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Over the past 50 years, Ny-Ålesund has become a “hot-spot” for long-term  research, 
 instrumental in documenting and understanding how human activity affects ecosystems 
and for predicting future impacts. Åshild Ønvik Pedersen and colleagues describe what their 
research has revealed – and the changes they have seen with their own eyes. Page 104

RETROSPECTIVE:  
NY-ÅLESUND – EYEWITNESS TO CHANGE

“We shouldn’t have to guess what is below the 
surface of the sea anymore.” Gudmund Løvø 
 reports on new map and data products. Page 58

Old data can take on new life when analysed using 
newer techniques. Jack Kohler and co-authors 
provide an excellent example. Page 72

Northern fulmars have been used to assess plastic 
pollution for many years. Here is an update from 
France Collard et al. Page 88

In the RINGS project, Kenichi Matsuoka and Geir 
Moholdt want to study what keeps the Antarctic 
Ice Sheet stable. Page 126

The arctic fox is threatened in northern Norway. 
Dorothee Ehrich and colleagues write about ongoing 
support efforts. Page 24

Paul Dodd et al in the SUDARCO programme want to 
find out how the Arctic Ocean might be managed in an 
ice-free future. Page 34
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EDITORIAL

Fram Centre institutions are active in the crucial 
role of knowledge creation, but also contribute to-
wards engaging the broader community. Projects 
at the Fram Centre now emphasise collaboration 
not only between natural and social sciences, but 
also across diverse stakeholders, interest groups, 
and sectors of society (see for example the articles 
by Paul Dodd et al on the SUDARCO project, page 
34; Zina Kebir and co-workers on the Coastshift 
project, page 46; Paul Renaud et al on the Nansen 
Legacy project, page 76; and Amanda Poste et al 
on the Catchment to Coast project, page 144).

Increasingly, societal stakeholders are being re-
cruited into the early stages of research planning 
and decision-making. Their personal involvement 
generates commitment and helps ensure commu-
nity support. Projects aimed at problem-solving 
benefit from working with community members, 
whose deep knowledge of local conditions or 
specific sectors will help tailor practical, effective 
solutions. The larger the groups of people who feel 
invested in societal decisions, the stronger the for-
ward momentum. That will stand us in good stead 
when the going gets tough. And it will get tough!

Building a resilient society is a gargantuan task 
– one that must probably continue indefinitely, 
as conditions on Earth change and humanity 
itself evolves. There is an old saying: “If you want 
to go fast, go alone, but if you want to go far, go 
together.”

The road we must travel is long. Let’s go together.

Janet Holmén, Editor

Disasters come in all shapes and sizes.  
 When something bad happens, empathetic 

humans react. If your three-year-old hurts her fin-
ger, you blow on it and give her a hug. If a tourist 
unused to Arctic winter sidewalks slips and falls, 
you hurry to ask if he is all right. If you see thick 
clouds of smoke rising from the house across the 
street, you call the fire department. 

These are all small disasters close to home. As 
the scale or remoteness of the disaster increases, 
you begin to react differently. An earthquake may 
prompt you to give to the Red Cross. Reports of 
famine in the Horn of Africa prompt donations to 
Save the Children. News updates from the war in 
Ukraine make you sad and angry and… well, what 
can you do?

Earthquakes, famines, wars: these are huge ca-
tastrophes, yet for most of us they remain some-
what abstract, snippets on the nightly news. And 
then there’s climate change – the most abstract 
catastrophe of them all because it lies so far in the 
future. Or does it?

Earthquakes aren’t caused by climate change, 
and the role of human-induced climate change in 
famines and wars can be debated. But many other 
recent disasters – cyclones and torrential rains, 
droughts and wildfires – have clear links to global 
heating.

After a disaster, people deal with the devasta-
tion; houses are repaired, infrastructure rebuilt, 
lost loved ones mourned. The insidious thing is 
that as we scramble to minimise the effects of 
 climate-related disasters, we risk losing sight of 
the need to address the root cause.

Human nature is to react immediately and “fix 
things”. But huge, slow-moving disasters like 
climate change call upon us to be proactive, rather 
than reactive. Only then can we hope to reduce 
their destructive power.

The first step in being proactive is to acknowledge 
the problem. Apart from a few stubborn climate 
skeptics, most of us have now acknowledged that 
global heating is indeed a problem.

Then we must figure out what can be done to 
 mitigate it. This requires the type of knowledge 
that the Intergovernmental Panel on Climate 
Change has been compiling since 1988. Scientists 
at the Fram Centre in Tromsø have contributed 
to the IPCC’s work both through their research 
and as members of its working groups. But simply 
having access to knowledge is not enough. 

Science, society, you and I – we must all act 
 together.  

Scientific knowledge needs to be communicated in 
ways that change not just our behaviour, but our 
attitudes. Taking good care of the planet should 
become second nature, like caring for our own 
families. Stopping climate change will require 
perseverance and stamina; our actions must be 
sustainable in the sense that we do not become 
overwhelmed and give up. Deep-seated values 
will help us act, and continue to act even when 
progress toward reducing carbon emissions seems 
agonisingly slow. 

It takes a village to raise a child. It will take 
engaged communities working together to bring 
about the changes we must make to mitigate 
 global heating and adapt to those of its effects  
that can no longer be avoided. 

If you want to go far,  
go together

EDITORIAL
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Us and them
The two most important pillars of the Fram Centre’s research 
collaboration are research and dissemination. This was affirmed when 
changes to the governance structure were adopted in 2020 and 2021.

Helge M Markusson, Fram Centre Dissemination Group

The new way in which the  collaboration 
is  organised strengthens the Steering 

Committee and establishes two new research 
programmes. Dissemination efforts have also 
been adjusted, as the Steering Committee has 
decided to establish a dissemination group that 
includes representatives from several Fram Centre 
institutions. 

Our task is to draw up long-term strategies for 
communication and dissemination of research 
results, and to follow up on these using annual 
action plans. The current strategy document was 
drawn up in 2021 and has been approved by the 
Steering Committee. It applies until the end of 
2026.

The aim is for our communication to help improve 
Norway’s reputation and quality with regard to 
the country’s custodianship of climate and envi-
ronment in the High North. We will achieve this 
by disseminating and engaging in dialogue about 
research results obtained through Fram Centre 
collaborations. We will contribute to and initiate 
joint communication projects and events that 
cultivate community, synergy, and added value 
for our member institutions.

The priority target groups are: 
• Norwegian and relevant international 

 decision-makers in politics and environmental 
management

• The Norwegian public, including organisations, 
businesses, and schools

• Research communities in Norway and abroad
• Norwegian and international media

This is a challenging task, which requires knowl-
edge and understanding of the target groups. As 
an example, most of the Norwegians in the target 
group possess knowledge we view as elementary, 
but this can by no means be assumed to apply to 
an international audience.

Visits beget visitors. To this end, we participate in 
various conferences and meetings, both nation-
ally and internationally, to maintain contact with 
potential partners and keep abreast of develop-
ments. Last autumn, I participated in the Arctic 
Symposium in Brussels and was once again 
reminded that I live in a remote and virtually 
untouched area that is home to small, scattered 
settlements consisting largely of indigenous peo-
ple who make a living from sealing and reindeer 
herding. A picturesque fishing village in Lofoten, 
with small red cabins surrounded by snow-capped 
mountains: that was the image that adorned the 
backdrop of the stage for the two days of the 
conference.

It is a representation of a reality that we do not ful-
ly recognise. Once again, we need to take the time 
to explain what we consider self-explanatory – the 
fact that the Gulf Stream makes the Norwegian 
coast such a perfect area to live and do business. 
Yes, Norway has indigenous people and there are 
incompatibilities between traditional reindeer 
herding and industrial activities. However, what 
sets the northern parts of Norway apart from most 
other nations with land and sea areas north of the 
Arctic Circle is the fact that people actually live 
here. If you study a map of Norway and look up 
information about the places you see there, you 

will find very modern urban settlements. Each is a 
link in a long chain that wends its way in and out 
of our many fjords, from Sandnessjøen all the way 
up to Kirkenes. There is even a link in High-Arctic 
Svalbard – the vibrant town of Longyearbyen. 

Approximately four million people live north 
of the Arctic Circle, and more than ten per cent 
of them reside in Norway. If Brussels is to be 
believed, we live in a different sort of Arctic. On 
countless occasions I have listened to lectures 
calling for the protection and preservation of the 
Arctic. Almost as if it were some kind of reserva-
tion, an international nature park full of indige-
nous people and polar bears. There may be some 
areas like that here in northern Norway, but the 
picture the lecturers paint is far from accurate.

Nevertheless, we can use this interpretation to 
our advantage –  to stop long-range pollution, for 
example. Everything is interconnected. The High 
North is not an isolated part of the world. If you 
mess with the Arctic, you are also messing with 
the rest of the world. Even Coca-Cola has made 
use of that message. You may not enjoy sweet, 
sticky soft drinks. But the Coca-Cola Company cer-
tainly knows how to sell its product! 

Business activities, community services, and 
public transport – everything leaves its mark. How 
can we be good custodians of Norway’s nature? 
At the end of the day, that’s what the five research 
programmes at the Fram Centre are all about. The 
importance and relevance of this research is unde-
niable. And this is why it is crucial that we manage 
to reach those who can and will use it. 

The dissemination of research results should not 
be confused with advertising. However, it can 
still be useful to study what makes people change 
their attitudes, thereby leading to a better world. 
Here we can learn from the marketing industry, 
without sacrificing our credibility and scientific 
foundations. ■

EDITORIAL

GOVERNANCE STRUCTURE AT  
THE FRAM CENTRE

Steering committee
The steering committee provides strategic oversight and 
guidance to the research collaboration. The committee 
consists of the following members:

Leader: 
Dr Bo Andersen,
appointed by the Ministry of Climate and Environment

Deputy:  
Dr Maria Fossheim, Institute of Marine Research

Members:
Nalân Koç, Norwegian Polar Institute
Camilla Brekke, UiT The Arctic University of Norway
Anita Evenset, Akvaplan-niva/NIVA
Jo Aarseth, Norwegian Institute of Bioeconomy Research
Steinar Vaadal, Norwegian Mapping Authority
Eldbjørg Heimstad,  
NILU – Norwegian Institute for Air Research 
Per Fauchald, Norwegian Institute for Nature Research 
(acting committee member) 

Research heads’ group
The research heads’ group is the Fram Centre’s chief 
cooperative body for heads of research. The group 
consists of one appointed representative from each of 
the twenty member institutions that wish to participate, 
and the heads of the research programmes. 

Leader: 
Eldbjørg Heimstad 
NILU – Norwegian Institute for Air Research

Deputy: 
Alma Thuestad, Norwegian Institute for Cultural 
Heritage Research

Outreach group
Appointed by the steering committee

Leader: 
Helge M Markusson, Fram Centre secretariat / 
Framsenteret Drift AS

Members: 
Pål Jakobsen, Norwegian Polar Institute
Bjørg Bruseth, Norwegian Institute for Nature Research
Hanne Karde, UiT The Arctic University of Norway
Trude Borch, Akvaplan-niva
Vibeke Lund Pettersen, Institute of Marine Research

User group 
Contact:
Kathryn Donnelly,  
Fram Centre secretariat / Framsenteret Drift AS

EDITORIAL
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Carrying Nansen’s 
legacy forward
PROFILE

Karine Nigar Aarskog  // UiT The Arctic University of Tromsø

Not a day goes by when she does not feel the gaze of 
Fridtjof Nansen. Professor Marit Reigstad bears the 
legacy of a great scientist on her shoulders.

PROFILEPROFILE

The photo of Fridtjof 

Nansen that hangs beside 

Marit Reigstad’s desk was 

presented to her by the 

University of Bergen at the 

Nansen Legacy kick-off 

meeting in Tromsø in March 

2018. Photo: Karine Nigar 

Aarskog / UiT The Arctic 

University of Tromsø
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Marit Reigstad has had a relationship 
with Fridtjof Nansen for as long as she can 

remember. When she was around 11–12 years old, 
she had the opportunity to look around his polar 
expedition vessel Fram and she has read several 
of his books – about skiing across Greenland and 
drifting across the Arctic Ocean. She even used 
one of the instruments he developed, the “Nansen 
bottle”, when she completed her master’s degree 
at the University of Tromsø in 1992. However, 
she did not feel that this was enough when she 
was tasked with leading the research project “the 
Nansen Legacy”. 

“I constantly have to explain the link between the 
project and Fridtjof Nansen and I have thorough-
ly familiarised myself with his work,” Reigstad 
explains. 

This is something that characterises the professor 
of Marine Ecology. She is thorough and likes to 
dive down into the details. But she is also keen to 
understand the system.

“You can understand a lot by working on an 
individual or cellular level, but I’m much more fas-
cinated by the big picture. Research and society 
need people with different perspectives. We need 
both those with specialist expertise and detailed 
knowledge and others with the ability to fit the 
various pieces together to form a bigger picture,” 
the Professor explains. 

Since becoming project manager of the Nansen 
Legacy in 2018, she has spent much more of her 
time in the office at the Department of Arctic and 
Marine Biology at UiT The Arctic University of 
Norway. There is plenty to do, with a total budget 
of NOK 740 million and 280 researchers, students, 

and technicians from ten Norwegian research 
institutions. The research team includes inter-
disciplinary arctic/marine expertise in physical, 
chemical and biological oceanography, as well as 
geologists, modellers, and technologists working 
on the development of subsea robots.

“I am responsible for ensuring that we complete 
voyages, that we have the people and expertise 
we require, and that we deliver results to both 
the Research Council and the Ministry, as well 
as the various groups that need the knowledge 
we develop. But I also have to make sure that the 
people working on the project feel that it’s a great 
project to be part of and that they want to invest 
their time here,” Reigstad says. 

In the office, she is surrounded by overflowing 
bookshelves. Reproductions of works by Edvard 
Munch and Marc Chagall have been relegated to 
the floor because there is no more wall space left. 
The only thing that has been given space on the 
wall is a photograph of Fridtjof Nansen, sitting at 
his desk at the Museum of Bergen sometime in the 
1880s. That desk can be found at the University 
of Bergen, which gifted the photograph to the 
Nansen Legacy project when it launched in 2018.

“I can feel his gaze when I’m working. I am 
deeply impressed by Fridtjof Nansen, both as a 
researcher and as an adventurer. He was extreme-
ly talented and thorough and he was driven by 
his scientific ambition to identify new knowledge 
about how ocean currents from lower latitudes 
enter the Arctic Ocean,” says Reigstad.

Lofty ambitions are one thing she shares with the 
man the research project is named after. There 
are several other similarities between the two of 

The laboratory is where much of the work gets done during cruises,  

as here on board RV Helmer Hanssen in June 2014. Photo: CarbonBridge

them. Nansen was a zoologist and completed his 
doctorate on the nervous system of hagfish before 
switching to oceanography. Marit Reigstad started 
her research career in marine zoology and contin-
ued on to marine ecology. 

“I have always loved the ocean and I find it in-
credibly fascinating. For thousands of years, long 
before we could see everything below the surface, 
Norway lived off the ocean and we understood 
how to use it and where to find the fish. That is 
admirable,” Reigstad says. 

For her master’s degree, Reigstad studied the link 
between the upper, light-filled layers of the sea 
where algae grow and the seabed and the organ-
isms that live there. 

“By studying what sinks down, you can learn a lot 
about organisms and the processes involved. If I 
visit you at home and take a look in your rubbish 
bin, I can find out what you have eaten, how you 

live your life, and how large a family you have. 
We leave a lot of traces behind and that is also the 
case in the ocean,” Reigstad explains. 

GREAT RESPONSIBILITY

The Professor, who is now 54 years old, was born 
in Mo i Rana but grew up in Bodø. When she was 
young, she did one year of social sciences at a folk 
high school in Hønefoss. This convinced her that 
her calling was in northern Norway, the ocean, 
and the natural sciences. She came to Tromsø 
to study biology in 1988 and was planning to 
become a molecular biologist. Instead, she trained 
to become a marine ecologist and her life has 
consisted of collecting samples during voyages in 
the northern waters and studying the samples in 
the laboratory afterwards, as well as participating 
in and leading major research projects, often at 
national and international level. The last big pro-
ject she led was CarbonBridge, which had a total 
budget of NOK 21.5 million.

