen-
tal toxins) through the environment, 
is important, complex and challeng-
ing. This requires a multi-scale multi-
model system that can handle flows 
in rivers, including sediments, conti-
nental shelves, the deep Arctic and 
the Nordic Seas. “The generic Model 
System (GMS)” developed in the 
book “Radio Activity and Pollution in 
the Nordic Seas and Arctic region ob-
servation, Modelling and Simulations, 
Johannessen et al. 2010” represents 
a means to accomplish this – the 
GMS is thus one of the most impor-
tant results from the decade of stud-
ies this book is based on.
As described, there are many po-
tential sources of radioactive pol-
lution both in terrestrial and marine 
environments. In parts of the Arctic, 
there is a high density of sources of 

radionuclides. The 
risk of accidents 
combined with 
the vulnerability of 
the Arctic environ-
ment from radio-
active contami-
nation increases 
the need for con-
tinuous efforts to 
understand and 
reduce the risks of 
spreading.
But there has 
been significant 
progress in recent 
years in regard to 
what can be done 
to reduce the risk 
of radioactive 
c o n t a m i n a t i o n 

from any of the potential sources, 
mainly as a result of national and in-
ternational measures (AMAP, 2009). 
Many of these potential sources 
are located in northern and north-
western Russia, including obsolete 
nuclear icebreakers and atomic sub-
marines from the Russian Northern 
Fleet, most of which are now properly 
being condemned.
In the Arctic marine environment, 
discharge to the sea from reprocess-
ing of spent nuclear fuel at Sellafield 
(UK) and Cap de la Hague (France) 
has been a major source of radioac-
tive contamination, mainly 137Cs but 
also other radionuclides. As present-
ed here and in other studies, these 
pollutants are transported over long 
distances, they follow the Atlantic 
Current to the Norwegian Sea and 
along the Norwegian coast into the 
Barents Sea on a journey that takes 
4-5 years, and finally reaches the 
Arctic Ocean.
Emissions of radionuclides and ra-
diation levels - as well as persistent 
organic pollutants - observed in the 
Arctic and the Nordic Seas has gone 
down over the last century. However 
there remains much to do to reduce, 
predict and manage the risk of radia-
tion. As we describe and model, the 
potential for the spread of radionu-
clides from discharges from sources 
that the Russian nuclear complex, es-
pecially those located along the rivers 
Ob and Yenisei, Sellafield and Cap de 
la Hague power plants, can be ex-
tensive and prolonged. Moreover, 
there are new potential sources of ra-
dioactive contamination, such as the 
Russian plans for a building floating 
nuclear power plants in the Russian 
Arctic ocean areas, and non-radioac-
tive pollution from increased hydro-
carbon exploitation and marine trans-
portation in the Arctic, as expected 
from the estimates of further reduc-
tions in sea ice during summer.
Anthropogenic climate change will 
probably affect the transport of con-

sc ience 
repor t  fo r  2010
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Figure 1. The Helheim glacier front location, derived from satellite images 
during 1980 to 2010 (Courtesy; Victoria Miles).



the major objective of the satellite is 
to measure sea ice thickness with 
Synthetic Aperture Interferometric 
Radar Altimeter (SIRAL). The Nansen 
Center has conducted CryoSat-2 
pre-launch studies of sea ice using 
airborne altimeter data. A part of the 
pre-launch studies is the analysis of 
sea ice physics data from previous 
and new field expeditions in order to 
establish the relationship between 
freeboard, snow cover, snow & ice 
density and snow & ice thickness. 
This relationship is the basis for the 
ice thickness retrieval algorithm for 
CryoSat-2. 
This algorithm needs to be adjusted 
and validated for different regions 
and seasons of the year using availa-
ble data from in situ field experiments 
and airborne campaigns. One aspect 
of validating the algorithm is to ana-
lyse the accuracy of the ice thickness 
retrieval from freeboard data using 
documented variability in ice and 
snow parameters and assumed er-
rors in ice freeboard measurements. 
This has been done based on vari-
ous in situ data from Arctic expedi-
tions and the results were published 
by Alexandrov et al., (2010) (Figure 
3). For first year ice (FY), retrieval of ≈ 
1.0 m thickness has an uncertainty of 
50%. When the thickness increases 
the uncertainty is reduced. For multi-
year (MY) ice the main uncertainty is 
ice density error, since the freeboard 
error is relatively smaller than for FY 
ice. Retrieval of 3.0 m thick MY ice 
has an error of 18 %. There are also 
other errors associated with the free-
board measurements, especially 
snow thickness and density .  Studies 
of CryoSat sea ice thickness will con-
tinue and be extended with a PhD 
study starting in 2011.

