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WHO WE ARE AND WHAT WE DO
The Nansen Environmental and Remote Sensing Center - NERSC - is a non-profit 
research foundation based in Bergen, Norway. We focus on Earth System science, 
with a geographic focus on the Arctic and the high latitudes.

The Earth is a complex system with different compo-
nents that influence one another. These components 
are systems themselves: the atmosphere, cryosphere, 
hydrosphere, lithosphere, and the biosphere. Inter-
actions and feedbacks within and between these 
systems control the global environment and af-
fect everything on Earth, including the climate. We  
conduct both basic and applied research to contribute 
to a better understanding of the global environment. 

Our novel expertise in Earth system science, innovation, 
and service development targeting the high latitudes 
and Arctic are achieved through seven research groups 
covering: (i) ocean modelling; (ii) sea ice modelling; (iii) 
data assimilation; (iv) climate dynamics and prediction; 
(v) integrated in-situ observing system; (vi) satellite  
remote sensing; and (vii) scientific data management.

We help to develop services relevant for society,  
including ocean and sea ice forecasting, climate  
projections, local extreme weather events and air  
quality assessments. We communicate our research to 
a wide range of stakeholders and publish high-quality 
scientific articles. We also contribute to national and 
international reports. 

We obtain basic funding from the Ministry of Climate 
and Environment, and we are further funded by  
research councils, space agencies, national and interna-
tional governmental agencies, and industry.
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Interim Director

ENTERING A NEW DECADE

Our multidisciplinary skill and knowledge make us 
an attractive collaborative partner for competition- 
based research and development funding. In 2020 
we participated in a total of 85 national and inter-
national projects of which 9 were coordinated and 
managed by Nansen Center scientists.

The strategic partnership in the Bjerknes Centre for 
Climate Research maintains our ability to under-
take research on natural climate variability in the 
Earth system and man-made climate change,  at an 
internationally competitive level. The announce-
ment of the extended funding from the Ministry of  

NERSC strives to play our part in reaching the 17 Sustainable Development Goals set by the United 
Nations in 2015. They have been established to work towards achieving a better and more sustainable  
future for everyone, and with our research we contribute to several of these in the coming decade.
The SDGs we actively contribute to through our research are the following: 

NERSC supports the Sustainable Development Goals

Education and Research in 2020 for a new 5-year  
period is clearly welcome, allowing us to sustain the 
climate dynamics and prediction research in the near 
future.

We are a shareholder in Mercator Ocean Interna-
tional (MOi), a non-profit company providing ocean 
science-based services focused on conservation and 
sustainable use of the oceans and marine resourc-
es. This ensures a strong partnership with some of 
the most prominent leading European entities in 
operational oceanography and marine services, and  
notably gave us the delegation responsibility for the 
Copernicus Marine Environment Monitoring Services 
(CMEMS). This international partnership, as well 
as our membership in the international network 
for ocean prediction capacity – OceanPredict, are  
moreover enhancing our national collaboration 
agreement with the Norwegian Meteorological  
Institute, Institute for Marine Research, and the  
Norwegian Polar Institute for advancing operational 
oceanography and marine services. The network in 
Miljøalliansen together with other national insti-
tutes that receive basic funding from the Ministry of 
Climate and Environment strengthens our voice and 
visibility, so we are able to provide integrated, multi-
disciplinary, science-based information of relevance 
and need for the ministry.

2020 saw the celebration of the 20-year anniversary 
of NERCI in Cochin, India and the 10-year anniversary 
of the Nansen-Tutu Center in Cape Town, South  
Africa. The establishment of international Nansen 
Centers in Russia, India, China, and South Africa is 
beneficial for research, education, and training.  
Altogether we are around 175 researchers and 75 
PhD students, demonstrating a strong contribution 

to the UN’s Decade of Ocean Sciences. The decision 
in 2020 to take part in the upcoming One Ocean  
Expedition on the Statsraad Lehmkuhl ship further 
underscores this.

2020 has been another year with highly satisfactory 
research results. 59 research articles were published 
in international peer-review journals, while another 
9 articles were book contributions. Moreover, 45  
papers were published as conference proceedings 
and a total of 13 reports were delivered. The Nansen 
Center has also continued to raise its profile and  
visibility in science-based dissemination through 
newspapers, TV, and radio as well as blogs and  
popular science seminars.  A total of 111 media  
coverages were counted in 2020, including high-
lights of the successful but challenging rescue- 
operation of the moored acoustic tomography array 
in the Beaufort Gyre in October – November 2020  
carried out with KV Svalbard.

In 2020 the Nansen Center became a partner in two 
new Centres of Research and Innovation. In Climate 
Futures, led by NORCE, we are one of 30 partners, 
where the aim is to strengthen seasonal to decadal 
climate prediction and risk assessments of impor-
tance to stakeholders and society. In Smart Ocean, 
led by the University of Bergen, we are one of six  
academic partners in addition to a number of industry 
partners, who are aiming to create a flexible, robust, 
energy efficient, and cost-effective smart sensor net-
work for marine measurements and data handling. 

4 5

2020 also saw emerging calls for proposals from 
both the European Commission and the European 
Space Agency targeting use of Artificial Intelligence 
(AI) to advance Earth system science, innovation, and 
service development. Machine learning methods 
have already been developed and applied at the 
Nansen Center, ensuring that we are nurturing and 
developing skills and expertise in this field, which is 
expected to grow significantly in the coming years. 
This is clearly important to establish new strategic 
partnerships in AI and its application in Earth system 
science.

Although we have felt the frustration regarding 
the lack of ability to physically meet and socialize 
due to the challenging Covid-19 pandemic during 
2020, it has given us new and useful experiences 
in carrying out virtual meetings and attending  
digitally-based conferences. This will have a positive  
effect in the future, whereby the number of project  
related travel is expected to decline, resulting in a  
reduced carbon-footprint. In all, we have another very  
productive year behind us. It signals a well-func-
tioning organization with efficient administrative 
and financial management that, in turn, helps the 
researchers to focus on their science. Adding to this, 
the fruitful interaction with the board and scientific 
council are also appreciated and acknowledged.
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DIRECTOR`S WORD

ENTERING A NEW DECADE

The Nansen Center is truly international. We have 70 employees from 23 different  
nations and in 2020 we carried out 25 international collaborative research projects 
in partnership with institutes and universities from 31 countries. The Center’s re-
search priorities, with a focus on the high latitudes and Arctic, are clearly timely and 
remain strategically well aligned with national and international research programs.
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OUR GLOBAL IDENTITY 
AND COOPERATION

