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2017-repor t  f rom
the board

Vision and Mission

The vision of the Nansen Center is to pioneer our 
understanding of the Earth system and to deliver science 
based innovation to the benefit of society. The mission 
of the Center is to conduct marine, cryosphere, and 
atmosphere research using in situ and remote sensing 
observations, models, and data assimilation leading 
to innovation and service development. The general 
geographical focus is on the high latitudes and the 
Arctic. The Center communicates and disseminates our 
knowledge to authorities, stakeholders and society in 
support of a sustainable environment and blue growth. 
The Center contributes to education and capacity 
building. The Center maintains strategic national and 
international partnerships. 

organization

The Nansen Center is an independent non-profit 
research foundation conducting climate and 
environmental research funded by research councils, 
the European Commission, space agencies, national 
and international government agencies, business and 
industry, as well as through private donations. The 
Nansen Center is a national environmental research 
institute and receives basic funding from the Ministry of 
Climate and Environment through the Research Council 
of Norway. 

As a national climate and environmental research 
institute the Center has strengthened its expertise 
through institutional strategic research programs within: 
1) - studies of regional climate change, including studies 
of sea level change and local air quality in urban areas, 
2) - operational oceanographic studies and services 
in the Arctic, focusing on integrating observations 
and the development of ocean and sea ice modelling 
and forecasting, 3) - climate studies with a focus on 
teleconnections and the coupling between the Arctic and 
monsoon systems in India and China, 4) - and integrated 
multidisciplinary climate and environmental research. 

Over the last 32 years the Nansen Center has built 
up extensive knowledge on the development and 
application of satellite-based Earth Observation (EO) 
data as well as ocean and sea ice model development 
and applications. In particular the Center aims at being 
a national resource for knowledge of EO research within 
marine, cryosphere and climate studies. An increased 
focus on cross-disciplinary research cooperation and 
synergies has strengthened the scientific expertise 
of the Center. The research activities, projects, 
and employees have, through an internal process, 
been re-organized into seven thematic research 
groups; Ocean and Sea Ice Remote Sensing; Sea Ice 
Modelling; Ocean Modelling; Data Assimilation; Polar 
Acoustics and Oceanography; Climate Dynamics 
and Prediction; og Scientific Data Management. 

staff

By the end of 2017 the Nansen Center employed 80 
people (both full- and part-time) from 28 nations. 
The number of employees was stable in 2017, with 
an access/retirement of eight new employees and 
ten who left. The Nansen Center includes 11 Postdocs 
and six PhD candidates and one Master student in 
recruitment and educational positions. Seven scientists 
at the Center have adjunct positions as Professor II (4) 
or adjunct professor II (3) at respectively University of 
Bergen, Western Norway University of Applied Sciences, 
and UNIS in Svalbard, as well as one staff member who 
holds a Guest professor at the Institute of Atmospheric 
Physics, Chinese Academy of Sciences in Beijing. All 
of the Center’s adjunct positions contributed to the 
guidance of PhD and Master students, as well as lectures 
on university courses.

Seven Norwegian and international scientists have 
adjunct positions at the Center. These adjunct positions 
are held by scientists from the University of Bergen, 
the International Research Centre of Stavanger, the 
Nansen-Tutu Centre for Marine Environmental Research 
in South Africa and at the Centre for GeoSciences at 
MINES ParisTech. These adjunct scientists contribute to 
strengthening the scientific and international research 
capacity of the Center. Among the scientific staff at the 
Center, 82% hold a Doctoral degree. 

In total nine foreign scientists and students from the 
international Nansen Centers as well as seven scientists 
and students from other international research 
institutions, visited the Center in periods from weeks 
to several months (less than one year). Totally this 
accounted for respectively 48 and 17 person-months of 
work effort in 2016. 

The staff at the Nansen Center comes from 28 countries world-wide.

gender, anti-discriMination and Working enVironMent 
In total 24% of the full-time employees are female at 
the Center, with 21% women among the scientific staff, 
which is respectively 3% and 0% lower than in 2016.

The Center does not discriminate employees due 
to ethnicity, nationality, ancestry, colour, language, 
religion, age, or belief. The premises and working 
environment are very satisfactory - both in the main 
office in Bergen and at the office in Svalbard Research 
Park, Longyearbyen. The Board, the administration, and 
the employees have significantly focused on health,
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environment, and safety (HMS) through the Working 
Environment Committee (AMU). The AMU has had six 
meetings in 2017. Absence due to sickness was 3.1% 
of the total work effort, which is a decrease from 3.6% 
in 2016. The Center has also focused on environmental 
issues and concludes that the activities of the Center do 
not pollute or in any other way harm the environment, 
beyond what is normal for these types of activities.

scientific Production

During 2017 the scientific staff published 65 scientific 
articles in international peer reviewed journals, one book 
and three book chapters, which were recognized in the 
Norwegian Science Index (NVI). Five published articles 
were not recognized in the NVI. In addition, the scientists 
at the Center published 73 conference proceedings, 
posters and scientific presentations, 18 technical 
and other reports, as well as nine communications 
or chronicles - in total 174 publications in 2017. The 
board acknowledges and congratulates the Center’s 
employees as well as their Norwegian and international 
partners with a comprehensive and effective scientific 
publication activities in 2017. 