PROFILEPROFILE
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Munch created fantastic images; he’s taken his own route, 

independent of what others thought. Both he and Nansen 

were individuals with strong opinions, and the marks they 

made are impressive. Photo: Karine Nigar Aarskog / UiT The 

Arctic University of Tromsø

“I thought that was such a lot of money and I felt 
a huge sense of awe and responsibility to spend 
it properly. I remember thinking that it was the 
same as the annual budget of the primary school 
my children attended. When we were allocated 
funding for the Nansen Legacy, with a total budget 
of NOK 740 million, it was on a completely differ-
ent scale. In some ways, it’s more than you can 
grasp,” Reigstad says.

The process of securing the project was also differ-
ent to anything else she had been involved in. The 
idea originated from the Norwegian Academy of 
Science and Letters in Oslo at the same time as the 
government decided to develop a new icebreaking 
research vessel, which would be named Kronprins 
Haakon. The aim of the icebreaker was to broaden 
research collaboration in Norway. 

“We were tasked with developing an idea into 
something that could become a nationwide re-
search project. There were representatives from 
a number of institutions and, using our combined 
expertise and experience, we set out to develop 
a research plan that we subsequently converted 
into an application that could be evaluated. The 
Nansen Legacy project was a completely new 
concept and there was basically nowhere for us to 
apply for funding,” she explains.

Eventually, Reigstad was asked to take on the role 
of Project Manager and responsibility for devel-
oping the application, which was assessed by a 
committee established by the National Academy 
of Sciences in the USA. The funding would consist 
of 50% provided by the institutions themselves, 
25% from the Ministry of Education and Research 
and 25% from the Research Council of Norway. 
The Ministry said yes in September 2017 and the 
Research Council approved the application in 
December of the same year. 

“When we received the decision, we felt great re-
lief and joy, but since it was already December and 
the project was due to launch in January, we also 
felt a bit stressed... It was a major project to launch 
in just a few weeks,” Reigstad says. 

But it all worked out. The project launched with 
a kick-off meeting in Tromsø in March 2018 and 
the first voyage took place in August. The first 
PhD candidates were also on board. Early in her 
career, Reigstad participated in an international 
working group that was tasked with creating a 
plan for the gateways to the Arctic Ocean and the 
continental shelf, and that work came in handy for 
this project.

“It meant that I had a network and access to enor-
mous amounts of knowledge about research in 
other countries and what they are interested in,” 
Reigstad explains. 

She has also been a representative of the marine 
working group of the International Arctic Science 
Committee. She completed two four-year terms 
there. 

“Understanding the structures for international 
planning and having insight into what the var-
ious countries are interested in has helped me 
to broaden my horizons. The Arctic is an ocean 
area that many nations are interested in, but as 
researchers we often end up working in separate 
areas because that is what we can secure funding 
for. At the same time, the ocean currents connect 
across the Arctic Ocean and changes in one area 
are therefore linked to changes in other areas and 
it is crucial that we have that understanding,” 
Reigstad explains. 

INTERDISCIPLINARY WORK IS IMPORTANT

She concludes that the work on the Nansen Legacy 
has exceeded all expectations, particularly con-
sidering that there was no blueprint for leading or 
participating in such a big project.

“It has been fantastic to be part of such a large 
team and to have so much specialist expertise and 
breadth. At the same time, it can be challenging to 
involve everyone and there are significant expec-
tations associated with the project. We are train-
ing a new generation of Arctic researchers and 
we are working to establish better collaboration 

between those working on Arctic research in 
Norway, across institutions and disciplines,” 
Reigstad says. 

So far, ninety young researchers have been 
involved in the project and have used its data for 
their articles and PhD theses. Work is current-
ly under way to publish a dedicated issue of a 
journal containing articles addressing seasonal 
variations. 

“Previously, there was a significant lack of data 
about the winter and early spring, as we were 
unable to break the ice, but Kronprins Haakon has 
enabled us to get further into the ice during these 
seasons. We knew from other research projects 
that the ocean supports much more life during 
winter than we have previously assumed and we 
have been able to build on this to identify what 
the animals eat and what they do, for example. We 
have discovered that many of them use this period 
to prepare for reproduction and to produce eggs,” 
Reigstad explains. 

The researchers are also looking at what the ef-
fects of many concurrent influences could be. 

“Temperatures are rising, we are coming across 
environmental toxins and ocean acidification, 
new species are migrating north and all of these 
things are happening at once. We cannot simply 
list the individual influences; sometimes they 
also have an amplifying effect on one another. 
Understanding this complexity is important – and 
it’s also important that we are aware of what we 
don’t know. Using models, we also try to predict 
what the Barents Sea will be like over the next 20-
30 years,” Reigstad explains. 

COMMITMENT AND KNOWLEDGE

Although the Professor has now completed many 
voyages in the Arctic, she still feels a sense of rev-
erence when she sets off. 

“I feel incredibly privileged standing on the bridge 
as we pass through the ice, observing the wildlife 

PROFILEPROFILE
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Marit Reigstad is happy to oblige when asked to give a lecture or 

participate in a debate. At Arendal in 2022, she publicly discussed 

the marginal ice zone with Espen Barth Eide, Minister of Climate 

and Environment. Photo: Karine Nigar Aarskog / UiT The Arctic 

University of Tromsø

and the Arctic landscape. We humans are very 
small, but we have an enormous responsibility to 
take care of nature. We have left a big mark on the 
planet and we have a responsibility to do some-
thing about that.” 

This awareness means that she gladly agrees to 
talk about her research and participate in de-
bates. She has become a sought-after speaker and 
she often speaks about the Barents Sea and the 
consequences climate change will have on the 
ecosystem.

“A young boy once asked me what I do with 
everything I know. That might be the most impor-
tant question I have ever been asked. Because I 
actually have to do something with what I know. 
At the very least, I can disseminate the academic 
knowledge I have so that the politicians tasked 
with making decisions can do so on the basis of 
the best possible knowledge platform.” 

But she thinks it is just as important to talk to 
voters. 

“It’s up to us, the citizens in society, to elect the 
politicians we want to make decisions. This means 
it is essential that we educate the general popula-
tion as well,” Reigstad says.

Although she occasionally misses doing hands-on 
research, she also likes administrative work. 

“I enjoy developing applications in partnership 
with others. Working with others brings out the 
best in me and hopefully I also manage to bring 
out the best in others,” Reigstad says.

THE REIGSTAD LEGACY

Another thing she learned to deal with early on 
was the uncertainty of the researcher’s life. She 
did not get a permanent position at the University 
until 2009.

“I was employed on a temporary basis for ten 
years, but was part of a group that was very suc-
cessful at applying for grants. We managed to se-
cure enough projects that the five group members 

PROFILEPROFILE
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MARIT REIGSTAD (54)

Occupation: 
Professor at UiT The Arctic 
University of Norway

Family: 
Married with two children. 
Grew up in Bodø but now 
lives in Tromsø.

Currently: 
Project manager of 
Norway’s largest research 
project – the Nansen Legacy

Photo: Karine Nigar Aarskog 

/ UiT The Arctic University of 

Tromsø

could be financed through project funding. It’s a 
precarious life, not the easiest road to travel if you 
crave predictability. But if you can live with some 
degree of uncertainty and open possibilities, it 
can be an incredibly exciting life,” says Reigstad.

When she looks back at what she has achieved 
during her research career, the times when her 
PhD candidates submitted their theses have been 
the crowning moments. So far, she has experi-
enced this 13 times. 

“Being an academic supervisor involves great 
responsibility and the role has been an important 
aspect of my research career, as I have had many 
administrative duties and spent a lot of my time 
as a project manager. Both the academic discus-
sions with PhD candidates and being able to work 
through challenges and frustrations to see the 
results when articles are published are things I 
look back on very positively.” 

She doesn’t know where her path will lead next, 
after 1 July 2024, when the Nansen Legacy project 
comes to an end.

First off, she will have a two-year sabbatical from 
research, when she hopes to have the time to 
write a few articles and get back into academia. 
At the same time, work is under way to continue 
collaborations in the Arctic Ocean and to establish 
coordinated observations in the Arctic, as well 
as a system for compiling data across the nations 
that collect such data.

“I hope that the collaborative foundation we have 
developed as part of the Nansen Legacy will live 
on — that we have lowered the thresholds between 
institutions and become more familiar with each 
other’s infrastructure and expertise. That should 
enable us to make better use of every Norwegian 
krone allocated for research,” she says. 

Reigstad believes that this is necessary. 
Particularly with regard to climate change and its 
effects. 

“I think the planet itself will do just fine, but we 
face the challenge of ensuring good lives for all the 
people who live on it – providing enough food and 
using resources in such a way that they are also 
available to many future generations. There, we 
have work to do,” she says.

She therefore considers it highly positive that 
there is now political interest in her field: 

“We have come to realise that the oceans play 
a major role in the quality of life on land, and 
understand what our impact on the oceans can 
lead to. I hope and believe that we will be able to 
take action, but we are running out of time. A lot 
of action needed.” ■ 

Marit Reigstad with Christian Wexels 

Riser, currently special advisor at the 

Research Council of Norway, during a 

research cruise to the East Greenland 

Shelf. Photo: Camilla Svensen / UiT The 

Arctic University of Norway
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How will climate change 
affect Arctic agriculture?

Kathrine Torday Gulden  // Norwegian Institute of Bioeconomy Research

With temperatures on the rise, new opportunities 
for Arctic food and fodder production emerge.

RESEARCH NOTES

For large parts of the world, climate 
change poses a serious threat to agriculture, 

and hence to global food security. 

Further north, despite challenges such as unstable 
winters and increased autumn precipitation, the 
predicted effects of climate change are more up-
lifting – at least for agriculture. In Arctic regions, 
warmer temperatures and a longer growing sea-
son are expected to lead to new possibilities as far 
as food and fodder production is concerned.

LIGHT SUMMERS AND WARMER WINTERS

The natural light above the Arctic Circle creates 
special growing conditions for plants. Low solar 
elevations, long daily light periods, and the 
absence of dark nights during the spring and sum-
mer months affect the growth and metabolism of 
plants in a unique way.

“Very long daily photosynthetic light periods 
during the midnight sun period allow for more 
rapid development and growth in crops grown at 
high latitudes,” explains Dr Jørgen Mølmann at 
the Norwegian Institute of Bioeconomy Research 
(NIBIO). “Along with the predicted increase of 
temperatures due to global warming, leading to 
earlier snow melt and ground thaw in spring, we 
expect a longer Arctic growth season, especially 
in May and June when the light conditions are at 
their most optimal.” 

For Norway’s northernmost regions, projected 
scenarios show that the temperature increase will 
be greatest during the winter season, and less sig-
nificant during the growing season. Some coastal 
regions can expect an average winter temperature 
of above 0°C towards the year 2100, whereas the 
average in Arctic inland areas will rise to just 
below freezing. 

The future may offer longer a longer grazing season for northern Norway’s sheep. 

Photo: Lars Sandved Dalen / Norwegian Institute of Bioeconomy Research
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“Warmer and wetter winters shorten the winter 
season and prolong the growing season, which 
give rise to new opportunities. Among other 
things, this includes higher annual yield with sev-
eral harvests, along with the possibility to grow 
new, more productive crop varieties and species,” 
says Dr Sigridur Dalmannsdottir at NIBIO. 

According to studies she and Dr Mølmann have 
conducted, relevant future crops in northern 
Norwegian agriculture include perennial ryegrass, 
autumn grain for fodder production, new meadow 
legume species and new annual species. 

“A longer growing season also means a longer 
grazing season, which in turn can lead to in-
creased pasture production,” Dr Dalmannsdottir 
adds. “Overall, it is safe to say that the Arctic has a 
significant potential to become a more important 
area for food production in the future.”

HIGHER RISK OF CROP DAMAGE

When opportunities arise in agriculture due to 
climate change, new challenges follow. Milder and 
more unstable winters may increase the plants’ 
susceptibility to pests that are currently more 
common further south. Climate change can also 
lead to the introduction of new pests to the region, 
including weeds, and plant and animal diseases. 
Other concerns are increased autumn precipita-
tion and winter damage of crops due to warmer 
autumns negatively affecting the hardening of 
plants, thus reducing their winter hardiness. 

“To what extent this will be a problem depends 
on several factors such as soil type, topogra-
phy and local climatic conditions,” says Dr 
Dalmannsdottir. 

“What we do know, is that higher precipitation 
and wetter soil conditions in the autumn will 

Very long daily photosynthetic light periods when the midnight sun is shining 

allow for more rapid development and growth in crops grown at high latitudes. 

Photo: Jørgen Mølmann / Norwegian Institute of Bioeconomy Research

In the Arctic, low solar elevations, long daily light 

periods, and the absence of dark nights during the 

spring and summer months affect the growth and 

metabolism of plants in a unique way. Photo: Hilde 

Hallan / Norwegian Institute of Bioeconomy Research
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make certain tasks more difficult for the Arctic 
farmer, particularly tilling the soil and harvesting 
potatoes and vegetables.” 

THE IMPORTANCE OF GOOD SOIL HEALTH

Soil compaction and drainage issues, along with 
problems with drought if the snow cover on the 
field disappears too early, are other challenges 
farmers will have to prepare for. 

How a potential increase in food production in the 
region will affect the soils is also an issue which 
needs addressing. 

According to a study conducted by NIBIO in 2022, 
vegetable producers in the Arctic are now calling 
for more documented knowledge on soil health 
measures that can be implemented to mitigate the 
negative effects of intensive agriculture in areas 
affected by climate change. 



2322 FRAM FORUM 2023 FRAM FORUM 2023

“The farming industry in the northern areas also 
seeks more science-based information about spe-
cies diversity in Arctic agricultural soil and how 
various soil organisms work together,” says Dr 
Frøydis Gillund at NIBIO, one of the researchers 
behind the study.

“The farmers want to know the effects of adding 
different forms of organic matter to soil, such as 
compost, and wish to learn about methods for 
fallowing, crop rotation, cover crops and inter-
cropping. Tillage methods that do not impair soil 
health are also of major interest.”

There are several relatively simple measures that 
can potentially improve soil health and make the 
soil more resilient towards climate change. The 
key is to focus on finding and adopting the best 
practices for the local conditions.

AGRICULTURAL POLICIES AND 
SOCIOECONOMY PLAY A PART

Locally adapted and targeted measures are one 
thing, but financial, political, and social factors 
also influence the adaptive capacity of farmers. 

In 2011, Dr Dalmannsdottir and Dr Ingrid Kvalvik 
at Nordland Research Institute conducted an 
interdisciplinary study to map northern farmers’ 
vulnerability to climate change. Among other 
things, they found that farmers in the three 

northernmost counties in northern Norway were 
vulnerable to climate change, mainly as it poses 
an added challenge to the already tenuous situ-
ation created by Norwegian agricultural policies 
and socioeconomic development in general. 

“Our study revealed that northern farmers have a 
high level of adaptability to weather and eco-
logical challenges, for example by applying new 
technology. The farmers we spoke to were also 
more than willing to make use of the opportuni-
ties afforded by a more favourable climate,” Dr 
Dalmannsdottir says. 

However, the current trend towards developing 
farming practices for a more efficient agriculture 
can have a negative impact on the farmers’ econ-
omy. In addition, external factors such as market 
fluctuations and social and economic changes 
at the community level influence their adaptive 
capacity. 

“We found that the structural changes in the 
agricultural sector can hinder adaptation to the 
negative impacts of climate change. For example, 
heavier farming equipment – a result of larger 
farms and rented land – is less suited for wetter 
conditions due to the increased soil compaction 
risk. Hence adaptation to requirements for more 
efficient agriculture can reduce the farmers’ ca-
pacity to adapt to cope with wetter autumns in the 
future,” Dr Dalmannsdottir says.

RESEARCH NOTESRESEARCH NOTES

ARCTIC AGRICULTURE CAN HELP MITIGATE 
THREATS TO GLOBAL FOOD SECURITY

The impacts of increased agriculture in the High 
North are expected to vary both within and be-
tween municipalities, which will therefore require 
individual adaptive strategies. However, most of 
these strategies are likely to have an agronomical 
basis that farmers in the region are well suited 
to cope with, so that they can utilise the longer 
growth period coinciding with the 24-hour daily 
photosynthesis offered by the midnight sun.

“In light of the global situation, as far as climate 
change and food security is concerned, we believe 
it is important to look to the High North, where 
the impacts are expected to be more positive 
than those further south,” says Marianne Vileid 
Uleberg at NIBIO’s Centre for Arctic Agriculture. 
“Northern regions can and should take a larger 
share of food production in the future, while 
simultaneously ensuring a sustainable utilisation 
of our natural resources.”