OUR GLOBAL IDENTITY AND COOPERATION

NTC
Cape Town ∙ 
South Africa

NERCI
Cochin ∙ India

NABIC
Dhaka ∙ Bangladesh

NZC
Beijing ∙ China

NIERSC
St. Petersburg ∙ RussiaNERSC Headquarter

Bergen ∙ Norway

NERSC Office
Svalbard ∙ Norway

INTERNATIONAL COLLABORATION 
Through our co-ownership of Mercator Ocean Inter- 
national (MOi), we participate in the operation of the 
Copernicus Marine Environment Monitoring Service 
(CMEMS), a part of Copernicus, the European Union’s 
Earth Observation Programme. MOi is a non-profit  

WE ARE CO-FOUNDER OF  
FIVE INTERNATIONAL  
NANSEN CENTERS:

NIERSC – Nansen International Environmental  
   and Remote Sensing Center, 
   St. Petersburg, Russia 

NZC –      Nansen-Zhu International Research Center, 
   Beijing, China 

NABIC –  Nansen-Bangladesh International Centre for 
  Coastal Ocean and Climate Studies, 
  Dhaka, Bangladesh 
NERCI –  Nansen Environmental Research Centre India,   
  Cochin, India 

NTC –   Nansen-Tutu Research Centre for Marine 
  Environmental Research, Cape Town, South Africa 

Our employees come from 
23 different countries: 

WE HAD 70 
EMPLOYEES 
IN 2020

Australia
Bulgaria 
Brazil
China
Denmark
France
Germany
Iceland
India
Iran
Italy
Japan
New Zealand
Norway
Russia
Tunisia
South Africa
South Korea
Sudan
Sweden
Turkey
United Kingdom
United States

INTERNATIONAL  
RESEARCH PARTNERS 
Our partners are located 
in 31 countries.
(Marked on map)

organization co-owned by partners in Norway, France,  
Italy, Spain, and the United Kingdom. MOi provides  
operational marine services of interest and benefit to 
research environments and maritime operators in and 
outside Europe.
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ACTIVITIES AND FINANCE

ACTIVITIES AND FINANCE

FUNDING %
  Research Council 31
  Basic funding 16
  EU Copernicus 11
  EU Horizon 2020 11
  SKD (Bjerknes)   9

  ESA   6
  Other national   5
  STIM-EU 4
  ONR 4
  Nordforsk 2
  Other international 1

2020
KEY FIGURES
(in 1000 NOK)

2019

Total income 62.432 72.963

Operating cost 58.567 72.341

Operating profit before 
amortisation and finance 3.865 622

Profit before tax 3.787 610

Net profit 3.647 417

8 9

85
25
9

PROJECTS: 

Ongoing research projects

International projects

of these led by the Center

7
VISITORS:

Guest researchers and students 
from abroad, equalling to more 
than 45 personnel months

111
MEDIA

Media reports about our research 
and researchers

45
11

PRESENTATIONS:

Conference proceedings, poster 
and scientific presentations

Lectures

59
3

9
2
13

PUBLICATIONS: 

Articles in peer-reviewed 
scientific journals

Peer-reviewed published articles 
not recognized in the Norwegian 
Science Index (NSI)

Book contributions in the NSI

Book contributions not 
recognized in the NSI

Reports and report contributions

All our publications can be found online: 
www.nersc.no/publications

We work closely together with the University of Bergen, NORCE, and the Institute of Marine Research, 
which are our three partners in the Bjerknes Centre for Climate Research collaboration. 

Through the Bergen Marine Research Cluster, we are part of the Havbyen Bergen collaboration,
Europe’s strongest alliance for marine education, research, and innovation.

The national collaboration agreement with the Norwegian Meteorological Institute, the Institute for 
Marine Research, and the Norwegian Polar Institute ensures coordinated effort for advancing  
operational oceanography and marine services.

NATIONAL AND LOCAL COLLABORATIONS 
WE PARTICIPATE IN:

FINANCE & FUNDING
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FROM STUDENT TO RESEARCHER

RESEARCH TRAINING AND EDUCATION

Even though the Nansen Center is not an education institution, we have been  
supporting and facilitating research training in 2020. Research training that we  
organize or participate in, covers a wide range of educational backgrounds at the 
university level, from undergraduate students to postdoctoral researchers.

Several of our researchers have adjunct positions at 
Norwegian universities (UiB and UNIS) where they 
are involved in teaching and supervision activities. 
Other NERSC staff also hold courses and give guest 
lectures at different universities on a regular basis. 

At NERSC, we usually supervise a small number of 
MSc students and PhD candidates from national 
and international universities. Although the Nansen 
Center cannot award degrees, we are able to  
employ PhD candidates jointly with PhD-awarding 

organisations. In this way we can develop PhD  
topics that are relevant for our research and  
contribute to higher education. A number of our 
researchers are also involved in external examina-
tions of PhD projects. 

Another activity we are regularly involved in is the 
organisation of summer schools open for Norwegian 
and international students, often in collaboration 
with other research institutions. 

RESEARCH TRAINING AND EDUCATION10 11Photo credit: Espen Storheim

WHAT WE  
HAVE ACHIEVED  

IN 2020

Hosted local and international BSc and MSc students  
working on own projects within several research groups

Organised in-person summer schools for MSc students,  
such as the Useful Arctic Knowledge cruise to the  
Barents Sea

Hosted national and international guest researchers

Jointly organised a proposal writing course for early career  
scientists, together with the University of Bergen and 
NORCE

Supervised PhD candidates at national and
international universities

4 NERSC PhD candidates in collaboration with 
University of Bergen

Other summer schools and courses for MSc students and 
PhD candidates digitally, for example through the  
Norwegian research school CHESS, with NERSC  
researchers participating as speakers

Organized and supported different kinds of training  
courses, such as for example a Copernicus Marine Service 
workshop for the Arctic Ocean

ANNUAL REPORT  2020 NERSC
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RESEARCH AND SERVICES 

HOW WE CONTRIBUTE TO SOCIETY

HOW WE CONTRIBUTE TO SOCIETY

NERSC undertakes fundamental research using in-situ data, satellite remote sensing,
modelling, and data assimilation, which can be transformed into useful information
for society through processing, analysis, visualisation, service development, and  
prediction. These different tools and systems help improve our knowledge of 
the Earth’s climate and environment, which have wide-ranging applications for  
addressing societal problems as outlined in the UN Sustainable Development Goals.

Our environmental modelling efforts contribute to  
marine activities in the northern oceans, including the 
Arctic Ocean, being safer and easier.

Through in-situ data and remote sensing, we can help to 
support infrastructure planning regarding energy optimization, 
such as offshore wind farms and Arctic ship routing.

Atmospheric models can be used to forecast localised air 
pollution and help mitigate the problem.