After completing studies and being employed at the 
Nansen Center one PhD students defended his doctoral 
dissertation in 2017 at respectively the University of 
Bergen and at UNIS in Svalbard:

Dr. Stefan Muckenhuber:
High resolution sea ice monitoring using space borne Synthetic 
Aperture Radar. Doctoral dissertation at Geophysical Institute, 
University of Bergen and UNIS in Svalbard. Supervisor at the 
Nansen Center: Prof. Stein Sandven

As part of the Government’s focus on research 
recruitment in the Long-term Plan for Research and 
Higher Education (2015-2024), the Nansen Center, 
after a competitive assessment, granted it`s first 
institute doctoral candidate (Institute PhD) in 2017. 
An internal evaluation on thematic focus concluded a 
focus on development of further expertise in regional 
sea level studies. After an open announcement, Fabio 
Mangini was employed as a doctoral candidate and 
the title of his studies is Natural Variability and Model 
Uncertainty in the Steric Dynamic Component of Sea 
Level Projections for European Continental Shelfs. 
The Board express their gratitude to the Research 
Council of Norway for their support for education and 
recruitment of researchers to science within important 
and visionary fields of research for the Nansen Center. 

The staff at the Center has organized four doctoral 
research schools of scientific conferences or workshops 
in Norway and abroad during 2017. The summer school 
The Arctic Ocean and the Marginal ice Zone was hosted 
for 30 international students at UNIS in Svalbard in 
cooperation with the Norwegian Scientific Academy for 
Polar Research (NVP). The summer school Crash course 
on Data Assimilation was hosted at the Nansen Center 
in Bergen for 22 students as a part of the Nordic Centre 
of Excellence Ensemble-based data assimilation for 
environmental monitoring and prediction (EmblA). 

The Center maintains an active scientific outreach 
through the press, television, and popular science 
lectures. Over 135 media reports about our research, 
scientific results, or scientists were registered during 
2017, which is an increase of 34% compared with 2016. 
Our research on observations and modelling of the local 
air quality in the City of Bergen has obtained significant 
media attention on several occasions in connection 
with several inversion events with subsequent high air 
pollution in Bergen. GC Rieber Funds has previously 
financed one PhD student (three years), who is employed 
later in this field of research and services.

The Nansen Center participated in Forskningsdagene 
2017 with the exhibition on Environmental values - air, 
sea and ice, which this time was organized at the VilVite 
Senteret. Forskningsdagene were visited by over 800 
students from the 7th grade.

Forskningsdagene 2017: Exhibition at the VilVite

national cooPeration

The Nansen Center is a partner in the Bjerknes Centre for 
Climate Research/ Centre for Climate Dynamics as well as 
a member of the Norwegian Climate Center and Bergen 
Marine Research Cluster. Furthermore, the Center has 
a memorandum of understanding with the Institute 
of Marine Research and the Meteorological Institute 
within operational oceanography and ocean modeling, 
which is the basis for the European Copernicus Arctic 
Marine Forecasting Center. The Nansen Center has 
extensive research and educational cooperation with 
the University of Bergen, UNIS in Svalbard, the Arctic 
University of Norway (UiT), and several other Norwegian 
research and higher educational institutions. The 
Nansen Center is a partner in the Centre for Research-
based Innovation (SFI) on Earth observation in the Arctic 
- Centre for Integrated Remote Sensing and Forecasting 
for Arctic Operations at UiT, in which one PhD candidate 
is employed at the Nansen Center. Being a national 
environmental research institute, the Nansen Center is 
a member of Miljøalliansen together with eight other 
Norwegian environmental research institutes. This has
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led to increased project cooperation with several other 
Norwegian environmental institutes and directorates. 
The Nansen Center contributes information and 
knowledge to several public webportals, including the 
miljostatus.no, the Norwegian-Russian environmental 
portals for the Barents Sea (BarentsPortal), and 
ArcticROOS.

international actiVities

Cooperation within Europe is an important part of the 
research activities at the Nansen Center. In 2017, the 
Center participated in seven ongoing projects funded 
by the European Commission (EC FP7 and Horizon2020 
programmes) and is coordinating three of these projects.

Prof. Stein Sandven coordinates the project Integrated 
Arctic Observation System (INTAROS) with, initially, 
49 partners from 20 countries and 15.5 million Euro 
funding from the EC in the period 2016 to 2021. INTAROS 
includes many European partners as well as international 
cooperation with partners from USA, Canada, Russia, 
China, Japan, South Korea, and India, capitalizing on the 
network of international partner institutions. 

The Nansen Center leads, in cooperation with the 
Meteorological Institute and the Institute of Marine 
Research, the operational observation and alert system 
for the Nordic Sea and the Arctic - Arctic Marine 
Forecasting Center (ArcMFC) under the European 
Copernicus Marine Environment Monitoring Service 
(CMEMS). The task contract is valid until 2021 and is a 
major milestone in the development of operational 
oceanography at the Center. The purpose of this 
collaboration is to anchor the further course and 
to ensure a coordinated development and service 
execution that supports activities in the Arctic Ocean. 
This is done, inter alia, by managing Norwegian interests 
in a newly established company,  Mercator Ocean 
International (MOI), which has been delegated the 
responsibility for CMEMS by the EU Commission.

