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Our main research areas are:

  ●  Climate Processes, Variability and Change
  ●  Ocean Modelling, Data Assimilation and 
      Forecasting
  ●  Arctic and Marine Remote Sensing Studies
  ●  Socio-economic Impact of Global Change

We use broad interdisciplinary expertise to ad- 
vance research within, and further our under- 
standing of, ocean processes and interactions 
with in the marine ecosystem, sea ice physics,
 boundary layer dynamics, and climate 
variability, teleconnections 
and predictability. 

The Nansen Center - NERSC - is a non-profit research foundation based in Bergen, 
Norway with basic funding from the Ministry of Climate and Environment. The Center 
conducts research within Earth system sciences with a focus on the high latitudes and 
the Arctic. The Nansen Center aims to serves the society through advancing knowledge 
of the global environment and climate system in the spirit of Fridtjof Nansen. We  
conduct both basic and applied research, funded by research councils, space agencies, 
national and international governmental agencies and industry.
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This is achieved by developing and optimizing 
observing systems including the use of satel-
lite remote sensing, numerical modeling, data 
assimilation, acoustic oceanography and data 
handling and integration. We help to develop 
societally-relevant services, including ocean and 
sea ice forecasting, climate projections, local 
extreme weather events and air quality assess-

ments. We communicate our research to a 
wide range of stakeholders and publish

 high-quality scientific articles, and 
contribute to national and 

international reports.
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DIRECTORS WORDS  ∙  A NEW EXCITING FUTURE4

We conduct marine, cryosphere and atmospheric  
research using observations, models and data assimi-
lation leading to innovation and service development.

Pioneer understanding of the earth systems and 
science based innovation for society.

OUR MISSIONOUR VISION

5

A new exciting future

One of our more logistically challenging research 
activities has been particularly interesting in a 
historical perspective. In August, the Nansen 
Center reached the top of the world in collab-
oration with the Norwegian Coast Guard and 
international partners, on board the icebreaker 
KV Svalbard. This was the first time in history a  
Norwegian ship has reached the North Pole, 125 
years after Fridtjof Nansen tried to drift across 
the North Pole with his sailing vessel Fram. 
This time the journey was part of the CAATEX –  
Coordinated Arctic Acoustic Thermometry  
Experiment expedition, aiming to take large-scale 
temperature measurements of the Arctic Ocean. 
I want to thank the Norwegian Coast Guard for 
their long-term and outstanding collaboration 
in field experiments in the Arctic Ocean, deploy-
ing instrumentation gathering unique environ-
mental and climate data for the benefit of polar  
science and society at large.

During 2019 we coordinated or participated in 
nearly 100 research projects, covering topics 
from sea ice and ocean modeling to data as-
similation and data management. As a project 
-based research organization, some of our 
key priorities have been to focus on strength- 

2019 was another highly productive year at the Nansen Center, confirming our  
position as a collaborative and successful research organisation. This report looks back 
on a year of ground-breaking research from the projects we are involved in, and key  
publications from our scientists. We continue to ensure high quality in our research,  
collaborate both nationally and internationally and engage in the media landscapes.

ening our collaborations, building up scientific  
networks, and continuing to develop ideas for 
new research. 2019 has been a successful year 
in terms of funding both nationally and interna-
tionally. Much of our success centers on collabo-
ration at local, national and international scales; 
key collaborators are universities and research 
institutes, as well as public and private stake-
holders, on almost all continents. An approach 
favored at NERSC is to encourage long-term  
scientific visits to the center, in order to develop 
close working relationships; this year we had 
16 visitors at the center. We are also taking 
part in the ongoing work towards the sixth IPCC  
Assessment Report due in 2021.

On international scales we continue to work 
closely with, and extend our networks through, 
our Nansen Centers, which are flagship exam-
ples of international scientific collaboration for 
Norway. In 2019, the Norwegian Prime Minister 
visited the Nansen International Center in St. 
Petersburg, where we were able to present 
an introduction to the research at the Nansen  
Centres and our history of cooperation. There 
was  also a visit from the Norwegian Minister for  
Research and Higher Education to the Nansen- 

Zhu Center in Bejing, as well as the Norwegian 
Minister of International Development to the  
Nansen Center in Bergen, to learn about our  
research activities and long-term bilateral colla- 
borations.

The center is proud to contribute to education 
and competence building. Through 2019 we  
arranged training courses and summer and  
winter research schools, both in Norway 
and abroad. Several of our scientists teach 
courses at the University of Bergen, Western 
Norway University of Applied Sciences and  
UNIS. These are important duties that reflect our 
commitment to education. 