Acoustic Tomography in the Fram Strait

Hanne Sagen & Stein Sandven
A multipurpose acoustic system was 
deployed in a Marginal Ice Zone (MIZ) 
in August 2010 in order to observe 
ocean temperature and currents in 
the Fram Strait using acoustic tom-
ography method. The goal is to com-

taminants in the marine environment 
in the 21st century. Changes in the 
atmosphere and ocean circulation 
are expected to change routes and 
accumulation of pollutants in the ma-
rine environment. A new discovery 
is the potential change in the large-
scale circulation of the Nordic and 
Arctic seas. Here we show that the 
modelled circulation patterns under 
a doubling of CO2 in the atmosphere 
are very different from today, namely 
that the Baufort Gyre in the Arctic 
Ocean will dramatically weaken and 
that the Transpolar current disap-
pears. This will cause the pollution 
that enters the Arctic marine environ-
ment to remain in the Arctic for much 
longer periods than today. 
What about the risk for future releases 
of radioactive pollution and its trans-
port to the Arctic and Nordic Seas? 
In the past, the resulting exposure of 
contaminants to biota and humans 
in the Arctic has been relatively low 
(AMAP, 2009) owing to the dilution 
of these pollutants in water. We have 
considered that the risk of release 
of radionuclides from point sources 
close to the rivers Ob and Yenisei, 
and find that in general the effects 
should be moderate, except during a 
severe accident. Model tools devel-
oped in this book can be very useful 
to predict the spread and effects of 
such pollution scenarios in the future 
- a future where climate change can 
play an important role in the spread 
of contamination.

Propagation of Radioactive Leakage from 
the Fukushima Nuclear Reactor 
Yongqi Gao & Ola M. Johannessen
Anthropogenic environmental pol-
lution with radionuclides is a global 
problem arising from the nuclear 
weapon tests in 1950s and 1960s.  
It is still an important environmental 
problem because radioactive dis-
charges to atmosphere, land and 
sea have occurred during nuclear 
weapon testing and accidents at re-
actors of nuclear-power stations. 
The Chernobyl accident in Ukraine 
in 1986 is a well-known example. 
Furthermore, storage of radioactive 
materials from old nuclear reactors 
also represents a potential risk for ra-
dioactive leakage.
Since potential radioactive sources 

often are located 
in the coastal re-
gions, contamina-
tion of the world 
oceans is a prob-
lem because it 
can have severe 
impact on the ma-
rine environment, 
and in particular 
the marine food 
chains. The tem-
poral and spa-
tial distribution 
of radionuclides 
in the ocean can 

be modelled by combining precise 
source functions of the radionu-
clides, available in-situ observations, 
and 3-dimensional Ocean General 
Circulation Models (OGCMs). It has 
been demonstrated that the OGCMs 
can be a powerful tool to simulate 
the temporal and spatial distribu-
tions of man-made radionuclides. 
Supported by European Commission 
and Norwegian Research Council, 
Nansen Center created the “Generic 
Modelling System” and has been 
working with numerical simulations 
on spreading of man-made radio-
nuclides in the ocean for more than 
10 years focusing on radioactive 
contamination in North Atlantic and 
Arctic regions under the present day 
and global warming scenario (Gao et 
al., 2004, J. Environ. Radioact., 2005, 
Tellus B; 2009, J. Environ. Radioact.; 
Johannessen et al., Praxis-Springer, 
2010).
An extraordinary earthquake hit 
Japan on March 11, 2011, which 
generated a huge tsunami, which 
led to a severe accident at the 
Fukushima nuclear power plant on 
the east coast of Japan. The accident 
resulted in uncontrolled leakage of 
radionuclides to the ocean. In order 
to study the spreading of the radio-
active pollution, the Nansen Center 
used it´s “Generic Modelling System” 
to simulate the propagation of radio-
active elements over many years. In 
the simulation, a constant and con-
tinuous leakage from the Fukushima 
nuclear reactor for 1 year starting 
from March 2011 was assumed.  The 
atmospheric forcing was provided by 
the NCEP/NCAR daily fields in 2010 
and simulation were performed for a 
period of 20 years. 
The results showed that the maxi-
mum concentration of radionuclides 
propagated eastward in the Pacific 
Ocean (Figure 2), while the total con-
centration decreased to 1 - 2% of the 
source concentration (100%) after 5 
years. The radioactive material from 
Fukushima was fully confined to the 
North Pacific during the first 10 year 
simulation.