The Center is also coordinating two Nordic Centers of 
Excellence: EmblA: Ensemble-based data assimilation 
for environmental monitoring and prediction focusing 
on developing the operational use of data assimilation in 
environmental research and modelling, and ARCPATCH: 
Arctic Climate Predictions: Pathways to Resilient, 
Sustainable Societies, focusing on responsible and 
sustainable development under future climate change.

The Nansen Center is a partner in EuroGOOS which 
held its international conference in Bergen in 2017. This 
was organized in collaboration between the Institute 
of Marine Research and the Nansen Center. The Center 
leads the Arctic activities (ArcticROOS), which focuses 
on the development and implementation of operational 
observing and forecasting systems for the Arctic Ocean. 
The basic funding has been used to improve the 
operations of this sea ice information service for the 
Arctic Ocean. 

The five international Nansen research centers in 
Russia, India, China, South Africa, and Bangladesh 
are an important research and knowledge resource, 
network, and “human capital” for the Nansen Center. 

A total of 220 people including 75 PhD students are 
employed and affiliated with the six Nansen Centers. 
The Nansen Centers cooperate in several joint research 
projects, stimulate joint scientific publications, arrange 
exchange visits of scientists and students, as well as 
engage in extensive exchange of knowledge and 
capacity-building across borders. Our international 
network and cooperation is in accordance with the 
international strategy (Panorama) of the Norwegian 
Ministry of Education and Research, for cooperation 
on higher education and research (2016–2020), which 
includes four of the countries with Nansen Centers, as 
well as Japan and Brazil. The Nansen Center cooperates 
with the foundation Nansen Scientific Society which 
in 2017 gave Nansen Fellowship scholarships to one 
master student and eight PhD candidates at the five 
international Nansen Centers.

the sValbard office

The Nansen Center´s office in the Svalbard Research 
Park, Longyearbyen, contributes to strengthening 
Arctic research activities at the Center. Several research 
projects related to Arctic oceanography and sea ice 
research at the Center are conducted in the Svalbard 
region. One PhD candidate had permanent work at the 
office in Longyearbyen until his doctoral dissertation 
in December 2017. Several scientists and students 
have used the office during 2017. This presence is 
strengthening research cooperation with, and education 
at, UNIS and other institutions in Svalbard.

terraorbit as
The Nansen Center was the owner of the company 
TerraOrbit AS. The company offered services for 
monitoring and forecasting of the environment and 
the oceans. The revenue of these activities will in turn 
contribute to scientific development in fields of benefit 
to society and industry. The activities in TerraOrbit 
AS have been limited in 2017. The board decided to 
discontinue the company (based on a board decision of 
June 12. 2017) and the company has been discontinued 
per 31. December 2017.

econoMy, continued oPerations and risks

The total turnover in 2017 was 64.770 MNOK and the 
expenses were 63.602 MNOK, which gives a surplus of 
1.168 MNOK. The net financial income is 0.413 MNOK. 
This gives an annual surplus before taxes for 2017 of 
1.581 MNOK. Total tax expenses charged in 2017 is 0.523 
MNOK. The annual net surplus for 2017 is 1.058 MNOK, 
which is transferred to equity capital. The Center has a 
strong economy with an equity capital of 35.519 MNOK, 
after the transfer of the surplus for 2017. The project 
income in 2017 was mainly from the Research Council 
of Norway, several Norwegian ministries, NordForsk, 
the European Commission (EC) FP7, Horizon2020 and 
Copernicus programmes, the European Space Agency, 
and research projects and grants from oil companies 
and industrial partners, including the GC Rieber Funds. 
The basic funding from the Research Council of Norway 
was 6.674 MNOK in 2017.

The Board confirms that the conditions for continued 
operations are satisfactory according to §3-3a in the 
accounting legislation. The annual accounts for 2016 are 
made under this assumption, which is consistent with
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the long-term strategy and prognosis for the 
development of the Center. The Nansen Center has a 
strong economy.

Financial risks are primarily associated with foreign 
currency exchange rates. Around 38 % of the project 
income is in foreign currency, primarily the Euro. 
The policy at the Center is to continuously assess the 
need for currency hedging. The Center does not have 
any loans. Access liquidity is kept in a bank account 
according to board decision. The clients are mainly 
public national or foreign institutions with whom the 
Center has had long-standing business relations over 
many years, accordingly the risks associated with their 
credit are limited. The liquidity risk is also regarded to be 
very limited.

ProsPects for 2018
The Nansen Center will in 2017 continue and have 
increased focus on both basic and applied research 
proposals to programs and calls issued by the Research 
Council of Norway (thematic and free programs), 
EU (Horizon2020, Copernicus, Joint Programming 
Initiatives etc.), the European Space Agency (ESA), 
authorities, research funds, and other funding 
opportunities. Several scheduled calls will be relevant 
for the expertise at the Nansen Center and the scientific 
priorities in the strategy for 2016 to 2021. The Center 
will strengthen the internal cooperation between the 
research groups and between the international Nansen 
Centers, through national and international submission 
of research applications within multi-disciplinary 
research applications, innovative actions, and service 
development. The scientists will actively take the 
initiative to participate in the establishment of strong 
research consortia in order to develop competitive 
project applications where the Nansen Center is a central 
partner as the coordinator or leader of work packages. 
The instruments and framework from the Research 
Council of Norway, supporting Norwegian participation 
in EU funded research cooperation, are both necessary 
and essential for continued and increased involvement.