The positive results from 2019 have provided 
us with a strong platform for the years to come. 
The Nansen Center is here to make a meaningful 
impact in science and for society, by continuing 
the important work of understanding how our 
climate, oceans, and cryosphere are changing. 
Finally, I would like to thank the board, the  
scientific council and partners for important  
input and collaboration. I would also like to thank 
the NERSC employees for their hard work and 
excellent results.
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OUR GLOBAL IDENTITY AND COOPERATION6

       The Nansen Center is  
co-founder of five international  
Nansen Centers: 
  NIERSC - Nansen International 
  Environmental and Remote 
  Sensing Center 
  NZC - Nansen-Zhu International 
  Research Center
  NABIC - Nansen-Bangladesh 
  International Centre for Coastal 
  Ocean and Climate Studies
  NERCI - Nansen Environmental 
  Research Centre India
  NTC - Nansen-Tutu Research Centre
  for Marine Environmental Research

Our global identity and cooperation

Worldwide there are five other Nansen Research 
Centers, established to provide an impetus for 
globally-oriented research. In total, approxi-
mately 220 people, including 75 PhD students 
are affiliated with these centers.  Through our 
co-ownership of Mercator Ocean International, 
we participate in the operation of the “Coper-
nicus Marine Environment Monitoring Service”,  

a part of Copernicus, the European Union’s 
Earth Observation Programme. 

We also work closely with our Norwegians  
partners on a national and local scale, including 
through the Bjerknes Center collaboration  
(University of Bergen, NORCE, the Institute of 
Marine Research, and NERSC).

 We are a research environment with an international perspective, which 
also applies to our workforce. The Nansen Center now consists of 70 employees 
from 22 countries. Out of a total of 95 projects, the center was involved in 23  
internationally funded research projects, 11 of which are led and coordinated by 
the center itself.

      Countries that have currently active funded 
research projects with the Nansen Center.

Bangladesh
Belgium
Cameroon
Canada
Czeck Rep.
China
Denmark
Finland

France
Germany
Greece
Greenland
Iceland
India
Italy
Japan

Luxembourg
Mexico
Netherland
Poland
Portugal
Romania
Russia
Singapore

South Africa
South Korea
Spain 
Sweden
Switzerland
United Kingdom
United States
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Activities and finance

ACTIVITIES AND FINANCE

PROJECTS

MEDIA

KEY FIGURES AND FUNDING

VISITORS

STUDENTS

3 PhD candidates 4 Masters students

67 students have been supervised with the help of staff from the Nansen Center.  
We have organised two Ph.D research schools in 2019:

Data Assimilation and its applications to  
Oceanography, Hydrology, Risk & Safety, and 
Reservoir Engineering. 

This two week summer school took place at 
the University of Timișoara, Romania, where 37 
graduate students learned the basic fundamen-
tal concepts of data assimilation and looked at a 
range its applications. 

SCHOOLS AND EDUCATION

28 open lectures for external   
audiences

280 media reports about  
our research and researchers,  

   of which the CAATEX expedition with KV Svalbard  
        reaching the North Pole, received wide coverage.

25 guest researchers from abroad, eq. 
to more than 70 personnel months

PRESENTATIONS

95 ongoing research projects 

PUBLICATIONS

11 peer reviewed published articles 
not recognized in the NSI  

69 conference proceedings, poster 
and scientific presentations

  8 book chapters recognized in the  
Norwegian Science Index - NSI

13 reports and report contributions

71 articles in peer reviewed  
scientific journals

All our scientific publications at:
nersc.no/publications

  1 book not recognized in the NSI 

Observing and Modeling the Arctic, 
- Climate processes, prediction & projection.

Ph.D. and Post-Doc Research School for 30  
students at NIERSC in St. Petersburg. Arranged 
in collaboration between the two centers as part 
of the ARCONOR project funded by the Research 
Council of Norway.

FUNDING %
  Research Council 39
  Basic funding 12
  EU Copernicus   9
  EU Horizon 2020   8
  STIM-EU   5
  SKD (Bjerknes)   5
  Other national   5
  ONR 4
  ESA 3
  Nordforsk 2
  Other international 2

2019
KEY FIGURES
(in 1000 NOK)

2018

Total income 72 963 65 550

Operating cost 72 341 63 839

Operating profit before 
amortisation and finance 622 1 721

Profit before tax 610 1 730

Net profit 417 1 401

http://nersc.no/publications
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Major ongoing projects and collaborations

MAJOR ONGOING PROJECTS AND COLLABORATIONS

2015  -  2021 2016  -  2021 2016  -  2021 2018  -  2022 2018  -  2023 2019  -  2021

BLUE ACTIONINTAROSCOPERNICUS CAATEX THE NANSEN LEGACY ARKTALAS

PARTICIPANTS
40 partners from 17 countries

PURPOSE
The NERSC-led project work investi-
gates the potential effects of changes 
in the ocean and atmosphere from 
Arctic warming, on lower latitudes, 
through state-of-the-art ocean,  
atmosphere or coupled models.

ACHIEVEMENTS 2019
The coordinated numerical experi-
ments by nine atmospheric circula-
tion models have been completed. 
The results suggest that using insuf-
ficient ensemble simulations always 
leads to an overestimation of Arctic 
sea ice driven variability (SIDV), and 
more than 100 and 40 ensemble 
members are needed for sea level 
pressure and surface air tempera-
ture within the Arctic, respectively, 
to separate the SIDV from the atmo-
spheric internal variability.

PARTICIPANTS
48 participating institutions  
from 20 countries

PURPOSE
To develop an efficient integrated 
Arctic Observation System by  
extending, improving and unifying 
existing and evolving systems in  
different regions of the Arctic. 