Local communities 
will have to adapt 
to climate change 
and depend on 
reliable climate 
forecasts.  

Arctic changes 
affect global 
weather and 
ocean patterns, 
such as the “polar 
vortex” and the 
Gulf Stream. 

Economy,  
geopolitics,  
and resource  
management are 
influenced heavily 
by these changes. 

Temperature and 
salinity changes 
triggered by 
climate change 
alter both marine 
and terrestrial 
ecosystems locally 
and globally. 

We work to improve global climate prediction on
short to long time scales, from months over years
to decades with climate models.

ANNUAL REPORT  2020 NERSC

WE INVESTIGATE CLIMATE CHANGE IN THE HIGH LATITUDES AND THE ARCTIC. 
IT HAS LOCAL, REGIONAL, AND GLOBAL EFFECTS ON SEVERAL LEVELS:



RESEARCH STORIES

HIGHLIGHTS FROM 2020 

These research stories highlight new knowledge 
from our Research Groups and strategically funded 
research projects (SIS projects) from 2020:

We look at various ways the Arctic will transform in 
the future, from a climate change perspective – we 
know that there will continue to be a reduction in 
the amount of sea ice in the Arctic, but the amount  
depends on the political and economic decisions 
that are taken now.

Climate modelling scenarios give us an idea of how 
big the reduction could be in the future. Data from 
satellites are being used by NESRC to take a closer 
look at how the sea level in the Arctic is changing 
and found these changes are linked to what is  
happening in the atmosphere. Satellite data is also 
being used to improve the model representations 
of the salinity of the Arctic Ocean and knowledge of 
the freshwater budget.

HIGHLIGHTS FROM 2020 

The polar regions are a central focus of NERSC’s research, in particular the Arctic. 
Our work aims to better understand the processes that are driving changes in the 
ocean and sea ice in this region. This is increasingly important because the Arctic is 
experiencing climate change at a much more rapid rate than the rest of the world, 
with surface air temperatures warming at approximately twice the global rate. The 
region is extremely vulnerable to current and future climate change, for example in 
2020, the Arctic sea ice minimum was the second lowest on record. These changes 
impact not only the people that live there but will also have global consequences 
for the climate. Strong geopolitical impact is also anticipated.

14 Photo credit: Espen Storheim
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NERSC have a world leading model for sea ice 
that has led to improvements in publicly available  
Arctic sea ice forecasts. We also work on fundamental 
improvements to make the forecasting models run 
better, faster and more accurately. Our work has used 
a combination of machine learning and data assimi-
lation to improve forecasting skill. Machine learning 
is also employed to enhance the value of satellite 
data, which only collects surface measurements 
– we are currently using it to extend the satellite  
measurements to estimate what is going on below 
the ocean surface. Alongside this, we work on soft-
ware tools to help process large amounts of satellite 
data to make it easier to process and use.

It can be hard to study the Arctic, due to the  
permanent darkness in winter and the harsh year-
round conditions. Part of our work is aiming to  
improve in situ measurements of ocean tempera-
ture in the Arctic, which involves careful planning 
of ship cruises to place equipment in specific parts 
of the Arctic Ocean followed by trips to collect 
them. This year, together with collecting some of 
this equipment, NERSC ran several training courses 
to help train the next generation of researchers and  
educate school children on useful Arctic knowledge. 
Data management techniques, to enable findable, 
accessible, interoperable, and reusable data were a 
key component.

Finally, we also apply our expertise to more local 
settings, via a combination of data collection, data 
fusion, and local climate modelling, to advance  
urban environmental management in smart cities.



Richard Davy and Stephen Outten (2020) looked at 
the latest climate model results from CMIP6 to see 
how well they describe the Arctic climate and how 
the Arctic is projected to change in the 21st century. 
Data from satellites have already shown profound 
change in the Arctic – in the last three decades the 
Arctic has lost two thirds of its volume of sea ice. 
The new generation of climate models accurately 
capture this rapid reduction in sea ice volume, 
something that previous climate models struggled 
to do. Sea ice has a huge effect on the climate of 
the polar regions, and in turn, the Earth, so it is very 
important that the models can reproduce the ob-
served sea ice extent and volume.

Ongoing climate change driven by human activity 
will continue to have a major impact on the Arctic 
climate in the coming decades, but how much the 
Arctic will continue to change in the 21st century 
very much depends upon how much action is taken 
to reduce CO2 emissions. Davy and Outten (2020) 
assessed projections for Arctic climate change 
based on scenarios for the 21st century using  

descriptors of economics, population, politics,  
climate policy, and climate change to build realistic 
storylines for future global development.

The most optimistic scenario is that the world  
rapidly pushes towards the United Nations’ Sustain-
able Development Goals, whereas the most pessi-
mistic scenario is that the world continues to follow 
a fossil-fuel driven pathway, much as it had in the 
20th century. These two scenarios lead to radically 
different climates in the Arctic. Under the optimistic 
scenario the Arctic is projected to keep a large area 
of sea ice throughout the summer, though this is 
projected to be only around one third the size of 
the historical summer sea ice area, while under the 
pessimistic scenario all the models agree that there 
will be ice-free summers in the Arctic by the end 
of the 21st century. The difference between these  
scenarios will be readily apparent by 2050, as is 
clearly shown in the figure here.

DIVERGENT PATHS FOR ARCTIC SEA ICE: 
HOW WILL IT CHANGE IN THE 21ST CENTURY?

The Coupled Model Intercomparison Program (CMIP) is one of the largest  
collaborations in climate science. Climate modelling teams from all over the 
globe coordinate their efforts to run the same experiments with a wide variety 
of climate models, allowing us to learn from what the models get right and 
from where they disagree about the state of the climate. This knowledge is 
used to assess how well we understand historical climate, and to make a range 
of predictions about how the climate may change in the coming century. Here, 
we review what they tell us about Arctic sea ice. 

DIVERGENT PATHS FOR ARCTIC SEA ICE

CLIMATE DYNAMICS AND PREDICTION GROUP

A snapshot of September sea ice 
extent in 2050 from the latest 
climate models depending on 
whether the world follows a  
sustainable pathway (SSP126, 
left) or continues with fossil-fuel 
driven growth (SSP585, right). The 
colour-bar gives the percentage 
of CMIP6 models that have sea 
ice at a given location with  
concentration above 15%. The red 
line indicates the areas where over 
50% of the models have sea ice. 

1716

Reference:
Davy, R. & Outten, S. (2020). The Arctic Surface Climate in CMIP6: 
Status and Developments since CMIP5. Journal of Climate. 33(18).