Through the basic funding - the free part of the 
basic funding - the Center will continue to focus on 
strengthening internal cooperation through integration 
of activities across different thematic scientific 
disciplines. The basic funding from the Ministry of 
Climate and Environment is a necessary and important 
instrument to implement and fulfill our strategical 
goals as a national climate and environmental research 
institute of high relevance for society. The Center will 
focus the basic funding on activities to further develop 
subject areas where it already has specialist competence. 
The Center is in the process of establishing new strategic 
institute initiatives in cooperation with the Ministry of 
Climate and Environment, starting in 2018.

The Board is concerned that the Center’s basic funding 
per researcher’s work year is significantly lower than 
the basic funding of other environmental institutes. 
The Center’s basic funding is more than 50% lower than 
other environmental institutions’ funding. The Center 
provides project-related revenues of almost ten times 
the basic funding from competitive research calls for 
proposals. In line with OECD’s evaluation of Norwegian 

will lead to better management of the institutes’ 
research goals and increase the competitiveness of 
the institutes in the open arenas. The Board wishes the 
Center to highlight this issue with relevant decision-
making authorities.

In 2018 the Center will strengthen the development 
of a close, successful cooperation with business and 
industry related to research, innovation, and service 
development to the benefit of society, both with respect 
to public management and business development. 
This mission is embedded in the Center´s strategy and 
is consistent with the societal expectations for national 
research institutes.

Being the coordinator of both the H2020 INTAROS and 
the Copernicus Arctic Marine Forecasting Center (AMFC) 
until 2021 contribute to prove both the relevance 
and the social benefit of the research activities at the 
Center. Through an already exciting cooperation with 
stakeholders such as climate scientists, administrative 
authorities, fisheries, shipping, industry, indigenous 
peoples and NGOs, etc. this will be strengthened in 
2018, and in the years to come. The Nansen Center 
is also an active partner in the large national project, 
The Nansen Legacy, where the Center contributes 
specifically to sea modeling. The projects Coordinated 
Arctic Accustic Thermometry Experiment (CAATEX) and 
Tools for Optimizing Performance of VOYages at Sea 
(TOPVOYS), which have been awarded funding from the 
Research Council and the EU’s JPI Ocean program will 
start in 2018. 

We expect an increase in externally funded research 
projects during 2018 in which multi-disciplinary 
cooperation with Norwegian and international partners 
will be essential, including the five international Nansen 
Centers located in Russia, India, China, South Africa, and 
Bangladesh.

Bergen, April 26th 2018

Knut Fægri  Anne Marit Blokhus
Chairman  Deputy Chairman

Helge K. Dahle  Liv Holmefjord
Ole Arve Misund  Bjart Nygaard
Morten W. Hansen Annette Samuelsen

Illustration: Sources of project funding 2017
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sc ience 
repor t  fo r  2017

sea-ice free arctic contributes to the Projected 
WarMing MiniMuM in north atlantic

Projected warming is inhomogeneous over the globe. 
The North Atlantic (NA) is one of the regions with 
minimum projected warming. Several models from the 
Coupled Model Intercomparison Project Phase 5 (CMIP-
5) even projected a slight NA cooling in 2081-2100 
relative to 1986-2005. Possible causes of the projected 
slow-down of NA warming discussed in previous studies 
include the deep ocean convection in the Labrador Sea 
region and a weakened Atlantic meridional overturning 
circulation in the 21st century. With series of numerical 
simulations using both the atmosphere-only model and 
the coupled climate model, we show that the autumn 
sea-ice free Arctic contributes to the NA warming 
minimum. 

The mechanism is that: the autumn sea-ice free 
conditions in the Arctic trigger a weaker Icelandic 
low in autumn. This is associated with the weakened 
wind stress over the subpolar gyre, which reduces the 
intensity of the deep convection over the subpolar 
NA and contributes to a weakening of the Atlantic 
meridional overturning circulation.  The weakened 
Atlantic meridional overturning circulation leads to a 
decrease in northward heat transport and an ocean 
surface cooling in the mid-latitude North Atlantic. The 
significant impact on the ocean circulation and the role 
of the air-sea interaction in response to changing Arctic 
sea ice have been highlighted by this study (Fig.1). 

Relevant publication:
Suo, L., Gao, Y., Guo, D., and Bethke, I. 2017: Sea-ice free 
Arctic contributes to the projected warming minimum in North 
Atlantic. Environ. Res. Lett., 12, 074004.