ACHIEVEMENTS 2019
The first assessment of the maturity 
of Arctic Observation Systems was 
completed; deep-water moorings 
were designed and deployed in 
collaboration with our project part-
ners; the first datasets from the 
project are now available. A range 
of events and meetings took place, 
intended to develop strong net-
works, improve engagement and 
make progress in building Arctic 
Observing Systems.

PARTICIPANTS
NERSC, MET Norway and IMR

PURPOSE
The Arctic Monitoring Forecast 
Centre in the Copernicus Marine 
Environment Monitoring Service 
(CMEMS) is delivering up-to-date 
forecasts and reanalyses for the 
Arctic Ocean, including sea ice and 
biogeochemical variables

ACHIEVEMENTS 2019
In 2019 the physical ocean reanal-
ysis was updated to included data 
up until 2018 in order to provided 
information to the Ocean State 
Report. Several updates were  
prepared that will be released 
in 2020, including the neXtSIM-F  
forecasts and a doubling of the  
resolution of all forecast and  
reanalysis products.

PARTICIPANTS
NERSC, SCRIPPS USCD with core 
partners WHOI, UiT, NPI and NPS

PURPOSE
The primary objective in CAATEX 
is to use acoustic thermometry to  
estimate the heat content of the 
Arctic Ocean to benchmark how 
warm the Arctic Ocean is and to 
improve our understanding of  
uncertainties in ocean heat content 
estimates from climate models.

ACHIEVEMENTS 2019
In 2019 the CAATEX research cruise 
was conducted in the Arctic Ocean. 
Three CAATEX moorings were suc- 
cessfully deployed in the Nansen 
Basin, and several ice-drifting buoys 
were also deployed, as well as an 
ice tethered profiler at the North 
Pole. As part of CAATEX, the KV  
Svalbard was the first Norwegian 
ship to reach the North Pole on the 
21st of August 2020.

PARTICIPANTS
UiT, NTNU, UiB, UiO, UNIS, NPI, HI, 
MET, NIVA, and NERSC

PURPOSE
The Nansen Legacy is a joint effort 
by Arctic scientists from across Nor-
way to provide integrated scientific 
knowledge on the rapidly changing 
marine climate and ecosystem in 
the northern Barents Sea and adja-
cent Arctic Basin.

ACHIEVEMENTS 2019
This work estimates how resolving 
leads in the sea ice affects weather 
forecasts in the Arctic. NERSC ran 
the neXtSIM sea ice model with  
output from the high-resolution, 
limited-area models from MET, who 
will now contrast and compare their  
results when using a smooth ice 
cover or a highly fractured one as 
boundary conditions for their fore-
cast.

PARTICIPANTS
NERSC, NOVELTIS, IFREMER and 
OceanDataLab

PURPOSE
The Arktalas project aims to  
advance the insight and quantitative 
understanding of interactive pro-
cesses between sea ice, ocean and 
the atmosphere, and their mutual 
feedback in the high latitude seas 
and Arctic Ocean.

ACHIEVEMENTS 2019
The first paper from the project on 
“Response of Total and Eddy Kinetic 
Energy to the recent spin up of 
the Beaufort Gyre” by H. Regan, C. 
Lique et al. is published in Journal of  
Physical Oceanography.

During  2019, the Nansen Center was involved in 95 research projects – 23 of which were funded internationally, with 11 led and coordinated by the center itself. Here are some examples:             
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Our Research

OUR RESEARCH

The research priorities at the Nansen 
Center focus on three interconnected  
areas: Earth system science, innovation 
and services. They are aligned with nation-
al and international research strategies as 
well as development programs. 

The priorities are to advance the understand-
ing and predictive skill of the Earth System,  
notably regarding the dominating processes 
and interactions, the leading dynamics, and 
the major variability. In particular, NERSC  
focuses on interdisciplinary ocean, sea ice and 
atmospheric sciences in the high latitudes and 
the Arctic Ocean, at regional to climate scales. 
This is conducted through integrated analyses, 
use of remote sensing, in-situ based observa-
tions in synergy with numerical models and 
data assimilation.
 
Innovation is essential for progress in Earth  
system science and service development. We 
strive to carry out ambitious, novel and inno-
vative research, through theoretical, meth-
odological, and experimental advancements. 
 We aim to apply our expertise to the develop-
ment of services, in order to facilitate the use of 
our research by a wider community of people. 
This is undertaken in collaboration with part-
ners and stakeholders so that new knowledge 
on topics such as climate prediction and ocean 
monitoring can be carefully developed and 
tested towards operational use.   

Groundbreaking  
scientific research

   •   Measuring temperatures across the Arctic
   •   Innovative ways to measure ocean currents
   •   Between weather and climate

   •   Mapping Arctic measurements
   •   Towards local climate services
   •   Drifting down to the ocean floor

Transforming science  
into information

Innovative scientific  
methods and techniques 

   •   Leading the way in sea ice modelling
   •   Are we learning when we are assimilating?
   •   Extending the view of satellite data

There is a distinct link and complementarity 
between these three research priority areas, 
whereby advances in one area strengthens 
the others. Benefiting from this approach and 
mutual feedback, the Nansen Center develops 
and maintains cutting edge knowledge. In turn, 
this makes us an attractive and strategic part-
ner, both nationally and abroad, documented 
by the number of Norwegian Research Council 
funded projects, EC Horizon 2020 and projects 
supported by the Copernicus Marine Environ-
ment Monitoring Service (CMEMS) programme 
and European Space Agency.  
  