CryoSat Studies of Ice Thickness

Stein Sandven
European Space Agency launched 
the CryoSat-2 April 2010 and one of 
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Figure 2. Location of center with maximum concentration in March of 
2018 showing the release signal reached the eastern North Pacific with 
one branch towards the west and the other towards the Bering Strait. 

Figure 3. Observations of ice thickness, free-
board, and snow depth measurements during 
aircraft landings on Arctic sea ice in 1980s. The 
aircraft data were obtained during the Sever 
expeditions and are available at http://nsidc.
org. The colour indicates mean ice thickness at 
each landing site.



bine observations from acoustic 
tomography, gliders and oceano-
graphic moorings with ice-ocean 
models through data assimilation. 
This integrated system can be used 
to determine the volume and heat 
fluxes with better accuracy and 
more cost-effective than the present 
stand-alone mooring array. The sys-
tem provides acoustic travel time 
measurements along 6 sections for 
direct assimilation into ocean mod-
els and for tomographic inversions. 
Gliders, equipped with acoustic re-
ceivers and software for acoustic 
navigation, will use the acoustic sig-
nals to perform under-ice surveys in 
2011. Furthermore, ambient noise 
measurements from 5 vertical ar-
rays will be used for detection and 
study of sounds from marine mam-
mals and sea ice dynamics.
A one-year long series of travel-
time data from the vertical receiv-
ing array, obtained from the pilot 
experiment 2008 – 2009, has been 
analysed to recover temperature 
variations along the 130 km sec-
tion located in the West Spitzbergen 
Current (Figure 4). 
After recovery of the moorings, the 
acoustic data has been carefully 
quality-checked, corrected for clock 
drift and mooring motion. Finally, 
the travel time data has been in-
verted to temperature representing 
an average estimate over the 130 
km long section for different depth 
intervals between 150 and 500 m. 
The travel time data have also been 
used to validate the Fram Strait ice-
ocean model based on modelled 
travel time and observed sound ve-
locity profiles from CTD data. The 
comparison shows that observed 
acoustic arrivals were 100 ms later 
than the calculated arrivals from 
the Fram Strait model. This leads to 
the conclusion that the temperature 
from Fram Strait model was less 
than 0.5o too warm for the selected 
case study. This is an innovative 
method to validate an ocean model 
using acoustic travel time data. 
This research is done in coop-
eration with Scripps Institution 
of Oceanography, Woods Hole 
Oceanographic Institution, Alfred 
Wegener Institution for Polar 
Research and Greek Foundation for 
Research and Technology. 

Marine Remote Sensing

Johnny A. Johannessen
The European Space Agency (ESA) 
Gravity Field and Steady-State 
Ocean Circulation Explorer (GOCE) 
mission was successfully launched 
in March 2009. The first GOCE 
gravity field and geoid model was 
presented at ESA’s Living Planet 
Symposium in Bergen, Norway, in 
June 2010. Towards the end of 2010 
the ambitious goal of mapping the 
Earth’s gravity with unprecedented 
precision (gravity: ~1-2 mgal; geoid: 
~1-2 cm) at a spatial resolution of 
~100 km has almost been achieved. 
(Recently ESA obtained approval 
from its members states to extend 
the mission to the end of 2012.) 
The mean dynamic topography 
(MDT) is derived from the differ-
ence between this GOCE based 
geoid height and the sea-surface 
height measured from altimetry (see 
Figure 5). This topographic surface 
is revealing insight into the global 
current regimes whereby the most 
intense currents are co-located with 
the steepest topographic reliefs. 
The Gulf Stream, the North Atlantic 
Current, the Norwegian Atlantic 
Current, the Kuroshio in the north 
Pacific, the Agulhas Current and the 
Antarctic Circumpolar Current in the 
Southern Ocean are clearly evident. 

At NERSC the regular use of this 
MDT in combination with the range 
Doppler velocity retrievals from 
satellite SAR (Johannessen et al., 
2008), sea level anomalies from 
satellite altimetry and in-situ data 
is now emerging. Studies are par-
ticularly undertaken to advance the 
understanding of the relationship 
between the MDT and the tem-
poral and spatial variations of the 
ocean circulation.  The focus areas 
are the inflow of Atlantic Water to 
the Norwegian Sea between Island 
and Shetland Island (Hansen et 
al., 2011) and the greater Agulhas 
Current regime (Rouault et al, 2010). 
These current regimes with their 
corresponding transport of mass, 

heat and salt are highly important 
in the context of climate change. 
Improved accuracies in the esti-
mation of these transports is also 
strengthening the capability to vali-
date simulated products from the 
two ocean models run at NERSC.