Fig. 1: BCM simulated annual stream function responses to the 
Autumn sea ice-free Arctic. The responses which do not pass the 95% 

significance test are not shown. ources of project funding 2017

heat fluxes through leads in the nextsiM Model

As part of the Sea ice modelling group activities, the 
ongoing project FRActal properties of Sea Ice Leads 
and their impact on the Arctic physical and biological 
environments (FRASIL) funded by NFR, 2017-2020. 
FRASIL focuses on investigating the interaction between 
sea-ice and ocean, using the neXtSIM sea-ice model. In 
the project, neXtSIM will be coupled to an ocean model 
to investigate how the highly localised shear simulated 
by neXtSIM influences the ocean mixed layer and how 
leads opening in the ice affect the flux of heat from ocean 
to atmosphere. In addition, an ecosystem model will be 
coupled to the ice-ocean coupled system to investigate 
how increased mixing and heat fluxes influence the 
ecosystem underneath the ice.

As a precursor to the studies with the coupled ice-ocean 
system, researcher Einar Ólason has been leading an 
effort to investigate the characteristics of observed 
and simulated lead fraction and the associated heat 
fluxes in the stand-alone version of neXtSIM. This 
work is important to understand which properties of 
the observed lead fraction we should focus on when 
comparing with the model results, how the simulation 
of leads impact that of the heat fluxes, and in which 
way the coupling of the ice model to an ocean model 
influences the simulation results. This study is soon to 
be submitted for publication.

The local influence of leads on ocean and atmosphere 
has been investigated relatively extensively, but the 
downstream effects are much less known. This lack 
of knowledge is both due to logistical difficulties in 
measuring these effects and also due to the fact that the 
current generation of sea-ice models cannot faithfully 
reproduce the formation of leads in the Arctic ice cover. 
The development of neXtSIM and the model’s ability 
to simulate the deformation features observed in the 
Arctic, therefore, opens the opportunity to investigate 
the role of leads in the atmosphere-ice-ocean system. 

In the present study, we evaluate the statistics of 
lead distribution simulated by the model (Fig. 2) to 
the statistics of leads observed in a satellite product 
produced at NERSC. Studying the model simulation 
and satellite product allows us to identify how the

Fig. 2: Heat loss from ocean to atmosphere, through ice, simulated by 
the stand-alone neXtSIM model. The field shown is a snapshot taken 

on 15th March, 2011.
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distribution of observed lead fraction varies with the 
spatial scale considered and to show that the simulated 
lead fraction shows the same behaviour. Extending this 
methodology to the simulated flux of heat through 
leads in the ice we show that there are strong indications 
for a direct relationship between the distribution of 
lead fraction and that of heat flux. This puts a valuable 
constraint on the evaluation of simulated heat fluxes 
through, which are currently very poorly constrained by 
observations.

Relevant publication:
Ólason, E., Rampal, P.: On the statistical properties of sea ice 
lead fraction and heat fluxes in Arctic. To be submitted to the 
Cryosphere.

sea ice drift froM satellite data

Sea ice drift strongly influences sea ice thickness 
distribution and indirectly controls air-sea ice-ocean 
interactions. Estimating sea ice drift over a large range 
of spatial and temporal scales is therefore needed to 
characterize the properties of sea ice dynamics and to 
better understand the ongoing changes of the climate 
in the polar regions. An efficient algorithm is developed 
for processing satellite Synthetic Aperture Radar (SAR) 
data based on the combination of feature tracking (FT) 
and pattern matching (PM) techniques.

The main advantage of the combination is that the 
FT rapidly provides the first guess estimate of ice 
drift in a few unevenly distributed key points, and PM 
accurately provides drift vectors on a regular or irregular 
grid. Thorough sensitivity analysis of the algorithm 
is performed using 877 match-ups of satellite drift 
observations with ice drifter buoys in the Fram Strait, and 
optimal sets of parameters are suggested for retrieval of 
sea ice drift on various spatial and temporal scales. The 
algorithm has rather high accuracy (error < 300 m) and 
high speed computational (time for one image pair < 1 
min), which opens new opportunities for studying sea 
ice kinematic processes. Ice drift can now be efficiently 
observed in the Lagrangian coordinate system and, 
therefore, used for point-wise evaluation of the models 
running on unstructured meshes or for assimilation into 
Lagrangian models.

Fig 3. illustrates retrieval of ice drift on irregular grid of 
Poisson-disc sampled points with 4 km spacing in March 
2016. The points are interconnected into a mesh using 
Delaunay triangulation and contour integrals of spatial 
derivatives of ice drift velocities are computed for each 
triangle (Bouillon and Rampal, 2015). One of the ice 
deformation components – divergence – is computed 
and plotted as shades of blue (convergence) and red 
(divergence). The deformation is the highest along 
thin, elongated cracks in the sea ice, which correspond 
well with the leads observed on the SAR image. Abrupt 
change in the direction of drift is also observed on the 
edges of deformation zones.

Relevant publication:
Korosov A., Rampal P., 2017: A Combination of Feature 
Tracking and Pattern Matching with Optimal Parametrization for 
Sea Ice Drift Retrieval from SAR Data, Remote Sensing, 9, 258, 
1-17.