Further highlights on specific activities and 
findings within these three priority research 
areas are included in this report. 
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Measuring temperatures across the Arctic:
Coordinated Arctic Acoustic Thermometry Experiment

Satellite images show a large reduction of sea ice in the Arctic, in particular a strong 
decline in multi-year ice. However, satellites cannot observe the interior of the ocean 
underneath the sea ice, and therefore we know little about what is going on in the ocean 
under the ice. Just below the sea ice there is a cold and fresh water layer that protects 
the ice from the warmer waters deeper down in the ocean. Point measurements in some 
areas of the Arctic indicate that this layer is disappearing. This change can accelerate the 
melting of the sea ice.

GROUNDBREAKING SCIENTIFIC RESEARCH  ∙  MEASURING TEMPERATURES ACROSS THE ARCTIC

In 1994 and 1999 the mean ocean temperature 
was measured across the Arctic Ocean from Sval-
bard to the Beaufort Sea using acoustic thermom-
etry. These measurements showed a general 
warming of the ocean under the Arctic sea ice 
of 0.4 degrees over 5 years. Now, more than 20 
years after, we do not know how much heat is 
stored in the interior of the Arctic Ocean under 
the protective water layer. 

In the Coordinated Arctic Acoustic Thermometry 
Experiment (CAATEX) we repeat the acoustic 
thermometry measurements of the mean ocean  
temperature across the Arctic Basin. The concept 
is that sound travels faster in warm water than in 
cold water. By measuring the time it takes for a 
sound signal to travel from one point to another 
we find the sound speed by dividing the distance 

by time. To obtain temperature from sound speed 
we assume that a change in the temperature of 
1-degree Celsius, changes the sound speed by 
4.5 m/s. In this way we have an acoustic ocean  
thermometer!

In August 2019, four moorings, each 4 kilometer 
long and equipped with more than 50 acoustic 
and oceanographic instruments, were deployed 
in the Nansen Basin from KV Svalbard. Three 
similar moorings were deployed in the Beaufort 
Sea by Scripps Institution of Oceanography from 
USCG Healy. The system provides measurements 
of acoustic travel times every 36 hours, after  
recovery these measurements will be processed 
to provide mean ocean temperature across the 
whole basin. These measurements will be com-
pared to the ones made in the 1990s to investi-
gate if the mean ocean temperature of the Arctic 
Ocean has changed over 25 years. 

CAATEX is led by Nansen Center and Scripps  
Institution of Oceanography and involves the  
effort from more that 40 scientists and engineers 
in the design of the system, building the moorings, 
planning of the cruises, preparing the instruments 
and carrying out the experiment. Together with 
our project partners, we are now planning for the  
recovery cruises, for downloading the acoustic 
and oceanographic data, and to set up for the 
processing and analysis of the data.

CAATEX relies on joint funding by the Research 
Council of Norway and the US Office of Naval  
Research. It links up with the EU INTAROS project 
and with the German MOSAiC project. 

POLAR ACOUSTIC AND OCEANOGRAPHY GROUP

Drone shot at The North Pole of the KV Svalbard vessel. CAATEX 2019/NORCE
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The global ocean circulation is responsible for a significant part of the transport of 
heat and salt, and plays a major role in climate and weather. Knowledge of surface  
currents is moreover crucial for oil spills and marine debris detection and tracking, 
search and rescue operations, fish egg and larvae drift and fisheries. In addition, surface 
currents affect the steepness of surface waves, and are therefore also highly needed for 
providing reliable sea state forecasts for maritime operations and ship routing. 

Innovative ways to measure ocean currents:
From Doppler shift to surface current

REMOTE SENSING GROUP 

Over the last few decades, several remote sens-
ing techniques have been developed jointly with 
in-situ measurements yielding improved spatial 
coverage of surface current observations. In par-
ticular, a new era is emerging with the advances 
in estimation of the Doppler frequency shift de-
rived from the “Synthetic Aperture Radar” (SAR) 
on board the Sentinel-1 A and B satellites. This 
is documented in a recent study of the northern 
part of the Norwegian Coastal Current (NCC) at 
the entrance to the Barents Sea (Moiseev et al., 
2020). Analysis of the Sentinel-1 A SAR Doppler 
shift data shows evidence of distinct patterns of 
the NCC with range directed currents reaching 
up to 0.7 m/s as shown below. Comparing the 

surface current derived from SAR to the trajec-
tory of surface drifters demonstrates interest-
ing matching for parts of the NCC. Moreover, 
for the first time, a satellite-based Doppler  
derived surface current map has been compared 
to a model-based current map for the NCC with 
generally promising results. Additional studies 
are now required to properly characterize 
the reliability of the estimation of the wind 
and sea state impact on the SAR Doppler shift.   
Provided satisfactory uncertainty estimates can 
be derived, the radial velocity retrievals from  
Sentinel-1 SAR will become a valuable source of 
information for studies of upper ocean dynamics, 
model validation and data assimilation.