Dr Dalmannsdottir agrees.

“We can choose to look at this in a larger perspec-
tive than just Norway – the possibilities here can 
rather be seen from a circumpolar perspective. 
Areas in the north that are currently not available 
for agricultural production may well become so in 
future,” she says. ■

FURTHER READING:

Molmann JAB, Dalmannsdottir S, 
Hykkerud AL, Hytönen T, Samkumar 
A, Jaakola L (2021) Influence of Arctic 
light conditions on crop production 
and quality. Physiologia Plantarum 
172(4): 1931–1940. https://doi.
org/10.1111/ppl.13418

Kvalvik I, Dalmannsdottir S, Dannevig 
H, Hovelsrud G, Rønning L, Uleberg E 
(2011) Climate change vulnerability 
and adaptive capacity in the 
agricultural sector in Northern Norway. 
Acta Agriculturae Scandinavica, 
Section B — Soil & Plant Science 
61(suppl1):27–37, https://doi.org/10.10
80/09064710.2011.627376 

Gulden KT (2022) Etterlyser mer 
kunnskap om jordhelse i arktisk 
grøntproduksjon. NIBIO, https://www.
nibio.no/nyheter/etterlyser-mer-
kunnskap-om-jordhelse-i-arktisk-
grontproduksjon [Article in Norwegian]

Readers fluent in Norwegian may wish 
to browse NIBIO’s rich collection of 
popular scientific articles about nature 
and agriculture in Norway. https://
nibio.no/publikasjoner/nibio-pop

Climate change may make it easier 

to grow broccoli in the High North.  

Photo: Jørgen Mølmann / 

Norwegian Institute of Bioeconomy 

Research
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Adaptive monitoring of the 
arctic fox in the Norwegian 
low Arctic

Arctic species are currently under multiple pressures and 
several are red-listed. Adaptive ecosystem-based monitoring 
and management applied to the critically endangered arctic fox 
in Finnmark illustrates how such pressures can be uncovered 
and potentially mitigated. 

RESEARCH NOTES

In the beginning of the 20th century, the 
arctic fox was a common species in alpine and 

Arctic tundra across Norway. The low Arctic tun-
dra in Finnmark was a stronghold for the species, 
likely because here – as in other parts of the cir-
cumpolar Arctic – arctic fox habitats (i.e. tundra) 
extend down to the coast and marine resourc-
es. However, a century later the arctic fox was 
red-listed as critically endangered in Norway, at 
least partly resulting from overharvesting before 
the species was protected in 1930. 

ARCTIC FOX IN FINNMARK

In Finnmark, only a few arctic foxes were left 
in 2004, when researchers from the University 
of Tromsø initiated the project “Arctic fox in 
Finnmark” as a part of the national arctic fox 
conservation programme of the Norwegian 
Environment Agency. The project aimed to un-
cover the drivers of the decline of the arctic fox 
by means of adaptive ecosystem-based monitor-
ing. Adaptive monitoring is a hypothesis-driven 
approach to long-term research and often includes 
management interventions. 

Dorothee Ehrich and Rolf A Ims // UiT The Arctic University of Norway

Øystein Flagstad and Nina E Eide // Norwegian Institute for Nature Research

A pair of arctic foxes on the Varanger Peninsula captured by a wildlife camera 9 May 2021. 
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We hypothesised that the arctic fox was negatively 
affected by two driver pathways: First, as success-
ful arctic fox reproduction depends on high abun-
dance of lemmings as prey, disrupted lemming 
population cycles driven by climate warming are 
detrimental. Second, increasing human activity 
and warmer winters favour the expansion of red 
foxes that, because of their larger size, exclude 
arctic foxes from the best habitats. To test these 
hypotheses our monitoring included lemmings 
and other prey species, as well as the red fox and 
other competing carnivores. The management 
intervention consisted of culling red foxes on the 
Varanger Peninsula, while the adjacent Norkinn 
Peninsula and Ifjordfjellet served as control areas 
without any interventions. Management interven-
tions, when implemented in experimental fashion 
with appropriate controls and good monitoring, 
provide efficient “learning by doing”.

Arctic fox reproductive output (number of litters and pups) per year on the Varanger Peninsula in relation to lemming 

abundance (indexed as number of lemmings per hundred trap nights since 2004). The horizontal red bar denotes the 

duration of red fox culling, the vertical blue bars denote the release of captive bred foxes in years 2018-2020, and the 

horizontal blue bar denotes the duration of supplementary feeding. Notice the decoupling of lemming dynamics and 

arctic fox reproduction after the onset of supplementary feeding and release of captive breed foxes after 2018.

Release of captive-bred arctic foxes on the Varanger 

Peninsula in February 2019. Photo: Dorothee Ehrich / 

UiT The Arctic University of Norway

NEAR REGIONAL EXTINCTION

In 2017, we analysed 13 years of monitoring data 
and assessed the effect of red fox culling. Negative 
impacts of competition with the red foxes were 
evident, as arctic foxes were able to use more hab-
itats and resources where red foxes were culled. 
The monitoring data revealed that arctic fox 
reproduction was much more dependent on high 
abundance of lemmings than of other cyclic ro-
dents (voles). Arctic fox pup production increased 
over the two first rodent cycles on the Varanger 
Peninsula, with peaking lemming abundances in 
2007 and 2011. However, the lemming population 
failed to peak again during the next seven years, 
during which only one arctic fox litter was re-
corded. With such failing reproduction, the arctic 
fox population declined and only two individuals 
were known to remain in Finnmark in 2017. 

RESEARCH NOTESRESEARCH NOTES

Diagram illustrating the hypothesised climate drivers 

and implemented management interventions in COAT’s 

adaptive monitoring of the critically endangered 

arctic fox in the Norwegian low Arctic. The climate 

drivers include: (1) Disrupting effect of warmer winters 

on lemming population cycles and failed arctic fox 

reproduction resulting from absence of lemming prey 

and (2) expansion of red fox and resultant competitive 

displacement of arctic fox in productive tundra 

habitats. The two management interventions include: 

I) culling of red fox in order to release arctic foxes 

from competitive displacement (2005-present) and II) 

release of captive-bred arctic foxes (2018-2020) and 

supplementary feeding by exclusive dispensers with 

dog pellets (2018-present). Photos: Lemming, Rolf 

A Ims / UiT The Arctic University of Norway; Red fox, 

COAT camera trap; Caged arctic fox and Supplementary 

feeding, Dorothee Ehrich / UiT The Arctic University of 

Norway; Arctic fox, Jason Roberts 



2928 FRAM FORUM 2023 FRAM FORUM 2023RESEARCH NOTESRESEARCH NOTES

We proposed two hypotheses explaining this 
initial failure of population recovery: 1) The pop-
ulation was already so small at the onset of the 
project that it was little resilient to any adverse 
events (e.g. one failed lemming peak); 2) Due 
to climate-driven irregularity of the lemming 
cycle and the monopolisation of alternative food 
resources by the still-abundant red foxes, the low 
Arctic tundra in Finnmark is no longer able to 
harbour a viable arctic fox population. 

NEW MANAGEMENT INTERVENTIONS

Based on these results and hypotheses two new 
management interventions were implemented on 
the Varanger Peninsula from 2018: 65 captive-bred 
arctic foxes have been released over three years 
(2018-2020) and several tonnes of dog pellets have 
been provided in dispensers exclusively available 
to arctic foxes. These interventions were intend-
ed to push the Arctic fox population above the 
threshold of being vulnerable to adverse events 
(hypothesis 1 above). The new management inter-
ventions were implemented in close collaboration 
with the Norwegian Institute for Nature Research 
(NINA). NINA is responsible for the national arctic 

fox conservation programme, including a captive 
breeding facility at Oppdal in southern Norway. 
The “Arctic fox in Finnmark” project now also 
formally became an adaptive monitoring module 
within Climate-ecological Observatory for Arctic 
Tundra (COAT).

The new management actions have so far succeed-
ed very well in increasing the Arctic fox popu-
lation on the Varanger Peninsula. Reproduction 
commenced already in the summer after the first 
release of captive bred foxes in 2018. Since then, 
pup production has increased every year – even 
after the release of captive-bred foxes stopped in 
2020. Interestingly, the supplemental feeding has 
allowed a high reproductive output even in low 
lemming years and thus decoupled arctic fox re-
production from the lemming cycle. The increase 
of the arctic fox on the Varanger Peninsula has 
also to led to considerable emigration. Varanger 
foxes have been observed further west and south 
in northern Norway, in northern Finland, and 
even on the Kola Peninsula. This provides hope 
for the reestablishment of a functioning arctic fox 
meta-population in northern Fennoscandia.

FUTURE PERSPECTIVES 

The short-term success of this adaptive monitor-
ing project may suggest a brighter future for the 
arctic fox in the Norwegian low Arctic. However, 
the critical next step will be to investigate whether 
the arctic fox – after having escaped the danger of 
being trapped in small and isolated populations 
– can persist as a large, viable meta-population in 
northern Fennoscandia without extraordinary 
conservation measures. Climate warming, which 
is occurring particularly fast in eastern Finnmark, 
is predicted to push the low Arctic tundra out of 
its climatic envelope soon, with consequences 
that are presently difficult to predict. Whereas 
northward expansions of southern species (often 
generalists like the red fox) into the arctic tundra 
have been the subjects of considerable research, 
less is known about the processes leading to dis-
appearance of Arctic species at the southern edge 
of their distribution. Long-term, ecosystem-based 
monitoring – coupled with management interven-
tions to speed up learning and potentially aiding 
conservation – is crucial if we are to understand 
and manage the fate of arctic specialist species 
such the arctic fox. ■

As one of the management 

actions to support the arctic 

fox population, dog pellets 

are provided through specially 

designed feeding stations. The 

entrances are dimensioned to let 

in arctic foxes, but not the larger 

red foxes. The feeding stations 

are filled regularly by the State 

Nature Surveillance. Photo: 

Dorothee Ehrich / UiT The Arctic 

University of Norway

An adult arctic fox and her eight pups captured by 

a wildlife camera at a breeding den on the Varanger 

Peninsula 28 June 2022. In her mouth, the adult fox 

holds a lemming, which is the key prey of arctic foxes 

in most places in the Arctic.

FURTHER READING:

Ims RA, Killengreen ST, Ehrich D, Flagstad Ø, 
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Ecosystem drivers of an arctic fox population at 
the western fringe of the Eurasian Arctic. Polar 
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Aluminium buckets and 600 
degrees help researchers 
find microplastics in air

Christine Forsetlund Solbakken and Dorte Herzke // NILU – Norwegian Institute for Air Research

Geir Wing Gabrielsen and Ingeborg G Hallanger // Norwegian Polar Institute

Have you used the car lately? Or perhaps washed clothes? 
In any case, the chances are high that you have released 
microplastics to your immediate environment. And from you, 
the microplastics can fly all the way to Svalbard.

RESEARCH NOTES

Microplastics are plastic fragments 
smaller than 5 millimetres. There are many 

sources of microplastics: car tyres, clothes, fishing 
gear, cosmetics, toys, boats, tools, and a lot of 
other things we use in our everyday life.

A lot of microplastics also come from plastic waste 
that has been lost  in nature and broken down 
into tiny pieces. Other types of microplastics are 
produced industrially, for example to be used in 
make-up, which we apply, then wash off and flush 
down the drain.

DEVELOPED THEIR OWN AIR SAMPLERS

Since the microplastic pieces are so small and 
light, they can be transported through the atmos-
phere by water and wind to far, far away. Thus, 
they also end up in areas where few people are 
living.

In the summer of 2021, senior scientist Dorte 
Herzke from NILU participated in the Norwegian 
Polar Institute’s Plastic Cruise expedition in the 

sea areas off Svalbard. Along the way, the scien-
tists took 1200 microplastic samples from air, ice, 
water, fish, plankton, and the seabed.

The Plastic Cruise was the first time Dorte used 
NILU’s in-house-developed sampler for microplas-
tics in air. It was NILU scientist Svein Knudsen 
– now retired – who helped Dorte develop the 
microplastic sampler. The first prototypes were 
actually made at a local workshop at Kjeller, close 
to NILU’s head office.

The microplastic sampler is based on a similar 
sampler NILU previously developed for tak-
ing samples of other substances in the air. The 
principle is the same, but in the new microplastic 
version, all the plastic sampler components have 
been replaced with metal.

“We can’t take microplastic samples with plastic 
equipment,” says Dorte. “If we did, we’d contami-
nate our samples. Therefore, our first air sampler 
for microplastics was made from stainless steel. 
Later we switched to aluminium.”

Here at the Zeppelin Observatory in Svalbard, we 

see NILU’s two microplastic samplers attached to 

the railing to the right of the walkway. They function 

in two different ways. The passive sampler (closest) 

is a large metal bucket which collects everything 

that falls from the sky – including snow. The active 

sampler draws air in and through filters that collect 

all particles larger than 10 micrometres – one 

thousandth of a millimetre (sampler number three 

from the front). Photo: Anne-Cathrine Nilsen / NILU – 

Norwegian Institute for Air Research
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SVALBARD INFLUENCED BY MICROPLASTICS

In autumn 2021, NILU mounted two different 
microplastic samplers at the Zeppelin observato-
ry. The observatory is located 474 metres above 
sea level, near the top of Zeppelin Mountain on 
Spitsbergen. The nearest settlement is the “re-
search village” Ny-Ålesund. In winter, only around 
30 people live there; during summer, up to 200.
Even there, the filters in the samplers picked 
up tiny plastic pieces, down to a hundredth of a 
millimetre. 

“Unfortunately, I was not surprised,” says Dorte. 
“We think of Svalbard as untouched and desolate, 
but microplastics find their way to this remote 
area too.”

The six microplastic air samples NILU took 
during autumn 2021 were part of the Norwegian 
Environment Agency’s monitoring project for 
microplastics, MIKRONOR. In 2022, NILU financed 
its own tests. According to Dorte, the goal is to de-
termine if the results from 2021 can be repeated, 
and also whether the results look different during 
the summer period.

“We now have samples from both the winter and 
summer seasons at the Zeppelin observatory,” she 
says. “In addition, we are taking corresponding 
microplastic samples at the Birkenes observatory 
in the south of Norway.”

Although “pyrolysis” makes it sound like they are 
burning the samples, that is not what is hap-
pening. The filter samples must be exposed to 
600-degree heat to reveal the microplastic. But 
without oxygen present, combustion does not 
occur. Instead, a process called pyrolysis takes 
place, where the polymer structure, i.e. the repet-
itive bond between each molecule in the plastic, 
is destroyed. Since different types of plastic break 
down into different polymer structures, scientists 
can measure and classify the different structures 
into different types of plastic and determine how 
much there is of each kind.

TRACKING MICROPLASTICS THROUGH THE AIR

When Dorte Herzke began to take an interest in 
plastic pollution, and later microplastics, most 
measurements were done on samples from 
animals and fish. Eventually, she became more 
interested in what happens to the microplastics in 
the environment, and which transport routes they 
take to the Arctic. With funding from the Fram 
Centre, NILU, and the Norwegian Environment 
Agency, she was able to start looking for answers.

“After all, air is NILU’s home ground,” she says. 
“As soon as we started looking at microplastics in 
the context of air, collaboration with other NILU 
departments was initiated. Together, we can both 
determine that there is microplastic in the Arctic 
and calculate how it was transported through the 
atmosphere to get there.”

During the Plastic Cruise in 2021, 

the microplastic sampler took the 

first air samples for microplastics 

that NILU researchers have ever 

taken on sea ice. There, in the 

Olga Strait outside Svalbard, the 

sampler was carefully assessed 

for quality (but not damaged) by 

a polar bear. Photo: Louise Kiel 

Jensen / Norwegian Polar Institute

Here we see the microplastic sampler 

on board the research vessel Kronprins 

Haakon. To avoid too much contamination 

from the ship, the air samples could only 

be taken while the ship was moving from 

one station to another, and when no other 

activities were taking place. This turned out 

to be more challenging than first thought, 

as seagulls spotted the ship and decided 

to hitch a free ride on the deck right next 

to the sampler. So Dorte was obliged to 

collect feather and seagull poo samples 

and take them to the lab to check for any 

contributions. Photo: Dorte Herzke / NILU – 

Norwegian Institute for Air Research

SMART SOLUTIONS ARE NEEDED!

Two kinds of microplastic samplers have been 
developed by NILU. One is a “passive” sampler, 
in practice a large metal bucket that collects 
everything that falls from the sky.