Photo credit: Espen Storheim
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A special challenge for the model is to simulate the 
freshest coastal regions. This is both because the model 
cannot resolve all the processes close to land and 
accurate river runoff data are not always available.  
However, the model mostly improved in these regions 
when including assimilation of salinity observations. 
The freshwater content is also affected by the assim-
ilation of the salinity observations, for example in the 
Beaufort Sea the seasonal cycle of freshwater contents 
changes both amplitude and phase.

For the future, a number of improvements of the TOPAZ 
reanalysis system with respect to salinity are planned. 
An initial aim is to better reproduce the interannual 

The Soil Moisture and Ocean Salinity (SMOS) satellite 
can be used for monitoring sea surface salinity on 
the large scale. This type of data can be used to help  
improve our models of the Arctic Ocean, which can lead 
to both a better understanding of the processes that 
are driving the changes in the Arctic Ocean and better 
predictions of future changes. During the ESA-funded 
project Arctic+Salinity, the Ocean Modelling Group  
evaluated the benefit of assimilating sea surface salinity 
data, which was processed specifically for the Arctic 
region, into the TOPAZ reanalysis model system. The 
study was performed by comparing model experiments 
where the salinity data was not assimilated with two 
model experiments where two versions of satellite- 

derived Arctic sea surface salinity observations were  
assimilated. Each model experiment lasted 6 months. 
The separate runs were compared to independent 
in-situ observations of salinity in the water column.

Overall, the assimilation of the remotely sensed sea 
surface salinity improved the model salinity when  
compared to independent observations. The model 
that didn’t assimilate sea surface salinity was saltier 
than observations in the Beaufort Sea, as shown in the  
figure. This salinity bias was reduced by up to 28% 
when assimilating the most up-to-date observations. 

OCEAN MODELLING GROUP

HOW SALTY IS THE ARCTIC? 
IMPROVING MODEL SIMULATIONS OF 
ARCTIC SURFACE SALINITY

The saltiness of oceans is important as, together with temperature, it determines the
density of water, which affects the circulation of ocean currents around the world.
Salinity in the Arctic Ocean is controlled by the exchange of water from the Atlantic
and Pacific Oceans, together with the melting and freezing of sea ice, rain and snow,
and runoff from land. These processes are changing rapidly with the warming of the
Arctic and it is not clear how they will affect salinity – initially the melting of sea ice
releases more freshwater on the ocean surface but this also exposes the ocean to
wind, which can mix up saltier water from below. Therefore, monitoring salinity
in the Arctic is important, but challenging.

HOW SALTY IS THE ARCTIC? 

variability of freshwater fluxes by upgrading the river 
input from the hydrological model, Arctic HYPE. Fresh-
water flux based on the Greenland Ice Sheet mass loss 
significantly impacts the salinity of the region sur-
rounding Greenland and will therefore also be included 
in the updated versions of the model. An upcoming  
upgrade to the sea ice model is also expected, which 
will give improved simulations of sea ice thickness, 
seasonal cycle, and sea ice drift. The assimilation of sea 
surface salinity observations, as well as future model 
advancements, will contribute to better  constraining 
the freshwater budget in the Arctic.

1918 Photo credit: Espen Storheim
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Since the early 2000s, these have been comple-
mented by satellite gravimetry, which allows for  
accurate estimates of ocean mass variations,  
allowing the sea-level budget to be partitioned at 
both global and regional scales. This combination 
of Earth observations highlights the variability 
and strong patterns at regional scales, that can 
diverge significantly from global mean sea-level 
change due to local drivers – such as in the Arctic.

Studies of the Arctic Sea level budget are par-
ticularly challenging since the Arctic Ocean is 
affected by seasonal to permanent sea-ice cover, 
inability of the satellite instrument to accurately 
measure sea ice freeboard height and incomplete  
regional data coverage (satellites and in situ  
measurements). The paper (Raj et al., 2020) studied 
the sea level budget of the Arctic using newly  
reprocessed state-of-the-art satellite altimeter 
data, newly estimated GRACE-derived ocean mass  
changes, and steric height estimates. The study 
found a large shift in sea level trends over two 
distinct time periods (2003-2009; 2010-2016). 
This is explained by a change in large scale  
atmospheric circulation patterns, showing the 
importance of the role of atmospheric forcing 
on the sea level variability of the Arctic. 

In summary, the paper found differences between 
sea level trend estimates from satellite altimeter 
data and those obtained by combining GRACE- 
derived and steric height estimates, up to the  
order of 1 mm/yr. This is attributed to limited sat-
ellite altimeter data, ocean mass change data, and  
stericheight estimates in the Arctic Ocean. There-
fore, although we have made important steps  
towards quantifying the sea level trends in the 
Arctic, more work is needed to close the budget.

Studies of the sea-level budget help us to quan-
tify sea-level changes regionally and globally, to  
better understand the processes behind these 
changes, and to follow changes over time, such 
as the acceleration, of individual components.  
Furthermore, when the budget does not add up, 
it tells us where we are missing key scientific 
understanding (e.g., deep ocean warming below 
2000 m, is not measured by current observing  
systems), which can help to constrain Earth’s energy  
imbalance, and validate climate models used for 
simulating future climate.

The Ocean and Sea Ice Remote Sensing Group led 
the Arctic component of the European Space Agen-
cy’s Sea Level Budget Closure project, which aims to 
close the sea level budget of both the global  and 
the Arctic Ocean, i.e., it aims to match up the overall 
satellite and in-situ measurements of sea level 
change with the measurements of individual com-
ponents. Remote sensing observations are funda-
mental for understanding sea-level variability and 
change. Satellite altimetry measurements over the 
past three decades have provided incredibly accurate  
measurements of sea-level variability. 

TRACKING ARCTIC SEA LEVEL:
MATCHING UP DIFFERENT DATA SETS TO

GIVE US A FULLER PICTURE

The global sea level is rising; we know this from both satellite and in-situ data.  
But we can also estimate sea level changes by adding up all the contributions from 
components of the Earth’s system (the hydrosphere, lithosphere, cryosphere, and 
atmosphere). Interactions across these components influence the rate and amount 
of sea level change, for example – climate change is causing the atmosphere and 
ocean to warm, creating thermal expansion that increases the volume of the ocean, 
causing sea level rise. Ice sheets and glaciers are melting, also contributing to a rise 
in global sea level. Different atmospheric conditions can lead to more or less water 
being held on land, in lakes, rivers, and soil, etc., which can decrease or increase sea 
level. By comparing these components to the global measurements, we can create a 
“sea level budget” that should – but doesn’t always – add up!