GROUNDBREAKING SCIENTIFIC RESEARCH  ∙  INNOVATIVE WAYS TO MEASURE OCEAN CURRENTS
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a b
Maps of ocean surface  
radial velocity (colour scale) 
at a spatial resolution of 1.5 
x 1.5 km derived from: 

(a) Sentinel-1A descending 
pass acquired on 27 Oct. 
2017 05:03:26

(b) Simulated and collocated 
range directed velocity from 
a numerical ocean model. 

Envisat image of the Barents Sea, showing parallel 
rows of clouds that align with the wind across the 
northern part of the Scandinavian Peninsula. 

Creative commons license: ESA, CC BY-SA 3.0 IGO
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Predictive skill arises from being able to pre-
dict the slow internal variability of the climate. 
The variability is driven by sensitivity to exter-
nal forcing (as in climate projection) and the 
accuracy of the initial condition (as in weather 
forecasting). Estimating the best possible initial 
conditions of the system based on a model 
and set of observations is a method referred to 
as data assimilation.  Predictive skill is known 
to reside principally in the ocean, the sea ice 
and land. 

The Norwegian Climate Prediction Model  
(Nor CPM) has been developed in collaboration 
with colleagues at the Bjerknes Centre. The 
model has already demonstrated highly com-
petitive skill by initialising the ocean and sea 
ice components. It contributes to international 
work on climate modelling, including the  
CMIP6 Decadal prediction project and the 
WMO Lead Centre for Annual-to-Decadal  
Climate Prediction. 

Climate prediction is a rapidly emerging science field with large societal impor-
tance that aims at bridging the gap between short-term weather forecasting and 
long-term climate change projection. These type of tailored, seasonal climate fore-
casts are particularly beneficial for decision-making in many sectors of society, e.g. 
energy, agriculture, transport, insurance and water resource management.

GROUNDBREAKING SCIENTIFIC RESEARCH  ∙  BETWEEN WEATHER AND CLIMATE

Between weather and climate:
Predicting seasonal scale changes

CLIMATE DYNAMICS GROUP 

  
Seasonal predictive skill of the NorCPM has 
been highlighted in Wang et al. (2019) and its 
performance has been compared to an opera-
tional forecasting system – the North American 
Multimodel Ensemble (NMME).  

The global prediction skill of NorCPM at 6- and 
12-month timescales is higher than the aver-
aged skill of the NMME and it is among the 
best systems for predictions of sea surface 
temperature in many regions. 

Areas where NorCPM is most skilful is in the 
tropical western Atlantic, where it can pre-
dict El Niño–Southern Oscillation (ENSO) 
and teleconnections up to 12 months in ad-
vance, and a region extending from the Ice-
land Basin to the Barents Sea. As a conse-
quence, it can also skilfully predict sea ice 
extent variability in the Greenland-Iceland- 
Norwegian Seas, the Barents Sea and the  
Labrador Sea between January and April, which 
is highly related to initialisation of upper ocean 
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INNOVATIVE SCIENTIFIC METHODS AND TECHNIQUES  ∙  LEADING THE WAY IN SEA ICE MODELLING

An ice cover consisting of thick, unbroken ice 
prevents all moisture and trace gas transport 
between ocean and atmosphere and nearly 
all heat transport. As a result, the Arctic  
atmosphere is very cold and dry, and the  
Arctic Ocean has a surface layer of fresh and 
cold water which separates the relatively 
warm and salty waters of the deep ocean 
from the surface. However, winds and ocean 
currents put pressure on the ice, breaking it 
and moving it to form ridges and leads – areas 
of open water in an otherwise full ice cover. 
Where those leads form, massive amounts 
of heat and moisture escape into the at-
mosphere from the ocean, modifying the  
atmospheric boundary layer. 

The interface between atmosphere and ocean is of crucial importance for both 
climate and weather. Exchanges at the atmosphere-ocean interface are responsible 
for heat loss and gain that drives large-scale features such as the Meridional  
Overturning Circulation, the atmospheric moisture cycle, and powers cyclones,  
hurricanes, and polar lows. In the polar regions, sea ice forms at this interface,  
impacting all exchanges, thus altering the state of both atmosphere and ocean.  
This modifies the atmosphere and ocean near the sea ice, contributing to the  
formation and maintenance of the Arctic halocline and atmospheric boundary layer.  
Both are hugely important for the Arctic climate, in helping to mediate the flow of 
heat from ocean to atmosphere.

Leading the way in sea ice modelling:
The distribution of leads and ridges in the Arctic

SEA ICE MODELLING GROUP

At the Nansen Center, the sea-ice model-
ling group has been working towards being 
able to investigate the atmosphere-ocean-ice  
interactions using the centre’s next-generation 
sea-ice model, neXtSIM. The main advantage 
of using neXtSIM in this context comes from 
its unique physics and numerics, which allow 
unprecedentedly realistic simulations of how 
leads in the Arctic sea ice open and close.

The distribution of leads and ridges across 
the Arctic is directly related to fractal  
patterns seen in the ice velocity fields, both 
in observations and in neXtSIM simulations.  
Results have shown how neXtSIM captures 
these fractal patterns, and recent work also 
demonstrates the link between observed and 
simulated lead fraction using neXtSIM.

A snapshot of heat flux from the ocean to the atmo-
sphere through sea ice and leads in winter, assimilated 
by neXtSIM. 