NORMAP Database

Knut-Frode Dagestad and Johnny A. 
Johannessen
The Norwegian satellite Earth 
Observation database for marine 
and polar research (NORMAP) is a 
new infrastructure project funded by 
the Research Council of Norway for 
6-years. NERSC is coordinating the 
project, with met.no and Kongsberg 
Satellite Services as partners, and 
with CERSAT (Ifremer, France) as 
international support. The kickoff 
meeting was in September 2010. 
The main objective is to simplify 
the access to satellite data for sci-
entists and students, and stimulate 
multidisciplinary Earth System re-
search, applications and education 
in marine, polar and climate sci-
ences. NORMAP is creating and 
maintaining a repository of satellite 
data following international stand-
ards and protocols with particular 
cover of the high latitude and Arctic 
regions. The satellite data will re-
side at the production centres (the 
consortium partners and other ex-

ternal servers), where-
as metadata will be 
collected and made 
available through a 
single server or inter-
face. Hence the users 
will be able to dis-
cover and download 
data without needing 
to know where the ac-
tual data are stored. 
NERSC and the other 
consortium partners 
will in the coming 
years populate the 
database with quali-
ty-controlled satellite 
data for marine, polar 
and climate sciences. 
A first operating ver-
sion of the repository 

and web interface will be available 
at the end of 2011. This will later in 
the project be followed up by activi-
ties related to training and courses, 
as well as capacity building and in-
ternational networking.

Climate Research

Igor Esau
The researchers of the group were 
able to run 600 years’ simulations 
of the Bergen Climate Model with 
a realistic proxy forcing. This run 
(and its consequent variations) has 
a large scientific potential, of which 
only a small part has been reported 
yet in a Nature Geoscience publica-
tion (Otterå et al., 2010; Figure 6). In 
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Figure 4. One year of acoustic travel time data 
inverted to sea water temperature in the West 
Spitzbergen Current. 
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Figure 5. The mean dynamic topography of the world oceans de-
rived from an altimetric mean sea-surface model combined with a 
model of the geoid based on just two months of GOCE data. The 
colour bar is in units of meter and reveals the main current regimes 
directed along the isolines of constant topography (Courtesy ESA).



particular, it should be emphasized 
that this run allows direct studies of 
the Arctic early warming event from 
1910 to 1940.
The group in collaboration with the 
University of Pretoria (South Africa) 
has completed the analysis of the 
African micro-meteorological data 
collected during 2008-2010 by 10 
automatic stations deployed in the 
Highveld Priority Area. The meas-
urement frequency (10 min.) and 
density (8 km to 50 km) make the 
experiment comparable with the 
fine-resolution numerical climate 
and weather prediction models. The 
data contain unique information on 
the role of the surface heteroge-
neities in the initiation of tropical 
convection and on the correlation 
between the land use type and the 
amount of rainfall. 

The Role of External Forcing in the 
Arctic Early 20th Century Warming

Lingling Suo & Ola M. Johannessen
The observed early Arctic warm-
ing (1910-1940) is comparable with 
present-day warming in terms of 
magnitude. Although the present-
day warming is widely attributed 
to the human-induced increase of 
greenhouse gases, the causes and 
mechanisms for the early 20th cen-
tury warming are less clear. A series 
of coupled atmosphere-ice-ocean 
model simulations by the Bergen 

Climate Model covering the last 
150 years, indicate that the solar 
radiation intensification and the lull 
in volcanic activity during the 1920-
1950 periods were the main causes 
for the early 20th century warming 
(Figure 7A). The anthropogenic forc-
ing supplied a small warming back-
ground in the period and played a 
role in getting the timing of the peak 
warming correct (Figure 7A). The 
reduced emissions of well-mixed 
greenhouse gases during the 1940s 
in combination with increased trop-
ospheric sulphate aerosols contrib-
uted to a cooling trend from 1940 
to late 1950s. The subsequent solar 
minimum starting in the late 1950s/
early 1960s in combination with 
the strong volcanic eruptions in 
1960s further added to the cooling. 
The results also show that sea ice 
played a vital role in Arctic early 20th 
century warming. According to the 
model experiments the increased 
radiative forcing caused sea ice to 
retreat (Figure 7B) and by that more 
ocean surface was exposed to the 
atmosphere, which subsequently 
released more heat into the atmos-
phere (Figure 7C).
Our results imply that the evolution 
of natural forcing over the coming 
decades could potentially play an 
important role in the future develop-
ment of the Arctic climate. If the fol-
lowing decades would see a solar 

trend similar to what occurred in the 
early 20th century, the loss of Arctic 
sea ice would likely be more accel-
erated.