TRACKING ARCTIC SEA LEVEL 2120
Arctic islands. Credit: ESA, CC BY-SA 3.0 IGO

https://creativecommons.org/licenses/by-sa/3.0/igo/

Reference:
Raj, R.P. et al., (2020). Arctic Sea 

Level Budget Assessment during 
the GRACE/Argo Time Period. 

Remote Sens. 12, 2837. 

OCEAN AND SEA ICE REMOTE SENSING GROUP
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Sea ice fractures in the Beaufort Sea, seen from Suomi NPP-satellite.  
Credit: NASA Earth Observatory, CC BY 2.0. Original image has been coloured.

https://creativecommons.org/licenses/by/2.0/
INNOVATIVE IMPROVEMENTS TO ARCTIC SEA ICE FORECASTS

assimilate satellite observations to ensure that the 
model doesn’t drift away from the observed state. 
At the same time, it had to be allowed to produce  
behaviour that is more nuanced and detailed than 
what can be seen through observations alone.

The new forecasts using neXtSIM are already  
publicly available via the Arctic Monitoring Fore-
casting Centre and have been used to highlight 

Our approach is known as the Brittle Bingham  
Maxwell sea-ice rheology. neXtSIM-F is the first  
operational forecasting platform to use this rheology 
instead of the more commonly used viscous-plastic 
or elastic-viscous-plastic rheologies.

The Brittle Bingham-Maxwell sea-ice rheology 
addresses two main shortcomings of the previous 
version of neXtSIM: excessive thickening of the 
ice in model runs longer than approximately one  
winter and a relatively high computational cost. 
Both problems were detrimental to a forecasting 
platform: high computational cost limits the model 
resolution and the area that can be covered, and 
excessive thickening quickly becomes a problem as 
the forecasting system is run continuously without 
adjusting the ice thickness field.

Compared to other existing models, the new  
rheology reproduces openings and ridges in the 
ice cover more authentically. It also produces very  
accurate ice drift forecasts. Its uniqueness, however, 
has been challenging in terms of data assimilation, 
and the group had to construct new methods to  

We combined several different tools to build the 
neXtSIM-F platform: the key component is the 

stand-alone sea-ice model, called neXt-
SIM, which is forced by an ocean and an  

atmospheric forecast. This innovative 
model is the only one to date that 

can accurately simulate the prop-
agation of ice fractures, leading 

to a high-quality recreation of 
the sea ice motion, known 

as sea-ice drift. To accom-
plish this, we implement 

a novel method into 
neXtSIM to represent 
how sea ice de-
forms, which builds 
on   knowledge of  
similar processes 
of fracturing from 
rocks in the 
Earth’s crust. 

news stories on the distinct minimum sea ice  
extent of 2020, second only to the minimum 
in 2012. The current setup is, however, just the  
beginning. We aim to improve the forecasts further 
by increasing the resolution and widening the  
forecast area. We also expect running an operational 
forecast to feed back into the development of 
the model and to help improve its performance,  
reliability, and physics.
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INNOVATIVE IMPROVEMENTS TO ARCTIC  
SEA ICE FORECASTS: DEVELOPING A NEW 
FORECASTING PLATFORM
Sea ice forecasts for the Arctic provide vital information for shipping and maritime 
activities, as well as for research purposes. NERSC works within the Copernicus 
Arctic Monitoring Forecasting Centre to deliver hourly and daily sea-ice forecasts. 
The Centre aims to provide the most accurate forecast and historical products, as 
well as consistent information on sea ice, ocean, biology, and surface waves in the 
whole Arctic. The system is based on numerical models that use both in-situ and 
satellite data. Since 2020, the Centre is now providing these ice forecasts with 
unprecedented detail and accuracy, thanks to the neXtSIM-F forecasting platform 
developed by our group.

SEA ICE MODELLING GROUP
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A new, more objective, approach has been  
developed by the Data Assimilation Group, which  
exploits the results of data assimilation to param-
eterise the unresolved scales. Data assimilation is 
the process of correcting a model objectively by 
merging it with observations. In doing so, there is 
a systematic part of the corrections that is caused 
by unresolved scale parameters. When plugging a 
machine learning algorithm into these assimilation 
increments, the parameters can be adjusted auto-
matically.

We tested the idea on an idealised coupled at-
mosphere-ocean model, in which spatial scales 
are truncated arbitrarily, coarsening its resolu-
tion, and observations are assimilated from the 
full-scale model. Our method is able to adjust the  
unresolved (truncated) scale parameters so that 
the truncated model becomes more realistic and 
at the same time gains forecasting skills.

The figure shows phase diagrams of the different 
models. Each black dot represents a combination 

It is important to consider the physical mech-
anisms that occur at smaller scales, as they can  
influence what happens at the larger scale, and 
thus have major effects on the climate. A good 
example is the clouds, which are too small to be 
individually represented in climate models but are 
undeniably important. Other examples are small 
dynamical features in the ocean or fine cracks 
in the sea ice, which contribute to large scale  
motions.

To overcome these limitations, numerical models 
currently depend on “unresolved scale para-
metrisations”. These implicitly approximate the 
integrated effect of the small scales but without  
simulating them explicitly. This is a critical  
aspect of modelling, and a large variety of solu-
tions have been developed  for addressing it, which 
are either based on limited high-resolution obser-
vations or theoretical considerations. In both cases, 
they often involve a fair amount of subjectivity. 

DATA ASSIMILATION GROUP

SMALL SIZE, BIG IMPACTS:  
IMPROVING FORECAST MODELS WITH DATA  
ASSIMILATION AND MACHINE LEARNING
Forecasting of the environment around us is complex, involving understanding of 
the underlying physics and mathematics, together with large amounts of computing 
power. Nevertheless, it has become an established, operational process, from  
weather, sea ice and ocean forecasts to climate simulations. These types of fore-
casts use what are known as coupled numerical models but a common complaint 
is that they can only operate on large scales, i.e., they have a coarse grid resolution 
(about 50 km for climate simulations and 10 km for operational forecasts). Since the  
computing demands are already very heavy, new ways of overcoming these  
limitations are needed.

SMALL SIZE, BIG IMPACTS 25

of ocean and atmospheric energy obtained by the 
different types of models. The high-resolution 
model (A) gives the range of realistic relationships 
between the atmospheric and ocean energy (the 
blue polygon on the figure). When we look at the 
low-resolution model (B), we find combinations 
that are physically possible but the low-resolution 
model is unable to simulate (yellow circles), there-
fore these states are missing in our forecasts. Red 
circles show the opposite, where the low resolution 
model produces simulations that are not realistic. 
When the machine-learning based parameterisa-
tions are included, we can see an improvement 
in the model, so that more of the model runs are 
concentrated in the blue outline and are therefore 
more realistic, particularly the high-ocean, low-at-
mospheric energy states.