This demonstrates that neXtSIM is a good tool to 
study atmosphere-ocean-ice interactions in the Arctic.  
Recent work from the group looks at the links  
between the statistics of lead formation and heat  
fluxes through leads in observations and model 
simulations with neXtSIM (Ólason, et al., 2020). The  
authors show how fractal characteristics already seen 
in sea-ice deformation statistics are also present in 
lead fraction and heat flux statistics.

As a further step, neXtSIM has also been coupled with 
the widely used NEMO ocean model. Together with  
researchers at Ifremer in Brest and at IGE and Ocean  
Next in Grenoble, we will use this coupled model to  
explorethe ice-ocean interactions in this new system.  
The results of these experiments will give us new  
insights into how the fracturing of the ice cover influ-
ences atmosphere-ocean heat fluxes, mixing in the  
upper ocean, and the distribution of ice and fresh- 
water in the Arctic.
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So how does the work NERSC does fall under 
these two definitions? The Kalman Filter, a popu-
lar algorithm used in data assimilation, does as-
similate the data optimally; it will update the out-
come of the model for the next forecast, but the 
knowledge included in the model equations re-
mains the same. This is however different when 
the model parameters are estimated as part of 
data assimilation: then it is legitimate to claim 
that the model has gained knowledge from the 
data, and therefore counts as Machine Learning. 

 The explosion of Artificial Intelligence into our daily life has recently drawn popular 
attention to a variety of statistical techniques that come under the umbrella of Machine 
Learning, even though many of these were already introduced 30 years ago. The under-
lying promise is that these methods will be able to learn from a vast amount of data, 
generated by activities we do every day. But learning from enormous amounts of data, 
isn’t that what we are already doing with data assimilation?

More conceptually, Bocquet et al. (2019) take an 
idealized ordinary differential equation, in which 
the coefficients are unknown, and prove that 
a 4D-variational assimilation can optimize the 
coefficients in the same way as a deep neural 
network: both are applying a sequence of linear 
regressions and nonlinear predictions. So yes, 
data assimilation and machine learning can – in 
some ideal circumstances – be the same thing. 

                                          ∙  INNOVATIVE SCIENTIFIC METHODS AND TECHNIQUES

Are we learning when we are assimilating?
Combining machine learning and data assimilation

DATA ASSIMILATION GROUP 

Then, in non-ideal circumstances, they may differ 
a lot. Machine Learning techniques have a hard 
time dealing with missing or uncertain data, while 
Data Assimilation methods are geared to handle 
these imperfections optimally. A paper lead by 
NERSC, Brajard et al. (2019) therefore proposes 
a hybrid algorithm that uses both Data Assim-
ilation and Machine Learning in tandem: Data 
Assimilation to fill into the holes left by missing 
observations and Machine Learning to guess a 
data-driven surrogate model trained on this re-
analysis. The hybrid algorithm alternates the two 
methods iteratively and is able to emulate (and 
forecast) the output from a chaotic Lorenz-96 
model (Figure). 

Methodological advancements such as this can 
expand the use of data assimilation and have 
applications in a wide range of areas. Within  
NERSC, we aim to apply these to problems such 
as operational ocean and sea ice forecasting, 
global climate predictions, planning satellite 
measurements and the evaluation of models 
and observations. 

INNOVATIVE SCIENTIFIC METHODS AND TECHNIQUES  ∙  ARE WE LEARNING WHEN WE ARE ASSIMILATING?

MACHINE LEARNING 

An algorithm must, strictly 
speaking, be able to extract a 
systematic rule from data and 
then use it for extrapolation. 
Here, the model is constantly 
improved using information it 

gains from the data.

DATA ASSIMILATION 

Data assimilation is the tech-
nique whereby observational 

data are combined with output 
from a numerical model to 

produce an optimal prediction 
of the evolving state of the 

system.

First let’s sort out the semantics, what is machine learning and what is data assimilation?

The model generates a chaotic series of values meant 
to represent wind speeds along the Equator. We then 
removed half of the values at random locations, added 
noise to the remaining half and apply the above  
algorithm to train a Neural Net. The Neural Net can 
imitate the behaviour of the Lorentz-96 model and as 
an added bonus, it is able to predict its values in the 
initial times.



Copernicus Sentinel-2 captures the green algae blooms of phytoplankton swirling around the Baltic Sea.  
The chlorophyll that phytoplankton use for photosynthesis collectively tints the surrounding ocean waters, 
providing way of detecting these tiny organisms from space. 

Image contains modified Copernicus Sentinel data (2019), processed by ESA, CC BY-SA 3.0 IGO
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The core theme of SIS-SubMAPP, one of our 
strategic institute projects, is the application 
of machine-learning techniques for inferring 
subsurface ocean bio-geochemical (BGC)  
variables, like chlorophyll, and its application 
in a bio-geochemical data assimilation system.  
Recently, a new machine learning method, 
combining a self-organizing map and hidden 
Markov model, has been proposed for  
retrieving sub-surface ocean variables from 
the surface measurements. So far, this method 
requires a training dataset that provides a  
complete time-series of surface and sub- 
surface data. However, in reality, the spa-
tiotemporal resolution of subsurface data is 
sparser than on the surface and some subsur-
face profiles can be missing in a given training 
dataset. 