The other air sampler for microplastics – the one 
Dorte used on the Plastic Cruise – is an “active” 
sampler. It uses a pump to draw air through 
filters, capturing all particles larger than a thou-
sandth of a millimetre.

Every 14 days, the filters in the active samplers at 
Zeppelin and Birkenes observatories are replaced. 
Dorte is particularly pleased that they were able 
to design the filter holder so that it closes imme-
diately when it is removed. In this way, they avoid 
contaminating the filter inside with plastic from 
sources other than the air. In addition, the entire 
filter holder can be packed and sent to NILU’s 
laboratory in Tromsø, where Dorte and her col-
leagues are ready to do the analysis.

600°C REVEALS THE MICROPLASTIC

The microplastics on the filters are too small to be 
seen with the naked eye. So how does Dorte know 
that there is microplastic on the filter?

“We don’t know, and we can’t even use a micro-
scope to look for it,” she explains. “Instead, we 
use an instrument called a mass spectrometer 
(GC/MS) and connect it to a pyrolysis unit.”

WHAT IS A MASS SPECTROMETER?

Very briefly, a mass spectrometer is an instrument for 
chemical analysis. Samples are put into the instrument. The 
molecules in the samples then become electrically charged, at 
the same time as they are broken up into fragments. The ions 
that are formed in this way are then separated based on the 
ratio between the ion’s mass and charge. The number of ions 
is recorded and amplified so that the scientists can determine 
what kinds of substances are in the sample, and how much.

Filters from microplastic sampling at the observa-
tories in Svalbard and at Agder are still coming in. 
Analysis and further studies of these will fill a lot 
of Dorte’s time in the future, but she can already 
say that this time, too, plastics are in the air. ■
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Sustainable 
development of 
the Arctic Ocean

Paul Dodd and Agneta Fransson // Norwegian Polar Institute

Lis Jørgensen and Anne-Britt Sandø // Institute of Marine Research

Maaike Knol-Kauffman, Jack Landy, Jan Jakub Solski and Vito De Lucia // UiT The Arctic University of Norway

Eva Leu // Akvaplan-niva

Janne Søreide // University Centre in Svalbard 

Keguang Wang // Norwegian Meteorological Institute

The Arctic Ocean is becoming more accessible as the 
sea ice retreats. Expectations of increased human 
activity in the central ocean basins create the need for an 
updated approach to governance based on an improved 
understanding of the ecosystem and its response to the 
changing environment.

RESEARCH NOTES

Deployment of the Norwegian Polar Institute’s deepest (4200 m) and northernmost 

(86° 32’ N) mooring “Amundsen-1” from the research vessel Kronprins Haakon 

though a small lead in the sea ice on 7 August 2022. Senior engineer Kristen Fossan 

(Norwegian Polar Institute) is releasing one of two acoustic Doppler current profilers 

that will provide year-round current measurements in the upper 500 m. The whole 

operation took around three hours to complete and required good coordination 

with the captain controlling the ship and crew operating a crane and a mooring 

winch. Recovery is planned for summer 2024. Photo: Trine Lise Sviggum Helgerud / 

Norwegian Polar Institute
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Research scientist Morven Muilwijk (Norwegian Polar Institute) prepares to launch a probe that will measure micro-

scale stratification and turbulence below the sea ice in the Amundsen Basin. The results will be used to investigate 

the vertical transport of heat and nutrients. Photo: Trine Lise Sviggum Helgerud / Norwegian Polar Institute

Research engineer Bonnie Raffel 

(Norwegian Polar Institute) measures pH in 

sea ice on board RV Kronprins Haakon and 

prepares samples for chemical analyses. 

SUDARCO participants at the Institute of 

Marine Research and the Norwegian Polar 

Institute will analyse several hundred 

samples from the Central Arctic Ocean to 

study ocean acidification and the carbon 

cycle in the Nansen and Amundsen Basins. 

Photo: Trine Lise Sviggum Helgerud / 

Norwegian Polar Institute

SUDARCO, a new Fram Centre research 
programme to provide the knowledge needed 

for the Sustainable Development of the Arctic 
Ocean, began this year with a focus on the 
little-explored southwestern parts of the Nansen 
and Amundsen Basins. These basins are large-
ly beyond national jurisdiction yet make up a 
substantial part of the large Central Arctic marine 
ecosystem. 

SUDARCO will assess:
• How accessible are the different parts of the 

area today and how will this change?  
• What is valuable and what is vulnerable in this 

area?  
• What regulation exists in the area today; will 

it be adequate in the future, and how can it be 
changed?

Answering these questions requires a multi-
disciplinary approach with close collaboration 
between natural and social scientists arranged in 
eight different work packages.

CONTRIBUTING TO A SUSTAINED OBSERVING 
SYSTEM

Due to ongoing changes, an updated understand-
ing of the ice conditions, the structure and compo-
sition of the water column, and the biodiversity 
of the ecosystem is required. This is the focus 
of SUDARCO’s four natural science work pack-
ages, which collected a suite of measurements 
this summer, and left behind two moored ocean 
observatories that will collect ocean and sea ice 
measurements continuously until they are recov-
ered in 2024.

The accessibility of the Central Arctic is largely 
determined by sea ice conditions and a key task is 
to produce improved sea ice classification prod-
ucts using numerical model simulations and by 
combining data from different types of satellite 
sensors. These new products will be validated 
using sea ice thickness measurements collected by 
instruments deployed on the moorings left behind 
this summer. 

Important physical oceanographic processes 
include ocean stratification and vertical mixing, 
which regulate the transport of heat and nutrients 
from deep Atlantic water masses up to the surface, 
where heat affects sea ice, and nutrients potential-
ly affect primary production. A dense section of 
hydrographic, current, and turbulence measure-
ments collected this summer will allow SUDARCO 
to investigate these processes and to study how 
horizontal transports associated with the large-
scale ocean circulation are changing. The Nansen 
Basin is directly influenced by the warm, salty 
West Spitsbergen current which originates in 
the North Atlantic, while the Amundsen Basin is 
strongly influenced by the cool, fresh Transpolar 
Drift current which originates on the opposite side 
of the Arctic Ocean. The water  biogeochemistry is 
affected by these currents, which are variable in 
composition. We therefore expect to find differ-
ences in nutrients, carbon chemistry, ocean acid-
ification, biodiversity, contaminants, and plastic 
pollution in these two basins. 

In addition to classical approaches within taxono-
my and ecology, biodiversity and species distribu-
tion are being assessed using environmental DNA, 
which provides an objective (and cost-efficient) 
way to monitor whole community biodiversity, 
changes, and invasive species. Automatic water 
samplers deployed from the new moorings will 
provide year-round information from the Central 
Arctic marine ecosystem, where very few meas-
urements have been made outside of the summer 
field season. Meanwhile, passive acoustic record-
ers will listen for vocalising marine mammals 
such as bowhead whales and narwhals, and 
sediment traps close to the sea bed will be used 
to study seasonal variations in the biodiversity of 
material sinking down from the surface layer and 
to estimate carbon sequestration in the sediments 
associated with biological activity. 

The central Arctic moorings will be serviced 
in 2024 and again in 2026 when the section of 
shipboard measurements will also be repeated. 
These sustained observations at fixed positions 
are unique in the region and will be valuable for 
assessing the extent of ongoing changes.
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Map showing the location of the Nansen and Amundsen Basins (outlined in white), 

the track of the Kronprins Haakon (yellow line), two new moored observatories 

(bright yellow stars), the section of hydrographic, current, turbulence, and 

biogeochemical observations made from the vessel (red dots) and in-situ sea ice 

measurements (blue hexagons) collected during the 2022 cruise. The Norwegian 

Polar Institute’s sustained observatories in Fram Strait (1990-present) and 

northeast of Svalbard (A-TWAIN, 2010-present) are also shown.

MODEL SIMULATIONS

Arctic sea ice is one of the most sensitive com-
ponents of Earth’s climate system. It has been 
undergoing dramatic reduction in the satellite ob-
servation period, and is projected to be essentially 
ice-free (sea ice area < 100 km2) before 2050 by the 
latest climate models, so we expect to observe this 
change within the next 30 years. Nevertheless, 
retreat of the sea ice also provides new opportu-
nities for access to the central Arctic, facilitating 
tourism and shipping, among other activities. 
The main purpose of our modelling studies in 
SUDARCO is to enhance the Norwegian prepar-
edness for this activity, by improving short-term 
sea ice and ocean predictions, and by improving 
the understanding of long-term processes related 
to the physical, biogeochemical, and ecological 
changes around the Norwegian Arctic. 

For this purpose, a suite of different models are 
used. Changes in ocean heat and freshwater 
content are crucial for the primary production. 
To investigate future effects of climate change 
and northward extension of sub-Arctic habitats, 
downscaled future projections from several re-
gional models will be executed. Based on emission 
estimates, properties of chemicals, environment 
and food webs, simulations of the contaminant 
concentrations and pathways across compart-
ments in the Arctic ecosystem will be predicted. 
For operational use on shorter time scales, remote 
sensing and near-real-time in-situ observations 
of sea ice thickness will be integrated into an 
assimilative ocean and sea ice model based on the 
METROMS framework. In parallel, METROMS will 
be run with biogeochemistry and lower trophic 
level ecosystem components for eddy-resolving 
scenarios in the geographical focal area.

NEW HUMAN ACTIVITY

While there is a lot of talk about the expected 
increase in maritime activities in the Arctic, we 
know relatively little about how these transfor-
mations will occur, what their central drivers 
and barriers are, and not least, what the human 
and environmental risks associated with these 
changes are. 

Current human activities in the southwestern 
Nansen and Amundsen Basins are still mostly 
limited to research and surveillance. However, 
the Arctic has become a destination of “last 
chance tourism”. Increasingly, expedition tourism 
vessels – of which growing numbers will be ice 
strengthened – might explore the frontiers of the 
Arctic. With respect to fisheries, target species 
may shift geographically, and there are indica-
tions that fishing activity is moving northwards 
due to  reductions in sea ice and the poleward 
shift of commercially important fish species. 
Still, however, fishery activity in the High Arctic 
is constrained by factors such as quota manage-
ment, remoteness, available infrastructure, and 
operational conditions. Moreover, a moratorium 
on fishing in the Central Arctic Ocean has been 
agreed until 2037.

SUDARCO will investigate activity trends, their 
drivers, barriers, and implications. This will be 
done through a combination of qualitative work 
and the use of vessel tracking and environmental 
data. We will develop insights about current and 
past trends within various sectors (e.g., research, 
surveillance, tourism, shipping, and fisheries), 
but will also gain insight into expectations for the 
future. Another aspect of this work is that we will 
focus on how human activity in the Arctic Ocean 
is enabled or constrained by factors such as the 
existing regulatory frameworks (e.g., the Polar 
Code), available infrastructure, and operational 
conditions (e.g., weather and sea ice). In addition, 
SUDARCO will develop in-depth knowledge about 
the human and environmental risks associated 
with increased human activity. Ultimately, the 
project will lead to a comprehensive, integrated 
risk assessment in close connection with stake-
holders. This will be an important basis for a 
reassessment and refinement of frameworks for 
sustainable governance.

RESEARCH NOTESRESEARCH NOTES



4140 FRAM FORUM 2023 FRAM FORUM 2023RESEARCH NOTESRESEARCH NOTES

GOVERNANCE AND REGULATORY FRAMEWORK

The governance of the Arctic Ocean is complex 
and fragmented. While the key instrument is 
the 1982 UN Convention on the Law of the Sea 
(UNCLOS), it is complemented by a dynamic sys-
tem of regional, sectoral and global instruments 
and governance arrangements. 

Rapid environmental change and sea ice retreat 
thrust the Arctic Ocean into the global spotlight 
as the location of intensified economic opportuni-
ties and environmental threats. These processes 
pose significant challenges to existing legal and 
governance frameworks, bodies, and institutions. 
Additionally, a new global treaty on the conser-
vation of marine biodiversity in areas beyond 
national jurisdiction has reached the final stages 
of negotiation. Once entered into force, this treaty 
will likely have significant implications for ecosys-
tem governance in the Central Arctic Ocean. In 
parallel, the prospects for sustainable governance 
of the Arctic Ocean will largely depend on the 
ability of the relevant actors to cooperate. New 
geopolitical developments, such as the emergence 
of new actors with Arctic interests and, more 
recently, the war in Ukraine, raise important ques-
tions about the future of Arctic environmental 
governance. All these developments pose signif-
icant challenges to the implementation of eco-
system-based management and raise issues as to 
the effectiveness of existing measures, tools, and 
mechanisms. The research that will be carried 
out on the governance and regulatory framework 
will seek to provide a better understanding of the 
challenges to the governance regimes, with the 
view of offering insights and recommendations 
on effective ways to implement ecosystem-based 
management on the Arctic region in a complex 
regulatory and geopolitical situation. ■

FURTHER READING:

ICES/PICES/PAME Working Group on Integrated 
Ecosystem Assessment (IEA) for the Central 
Arctic Ocean (WGICA) (2020) Jorgensen LL, Saitoh 
S-I (Eds) Ices Scientific Reports 2(79) 144 pp, 
https://www.pame.is/images/05_Protectec_
Area/2020/PAME-II/EA/EA-EG_Pre-Meeting_
agenda_8.3_WGICA_report_2020.pdf  

Lemelin H, Dawson J, Stewart EJ, Maher P, Lueck 
M (2010) Last-chance tourism: The boom, doom, 
and gloom of visiting vanishing destinations. 
Current Issues in Tourism 13(5): 477-493, https://
doi.org/10.1080/13683500903406367
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The “arctic sea rabbit” 
– a ghost of the dark 
and deep

Romaric Jac and Claudia Junge // Institute of Marine Research

The rabbit fish, a mysterious-looking cartilaginous 
fish, is one of many species expected to shift their 
distribution poleward in response to climate change. 
Despite its wide distribution in the Northeast Atlantic 
Ocean, it remains poorly studied; its habitat use, 
distribution, and biology are largely unknown. 

RESEARCH NOTES

The rabbit fish got its nickname from its 
oversized head with large eyes, nostrils, and 

tooth plates, which result in a rabbit-like appear-
ance. Its scientific name (Chimaera monstrosa̧  
Linnaeus, 1758) combines the name of a mytho-
logical creature composed of parts of multiple 
animals, and the Latin word for “strange” or 
“grotesque”. Both words refer to the rabbit fish’s 
odd mix of characteristics from both bony and 
cartilaginous fishes and its strange appearance. 
It belongs to the only living order within the phy-
logenetic subclass Holocephali (complete heads) 
namely the chimaeriformes, also known as ghost 
sharks, rat fish, or rabbit fish. 

A COLD AND DARK WAY OF LIFE

The rabbit fish has been found down to 1420 m 
in Nordic waters, but is most abundant at depths 
between 200 and 400 m. In Norwegian fjords, it 
can be found in waters as shallow as 50 m, which 
is highly unusual compared to other parts of its 
range. It appears to prefer water temperatures 
around 6°C, although they can also be found in 
waters as cold as 2.7°C and as warm as 8.6°C, at 
least along the Norwegian coast. 

Its life history characteristics are typical for carti-
laginous fishes: slow growth, late maturation, and 
a relatively low fecundity. The largest individual 

found in Norwegian surveys was a female that 
measured 67 cm from the tip of the snout to the 
start of the fin that runs along the tail. The total 
length including the tail has been reported to 
be up to 1.5 m, but this can be an underestimate 
given that the exceedingly long tail of a rabbit fish 
is often injured due to predation or catch events. 
Although the species is not fished, it is a very 
common bycatch.

HEADING NORTH

During the past three decades, the coastal 
near-bottom water temperature has increased by 
an average of approximately 1°C in the Norwegian 

and the Barents Sea ecosystem. These changes 
in temperature are even more pronounced in the 
deep waters of the coastal regions and fjords. 

Such warming of northern waters seems the main 
driver of a northward shift in the abundance of 
the rabbit fish. The analysis of survey time series 
data back to the 1990s showed that the rabbit fish 
has adjusted its distribution northward by more 
than 73 km per decade and has now been found 
as far north as 73.44°N. This northward expansion 
of a boreal species and potential habitat deterio-
ration for Arctic species are consequences of the 
ongoing Atlantification. 