We have therefore introduced a more objective 
way to parameterise unresolved scales with a 
combination of machine learning and data assimi-
lation and we are confident that the approach can 
be scaled up for use on more realistic models.
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Reference:
Brajard, J., Carrassi, A., Bocquet, M., & Bertino, L. (2021).  
Combining data assimilation and machine learning to  
infer unresolved scale parameterization.  
Phil. Trans. R. Soc. A.37920200086
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A number of surface measurements are required 
in order to make projections of chlorophyll below 
the surface, these surface variables are selected 
based on our understanding of dynamical and  
biogeochemical process of how phytoplankton  
reproduce. Sea surface temperature (SST) and sea 
surface chlorophyll-a (SCHL) represent integrated 
information of physical and biogeochemical  
conditions in the upper ocean. Downward short-
wave radiation (DSWR) represents forcing to primary 
production and the upper ocean heat budget. In 
2020, we have extended the function of the Ma-
chine Learning package of the SubMAPP project, 
named SubMAPP-ML, to predict sub-surface chlo-
rophyll-a (Chl-a) profiles. 

The process of sub-surface projection is divided 
into four main steps: First, choose a set of  
observable surface variables and derive a set of 
finite number of reference vectors (classes) by  
Artificial Neural Network (ANN) based on their past 
records. Second, derive a set of classes for the un-
observable (but observed at some point in the past) 
sub-surface variable – in this case sub surface chlo-

rophyll – based on its past records. Third, establish 
probabilistic association between the surface  
classes and the sub-surface classes based on  
connections among the surface and subsurface 
classes in the past records. Fourth, predict sub-sur-
face profile of the unobservable variable given new 
surface data. 

Having successfully tested the machine learning 
package on one-dimensional model training data, 
we moved on to sub-surface Chl-a projection from 
real data. There were a number of challenges in 
the transition from model-derived settings to real 
world settings so we set our focus this year on pre- 
processing (preparing and tidying up) the surface 
data and biogeochemical Argo Chl-a profile data. 
Argo is an international program that collects  
information from the ocean using a fleet of robotic 
instruments that drift with the ocean currents 
and move up and down between the surface and 
a mid-water level. The Norwegian Argo program,  
NorArgo, started deploying Argo floats equipped 
with Chl-a measurement sensor over the Nordic 
Seas as early as 2010, known as BGC Argo floats. 

SUBMAPP SIS PROJECT

USING MACHINE LEARNING TO SEE BELOW 
THE OCEAN SURFACE: SUBSURFACE MAPPING 
OF PHYTOPLANKTON BLOOMS
Phytoplankton – small ocean plants that form the bottom of the food chain – can 
be seen by satellites due to their chlorophyll content, which gives them a green 
colour. This green colour can be measured by the satellites to give an estimate of 
the amount of phytoplankton in the oceans. However, satellites only show what is 
taking place on the surface, so the SubMAPP project aims to try and extend these 
measurements to estimate what is going on below the ocean surface.

USING MACHINE LEARNING TO SEE BELOW THE OCEAN SURFACE

In order to make the real-world settings as simple 
as possible, we chose the Lofoten Basin in the  
Norwegian Sea as our test site. Due to its unique 
physical oceanographic structure, the Lofoten Basin 
acts as a natural attractor of passive oceanic floats 
and its physical and biogeochemical processes can 
be deemed as quasi one-dimensional. Thanks to 
the attractor, there is a cluster of Argo floats in the  
Lofoten Basin and good records of Chl-a profiles 
from more than 10 BGC Argo floats during the last 
10 years are available. Using the pre-processed 
data, we trained SubMAPP-ML and validated its 
skills in cross validation experiments. We found 
that the current setting of SubMAPP-ML gave the 
best results when phytoplankton blooms deviat-
ed from what was expected, i.e., it could estimate  
subsurface Chl-a profiles better than the 10-year 
average of the BGC Argo Chl-a data, when the data 
deviated from the mean profiles. An example of 
projected Chl-a profile along the BGC Argo float in 
2012 is depicted in the figure below.

A new research activity was launched in 2020  
seeking further surface variables that could be 
used to improve the subsurface mapping skill of 
SubMAPP-ML. We have examined the relationship 
between large scale atmospheric dynamical modes 
over the Norwegian Sea represented by the Arctic 
Oscillation and the North Atlantic Oscillation and 
strength of surface Chl-a concentration over the  
Lofoten Basin. It is known from previous studies 
that relative phase relationship among the atmos-
pheric dynamical modes has experienced a major 
shift across 2009 over the Nordic Sea and impacted 
the upper ocean stratification and wind patterns 
over the Lofoten Basin. Our analysis indicates the 
surface Chl-a strength over the Lofoton Basin also 
experienced a major shift across 2009 in terms of 
the timing of the spring bloom onset and strength of 
the autumn bloom. The impact of the atmospheric 
dynamical modes and sub-surface Chl-a profile 
structure using the BGC Argo data is under investi-
gation and will be continued in 2021.

26 27

ANNUAL REPORT  2020 NERSC

Depicted is the real-life data from an Argo float. Green and yellow 
indicate high concentrations of chlorophyll in the water column.

Our machine learning approach produced these estimated values 
for the same time period only using surface data, and they match 
the real-life data nicely.

Plankton bloom off the coast of Norway. Credit: ESA, CC BY-SA 3.0 IGO
https://creativecommons.org/licenses/by-sa/3.0/igo/

Concentration of chlorophyll throughout the year in the Lofoten Basin

https://creativecommons.org/licenses/by-sa/3.0/igo/
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GeoSPaaS is an open-source Python framework 
whose purpose is to help scientists find and process 
relevant data. The core part of the software is a 
metadata catalogue. It contains information about 
the data contained in datasets, like spatial and  
temporal coverage, source of the data, etc. In the 
past year, this core framework has been used and 
extended to propose new capabilities. These  
include automated processing and integration 
with external software. We use containerization  
technologies, which make the software easy to run 
on multiple platforms, be it someone’s laptop, an 
organization’s internal servers or a cloud computing 
service provider. All of this makes GeoSPaaS usable 
in different contexts, from specific data handling by 
one researcher to integration into a chain of soft-
ware tools for automatic data processing.