Fig. 3: Example of sea ice drift (yellow arrows) and convergence/
divergence (blue/red areas) derived on irregular grid shown on top 

of Sentinel-1A SAR image on March 4, 2016

Probabilistic attribution of cliMate eVents using data 
assiMilation

We have investigated the use of data assimilation 
algorithms for probabilistic event attribution, i.e., 
the quantification of the likelihood of an observed 
phenomenon, conditioned to a specific hypothesis under 
scrutiny (e.g., a model, its parameters or its boundary 
forcing). The problem originated in epidemiology, but 
became central in climate science too, to answer “hot” 
questions like: Is the observed global warming or the 
frequency of extreme events due to anthropogenic CO2 
emission? The methods currently used to answer these 
questions require a large number of simulations and 
are thus extremely costly, still of poor accuracy in high-
dimensions. We have proposed alternatively an original 
use of data assimilation to design probabilistic event 
attribution algorithms with both lower computational 
cost and higher accuracy.  

Two quantities are computed: (i) the probability 
of occurrence, p1, of the event in the observed 
conditions, referred to as factual, which represents 
the actual occurrence probability in the real world; 
and (ii) the probability, p0, of occurrence of the event 
in an alternative world that might have occurred had 
the forcing of interest been absent, referred to as 
counterfactual. The so-called fraction of attributable risk 
(FAR) is then defined as: FAR = 1 – p0/p1. The FAR has 
long been interpreted as the change in likelihood of an 
event attributable to the external forcing. Over the past 
decade, most causal claims have been based on the FAR 
and its uncertainty, resulting in statements such as “It is 
very likely that over half the risk of European summer 
temperature anomalies exceeding a threshold of 1.6o C 
is attributable to human influence.”

So far, most attribution studies have used large 
ensembles of climate model simulations in order 
to estimate p1 and p0 under heavy assumptions, 
extrapolated usually with the aid of extreme-value 
statistics. Model evidences coincide with the likelihoods 
p1=p(y|M1) and p0=p(y|M0) of the observations in the 
factual model, M1, and counter-factual model, M0, 
respectively. Carrassi et al. (2017) have proven that data 
assimilation methods can be applied efficiently and
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accurately to compute the model evidence, i.e. the 
marginal likelihood of an observed event given a 
specific model p=p(y|M), with y being the observation 
and M the model, but not all data assimilation methods 
are equally efficient at discriminating the models (Fig. 
4). The approach can be applied more generally to any 
hypothesis under scrutiny, including model parameter 
estimation. 

Reference:
Carrassi A., Bocquet M., Hannart A. and Ghil M. 2017: 
Estimating model evidence using data assimilation. Q. J. R. 
Meteorol. Soc., 143, 866-880.

joint ParaMeter and state estiMation in Marine 
biogeocheMical Models

Parameters and state variables in marine biogeochemical 
models are subject to large uncertainties partly 
because the parameters are rarely measured in natural 
conditions and partly because these state variables 
(e.g. small phytoplankton or diatom) represent a 
generic group of species each of which has different 
response to environmental variables such as light and 
temperature. The application of data assimilation is one 
possible approach for constraining the ranges of the 
parameters and state and better represent the marine 
biogeochemical processes modeled. Remotely sensed 
surface chlorophyll data are commonly used observation 
to be assimilated into biogeochemical models since 
they are usually the sole source of biogeochamical 
observation available in near-realtime with good 
spatial and temporal  coverage.  However, chlorophyll 
represents only small fraction of the model state typically 
consisting of 10-100 variables. Constraining only one 
variable is unlikely enough to accurately constrain the 
entire mode state and parameters.

Two recent publications (Gharamti et al., 2017a, b) use 
both in-situ nutrients and satellite chlorophyll data to 
estimate optimal model parameters and model state in 
two different coupled physical-biogeochemical ocean 
models.  Both studies were conducted in 1-dimetional 
vertical column configuration to demonstrate the 
approach without the computational burden of 
constraining the full 3-dimetional model state. The 
first model is based on the general one-dimensional 

Fig. 4: Discriminating power, i.e. log(p1/p0), between factual and counterfactual models computed using four different data assimilation 
methods (see legend) and for two models, Lorenz 63 and Lorenz 95.

(660 N, 20 E) in the Norwegian Sea. In-situ nutrients and 
satellite chlorophyll data were assimilated to jointly 
estimate the optimal parameters and model state.  
The second model was a 1-dimentional version of the 
Norwegian Earth System Model. Here the focus is on 
long-term changes and parameters were estimated by 
assimilating nutrient climatologies from three different 
well-sampled ocean stations.

In both papers a new version of the Ensemble Kalman 
Filter (EnKF) data assimilation scheme, the OSA (one-
step-ahead smoothing)-EnKF was tested along with two 
standard EnKF formulations for joint parameter-state 
estimation. It was demonstrated in the both studies 
that the OSA-EnKF scheme had better properties in 
the biogeochemical data assimilation application 
and the resulting Biogeochemical General Circulation 
(BGC) model state had the smallest errors against 
data.  Following the successful application of the 
new data assimilation scheme and the assimilation 
of in-situ nutrients to the 1-dimentional models, 
the work is now underway to apply the OSA-EnKF 
and nutrient observation in the production of the 
new biogeochemical reanalysis (2007-2015) for the 
Arctic ocean within the European Copernicus Marine 
Environment Monitoring Service.