A rabbit fish. Photo: Erling Svensen / Institute of Marine Research

RESEARCH NOTESRESEARCH NOTES
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SUMMARY AND OUTLOOK

Climate change is likely a major driver of large-
scale abundance patterns, and changes thereof, 
even among deep-sea species. Therefore, under-
standing how climate change and warming waters 
impact the distribution and population dynamics 
of species at the northern fringe of their ranges, 
is much needed and critical knowledge to inform 
species and ecosystem management. This is espe-
cially true for deep-sea cartilaginous fishes which 
remain relatively understudied compared to both 
their bony fish counterparts and to cartilaginous 
fish living at shallower depths. 

With forecasts indicating even warmer waters in 
the years ahead, monitoring and managing the 
rabbit fish, and other fringe species, in the vast 
Arctic is a real challenge for the future. These 

changes present an emerging frontier for the 
adoption of new and integrative tools for studying 
rapid change and its consequences for vulnerable 
species, by combining genetics, spatial ecology, 
and oceanography, to identify patterns of disper-
sal, adaptation potential, and gene flow under 
extreme environmental conditions. In a global 
warming context, survey data, long-term data se-
ries, and international cooperation are required to 
record such extended shifts and better conserve 
transboundary species. ■

This work was done in collaboration with Jon 
Albretsen, Hannes Höffle, Arved Staby, and Guldborg 
Søvik of the Institute of Marine Research (Norway), 
Robert Lennox of the Norwegian Institute for Nature 
Research, and Klara Jakobsdóttir of the Marine and 
Freshwater Research Institute (Iceland).

RESEARCH NOTESRESEARCH NOTES

Rabbit fish length (in centimetres) and weight (in grammes). Shown is the relationship 

between length and weight (large plot) and the distributions of both (top: length, and right: 

weight). Females are shown in pink, males in turquoise.

Distribution of rabbit fish in the Norwegian Sea 

and Barents Sea ecoregion for 1995 (blue) and 

2020 (red) based on scientific survey data (the 

line indicates the survey area). During that time, 

its habitat occupancy has changed by 26%. The 

arrow indicates the changes of its distributional 

centre of gravity. 

FURTHER READING:

Jac R, Höffle H, Albretsen J, Jakobsdóttir K, 
Staby A, Søvik G, Junge C (2022) Of three sharks 
and one chimaera: varied habitat preferences 
across a latitudinal range revealed by coastal and 
offshore surveys. Journal of Fish Biology 100(3): 
660-674, https://doi.org/10.1111/jfb.14979

Jac R, Albretsen J, Höffle H, Lennox RL, 
Staby A, Junge C (in revision for Diversity and 
Distribution) Moving North: Warmer waters shift 
the abundance of three deep-sea cartilaginous 
species into Arctic waters.

RABBIT FISH FACTS

Chimaera monstrosa was classified as 
Near Threatened in European waters 
by the IUCN Red List in 2015, and as 
Least Concern in Norwegian waters 
by the Norwegian Red List in 2021. 
However, its population trends are not 
known, neither in Norwegian waters 
nor anywhere else within their wide 
distribution in the Atlantic.
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Sustainable blue foods: 
drivers and barriers in 
northern Norway

There is a push for transition to sustainable blue food 
systems in the High North. An interdisciplinary group 
of Fram Centre researchers have looked closer at 
the drivers motivating the transition and identified 
a set of barriers to sustainable blue food systems in 
northern Norway.

RESEARCH NOTES

The oceans and the seas are playing an 
increasingly important role in the transition 

to a sustainable food system. Blue foods refer to 
wild-caught or cultivated aquatic animals, plants 
and algae in freshwater and marine environments. 
Blue foods provide people with nutrition world-
wide, are important for local culture, economies, 
and livelihoods, and can under certain circum-
stances provide an environmentally sustainable 
alternative to land-based food, which tends to 
have a higher environmental footprint. 

In the first year of the Fram Centre research 
programme “CoastShift” (2022–2026), researchers 
have identified some critical factors for the transi-
tion to sustainable blue food in northern Norway. 

The factors were identified through synthesis of 
literature and contributions from key stakeholders 
such as representatives from fishery, aquaculture, 
oil and gas, green energy, agriculture, NGOs, 
business development, academia, and the public. 
The team identified 25 factors as driving the tran-
sition and 43 factors as barriers that need to be 
addressed to enable a sustainable transition. The 
factors were classified according to their political, 
economic, social, technological, legal, or envi-
ronmental characteristics following the PESTLE 
framework. The research team then performed 
a cross-impact analysis to understand the poten-
tial links between the factors, and thereby each 
factor’s role and importance for a transition to 
sustainability. 

Zina Kebir, Tamer Abu-Alam, Lena Schøning and Vera Hausner // UiT The Arctic University of Norway

Charlotte Weber // Akvaplan-niva

Cristina-Maria Iordan // SINTEF

Sigrid Engen // Norwegian Institute for Nature Research

Photo: Paolo Cipriani / Institute of Marine Research



4948 FRAM FORUM 2023 FRAM FORUM 2023RESEARCH NOTESRESEARCH NOTES

DRIVERS

Multiple expert workshops with long and rich 
discussions were conducted to identify and rank 
critical factors driving the transition in northern 
Norway. The analysis reveals that the potential 
drivers are dominated by economic and social 
factors. The main drivers motivating change are 
(perhaps not surprisingly) attitudes to sustaina-
bility that are closely linked to knowledge and a 
willingness to engage in the transition. This also 
includes the recognition of the value of healthy 
ecosystems: that conserving and restoring bio-
logical diversity is necessary for a resilient food 
system. Economic factors such as access to cheap 
and renewable energy and resource efficiency are 
influenced by such social factors and in part by 
involvement of responsible and conscientious politi-
cians, who also share long-term, realistic political 
goals for society. Other economic drivers include 
growing consumer demand for sustainable goods 
and services and shrinking demand for fossil fuel 
products. A transition to sustainable blue food is 
also seen as promising local value creation.

BARRIERS

Similar workshops were conducted to identify 
the critical factors challenging the transition to 
sustainable blue food. Again, we found social 
factors – such as lack of collaboration, lack of 
communication, and lack of common understand-
ing between sectors and actors – to be among the 
most important barriers. In the Norwegian fossil 
fuel mindset, oil and gas play an important cultur-
al and socioeconomic role which cannot easily be 
replaced. Moreover, many Norwegians have an 
economically negative perception of the transition. 
Other important barriers to the blue food transi-
tion include: a weak and contradictory political gov-
ernance; the policy paradox of Norway aiming to 
be a climate leader yet continuing to produce oil 
and gas; the lack of awareness about environmen-
tal change and emergency preparedness among 
the public at local and national levels; the focus of 
research and innovation on reducing the impact of 
the oil and gas industry rather than on sustaina-
bility; the lack of private and public funding for the 
transition; and the fragmented, insufficient nature 
of existing policies and legislation.

DRIVERS and BARRIERS – key factors driving and challenging the transition to sustainability. 

Drivers are presented in green; barriers in red. “Activity” demonstrates how much a factor 

impacts other factors, whereas “passivity” demonstrates how much a factor is impacted 

by other factors. Each factor is categorised as Political (P), Economic (E), Social (S), 

Technological (T), Legal (L), or Environmental (En), according to the PESTLE framework. 

Note that the scores for barriers and drivers in this figure cannot be compared; however, 

barrier scores can be compared with barrier scores and driver scores with driver scores. 

This is because the analyses of drivers and barriers were realised completely independent 

from each other. Nonetheless, the results are displayed together here. Our work identified a 

total of 68 factors – 25 drivers and 43 barriers. The 22 factors presented here are those that 

scored highest in the cross-impact analysis and were selected for further analysis. 

COASTSHIFT IN BRIEF

CoastShift will develop and 
communicate relevant knowledge for 
a transition to a more sustainable food 
production system in light of other 
human activity. 

Specifically, we will: 

• Develop a set of scenarios and 
define pathways to sustainable food 
systems in northern Norway (WP1)

• Analyse how selected new 
technologies and practices in north-
Norwegian coastal food production 
can contribute to sustainable 
development, better coexistence, 
the circular economy, and a green 
shift (WP2)

• Assess the risk of negative effects 
on the terrestrial and marine 
ecosystems, based on cumulative 
human activities in the areas today 
and from a future perspective (WP3)

• Analyse how management of the 
coastal zone, aquaculture and 
agriculture promotes and inhibits 
increased sustainability (WP4)

• Conduct an inclusive sustainability 
assessment of coastal 
municipalities in northern Norway 
using co-developed indicators of 
environmental, social, cultural, and 
economic sustainability (WP5)
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TWO VIEWS OF SUSTAINABILITY

Sustainability is all about 
environmental, economic, social and 
institutional (regulatory) sustainability. 
In order to achieve a sustainable 
transition, all these aspects need to 
be taken into account and balanced. 
I would say that this is a sustainable 
society. We need to look after the 
environment while also smoothing 
the way for profitable companies that 
provide a basis for employment. In 
this respect it is important that nature 
conservation is balanced in such a way 
that development in coastal areas is 
still possible. Too much conservation 
can hamper the development of 
coastal areas. One key concept in 
this context is coexistence between 
different industries along the coast. 
In order to achieve a sustainable 
transition, dialogue and openness 
are also important, as well as having 
regulations and framework conditions 
that are perceived as fair.

Survey participant involved in 
aquaculture 

Sustainable development is all 
about finding a balance between 
environmental, social and economic 
development. In light of the challenges 
currently facing us, we need to devote 
greater attention to the environmental 
aspects of this issue. It is crucial that 
we do not degrade the ecosystem 
services provided by the ocean – 
perhaps we should be reinforcing them 
instead. We have to acknowledge that 
the marine ecosystem is very complex 
and that our ocean management 
needs to be founded on a careful, 
precautionary approach. Harvesting 
needs to be done with care.

Survey participant from the  
public sector

WHAT IS NEXT?

Sustainability is a concept that covers a broad 
range of domains, making it quite challenging 
to grasp. A transition to sustainability requires 
a change in the way we think of our lives, our 
economy and our production systems. The 
EU has developed a framework for classifying 
activities that can be considered as environmen-
tally sustainable. This framework, called the EU 
taxonomy, could also have implications for the 
transition towards sustainable blue food systems 
in northern Norway. The taxonomy relies upon six 
environmental objectives that are used to classify 
activities as sustainable: (i) climate mitigation; (ii) 
climate change adaptation; (iii) the sustainable use 
and protection of water and marine resources; (iv) 
the transition to a circular economy; (v) pollution 
prevention and control; and (vi) the protection 
and restoration of biodiversity and ecosystems. A 
sustainable activity should contribute to at least 
one of these objectives without being harmful to 
any of the others. We are currently developing 
indicators to capture sustainable transition of blue 
food systems based on the EU taxonomy, but we 
are also recognising the diverse interpretations of 
the concept “sustainability” as illustrated by our 
stakeholders’ own definitions (quoted in the box 
to the right). Research to be continued! ■

FURTHER READING:

Basic information about the EU taxonomy for 
sustainable activities can be found at 
https://eu-taxonomy.info/info/eu-taxonomy-
overview
and 
https://finance.ec.europa.eu/sustainable-
finance/tools-and-standards/eu-taxonomy-
sustainable-activities_enPhoto: Live Eva Kirkesæter / Institute of Marine Research

RESEARCH NOTESRESEARCH NOTES
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A deadly polar low

Pernille Amdahl // Norwegian Meteorological Institute

Seventy years ago, a polar low led to one of the worst 
shipwrecks in Norwegian history. Seventy-nine men 
lost their lives. Fortunately, with today’s technology and 
methods, such storms have become easier to forecast.

But what is a polar low? Briefly summa- 
 rised, it is a small, intense low pressure sys-

tem where the wind increases from weak to strong 
over a very short timespan.

Everything indicates that this is what sealers 
experienced in the West Ice area between Jan 
Mayen and East Greenland in 1952. When the 
barometer fell and the weather began to change, 
most of them sensed that they were in for some 
nasty weather. On 4 April, the hurricane was at 
its worst. People who were in the area at the time 
said they felt constant pressure on their eardrums 
and that they could feel the pressure all over their 
bodies. 

It was difficult to prepare for such a storm before 
satellites were launched in the 1960s.

SEVENTY YEARS AGO

Fifty-three Norwegian ships were located along in 
West Ice in April 1952. At this time of year, many 
sealers sailed to this area to hunt. Six of the ships 
had sailed on to an area located a little further 

RESEARCH NOTES

west than the others – an area known for harsh 
weather and ice conditions.

Only one of the six vessels managed to make its 
way south to Iceland. On the way, one crew mem-
ber fell overboard and was never found. The other 
five ships disappeared, along with their crews. 

The storm that hit them was extremely fierce. The 
direction of the wind made it difficult for the ships 
to seek shelter. There were blizzard conditions 
and a lot of icing on the ships; hunks of ice were 
tossed around by the stormy sea.

Despite the lack of eyewitnesses, wreckage or 
other evidence, there is little doubt that five of the 
boats were swallowed up by the sea. 

The search was called off after about five weeks 
and the names of the deceased were announced 
on 7 May. A total of 79 men had died. They were 
husbands, brothers, friends and sons, natives of 
Troms and Sunnmøre.

Ninety-eight children had lost their father.

This is said to be the last known picture of 

the sealing vessel Buskø from Sunnmøre in 

the West Ice in 1952. Photo: Ishavsmuseet, 

Brandal

A satellite image of a polar low in the 

southern Barents Sea on 25 April 2022. 

Image: Norwegian Meteorological Institute
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LATE FORECAST

Viewed in retrospect, the weather forecast had 
underestimated the strength of the wind. In addi-
tion, a later storm warning was not issued in time.

Polar lows have been difficult to forecast, and 
have also throughout history been considered a 
bit mysterious. Why do they arrive so suddenly, 
and where do they come from?

The Norwegian Meteorological Institute initiated 
its first project to strengthen knowledge and fore-
casts at the beginning of the 1980s. At that time, 
however, large areas in the north lacked reliable 
meteorological observations, and long periods of 
the day were not covered by satellites. 

WEATHER WARNINGS ON YOUR MOBILE

In 2000, work resumed in earnest. “I would call 
it a success,” says Gunnar Noer, meteorologist 
and developer at the Norwegian Meteorological 
Institute.

Today, the vast majority of polar lows can be 
forecast 12-24 hours in advance, some even 
earlier, but with slightly greater uncertainty. The 
improvements are mainly due to better coverage 
from satellite observations. The models have also 
improved significantly.

“Now we get a better overview of possible out-
comes and of the uncertainty in the forecasts. We 
can also calculate the trajectories of these low 
pressure systems, which is a great help when we 
are creating forecasts for the public,” says Noer.

It is still possible to improve the forecasts in terms 
of geographical location. According to Noer, the 
forecasts of wind strength and pressure are pretty 
accurate. 

However, the meteorologists’ equipment and mod-
els are not the only things that have improved.
“We now have much better communication chan-
nels, such as Twitter and BarentsWatch (https://
www.barentswatch.no/polarelavtrykk/), that can 
send weather alerts by text message to those who 
need them,” says Noer.

COLD MEETS WARM

On average, 13-14 weather events involving one or 
more polar lows are recorded every year. They are 
most common in the Barents and Norwegian Seas, 
occurring when cold air flows from areas with ice 
and snow over warmer areas of ocean. Polar low 
season is from October to April, with most form-
ing from January to March.

A polar low lasts anywhere from a few hours to 
several days.

Low pressure systems form when the air receives 
heat and moisture from the surface of the ocean. 
Just like hot smoke, the air rises and cumulonim-
bus clouds are formed. New air flows in rapidly 
below these clouds. If other meteorological con-
ditions also produce an unstable mass of air up to 
an altitude of at least six kilometres, a local low 
pressure system may form that has its own wind 
field.

A polar low has developed.

RESEMBLES A CYCLONE

The average observed maximum wind in a polar 
low is 21 metres per second. One out of every four 
polar lows reach or surpass whole gale strength. A 
polar low resembles the cyclones they have in the 
tropics, but because the atmosphere is generally 
colder where we are, our low pressure systems are 
smaller in both extent and intensity.

The hurricane and polar low along the West Ice in 
1952 occurred when a strong area of high pressure 
full of cold air in the north met a low pressure 
system full of warm air in the south.

NEW RESEARCH

Today, researchers in Norway and abroad are 
constantly learning new details about how polar 
lows work. The lows are well suited for testing 
models that are to be used in climate research. 
If the models are able to forecast the polar lows, 
it shows that they also work on cold and Arctic 
weather types.