GeoSPaaS is being used in different ways for differ-
ent projects. Over the past few years, scientists have 
been using it to write their own algorithms in order 
to find data relevant to their specific needs. The  
value of this work is highlighted in papers pub-
lished in 2020. For example, the Sea Ice Modelling 
Group takes advantage of it for their work on sea 
ice drift. One of the problems there is that multiple 
overlapping SAR images from satellites are needed 
to be able to compute sea ice drift over an area. 
These images must overlap and have a limited time  
difference. The process of finding overlapping  
images is made much easier with GeoSPaaS, as 
seen in the SAR mosaic image, and has been used 
in the Arktalas project leading up to the paper by  
Cassianides et al., 2020. GeoSPaaS is also used by 
the Remote Sensing Group for developing a new 
ocean surface current product based on Sentinel-1 
SAR Doppler data. For this, they have to collocate 
re-calibrated SAR Doppler products with mod-
el data in order to estimate the sea state induced  
contribution to the SAR Doppler signal. Then, collo-
cate the resulting product with observation data to 
validate it. This step-wise approach is the basis for 
the paper by Moiseev et al., 2020.

In other projects within NERSC, GeoSPaaS is used as 
a component in a chain of software tools developed 
by multiple partners. This is a more recent applica-
tion and more of a focus during 2020. The TOPVOYS 
project aims to optimize ship routing by using new 
advances in near real-time satellite observation of 
temperature, waves, and surface current. Several 
different model and observation products are used 

Petabytes of remote sensing data are now available to scientists – 
this is a huge amount – so it can be long and tedious to find relevant 
data in this mass of information. This data needs to be processed, cat-
alogued, and made searchable and deliverable before it can be used; 
therefore the sheer quantity makes it necessary to automate as much 
work as possible. The Geo-Scientific Platform as a Service (GeoSPaaS) 
is a software tool developed at NERSC, which aims at making these 
tasks easier. 

GEOSPAAS SIS PROJECT

CRUNCHING SATELLITE DATA:
CREATING A TOOL TO IMPROVE THE USE
OF REMOTE SENSING MEASUREMENTS

for this, and GeoSPaaS’s role is to identify, down-
load and convert datasets to a specific format need-
ed by the next tools in the processing chain. This 
gave us the opportunity to extend the capabilities 
of GeoSPaaS by adding automated processing and 
integration with external software using a REST 
API. Another such project is Arktalas, which aims to 
remove knowledge gaps and advance the insight 
and quantitative understanding of the interactive 
processes between sea ice, ocean and the atmos-
phere and their mutual feedback. An archive system 
has been set up to gather data relevant to planned 
publications and enable the scientists to visualize 
it. GeoSPaaS is a component of this archive system, 
where it is used to automatically download the 
relevant data and send it on to the visualization 
software developed by one of our partners. These 
projects gave us the opportunity to develop inter-
esting new functionalities, which make GeoSPaaS a 
valuable tool in several contexts and will enable us 
to spread its use, both internally at NERSC and in 
conjunction with external partners.

References:
Cassianides et al., (2020). Ocean eddy signature on SAR-derived sea 

ice drift and vorticity. Geophysical Research Letters. 48, 6.  
Moiseev et al., (2020). Evaluation of Radial Ocean Surface Currents 

Derived From Sentinel-1 IW Doppler Shift Using Coastal Radar and 
Lagrangian Surface Drifter Observations. JGR Oceans. 125, 4.
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CRUNCHING SATELLITE DATA Picture opposite page: Svalbard as seen by Envisat. Credit: ESA, CC BY-SA 3.0 IGO.
https://creativecommons.org/licenses/by-sa/3.0/igo/

Mosaic of SAR satellite data over Svalbard, Greenland, and the 
Greenland Sea.

https://creativecommons.org/licenses/by-sa/3.0/igo/


Projects addressing this observation gap include 
the Integrated Arctic Observation System (INTAROS) 
and the Coordinated Arctic Acoustic thermome-
try experiment (CAATEX). The pan-Arctic network 
of multipurpose acoustic instruments within CAA-
TEX was implemented in 2019, and successfully  
recovered north of Svalbard and in the Beaufort Sea 
with the ship KV Svalbard in 2020. But improving 
observation systems is not just about instruments;  
another key part of the group’s work in 2020 was to 
improve knowledge on and access to data. We there-
fore engage with the new generation of researchers 
in ocean observing technologies, data management, 

and ocean sciences through research schools 
and workshops. The education of the new gener-
ation of researchers is critical for innovative and  
sustained development of an Integrated Arctic Ocean  
Observing System.

In 2020, the project Useful Arctic Knowledge:  
partnership for research and education (UAK)  
organized a researcher school. UAK brings together 
leading researchers, young scientists, educa-
tors, and students working on selected Arctic 
science topics. The researcher school aimed to 
address the full data delivery chain from the  

NEW GENERATIONS: BUILDING UP EXPERTISE
AND INFRASTRUCTURE ON OCEAN OBSERVING
SYSTEMS IN THE ARCTIC

ACOUSTIC AND OCEANOGRAPHY GROUP

Satellite remote sensing has its limits and cannot observe the ocean under the sea 
ice. To observe the underside of the sea ice and the ocean beneath, instruments and 
sensors need to be lowered into the ocean. It is expensive and logistically demanding 
to operate and sustain such year-round observing systems, and therefore there is a 
large gap in ocean observations from the high Arctic. The Acoustic and Oceanography 
group is involved in several project activities that aim to fill gaps in the Arctic Ocean 
Observing Systems using advanced acoustic instruments, and to educate young  
scientists about these systems and instruments. 

NEW GENERATIONS

development of a data management plan to the  col-
lection of data and securing meta data, processing 
and formatting data, and ingestion into a data  
system providing DOI. The researcher school  
included a 10-day scientific cruise to the Barents 
Sea. During the cruise the students were given 
hands-on field work experience. The students learned 
how to perform measurements and collect metadata 
within oceanography, underwater acoustic, and 
marine optics as well as recovery of Ocean Bottom 
Seismometers (OBS). During the cruise the partici-
pants were introduced to pre-processing and first 
glance of the data, then shown how to prepare a 
data management plan. This was followed up with 
a series of online workshops about formatting and  
publishing data into the Norwegian Data Manage-
ment repository.

3130 Photo credit: Espen Storheim

Furthermore, an educational program called Float 
Your Boat engaged school children from Seattle, 
USA and Gjesdal and Bømlo in Norway. The  
children prepared and painted 760 small wooden 
boats which were then deployed from KV Svalbard 
to drift with the ice, together with scientific buoys.
The small boats were deployed in clusters North 
of Svalbard, in the Laptev Sea and in the Beaufort 
Sea as part of the CAATEX project. The school  
children followed the drifting small boats on a map. 
This way the school children could learn about 
how the ice drifts in the different regions of the  
Arctic, and discover how different the ice drift is now  
compared to 1893, when Nansen started his Fram 
drift from the Laptev Sea. In addition, the school  
children can explore the observations from the  
scientific buoys made available at the CAATEX – 
Float Your Boat website.
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Drifting trajectories of the four ice buoys and accompanying 
wooden boats in the Arctic, tied to the Float Your Boat project. 