To amend this problem, we extend our new 
method to handle the sparsity in the subsur-
face vertical profile time-series and introduced 
a method to evaluate its robustness with  
respect to the proportion of profiles available. 
In our experiments, synthetic temperature 

profiles were reconstructed from sea surface 
temperature and shortwave radiation data at 
5-day intervals, and we found that the method 
works as long as at least 70% of the profiles 
are available. For real-world applications, for 
example using Argo float measurements,  
further considerations are required. 

Finding an exact grid of satellite chlorophyll 
data of typical 4km resolution collocated with 
a BGC-Argo profile may limit the number of 
training data sets significantly due to patch-
iness in the ocean colour data. However,  
considering typical-length scales in the order 
of a few tens of kilometres, we will have bet-
ter chance to make the pairs if we extend the 
searching radius for finding a collocated Argo 
profile. In preparation for applying the method 
to observations from the ocean, satellite chlo-
rophyll-a data were validated against BGC- 
Argo and IMR in-situ data. It was concluded 
that the BGC-Argo observations in the North 
Atlantic have sufficient quality to be used  
in the SubMAPP project and no local bias  
correction is required.

                                          ∙  INNOVATIVE SCIENTIFIC METHODS AND TECHNIQUES

Satellites can “see” the surface of the ocean, for example temperature, salinity 
and chlorophyll, but cannot tell us anything about what goes on below the surface. 
Projection of these numerous surface measurements to the subsurface ocean using 
background information is a key approach in mapping the 3D ocean state. 

Extending the view of satellite data:
The SIS SubMAPP project

SUBMAPP 

INNOVATIVE SCIENTIFIC METHODS AND TECHNIQUES  ∙  ARE WE LEARNING WHEN WE ARE ASSIMILATING?



Fieldwork on the CAATEX cruise on KV Svalbard. CAATEX 2019/NORCE
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The H2020 INTAROS project has conducted 
a survey of Arctic in-situ observing systems, 
in-situ and remote sensing data collections. 
Based on the registered information, INTAROS 
partners assessed, among others spatial and 
temporal coverage, parameters measured, 
technical capabilities, and accessibility of 
the collected data of the surveyed observing  
systems (Tjernström et al., 2019).

Based on the questionnaires from the INTAROS 
survey we have developed a user-friendly web-
based system for collecting and maintaining 
information about Arctic in-situ observing  
systems and data collections. Development 
carried out in a project funded by the Nor- 
wegian Ministry of Climate and Environment 
and with support from the Nansen Center. 
The system, called ARCMAP, is developed 
using open source technologies and frame-
works. ARCMAP enables users to register and 
maintain information about their Arctic in-situ  
observing systems and data collections. With 
this information we can map which areas 
in the Arctic is currently hosting observing  
systems and where there are gaps.

Climate change in the Arctic is significant and will have far-reaching consequenes
for marine life and sustainable societal and industrial development in this region. 
Sustained direct (in-situ) measurements of key physical and biogeochemical para- 
meters in Arctic waters are required to estimate the state and monitor changes in the  
marine environment. Since in-situ data is most frequently collected in research projects 
funded by different national, regional or international programmes, there is no  
common overview of what parameters are collected in which area, for which time 
period, by which organisation, or where the collected data are stored.  

A key element in assessing the observation 
capacity of Arctic in-situ observing systems 
is to keep track of their development over 
time. Thus, the information from the INTAROS  
survey will be updated and new observing  
systems added. In ARCMAP, the information 
about observing systems is stored in a relational  
database, which offers a flexible query lan-
guage for extracting subsets and aggregates 
of information based on user defined criteria.

Building on this database, up to date statistics 
can be generated on the fly, describing e.g. 
spatial and temporal coverage, parameters 
observed and targeted application areas, 
nationality of owners of observing systems 
and data collections, funding sources and  
periods and maturity of data management.  
Using these statistical measures different  
aspects of sustainability for current and  
planned Arctic observing systems can be  
analysed. This allows us to identify patterns 
and gaps in collection of important environ-
mental variables and to follow the evolution of 
observing systems over time.

TRANSFORMING SCIENCE INTO INFORMATION  ∙  MAPPING ARCTIC MEASUREMENTS

Mapping Arctic measurements: 
In-situ observing systems and data collections

SCIENTIFIC DATA MANAGEMENT GROUP 



PALM simulations of air pollution pathways in Bergen – 
contribution from ships in harbour

PALM simulations of air pollution pathways in Bergen:
           ∙ green – from ships     ∙ red – from road traffic
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An extremely cold winter in 2010 created many 
days of cold, calm weather conditions that led to 
high concentrations of atmospheric pollutants. 
This in turn created a local political crisis in many 
European cities, as they were not prepared to  
tackle extreme levels of accumulating atmo-
spheric pollution. Little was known about emis-
sions, pollution transport pathways and air qual-
ity patterns at the urban district scales. Statistical 
models were helpless as there were no statistics 
for such extremes. Weather models were help-
less as cities disappear between the model’s grid 
size of 2 km or coarser. Absence of detailed envi-
ronmental information meant that it wasn’t clear 
what actions needed to be taken to address 
the pollution. The scene was set for the emer-
gence of a new modeling paradigm based on a 
so-called large-eddy simulation (LES) technique. 
The LES models resolve atmospheric motions on 
turbulent scales of a few meters; thus, being a 
perfect instrument to provide information about 
urban climate and air quality anomalies.
 