The researchers are also interested in analysing 
historical weather to find out how polar lows 
arise. Attempts are being made to create automat-
ic recognition systems to identify the low pressure 
systems based on pure model data or satellite 
images. If successful, such systems would be able 
to find trends from previous years, and also make 
it possible to study trends in the future.

In other words, research on polar lows is im-
portant to provide good forecasts for the Arctic 
climate in the future.

AVALANCHE WARNINGS

It is also important to test the models used in 
day-to-day weather forecasting. Ultimately, it is 
about protecting lives and assets through reliable 

Five weeks of searching yielded no trace 

of the five missing boats. This photo 

was taken from an aircraft during the 

search operation in April 1952. Photo: 

Ishavsmuseet, Brandal

forecasts that give people time to prepare for the 
weather.

Nowadays, the coastal population, the fishing 
fleet, and those involved in shipping are all given 
good forecasts of polar lows. There have been no 
direct fatalities related to this type of weather 
since 2001.

Instead, it is now avalanches related to snowfall 
from polar lows that pose the greater threat.  
As winter tourism in northern Norway flourish-
es, forecasting polar lows grows increasingly 
 important. ■

Sources: Gunnar Noer, Norwegian 
Meteorological Institute, The Great Norwegian 
Encyclopaedia, and Ishavsmuseet Aarvak

A success story: “Today, polar 

lows can be forecast with great 

precision up to a day in advance,” 

says meteorologist Gunnar 

Noer. Photo: Henneke Luijting / 

Norwegian Meteorological Institute
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The spotted wolffish – 
intimidating but delicious 
Just north of Tromsø, at a research station called FISK, there 
is a tank holding 70 of these scary-looking fish. They are 
broodfish collected from the wild by fishermen who know 
how to capture fish without harming them. The wolffish are 
therefore healthy and in good shape, and seem to be thriving.

IN BRIEF

The wolffish gets its name from the 
canine-like teeth in the front of both jaws. It 

can chew through all kinds of crustaceans and 
molluscs, and its preferred diet of such shellfish 
makes the wolffish a delicacy in its own right. This 
explains why it is a popular catch among both 
commercial and recreational fishermen. In the 
1990s the spotted wolffish (Anarhichas minor) also 
emerged as a promising candidate for aquacul-
ture, attracting considerable interest in Norway, 
Iceland, Canada, and Chile. In 1994 the very first 
artificially fertilised spotted wolffish eggs were 
hatched in the laboratories of the Norwegian 
College of Fishery Science in Tromsø.

The prospects for spotted wolffish aquaculture 
were very promising in this early phase. In 
general, the species can be described as an ideal 
aquaculture candidate with a range of attractive 
characteristics, including a high fillet yield and 
high market prices, non-aggressive behaviour, 
few problems with disease, and rapid growth in 
captivity at very high densities. Despite its fierce 
appearance, the wolffish is a friendly and social 
species. Fish farmers have discovered that wolffish 
grow faster when they lie clustered together. This 
species’ social nature is an important asset for 
aquaculture. Farming of bottom-living fish is gen-
erally very space-demanding, but the behaviour 
of spotted wolffish makes it feasible to house them 

on shelves in a tank during the on-growing phase 
of aquaculture, when the fish grow to saleable 
size. 

However, some challenges remain to be solved 
before full-scale aquaculture of this species is fea-
sible. This is the background for Akvaplan-niva’s 
research activities on spotted wolffish at FISK. 
Together with new wolffish aquaculture start-ups 
we will establish a programme that will form the 
basis for large-scale commercial production of 
wolffish (up to 4000 tonnes). We will retain most 
of the bloodstock at FISK, and plan to build a 
pre-commercial hatchery and fry production fa-
cility. In parallel, we may contribute to a breeding 
programme that is being considered by actors in 
the aquaculture industry. 

At FISK we will also be able to undertake small 
scale scientific experiments to strengthen the 
wolffish farming value chain, for example devel-
oping a more optimal feed recipe for on-growing 
of wolffish. Testing a new large-scale wolffish tank 
unit with low water and energy consumption is 
also on the list of activities that might be plotted 
into the future FISK calendar. 

Stay tuned for news about this emerging species 
in aquaculture. The spotted wolffish: unlovely, but 
exciting. ■

Trude Borch, Marianne Frantzen and Lars Olav Sparboe // Akvaplan-niva

IN BRIEF IN BRIEF

The canine-like fangs that give the wolffish its name 

can be seen in the upper jaw of the fish to the left. 

Photo: Erling Svensen, https://erlingsvensen.no/

FISK UPGRADE

Sometime in 2023, Fram 
Centre scientists will have 
an opportunity to use new 
facilities when Akvaplan-niva 
opens a modernised version 
of its R&D station – FISK 
– just outside Tromsø. The 
station is an approved animal 
research facility and holds an 
aquaculture licence for over 
130 different invertebrate and 
fish species, including the 
spotted wolffish. 

Our new research station 
includes 480 m2 wet lab 
area with flexible solutions 
that will make it possible 
for scientists to up- and 
downscale experimental 
setups to suit a broad range 
of needs. One separate hall of 
approximately 80 m2 is adapted 
for ecotoxicological research. 
The rest of the station can be 
operated as a single unit or 
separated into five halls with 
individual lock-chambers. Each 
hall is connected to a modern 
central processing system 
with individual monitoring and 
detailed water quality logging 
of all tanks. FISK has a marine 
flowthrough aquaculture 
production system providing 
small, medium, and pre-
industrial scale setups with sea 
water temperatures ranging 
from frigid polar to temperate. 
We are certain that our 
breeding stock of wolffish will 
love their upgraded dwelling 
quarters at FISK.

Young spotted wolffish are rather 

charming. Photos above and above right: 

Lars Olav Sparboe / Akvaplan-niva

Spotted wolffish are social creatures, 

whose growth rate increases when they 

are gathered together in clusters.  

Photo: Akvaplan-niva
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The coast awaits

For the past three years, the Norwegian Mapping Authority, 
the Geological Survey of Norway, and the Institute of Marine 
Research have been at the helm of a pilot project which has 
developed new map and data products for the coastal zone. 
These initial results help chart the way for continued seabed 
mapping along the coast.

RESEARCH NOTES

The pilot project “Marine Base Maps for the 
Coastal Zone” has involved development of 

around fifty map and data products in three coast-
al areas – Stavanger municipality in southwestern 
Norway, Ålesund/Giske in central Norway, and 
Skjervøy/Kvænangen in northern Norway. With 
support from national and local government, the 
three institutions have obtained comprehensive 
data on seabed terrain, geology, biology, and 
pollution, thus enabling politicians and planners 
to make decisions on the basis of well-founded 
knowledge.

Experience from the pilot areas has been very 
positive and the directors of the three institutions 
are keen to extend the marine base maps pilot to a 
national programme. In a recent newspaper opin-
ion piece, the directors highlighted the complex 
nature of sustainable environmental and resource 
management in the coastal zone. They argued that 
proper coordination of spatial planning, nature 
conservation, and development, whilst balancing 
the needs of industries – such as fishing, aquacul-
ture, mineral extraction, and tourism – relies on 
good, easily accessible data.

Feedback from government authorities on the 
pilot project has been very positive. For instance, 
the Norwegian Ministry of Local Government and 

Regional Development said the marine base maps 
“provide accurate and collated data” and that this 
is “a model that can be further pursued in a later 
major initiative”. They also point out that the total 
cost framework of NOK 84.6 million “is estimated 
to be far lower than the value of the socioeconom-
ic benefits”.

All three institutions believe that a national 
mapping programme will contribute towards 
strengthening blue industries, and will support 
the development of Norwegian coastal communi-
ties, by facilitating value creation and increasing 
employment.

So what do the fifty or so map and data  products 
developed so far offer?

• Information on depth and seabed terrain
• Models of currents, waves, salinity, and 

temperature 
• Geological maps of the seabed’s physical and 

chemical properties, as well as a number of 
applied maps

• Seabed habitat maps, including maps of vul-
nerable habitats and habitats of management 
priority

• Observations of human impact including litter, 
trawl marks, and lost fishing gear 

Gudmund Løvø // Geological Survey of Norway
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The directors of the three institutions involved in the pilot project are convinced that it will be of great value. Left to right: 

May Britt Myhr, Director of the Geological Survey of Norway, Photo: Geir Mogen / Geological Survey of Norway

Johnny Welle, Director of the Norwegian Mapping Authority, Photo: Morten Brun / Norwegian Mapping Authority

Nils Gunnar Kvamstø, Director of the Institute of Marine Research, Photo: Eivind Senneset / Institute of Marine Research

The terrain model of the seabed has been 

edited into a picture from Søre Vaulen in 

the municipality of Herøy in Sunnmøre. 

Photo: Eiliv Leren. Depth model: Norwegian 

Mapping Authority
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The partners have carried out coastal 

mapping of three areas by using research 

vessels such as RV Seisma. Photo: Geir 

Mogen / Geological Survey of Norway
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Aquaculture, fish processing, offshore wind, and 
maritime industries are all expected to grow in 
the years ahead. Bjørnar Skjæran, Minister of 
Fisheries and Ocean Policy, has overall responsi-
bility for coastal management in Norway. He notes 
that the government plans to “ensure good coex-
istence between the various marine industries, 
including drawing up business plans for the North 
Sea, the Norwegian Sea, and the Barents Sea”. 

At the same time, the Government is planning for 
further growth in the aquaculture industry with 
a view to more jobs, more processing capacity, 
greater value creation, and increased export 
revenues.

“The aim is for Norway to lead the way in the 
development of the world’s most productive and 
environmentally friendly aquaculture industry 
with the production of food resources for a grow-
ing world population,” says Skjæran.

Feedback on the marine base maps from a broad 
spectrum of the public has been positive. One 
professional fisherman uses the maps to find areas 
where the seabed is dominated by sand and grav-
el. He describes the maps as “simple, accurate, 
and intuitive”, and says they are making fishing 
for cod and haddock more efficient. Crayfish fish-
ermen and kelp farmers are also satisfied with the 
maps. A researcher on sand eel habitat – which is 

also an important feeding area for puffins – ex-
presses the need for precise information about 
sandy seabeds and depths. The County Governor 
of Rogaland has said that marine base maps make 
it easier to assess the environmental impact of 
salmon farming and to find good locations for 
sampling and monitoring stations. A first officer 
in a maritime enterprise in Nordland highlights 
the potentially dire consequences of errors in the 
placement of subsea cables, noting an example 
of wear and tear to a cable that had been placed 
too close to an underwater reef. He believes that 
marine base maps will make cable laying easier, 
faster and cheaper.

The directors of the three institutions involved 
in the pilot project are convinced that it will be 
of great value. At the same time, they emphasise 
that extensive areas along the coast have not yet 
been mapped. We lack data and hence knowledge 
on what is below the sea surface. Moreover, the 
national cartographic infrastructure has not been 
utilised nor developed to a satisfactory degree. 

“We shouldn’t have to guess what is below 
the surface of the sea anymore,” say directors 
Johnny Welle, May Britt Myhr, and Nils Gunnar 
Kvamstø. “We should know. Our work contributes 
to fact-based development of Norwegian coastal 
communities, and to decision-making based on 
 knowledge.” ■

“…my thoughts turned 
towards the coast of Norway”

Henrik Ibsen
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Polar bears 
and whales in 
the spotlight 
of toxicological 
studies

Pierre Blévin // Akvaplan-niva 

Heli Routti // Norwegian Polar Institute

Anders Goksøyr // University of Bergen

Many pollutants are toxic and potentially 
harmful for marine life. Figuring out the 
pollutants’ effects on whales and polar 
bears is not easy. Traditional methods 
have limitations, but alternative research 
strategies are entering the laboratories.
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Killer whale off the Norwegian 

coast in rays of sunlight. Photo: 

Audun Rikardsen / UiT The Arctic 

University of Norway

Female polar bear with cub 

observed under the midnight 

sun on the west coast of 

Svalbard. Photo: Pierre Blévin / 

Akvaplan-niva 
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Marine top predators such as killer whales 
and polar bears are exposed to high levels 

and complex cocktails of man-made chemicals. 
These cocktails include both “old” pollutants, 
which have been banned or restricted by inter-
national regulations for years already, and “new” 
pollutants, currently in use and continuously 
being released, sometimes as a replacement for 
already banned substances. The old pollutants, 
mainly persistent organic pollutants (POPs), are 
still found at high levels in marine mammals, 
as they remain intact in the environment for 
decades. 

Both the old and many of the new pollutants are 
toxic and thus potentially harmful for marine 
mammals’ health. They may disturb hormone and 
metabolic systems and can also act as immune 
suppressors. These physiological alterations may 
impair an individual’s survival and reproduction 
and ultimately jeopardise the future of some pop-
ulations. For example, a recent study suggested 
that some killer whale populations are exposed to 
extremely high levels of polychlorinated biphe-
nyls, a group of chemicals belonging to the old 
POPs, which may lead to a population collapse 
through disruption of metabolic and immune 
functions.

Marine mammals are also exposed to additional 
stressors, including climate change, resource lim-
itations, habitat loss, and human activities along 
the coast. Multiple stressors can often interact in 
complex and unexpected ways, making it diffi-
cult to study their combined effects. To date, our 
understanding of pollutant responses in marine 

mammals remains poor, and there is a lack of 
knowledge on the consequences when animals 
must cope with several stressors at the same time. 
Killer whales in Norwegian waters are the target 
of an intense whale tourism, and are thus exposed 
to artificial underwater noise and physical distur-
bances. The rapid decline of sea ice in the Barents 
Sea has led to drastic changes in polar bear hab-
itat. Adverse health effects caused by pollutants, 
and potential stress related to climate change 
and tourism may thus interact, with possible 
combined effects associated with serious health 
consequences in these marine mammal species.

Gathering knowledge about effects of pollutants in 
marine mammals is very challenging due to logis-
tical and ethical constraints. Marine mammals are 
obviously inadmissible as experimental laboratory 
models. Most studies so far have tried to tackle the 
question with the correlative approach, where one 
investigates the relationships between tissue con-
centrations of pollutants and health parameters. 
But this approach is of limited value. In addition 
to usually being conducted on a restricted number 
of individuals, correlative studies do not provide 
any evidence for cause–effect relationships; nor do 
they allow us to decipher which cellular or physio-
logical mechanisms are involved. 

Over the last couple of years, several projects fi-
nanced by the Fram Centre Hazardous Substances 
Flagship Programme have allowed our research 
group to develop valuable alternative approaches 
to overcome these hurdles. These molecular and 
cellular tools have helped us to understand which 
pollutants have potential to modulate important 

 Waiting to collect a biopsy sample (a tiny piece of skin/fat) from killer whales.  

The implement used for this is an air gun. Photo: Deanna Marie Leonard / Institute of Marine Research
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physiological processes like metabolism in marine 
mammals, and how they might achieve those 
effects. For example, how can a mixture of POPs 
affect the accumulation of fat in polar bear cells or 
the expression of genes in killer whale skin cells?

NEW PROJECTS SLICE AND MARMA-DETOX

The Research Council of Norway recently awarded 
grants to two complementary research projects to 
deepen the knowledge on toxicological responses 
to multiple stressors in marine mammals. The 
project “SLICE – Moving from field studies to ex 
vivo models for understanding and predicting 
toxicological responses to multiple stressors in 
marine mammals” is headed by Pierre Blévin at 
Akvaplan-niva, and the project “Marma-detox: 
Whales and polar bear in a petri dish: decoding 
marine mammal toxicology through in vitro and 
in silico approaches” is headed by Anders Goksøyr 
at the University of Bergen. Both projects are 
being done in close collaboration with Heli Routti 
at the Norwegian Polar Institute, as well as other 
partners in Norway and abroad. 

In SLICE and Marma-detox, we will establish 
tissue and cell cultures from selected marine 
mammal species such as polar bear, killer whale, 
and fin whale, to study molecular and cellular 
responses to pollutants and stress in these ani-
mals under controlled, experimental conditions. 
In practical terms, we will expose cells and tiny 
fragments of fat tissue to pollutants and/or stress 
hormones (to mimic the hormonal response under 
stressful conditions like climate change or whale 
tourism for example). We will then assess their 

toxicological responses, including gene expression 
and lipid metabolism, with advanced bioinfor-
matic analyses. These are novel, cost effective and 
ethically sustainable approaches to test responses 
to pollutants and stress separately or simultane-
ously. These approaches are important steps for-
ward to deepen our understanding of responses to 
multiple stressors in marine mammals. In SLICE, 
we will also run traditional correlative studies 
on a large number of individuals of killer whales 
and polar bears to compare the results from both 
approaches, and examine to which degree the 
responses observed in the lab reflect correlative 
field studies. In Marma-detox, the genomes of the 
marine mammal species will be scrutinised for 
information on gene sets related to contaminant 
response and susceptibility.