Route of CAATEX2020-autumn cruise for picking up the moorings 
in the Beaufort Sea. Map: Alistair Everett, Meteorological Institute



In addition, our group conducted training on general 
data management principles and on exploitation 
of data made available through standard interfaces 
by distributed data repositories. A major training 
event in 2020 was the course “An Introduction To 
FAIR Data Management For Geoscientists”. This 
course was offered by NorDataNet as a part of the  
Changing Climates in the coupled Earth System 
(CHESS) research school and jointly organised by 
data managers at the Norwegian Institute for Air 
Research (NILU), the Norwegian Meteorological 
Institute (METNO) and NERSC. During this event, 
members of the group gave lectures on documen-
tation of data and exploitation of scientific data 
through standard interfaces and led one of the 
workshops on using standard interfaces to access 
data from different data centres.

The importance of starting the data man-
agement process early on was stressed, by 
planning for the entire process from data  
collection through data analysis to ensure coherent 
data management within a research pro-
ject (see figure). Lectures on data access  
focused on different ways to retrieve data 
using selected open protocols like 
OPeNDAP (Open-source Project for a 
Network Data Access Protocol) and 
Open Geospatial Consortium (OGC) 
Web Map Service (WMS) standards, 
and on providing examples of us-
ing such protocols in commonly used  
programming tools such as Jupyter  
Notebook.

The provision of tools to support data preparation 
and enable scientists in different fields of geoscience 
to build competence in data management are 
key elements in several of the group’s projects. 
This combination of tooling and capacity building  
facilitates a smoother flow from taking the obser-
vations, to making sure quality-controlled and well 
documented datasets are accessible, with a unique 
persistent identifier in an open data repository.

As part of the Norwegian Scientific Data Network 
(NorDataNet) project we have continued to improve 
the Rosetta file conversion tool. This is a data trans-
formation tool that converts data into a standard 
format with ample descriptions (metadata) embed-
ded in the data file, thereby helping to meet the 
FAIR principles. New functionalities include, among 
others, a more intuitive layout of the graphical 
user interface with resizable fields for multiline  

metadata elements, proper handling of data given 
in scientific notation (e-notation) in the input data 
files, and the addition of new metadata elements to 
make the generated NetCDF files compliant with the 
CF (Climate and Forecast) convention. This is a stand-
ard that has been developed for climate and fore-
cast data, including atmosphere, surface and ocean 
model-generated data and observational datasets.  

Rosetta has been used in training for students 
and scientists in, for instance, NorDataNet and the  
NERSC project, Useful Arctic Knowledge (UAK), and 
is publicly  available. The UAK data management 
training was part of the UAK 2020 Research School 
on the Norwegian Coastguard vessel KV Svalbard. 
Participants learned how to use Rosetta to convert 
their ship-collected data to NetCDF/CF format. These  
datasets were then published in the Norwegian Marine 
Data Centre research data infrastructure by the group.

STREAMLINING DATA DELIVERY:
PROVIDING TOOLS AND EDUCATION FOR
BUILDING CAPACITY IN DATA MANAGEMENT
Making scientific data available in line with the FAIR principles for data  
management – Findable, Accessible, Interoperable, and Reusable – has become a 
priority in recent years. The principles aim to enhance the reusability of data and 
therefore get greater scientific and societal value from them. This necessitates 
the preparation of data in standard formats, with ample metadata (description of 
the data). The Scientific Data Management Group participates in several research  
infrastructure projects that focus on streamlining the process of publishing data in 
open data repositories and is helping to train researchers on better data management.  

STREAMLINING DATA DELIVERY

DESCRIBECOLLECTPLAN ASSURE

ANALYZE INTEGRATE DISCOVER PRESERVE

Planning data management as the first step of the data lifecycle 
(source: DataONE Data Management Skill building Hub).

SCIENTIFIC DATA MANAGEMENT GROUP

Photo credit: Espen Storheim 3332
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RESIS SIS PROJECT

Vast amounts of diverse data are used to design  
sustainable development practices, to assist  
decision making processes, and eventually to improve 
the quality of life for urban dwellers. All large cities in 
Norway (e.g., Oslo, Bergen, and others) are involved 
in the smart city movement. Although the smart city 
framework aims to address urban challenges in a  
holistic way, its environmental component is still  
underdeveloped. The ReSiS project explores data col-
lection, data fusion, and local climate modelling to 
advance this environmental component of the smart 
cities. A high-resolution integrated modelling system 
is to become a core feature for urban environmental 
management. We explore the power of a turbulence- 
resolving atmospheric model, known as PALM. This 
model simulates complicated urban air motions and 
pollution transport pathways in a whole city with a ge-
ographical resolution of 10 m. In fact, the model char-

SMART CITIES NEED SMART CLIMATE DATA:
TAILORING METEOROLOGICAL INFORMATION
TO THE LOCAL SCALE
A smart city is a framework that promotes citizens’ engagement, feedback, and 
interaction with the urban environment. Smart socio-environmental actions 
are supported by a wide range of information and communication technologies 
where interconnected intelligent networks of sensors collect urban and  
environmental data. 

SMART CITIES NEED SMART CLIMATE DATA34
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acterizes winds, temperature, moisture, and air qual-
ity at street level. This model could be used for data 
fusion and the design of sustainable environmental 
management policies. For example, our demonstration 
study investigates an opportunity to reduce particu-
late matter (smoke) air pollution due to wood burning 
in households. The modelling revealed that there 
will be almost no households exposed to dangerous 
levels (40 μg m-3 of PM2.5) if cleaner wood burn-
ing ovens are installed in just two central Bergen  
districts (Bergenhus and Årstad).

The urban modelling and local environmental  
assessment requires access to diverse meteorological, 
air quality, and other data. Urban observations differ in 
spatial coverage, regularity, and quality. Regular obser-
vations are expensive, and therefore, do not represent 
all essential urban conditions.

Citizens of smart cities may themselves contribute 
to environmental monitoring through technological 
solutions such as those provided by, e.g., NETATMO 
– an automatic network of meteorological sensors in 
private use. The high potential for the use of citizens’ 
observations in combination with machine learning 
technologies is shown in local air temperature  
mapping for Oslo (Venter et al., 2020). The next step 
is to integrate the diverse observational data and  
local models (Varentsov et al., 2020). We proposed 
and evaluated different algorithms of geostatistical  
mapping (kriging) combining the PALM model and 
meteorological temperature data to show very  
complex geographical distribution of atmospheric 
temperature inversions.

35Photo copyright: Henrike Wilborn
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