The Nansen TOPAZ4 Pilot Reanalysis 
Laurent Bertino, Pavel Sakov & 
Francois Counillon
The TOPAZ ocean modelling and 
assimilation system has been used 
since 2003 for operational forecast-
ing purposes.  The same modelling 
and data assimilation system can 
also be run in a reanalysis mode, in-
cluding all observations that are not 
available in near real-time, in order 
to compute the best estimate of the 
past state of the ocean. 
The 4th version of the TOPAZ system 
has been through such an exercise 
for the 6-years period 2003-2008. 
TOPAZ4 is running the HYCOM 
model over the North Atlantic and 
Arctic Oceans at a resolution of 
about 12 km, coupled to an elastic-
viscous-plastic sea ice model. An 
ensemble of 100 members is inte-
grated to derive the flow-dependent 
error statistics and the determinis-
tic version of the Ensemble Kalman 
Filter (Sakov and Oke, Tellus, 2008) 
is used to assimilate observations 
of different types: along-track sea 
level anomalies, sea surface tem-
peratures, sea ice concentrations, 
and sea ice drift from satellites and 
in situ temperature and salinity pro-
files from the Nansen hydrographic 
database, including profiles from 
the Argo buoys and the Ice-Tethered 
Profilers (ITPs) deployed during the 
International Polar Year (IPY.) 
The total number of observations 
assimilated per week is typically 
400.000 after superobing. A few 
new innovations have been intro-
duced in the course of the pilot 
reanalysis, such as an on-line bias 
estimation procedure and the mod-
eration of observation errors that 
improved the system performance. 
Figure 8 illustrates the sensitivity of 
the assimilation to observations of 
all types: the most useful observa-
tions in our system are located in 
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Figure 6. Observed and simulated northern hemisphere (HN) temperature and Atlantic multidec-
adal oscillation. a, Volcanic (black) and solar (yellow) forcings. b, Observed and simulated NH 
surface-air-temperature anomalies in the runs EXT600 (blue) and ALL150 (red) together with the 
concentration of overlapping NH temperature reconstructions (Otterå et al., 2010).

Figure 7. A) 11-year-running-mean variability of surface air temperature (SAT) anomaly in Arctic (north of 60°N); B) sea ice extent (SIE, left ordinate 
for model experiments and right ordinate for observation) and C) simulated upward surface heat flux (SHF, upward is positive) anomaly. Observed 
SAT is from GISTEMP (Hansen et al., 2010) and NansenSAT (Kuzmina et al., 2005). The observed sea ice extent is from Zakharov sea ice data, only 
covering 75% of the Arctic Ocean (see Johannessen et al., 2004). Control is control experiment with no external forcing variations; NAT is natural 
forcing experiment forced by solar variations and volcanic eruptions; ANT is anthropogenic forcing experiment forced by greenhouse gases and 
troposphere aerosols; ALL is all forcing experiment forced by all factors mentioned above.



frontal zones and close to the ice 
edge. During the year 2007, the de-
ployment of ITPs and new Argo bu-
oys has helped improving the water 
mass properties in the Central Arctic 
and in the Nordic Seas. The general 
circulation in the Nordic Seas also 
tends to improve during that period 
as an apparent consequence. 
The overall good performance and 
stability of the Pilot reanalysis is an 
important milestone towards the 
20-years reanalysis (1990-2010) 
planned for 2012. 
The reanalysis is a part of the service 
delivery from the MyOcean Arctic 
Marine Forecasting Center, lead 
by NERSC. The monthly ensemble 
means are freely available under 
OPeNDAP, http://topaz.nersc.no/
thredds, and from the MyOcean 
web portal, http://www.myocean.
eu.org. A similar TOPAZ4 system is 
run in forecast mode in met.no’s op-
erational suite in MyOcean.
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Factor (SRF) over the whole Atlantic and Arctic 
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spread has been halved. Note in particular the 
strong impact of ITP profiles below the sea ice. 
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