As charismatic megafauna, polar bears and 
whales have a strong potential to raise environ-
mental awareness. We have now entered in the 
United Nations Ocean Decade and both projects 
will strive to communicate their findings to a large 
audience including the scientific community, 
the public and relevant stakeholders. Knowledge 
generated by the projects will also be relevant to 
update the current “data deficient” and “vulnera-
ble” conservation status of killer whales and polar 
bears in the International Union for Conservation 
of Nature’s Red List of Threatened Species.

SLICE and Marma-detox will run over the next 
four years and will involve an international re-
search consortium distributed across five coun-
tries, as well as including several post-doctoral 
researchers, PhD candidates, and MSc students. ■

RELEVANT PROJECTS 
FINANCED BY THE FRAM 
CENTRE HAZARDOUS 
SUBSTANCES FLAGSHIP 
PROGRAMME:

• Contaminant effects on 
energetics (led by Heli Routti 
/ Norwegian Polar Institute)

• Cellular responses to 
contaminant exposure in 
marine mammals from the 
Arctic (led by Heli Routti / 
Norwegian Polar Institute)

• Giants of the ocean – 
affected by anthropogenic 
pollutants? (led by Heli 
Routti / Norwegian Polar 
Institute)

• WhaleHealth – Contaminant 
levels and effects in killer 
(Orcinus orca) and humpback 
whales (Megaptera 
novaeangliae) present in 
Northern-Norway (led by 
Jenny Bytingsvik and Pierre 
Blévin / Akvaplan-niva)

A dart fired from helicopter immobilised this female polar bear. Scientists are now ready 

to collect a biopsy sample. Photo: Magnus Andersen / Norwegian Polar Institute

Once collected, the biopsy from the killer whale needs to be handled without 

delay. Each fragment will then be streamed to specific laboratory analyses. 

Photo: Emma Vogel / UiT The Arctic University of Norway

The fragment of killer whale tissue at the interface between skin and fat is used 

to establish cell cultures (the cells shown are fibroblasts). These cells will be 

further exposed to pollutants. Photo: Juni Bjørneset / Norwegian Polar Institute
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Researching white 
spaces on the map

Tomas Rolland // UiT The Arctic University of Norway

Thirty years ago, glaciers and ice caps were seen as sterile, 
lifeless areas – white spaces on the map. Now the melting of 
the ice masses is accelerating, and recent research shows 
that they play an important role in the global carbon budget. 
Understanding that role is an urgent research task. 

RESEARCH NOTES

The Waggonway glacier is one of many glaciers in Svalbard 

that have retreated markedly over the past century.  

Photo: Jørn Berger-Nyvoll / UiT The Arctic University of Norway
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About 10 percent of Earth’s land area is  
 covered by glaciers and ice sheets, and this 

ice accounts for almost 70 percent of all fresh wa-
ter on the planet. When rising temperatures cause 
the ice to melt, it creates obvious challenges such 
as rivers changing their course and flow patterns, 
more fresh water in the sea – and constantly rising 
sea levels.

To make matters worse, there has been little 
knowledge of what other consequences melting 
ice has for the globe’s climate and carbon cycle. 
The glaciers have often been seen as white holes 
on the map, which could be completely ignored in 
the global carbon budget.

“Thirty years ago, we thought glaciers were sterile 
environments where there was no life. We didn’t 
think they held large amounts of carbon and we 
knew little about the dynamic life of a glacier,” ex-
plains Jemma Wadham, glaciologist and professor 
at UiT The Arctic University of Norway.

“Now we know that isn’t true,” she says. “On 
the contrary: there are thick layers of deposits 
beneath the ice caps. In Antarctica, for example, 
those layers are several kilometres thick.”

These deposits are teeming with microbes and 
they store large amounts of carbon, including the 
potent greenhouse gas methane. What happens to 
all this when the ice melts? 

GREAT UNCERTAINTY

New discoveries like this create enormous un-
certainties, and there is an urgent need to obtain 
more knowledge. How much carbon is trapped 
under these ice caps? And in what form? Is it in 
the form of methane hydrates that become un-
stable when the ice thaws and retreats? And what 
happens when the ice recedes and exposes the 
ground below. How will that affect the emission of 
greenhouse gases?

Melting of ice obviously causes changes in the gla-
ciers, but it also has indirect effects on the carbon 
cycle. 

“When the glaciers melt, it changes the nutrient 
supply to the coastal sea,” Wadham explains, then 
asks, “How does that affect vulnerable ecosys-
tems and food production? How does it affect an 
ecosystem that humanity depends for resources 
we need?”

BRINGING TOGETHER THE BEST 
RESEARCHERS IN THE WORLD

Finding answers is urgent, and now UiT has 
received highly sought-after funding from the 
Research Council of Norway to bring together the 
world’s best researchers in the field.

In the autumn of 2022, UiT got the go-ahead 
to establish a Centre of Excellence that will be 
called iC3 – Centre for Ice, Cryosphere, Carbon 
and Climate. The Centres of Excellence receive 
long-term funding for up to ten years and iC3 will 
be led by Wadham and associate professor Monica 
Winsborrow. 

The status as a Centre of Excellence comes as a 
result of many years of research collaboration, 
and the centre will combine research competence 
from UiT, the Norwegian Polar Institute and other 
partners in Norway and internationally.

iC3 is tasked with filling a large knowledge gap in 
polar science, and doing that will require re-
searchers from many different disciplines. 

“You must have scientists who understand the 
melting of ice, scientists who understand biolog-
ical and chemical processes, scientists who work 
with sediments and the bedrock below, and you 
must have oceanographers with insight into ma-
rine processes,” Wadham explains.

With data collected from all these research disci-
plines, scientists can improve the climate models 
so they provide a better overall understanding 
of how the melting of the ice masses affects the 
carbon cycle.

RESEARCH NOTESRESEARCH NOTES

INFLUENCING INTERNATIONAL CLIMATE 
POLICY

Given the uncertainty related to how melting gla-
ciers and ice caps affect the global carbon budget, 
these effects are not included in the extensive re-
ports from the United Nations' Intergovernmental 
Panel on Climate Change (IPCC).

These reports are described as the most impor-
tant scientific basis for the design of international 
climate policy.

Wadham and other researchers have already 
contributed to the IPCC’s special report on oceans 
and the cryosphere. There, they have begun to 
look at how the melting of the ice will impact the 
carbon cycle, but because the data are sparse, the 
figures are uncertain and highly variable.

“We are very uncertain about how large the car-
bon emissions due to the melting of the ice may 
be. We assume that large amounts of methane 
hydrates are stored under the ice, but we don’t 
really know. The influence of the carbon cycle on 
marine ecosystems is also very uncertain. We can 
make assumptions based on the research we have 
already conducted, but we need to do more re-
search to reduce the uncertainty,” says Wadham.

TRAINING A NEW GENERATION OF POLAR 
RESEARCHERS

An important part of a long-term investment such 
as a Centre of Excellence is to smooth the way for 
future researchers.

“This is at the heart of iC3,” says Monica 
Winsborrow, who will lead the centre along 
with Wadham. “Our ambition is to cultivate and 
train a new generation of interdisciplinary polar 
researchers, who will work together to convey the 
importance of this research to politicians and the 
public, and get them engaged.”

iC3 – Centre for Ice, Cryosphere, Carbon and 
Climate will begin operating in 2023. ■

Professor Jemma Wadham (left) and associate professor Monica Winsborrow will jointly 

lead the research centre iC3. Photo: Tomas Rolland / UiT The Arctic University of Norway

Sea ice near Svalbard. Photo: 

Jørn Berger-Nyvoll / UiT The 

Arctic University of Norway
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The past predicts 
the future
Old data can take on new life when analysed 
using newer technologies. This article 
describes a prime example.

IN BRIEF

Jack Kohler, Emily Geyman and Harald Faste Aas // Norwegian Polar Institute

IN BRIEF IN BRIEF

Seaplane used in mapping work in Svalbard 

during the 1936 expedition. Photo: Bernhard 

Luncke / Norwegian Polar Institute

In 1936 and 1938, Norwegian expeditions 
used a seaplane equipped with a large-format 

camera to acquire high-resolution oblique aerial 
photographs covering nearly all of Svalbard, 
over 5500 images in total. The photographs were 
taken to make topographic maps of the region, 
using the then relatively new technique of aerial 
photogrammetry. Converting these photographs 
into maps started soon after their acquisition, but 
work was halted by World War II. Production re-
sumed after the war, but by the 1960s maps were 
being constructed using newer imagery, and the 
older photographs were set aside. Some have been 
used since then, but the entire collection had, 
until recently, remained largely unexploited.

Scientists at the Norwegian Polar Institute have 
now analysed the full 1936/1938 image archive, 
using modern photogrammetric techniques, to 
accurately map Svalbard’s historical glacier cover. 
Derived products include a digital elevation mod-
el, and an orthophoto, which is a virtual image 
from a birds-eye perspective, correctly placed in a 
modern reference frame. With these data in hand, 
it is possible to simulate what glaciers looked like 
in the 1930s, and compare them with modern 
images.

Zeiss camera mounted in seaplane’s tail. 

Photo: Bernhard Luncke / Norwegian Polar 

Institute



7574 FRAM FORUM 2023 FRAM FORUM 2023

In a paper published in Nature, data from this 
reconstruction are compared to modern eleva-
tion data to derive the spatial pattern of ice loss 
over a 70-year timespan. Between 1936 and 2010, 
Svalbard ice thickness has been reduced by an 
average of over 25 metres, or 0.35 metres per year, 
and glacier area has shrunk by almost 3000 km2, 
about 10% of its 1936 extent. This corresponds to 
1.6 mm of sea level rise, or 1.4% of the global mean 
sea level signal over that period.

Summer temperature provides the strongest con-
trol on glacier thinning. Both ice loss and temper-
ature generally decrease from south to north and 
from west to east across Svalbard, which allows 
a relation to be developed between temperature 
and elevation change. Applying this relation to 
future temperatures predicted for climate change 
scenarios yields an estimate of future ice loss. By 
2100, mean rates of glacier ice thickness change 
are predicted to range from  0.67 to  0.92 me-
tres of ice per year, depending on the scenario, 
roughly 2-4 times the average rate for 1936-2010. 
This will not only add to global sea level rise, but 
the glacier retreat and increased glacier runoff 
predicted will have significant local impact in the 
fjords around Svalbard. These new data provide 
a baseline for the historical glacier change in 
Svalbard, and allow an improved assessment of 
the future development of glacier cover. ■

FURTHER READING:

Geyman E, van Pelt W, Maloof A, Aas HF, Kohler 
J (2022) Historical record of glacier change on 
Svalbard predicts doubling of 21st century mass 
loss. Nature 601: 374–379. doi: 10.1038/s41586-
021-04314-4

Spatial pattern of ice loss (dZ) in metres of ice, over a 

70-year timespan. Data are obtained by subtracting the 

Norwegian Polar Institute’s modern digital elevation 

model (from about 2010) from the newly reconstructed 

1936/38 digital elevation model. Graph: Jack Kohler / 

Norwegian Polar Institute

Virtual oblique 

photographs of 

Blomstrandbreen, 

Kongsfjord in 1936 

and 2011. Source: 

Norwegian Polar 

Institute

Sequential oblique 

photographs covering 

Eidembreen and 

Venernbreen, south of 

St Jonsfjorden.  

Photos: Norwegian 

Polar Institute

IN BRIEF IN BRIEF
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Science and 
societal impact 
from the Nansen 
Legacy project

Paul Renaud and Trude Borch // Akvaplan-niva

Marit Reigstad // UiT The Arctic University of Norway

Rolf Rødven // Arctic Monitoring and Assessment Programme

Øyvind Rinaldo // Norwegian Coastal Administration

For decades, the impact of research was 
measured within the research discipline 
itself, often in terms of citations or how ideas 
presented advanced the field. Nowadays, 
researchers must increasingly plan for and 
document how the results of their work will be 
used – how they will contribute to society.

SCIENCE AND SOCIETY

How does new knowledge meet   
 stakeholder needs? How does it inform poli-

cy? How is it integrated into education and public 
outreach? These questions have become equally 
important when formulating research proposals, 
and when assessing project accomplishments. 
Indeed, the primary goal of the Fram Centre is to 
provide scientific results for management in the 
Arctic.

Working across the science–society interface is 
a well-acknowledged challenge. Just as it can be 
difficult to work outside of accepted scientific 

paradigms, the crossing of disciplinary and pro-
fessional boundaries can be impeded by distinct 
research cultures, processes and even language. 
Managers and educators are confronted with 
difficulties in knowing what questions to ask and 
to whom they should direct their questions, and 
there is not always an established mechanism for 
bringing forward policy-relevant questions from 
stakeholders to the scientific community at an 
early stage of a project. Researchers face challeng-
es of whether to trust that what they offer will be 
accepted, interpreted correctly, and not misused 
for political purposes. So how can scientists 

Early career scientist Alun Jones 

(Norwegian University of Science and 

Technology) and Minister of Climate and 

Environment, Espen Barth Eide at a Nansen 

Legacy side-event on science and policy at 

Arctic Frontiers 2022. Photo: Rudi Caeyers / 

UiT The Arctic University of Norway

deliver what is needed by other stakeholders in 
a format and language that makes it usable, and 
within a time frame and organisational structure 
that allows assistance with interpretation and 
follow up?

NANSEN LEGACY PROJECT DISSEMINATION

The Nansen Legacy is a large six-year interdis-
ciplinary research project studying the effects 
of climate change and other human impacts on 
the northern Barents Sea system and the nearby 
Arctic Ocean. More than 230 researchers from 
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Norwegian universities and research institutions 
are involved, including over 50 students, and the 
results are intended to inform resource man-
agement and policy in the region. Clearly, many 
stakeholders are interested in the outcomes, and 
the need for the project to deliver to society is 
magnified by the several hundred million NOK in 
public funding allocated. Strategies were devel-
oped in the planning phases and implemented to 
address the challenges of crossing the science–
society interface. Although delivering on these 
responsibilities it is still a work in progress, it is al-
ready underway due largely to tight coordination 
among researchers, stakeholders, and communi-
cation personnel from the partner institutions. 
Some institutions involved in the project have 
management-related or policy-advisory mandates. 
These facilitate direct use of results, for example 
improved weather, sea ice, and wave forecasts, 
improved models for management, and data that 
complement regular surveys in time and space or 
on various topics.

From the initiation of the Nansen Legacy, a 
Reference Group (RG) comprising environmental 
managers and policy makers at county, national, 
and international levels, as well as relevant indus-
try partners, has been embedded within the pro-
ject. The diverse needs of these stakeholders have 
been identified during recurring dialogue meet-
ings where knowledge needs as well as delivery 
formats have been discussed in detail and harmo-
nised with research plans. For example, the Arctic 
Monitoring and Assessment Programme (AMAP) 
applies Nansen Legacy science in its production of 
pan-Arctic scientific synthesis on climate change 
and contaminants. These assessments form the 
basis for policy recommendations to international 
regulatory bodies like the Stockholm convention 
on permanent organic pollutants, the Minamata 
convention on mercury, and the IPCC on climate 
change. 

SYNTHESISING SCIENCE

Navigating the nearly 140 publications already 
produced within the Nansen Legacy project and 
the equally large number still in the pipeline, 
would be challenging for most RG members. 
However, the different components of these 
results are valuable for the tasks or activities run 
by the RG members. Upon reviewing the stake-
holder needs and research themes, the Project 
Leader Team has established seven thematic 
Task Forces responsible for synthesising results 
and producing dissemination material from what 
has already been published, intended for both 
scientific and non-scientific stakeholders. Some 
specific products include data sets and fact sheets, 
short synthetic reviews and textbooks, scientific 
perspective articles and newspaper editorials. RG 
members are directly involved in workshops and 
webinars where results are presented and dissem-
ination materials are planned, assuring that they 
receive relevant and timely information in usable 
format. 