Relevant publications:
Gharamti M.E., Samuelsen A., Bertino L., Simon E, Korosov 
A., Daewel U. 2017a: Online tuning of ocean biogeochemical 
model parameters using ensemble estimation techniques: 
Application to a one-dimensional model in the North Atlantic. 
Journal of Marine Systems, 168, 1-16.
Gharamti M.E., Tjiputra J., Bethke I., Samuelsen A., Skjelvan 
I., Bentsen M., Bertino L. 2017b: Ensemble data assimilation 
for ocean biogeochemical state and parameter estimation at 
different sites. Ocean Modelling, 112, 65-89.

urbanization in the arctic and sub-arctic

Urbanization in the Arctic and sub-Arctic is an increasing 
factor of anthropogenic influence on the local climate 
and ecosystems. One of the most evident climatological 
effects of urbanization is the urban heat island (UHI) 
effect, where urban areas are warmer than rural areas. 
UHI in the high latitudes has significant impact on soil-
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bearing capacity and increases the vulnerability of the 
urban infrastructure. UHI also affects the ecosystem 
around the cities, by changing the local climate that 
otherwise would only be found hundreds of kilometers 
to the south. 

The UHI characteristics and factors controlling its 
intensity in the high latitudes remain largely unknown. 
We use remote sensing data from Moderate Resolution 
Imaging Spectroradiometer (MODIS) to assess the UHI 
and to define the factors affecting UHI formation and its 
intensity for the cities in northern West Siberia (NWS), 
lying between 60o N and 70o N latitude (Fig. 5a). 

Our analysis revealed that all 28 studied NWS cities 
exhibit the persistent UHI. However, the UHI intensity 
has seasonal dependence and the analysis suggests 
seasonally different driving factors of UHI formation. 
Thus, in summertime (Fig 5b) when days are long, 
the UHI intensity is mainly determined by surface 
albedo, reduced evaporation and amount of incoming 
solar radiation. In wintertime (Fig. 5c) with its low 
temperatures and small amount of solar radiation, the 
UHI is determined by anthropogenic heat pollution. The 
seasonal mean is maximal in winter UHI. There are strong 
physical reasons to expect that the cold continental 
climate in the NWS region could exacerbate the UHI, 
trapping the additional heat in a shallow planetary 
boundary layer of the persistently stably stratified lower 
atmosphere. 

The city of Surgut is an extreme example of a huge 
release of anthropogenic heat causing a large UHI in 
winter (Fig. 5d). Correlation and regression analyses 
found the strongest relationships between the UHI and 
population (log P). Regression models using logP alone 
can explain 65–67% of the variability of UHI in the region. 
Additional explanatory power – at least in summer – 
is the surrounding background temperatures, which 
themselves are strongly correlated with latitude. The 
performed regression analyses confirmed the important 
role of surrounding temperature in explaining spatial-
temporal variation of UHI intensity. These findings 
suggest a climatological basis for these phenomena and 
given the importance of climatic warming, this aspect 
deserves further studies.

Relevant publication:
Miles, V. V., and Esau, I. 2017: Seasonal and spatial 
characteristics of urban heat islands (UHIs) in northern West 
Siberian cities. Remote Sensing, 9(10), 989, 1-15.

oPen data and coMPonents for Marine data ManageMent

The Scientific Data Management Group (SDMG) 
has established NERSC as a scientific data provider 
in the Norwegian Marine Data Centre (NMDC) data 
infrastructure. Within NMDC, we have defined a common 
metadata structure for all categories of in situ data that 
are made available through this infrastructure (Hamre et 
al., 2017a). This structure is compliant with established 
standards such as DIF and ISO 19139, and allows for the 
NMDC data portal to provide a unified search across all 
datasets provided by the different partners of the data 
infrastructure.

To publish NERSC data in NMDC, SDMG has established 
a data node serving metadata and data to the NMDC 
data portal at the Institute of Marine Research. This 
node consists of a metadata catalogue and a data 
server accessed via standard interfaces (Hamre et al., 
2017b). Seven partners in NMDC have set up such data 
nodes, where each partner provides their datasets in 
standard formats (e.g., NetCDF/CF). This enables the 
NMDC data portal to extract user defined subsets of 
multiple datasets and co-locate them to a common map 
projection for easier intercomparison. Users can also 
access full datasets and use their own tools to read the 
data into their own applications. 

In 2017, two of the datasets from the Acoustic and 
Oceanography Group were published in NMDC: (1) 
Acoustic data collected as part of the WIFAR (Waves-in-
Ice Forecasting for Arctic Operators) project in a joint 
cruise with the UNDER-ICE project in the Fram Strait in 
September 2012, (2) Ocean acidification data collected 
during the UNDER-ICE field experiment in June-July 
2016 by a remotely controlled sail buoy in the Fram 
Strait (Fig. 6). Both datasets were prepared in NetCDF/
CF format, with required metadata, and can be accessed 
through the NMDC data portal.

SDMG has enhanced an open source formatting tool 
named Rosetta, originating from Unidata. The Rosetta 
tool allows for easy conversion of data stored in text 
files, e.g. CSV, to NetCDF/CF with metadata in line with 
NMDC requirements. Rosetta is accessed through a web 
browser and guides the user through the definition 
of metadata needed to be compliant with NMDC. 
No installation is needed on the user’s computer, all 
functionality is available online.