Now, the ReSiS team have published the results 
of the first comprehensive analysis of air pollu-
tion pathways in Bergen (Wolff et. al., 2020). The 
publication presents a prototype methodology 

Environmental challenges and climate change require actions from just about  
everyone. But if global climate actions can be well informed by climate models, local  
actions require new instruments to tailor information for the decision-making  
processes. This strategic institute project (RESIS) concentrates on the development of 
high-resolution, local, climate-assessment modelling. For example, urban dwellers will 
benefit from detailed evaluation of the urban air quality and effects of the proposed  
urban management decisions.

for detailed integrated urban air quality assess-
ment and policy-informing systems. The study 
demonstrates applications of the LES model 
PALM (Parallelized Atmospheric Large-eddy 
simulation Model). Unlike many urban air qual-
ity studies, however, this research separates 
contributions from different sources (road traf-
fic, ships in the harbor, household fireplaces) to 
the total pollution concentrations. Moreover, for 
each source, the model follows its typical pollu-
tion pathway. 

Local decision makers were then able to use 
this to assess different policy options, environ-
mental scenarios and their impact. For instance, 
it was shown that ship emissions are mostly 
transported out of the city over open water  
areas; thus, having much reduced impact on the 
tightly populated urban districts than expected. 
Furthermore, the model results were interlinked 
with analyses of urban temperature, wind and 
air quality observations. It opens doors for an  
advanced urban climate service – the develop-
ment of which has been pioneered in another 
project with the Bergen Harbor AS – that com-
plements numerical weather prediction and  
impact assessment at the local scales.

TRANSFORMING SCIENCE INTO INFORMATION  ∙  TOWARDS LOCAL CLIMATE SERVICES

Towards local climate services: 
Simulations to inform decision-making

RESIS
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Phytoplankton either get eaten, or die from 
other causes, some get eradicated by virus  
infections or they die because their rapid 
growth consumes all the nutrients that they 
depend on and the population crashes. But 
even after the cells die, the story of these tiny 
organisms is not over. They then become part 
of the pool of organic material referred to as 
particulate organic carbon or POC for short.  
POC sinks towards the seafloor, but how fast it 
sinks depends on its composition.

When algae die in massive amounts with-
out enough zooplankton to consume them, 
they will get broken down by bacteria. This  
consumes oxygen and releases nutrients in the 
water column, and this process can sometimes 
consume all the oxygen in the water column, 
rendering the water uninhabitable for most  
organisms. This can happen at a local scale or 
at large scale of hundreds of kilometers, such 
as outside eastern boundary upwelling regions 
like the Benguela Upwelling system.  Zoo-
plankton produce fecal pellets, these also sink 
at different speeds depending on species and 
diet and are another source of the POC that 
is continuously raining down towards deeper 
waters in the ocean. 

Marine algae only comprise 1-2% of the total global plant biomass, however they 
are responsible for about half of the primary production on Earth. This means that 
the algae biomass has a massive turnover, reproducing very rapidly in the right  
conditions, producing large algal blooms up to thousands of kilometers in size.  
But what happens when they die?

On the bottom, benthic organisms often rely 
on organic matter from above and wait to get 
their share of what was created in the sunlit 
upper layers.  How fast or slow this process 
happens has implications for how carbon is 
stored in the ocean, nutrient remineralization 
and oxygen level in different parts of the water 
column. 

The processes above becomes very com-
plicated to simulate on a computer, yet it is  
necessary to be able to forecast the carbon 
cycle in the ocean. The Ocean Modeling group 
has been working on modelling such processes 
for several years. For the last two years, as 
part of the Copernicus Marine Environment  
Monitoring Service (CMEMS) research and 
development project “Zoombi”, we have  
developed and implemented a carbon export 
scheme in our biogeochemical model. 

The challenge was to formulate the POC  
export so that it reflects the annual variability 
and how the plankton composition varies over 
the year without adding too much complexity 
that would make the model too expensive to 
be run operationally on a daily basis.  

TRANSFORMING SCIENCE INTO INFORMATION  ∙  DRIFTING DOWN TO THE OCEAN FLOOR

Drifting down to the ocean floor: 
Modelling variability in carbon export

OCEAN MODELLING GROUP 

Therefore, rather than adding multiple classes 
of POC, the sinking speed now varies both in 
space and time with respect to which groups 
of zooplankton and phytoplankton are the 
source of the POC. The new scheme cap-
tures the timing and magnitude of the spring 
POC export event well when compared with  
observations from the Fram Strait (located  
between Svalbard and Greenland) but it does 
not yet capture the secondary export event that  
occurs later in summer. The addition of these 
processes represents an improved model real-
ism for the carbon cycle as variables of carbon 
chemistry, such as pH, are made available as 
operational products through CMEMS.

PHYTOPLANKTON

ZOOPLANKTON

POC

              observations                   constant sinking speed                      dynamic sinking speed
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