The Rosetta tool set up for NMDC will be reused in other 
data infrastructures such as NorDataNet and Svalbard 

Fig. 5: (a) Location of study area. Pan-Arctic 15-years (2000-2016) winter MODIS LST composite. (b, c) Summer and winter UHI. The magnitude 
of UHI intensity is shown by circle size. (d) Example of the extreme case of Surgut. Black line contours denote the city building polygons. 

Numbers represent LST value in oC.
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Integrated Observation System (SIOS). Metadata from 
NERSC data node established for NMDC can also be 
harvested by these and other infrastructures, by means 
of standard interfaces. The principle of hosting data 
close to, preferably at, the data owner organisation is 
underpinning the system design of NMDC, NorDataNet 
and SIOS. Adhering to standard metadata and data 
exchange interfaces also enable datasets managed by 
the NERSC data node to be integrated in international 
initiatives and projects, such as INTAROS. 

Reference:
Hamre, T., Godøy Ø., Lid Ringheim S., Tronstad, S.  Sagen H., 
Fjellheim K., Østerhus S., Krogstad M., Lepland A., Nordlund N.,  
Kristiansen S., Vang R., Karud J., Valland N., Pfeil B., Vines A.,  
Morvik A., 2017a. D3.1 – Definition of data formats and metadata 
structure. Revision: 0.17. NERSC Technical Report no. 383.
Hamre, T., Sagen H., Lid Ringheim S., Fjellheim K., Godøy Ø., 
Tronstad D., Kristiansen S., Lepland A., Karud J., Selvik J. R., 
2017b. D3.2 – Internal and external protocols. Revision: 1.0. 
NERSC Technical Report no. 384.

and Committee on Observation and Networks (CON).
These committees have a Pan-Arctic dimension and 
play an important role in promoting sustainability of 
the observing systems, which is a major goal of EU’s 
engagement in the Arctic.

INTAROS has focus on mapping the status of existing 
observing systems within the scientific domains 
covered by the project, which includes atmosphere, 
ocean & seafloor, sea ice, marine ecosystems, glaciology, 
terrestrial themes, natural hazards, and community-
based monitoring. The ongoing mapping is done by an 
online survey and the results will be used to assess the 
status of the present observing systems and identify the 
major gaps. A key question is how accessible the data 
from these systems are and to what extent the systems 
can deliver data to an integrated observing system. It is a 
major goal of INTAROS to improve the access to existing 
and new data collected from various multidisciplinary 
stations and platforms.

During the summer of 2017 INTAROS partners have  
been engaged in many field expeditions, including 
measurement of climate gas fluxes from terrestrial 
stations in Alaska and Siberia, soil carbon and snow data 
in Canada, collection of marine and glaciological data 
in Greenland, deployment of oceanographic moorings 
north of Svalbard, studies of marine ecosystems in 
Kongsfjorden, glider experiment in the Fram Strait and 
deployment of snow mass balance buoys in the Central 
Arctic from the Chinese icebreaker Xue Long.  The field 
activities will be extended with more deployments and 
data collection in summer 2018. 

Information about INTAROS is available on http://www.intaros.eu 
and http://intaros.nersc.no

Fig.  7.: The field work conducted by the INTAROS partners in summer 
2017. In Alaska soil temperature data were collected from permafrost 
areas (1), in Beaufort Sea moorings with oceanographic and acoustic 
data were recovered (2), in Canada soil carbon and other terrestrial 
data were collected (3), bioArgo floats were deployed in Baffin Bay 
and automatic weather stations collected data in different sites on 
the Greenland ice sheet (4), a glider experiment was conducted in 
the Fram Strait (5), marine ecosystem studies were done as part of 
the Hausgarten and Kongsfjorden observatories (6), sea ice data 
were collected during the Xue Long expedition (7) and climate gas 
data were collected at the Ambarchik Bay Observatory in Siberia (8).

Fig. 6: Ocean acidification data collected by a remotely controlled 
sailbuoy in the Fram Strait during the UNDER-ICE field experiment 
in summer 2016 for the RFF Iskantseilas project. Upper: The sailbuoy 
provided near surface air temperature and water temperature down 
to 50 cm depth for a period of three weeks. Lower: Trajectory of the 
sailbuoy from deployment (A) to recovery (B) by Norwegian Coast 

Guard vessel KV Svalbard.

intaros: integrated arctic obserVation systeM

2017 was the first year of the H2020 project INTAROS 
– Integrated Arctic Observation System - which is 
coordinated by the Polar Acoustics and Oceanography 
group. INTAROS has 47 partners from 20 countries in 
Europe, North America and Asia and will run for five years. 
INTAROS is one of eight projects of the EU Arctic Cluster, 
which involves more than 100 institutions engaged in 
Arctic research funded by European Commision.

A major activity in the first year has been to establish 
connection and collaboration with other Arctic 
projects, international programmes, networks and 
organisations working with Arctic research. In order 
to build Arctic observing systems, it is necessary 
for INTAROS to work with the major national and 
international observing programmes in the Pan-Arctic 
region. In particular, collaboration has been established 
with SAON (Sustainable Arctic Observation Network) 
and it committees: the Arctic Data Committee (ADC)  
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