Safe and efficient navigation and an adequate 
preparedness against acute pollution are among 
the responsibilities of the Norwegian Coastal 

Reference Group members and Nansen Legacy scientists at an 

Arctic Frontiers side-event in 2020. Photo: Charlotte Stark /  

UiT The Arctic University of Norway

Safe operations in the Arctic are also important for field work 

in the Nansen Legacy project. Here Nansen Legacy scientists 

take part in safety training. Photo: Pernille Amdahl / Norwegian 

Meteorological Institute

Administration (NCA). Each sub-project in the 
Nansen Legacy is a small island of new and valua-
ble knowledge which, when synthesised into text-
books and articles, becomes valuable to stakehold-
ers like the NCA. Two examples are how climate 
change may affect sea-ice extent and navigability, 
or which species will become more vulnerable in 
the future. The former point is critical to ensure 
safe operations in the Arctic, the latter to design 
preparedness strategies against acute pollution. 

A LEGACY FOR SOCIETY

It is fair to presume that the science of the Nansen 
Legacy project will have many links with socie-
ty beyond the interactions with the project RG. 
Thousands of publicly available data sets will be 
produced and archived for use by researchers, 
risk-assessment modellers, and knowledge-synthe-
sis organisations like AMAP for decades to come. 
The utility of these data sets will far exceed that of 
most of the scientific articles and textbooks pro-
duced during the project. Such open-access data 
represent the democratisation of science such that 
anyone, anywhere, and at any time can access the 
knowledge gained in the project.

Early-career scientists at the 2022 Nansen Legacy annual meeting. 

Photo: Gudrun Sylte / University of Bergen
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Research vessel Kronprins Haakon leaves 

a trail as it breaks ice in the Barents Sea, 

March 2021. Nansen Legacy researchers 

conduct studies mapping and monitoring 

sea ice, investigating historical ice records, 

modelling ice movement and interactions 

with the atmosphere, and investigating how 

it impacts the ecosystem. These topics 

are of particular interest to Reference 

Group members and other stakeholders 

(including the Norwegian Coastal Authority, 

the Norwegian Petroleum Directorate, the 

Norwegian Environmental Agency, and 

the International Council for Exploration 

of the Seas). Photo: Sebastian Gerland / 

Norwegian Polar Institute

By training over 90 early-career researchers, the 
Nansen Legacy project contributes strongly to 
the next generation of Arctic ecosystem scientists 
for Norway and the world. This unprecedented 
inter- and multi-disciplinary training within such 
a large collaborative project will provide not only 
tomorrow’s researchers, but highly skilled indi-
viduals for industry and the public sector as well. 
Further, training within a culture of attentiveness 
to the needs of societal stakeholders can instil this 
perspective in young researchers.

Improved stewardship of our natural resourc-
es will certainly be one of the more important 
outcomes of this project. The new knowledge 
contributed to environmental managers and poli-
cy makers will benefit fisheries and the maritime 
sector, with add-on benefits for local communities 
connected to and reliant upon clean oceans and 
responsible resource use. Climate and ecosys-
tem projections will also inform development of 
adaptation strategies for communities reliant on 
changing resources.

ACHIEVING IMPACT

The Nansen Legacy project is one model for 
overcoming the challenges of bridging the 
 science– society gap. The large budget, the many 
partners with complementary mandates, and the 
long project duration allow dedicated scientists, 
communicators, and stakeholders to assure that 
knowledge is transferred or available to appro-
priate end-users. This is essential as the science 
community is increasingly required to demon-
strate the societal relevance of their research. 
Despite lack of academic tradition and often lim-
ited resources for research projects, the skills and 
culture of producing truly impactful science will 
need to evolve such that crossing the threshold to 
societal value becomes part of normal scientific 
processes. Not all science is directly useful on 
short time scales, but exposure to and discussions 
on stakeholder needs is an important first step to 
reach a goal of increased use of science for posi-
tive societal impact. ■
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Training ocean leaders 
for a blue/green future

Ellen Kathrine Bludd // UiT The Arctic University of Norway

As the global need for food, energy, and minerals 
increases, some are looking to the oceans 
to provide more. This highlights the need for 
sustainable use of our marine resources. A new 
master’s programme at UiT The Arctic University of 
Norway hopes to contribute.

SCIENCE AND SOCIETY

The new master’s programme Ocean 
Leadership is developing new ways to manage 

the ocean through an integrative approach. They 
aim to reach leaders in different ocean sectors 
to improve their abilities to lead transformations 
towards sustainability. 

“We are in a serious global crisis. We need to 
move towards a more sustainable way of living,” 
says Professor Fern Wickson. She is head of the 
new master’s programme at UiT.

“There are now demands for the ocean to deliver 
more food and energy,” she says, “but this cannot 

just be through more extractive industries. We 
must support the ocean so that it can continue to 
support people.” 

“We have to build knowledge, skills, and capacity 
to enable that transformation for the ocean to 
deliver more and in a sustainable way,” says Fern 
Wickson. 

This calls for all the various ocean-related sectors 
to collaborate and requires researchers to work 
across disciplines. 

Fern Wickson, head of the master’s 

programme Ocean Leadership. 

Photo: Fern Wickson

We may need to rely more on the resources 

in the ocean to enable a greener future.  

Photo: Ellen Kathrine Bludd / UiT The Arctic 

University of Norway
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PILOT STUDENTS 

A small pilot group of eleven people from the 
Nordic countries started the new programme in 
2022. According to the programme description, 
Ocean Leadership is a part-time experience-based 
master’s programme for professionals in marine 
or maritime sectors wanting to advance the blue/
green shift towards a sustainable future. 

The term blue/green shift refers to the world need-
ing to switch to more environmentally friendly 
solutions for energy and food, while allowing the 
ocean to solve some of these issues. For instance, 
producing food in the ocean can reduce CO2 emis-
sions, compared to producing the food on land.  

The programme runs part-time over three years. 
The first two years are focused on course work, 
with a combination of face-to-face sessions, 
digital discussion seminars, and online course 
modules for independent study. The third year is 
dedicated to the development of a master’s thesis 
on a topic of relevance to the participant’s work 
environment.

“All participants in the programme work full time 
in an ocean-related industry, marine or maritime, 
and have a leadership role. To be admitted to 
the programme, they must have five years’ work 
experience, and two years in leadership,” says 
Wickson.  

Most students are sponsored by their employers, 
which see the master’s programme as beneficial, 
and the teachers of the course strive to make it rel-
evant for the students’ professional environments. 

“We give them genuine ocean sustainability chal-
lenges that they must solve as a group. These chal-
lenges can be for instance aquaculture in exposed 
areas, wind power offshore in the Barents Sea, 
and shipping in the Arctic,” Wickson explains.  

So, how to teach such a diverse group of people 
and add an interdisciplinary approach? We’ll get 
to that in a bit. But first, let’s talk to the students.

Finn-Arne Egeness is Chief Analyst for Seafood 
at Nordea Bank. The bank finances the seafood 
industry, with more than NOK 40 billion in expo-
sure to seafood. It is the second largest seafood 
financing bank in the world.

I applied for this master’s programme for 
two reasons. Firstly, the economic activity in 
the ocean is increasing, which heightens the 
conflict between the industries operating there. 
It’s exciting to participate in enabling these to 
coexist. Secondly, it’s essential for all of us to 
learn more about sustainability.

Since I work primarily with seafood, I mainly 
view the sea from that angle. I hope to broaden 
the understanding of others who also harvest 
and make use of other ocean resources. In the 
programme I have learned about ocean govern-
ance, and how to steer the various stakeholders 
towards collaborating. 

Networking is as important as the study pro-
gramme itself. Meeting other players within 
the seafood industry and other sectors. It’s 
nice to have others to discuss things with in the 
future, and great to meet people from other 
countries. That adds a broader perspective to 
the discussions. 

It’s exciting but demanding to combine studies 
with work. In the long run, I think it will be 
worth it, even if it’s challenging in the short 
term.

Linnea Engström is Programme Director for 
the Marine Stewardship Council (MSC) in the 
Baltic Sea Region and Scandinavia. MSC stands 
behind the most used, most credible standard and 
 ecolabel for wild-caught seafood globally.

I applied for Ocean Leadership because I wanted 
to expand my views and my network, learn 
new things, and be inspired. In my field of 
expertise, you need to keep evolving and learn 
new things to be competitive and find new solu-
tions to sustainability challenges in our oceans.

I've gained many new insights into re-
search and different perspectives from the 
Scandinavian countries. I have deepened 
and consolidated my knowledge on things I 
knew before but now I can see them from new 
perspectives.

Finn-Arne Egeness. 

Photo: Marius Fiskum

Linnea Engström.  

Photo: Janne Danielsson

Nathaniel Matthews.  

Photo: Private

Nathaniel Matthews is a Lieutenant in the US 
Coast Guard, a branch of the US armed forces that 
works with maritime security, search and rescue, 
and law enforcement in a complex maritime envi-
ronment. It is the largest coast guard in the world. 

I applied to Ocean Leadership because I moved 
to Tromsø to immerse myself in a Norwegian 
perspective, as part of an exchange programme 
in the US Coast Guard. I initially thought Ocean 
Leadership was directed towards improving the 
personal leadership skills of the cohort in their 
work across different ocean sectors. I quickly 
realised I wasn’t thinking big enough. While 
personal leadership is certainly something 
we’ve discussed, the programme goals are 
directed towards systemic leadership to drive 
more sustainable use of the oceans. 

I hope to gain some methods with which to 
approach complex problems, those with many 
interdependent elements and no clear reso-
lution, only the possibility to improve on the 
condition. I have also really appreciated the 
leadership discussions with faculty and the 
rest of the cohort because it offers a structured 
space to unpack various approaches to working 
with other people in teams. 

Ocean Leadership is a wonderful cohort of fel-
low students and a great interdisciplinary slice 
of professors and speakers that have offered 
new perspectives on issues I’ve only thought 
about from the relatively narrow perspective of 
a military officer engaged in law enforcement 
at sea.
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Fern Wickson presenting her research during a “Symposium at Sea” aboard the vessel 

Ushuaia as part of the Homeward Bound Leadership programme for women in STEMM. 

Photo: Homeward Bound

TEACHING METHODS

Back to the teaching methods in Ocean Leadership. 
The course is focused on integrated ocean man-
agement, considering all stakeholders that use 
the ocean. The students are taught leadership in 
complex systems, and leadership for sustainabil-
ity. Leadership is the common theme recurring 
through all the subjects.

“We don’t aim to give them in-depth knowledge. 
Rather, we focus on giving them the ability to un-
derstand how the different sectors impact ocean 
sustainability collectively, scanning a breadth of 
knowledge, patterns, and connections,” says Fern 
Wickson. 

She explains that they use active and blended 
learning combined with peer-to-peer teaching.

“We build bridges so that the students start to 
understand and connect differently.” 

Wickson explains that different sectors are reg-
ulated separately. However, ocean sustainability 
requires management and leadership that looks at 
everything and takes it all into account.

“For sustainability we must see how all activities 
are affecting the ocean and manage these activ-
ities. We need transdisciplinary understanding 
and new forms of leadership to solve these issues,” 
says Fern Wickson. ■
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Plastic contamination in 
fulmars in the European 
Arctic over 25 years

Anyone who frequents Arctic waters soon becomes 
acquainted with the northern fulmar. These wide-
ranging birds seem to glide effortlessly along 
shorelines and vessels, with stiff-winged elegance. 
But their stomachs have a dark tale to tell.

RESEARCH NOTES

The northern fulmar Fulmarus glacialis – 
hereafter called fulmar – has been used for 

biomonitoring of plastic pollution in the North Sea 
region since 2002. It has higher loads of ingested 
plastic than other seabirds, because it feeds exclu-
sively at the sea surface where light-weight plastics 
float. Hard particles, such as plastics, accumulate 
in the gizzard, one of their stomachs. Fulmars 
have two stomach compartments, first the proven-
triculus and second, the gizzard, separated by a 
narrow constriction that prevents the bird from 
regurgitating the gizzard’s content. Therefore, 

when hard particles are too large to pass through 
to the intestine, they accumulate in the gizzard. 
There, they undergo a grinding process, until they 
are small enough to reach the intestine to eventu-
ally be egested.

In the North Sea, fulmars are well studied 
through monitoring programmes which mostly 
use adult fulmars that have been beached or 
caught accidentally during fishing activities. In 
the Arctic, in contrast, data are lacking, especially 
in the European Arctic (in contrast to the better 

France Collard, Felix Tulatz, Eirin Husabø, Stine C Benjaminsen, Rupert Krapp, 

Hallvard Strøm and Geir W Gabrielsen // Norwegian Polar Institute

Dorte Herzke and Mikael Harju // NILU – Norwegian Institute for Air Research

Claudia Halsband and Kjetil Sagerup // Akvaplan-niva

Arnaud Tarroux // Norwegian Institute of Nature Research

Jóhannis Danielsen // Faroe Marine Research Institute

Kate Anderssen // Nofima

Plastic found in one fulmar fledgling in Svalbard. Photo: France Collard / Norwegian Polar Institute
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studied Canadian Arctic). To make the fulmar a 
good bioindicator of plastic pollution also in the 
Atlantic sector, better data coverage is required. 
Through the PlastFul project, funded 2019-2021 
by the Arctic Plastic Research Programme of the 
Fram Centre, we provided new results focusing on 
several geographical areas: Bjørnøya, Spitsbergen 
and the Faroe Islands. In addition to a broad re-
gional approach, our sample sets cover a timeline 
of 25 years, from 1997 to 2021, and several age 
classes of the birds, representing different feeding 
strategies and extent of exposure to plastic. But 
what have we learned from these studies?

CHICKS FROM THE FAROE ISLANDS 

Adult fulmars do ingest plastic, but some chicks 
ingest even more than adults relative to their body 
weight. In 2020, nineteen out of twenty chicks 
sampled in Stóra Dímun had plastic in their stom-
ach, with an average of twelve pieces per bird. Not 
only were they contaminated with plastic, but also 
with plastic-related chemicals that may be harm-
ful. Both dechloranes and polybrominated diphe-
nyl ethers (PBDEs), used as flame retardants in a 
range of consumer products such as electronics 
or building materials, were detected in the livers 
of all birds. Although these flame retardants are 
banned or under restriction in many countries, 
our findings demonstrate that they are persistent 
in the environment and travel over long distances 
to remote ecosystems otherwise low in human 
populations and direct sources of pollution. The 
next challenge for the research community is to 
go beyond the quantification of plastic ingestion 
and determine the physiological impacts of uptake 
of associated pollutants. It is hardly conceivable 
that such contamination has no impact on fitness 
measures, either for the individual bird, or at the 
population level.

FLEDGLINGS FROM SVALBARD

What happens when the chicks leave the nests? 
In 2020 and 2021, fulmar fledglings were sam-
pled in Kongsfjorden, Svalbard, to try to answer 
that question. Plastic was found in 100% of the 
fledglings sampled, representing in total more 
than 1800 plastic pieces ingested by young birds, 
which is a surprising and dramatic result. Despite 
the remoteness of Svalbard, the fulmar fledglings 
there ingest a lot of plastic. Even though they 
had high loads of plastic in the stomachs, none 
was found in the intestines. During dissection we 
observed that a plastic thread had punctured one 
bird’s intestine wall, raising concerns about the 
mechanical impacts of plastic ingestion. The con-
tamination with harmful chemicals (phthalates, 
PBDE209 and UV stabilisers) was lower in these 
fledglings than in those from the Faroe Islands. 
This raises questions about the retention time of 
those particles in the stomach. Given the differ-
ence in the number of plastic fragments between 
the intestine and the stomach, we expect a long 
particle residence time in the gizzard – at least a 
couple months – allowing the pollutants to leach 
out from the plastic and be distributed in body 
fluids and tissues.

ADULTS FROM SVALBARD

Almost 25 years separate our two sample collec-
tions of adults in Kongsfjorden (1997-2020). One 
might expect a lower plastic occurrence from 
birds sampled in 1997 but our results proved 
otherwise. In 1997, an average of five plastic pieces 
were found, similarly to the four pieces ingest-
ed by our birds from 2020. This is considerably 
lower than for both chicks and fledglings, and 
can in part be explained by parental transfer. To 
feed their chicks, both parents regurgitate their 
proventriculus content and offload any ingested 
plastic along with their stomach oil. In addition, 
experienced adult fulmars are thought to select 
their prey more efficiently and to ingest less plas-
tic when feeding.

France Collard looking for fulmars 

in Kongsfjorden. Photo: Felix Tulatz / 

Norwegian Polar Institute

A group of fulmars resting in Kongsfjorden, 

with Tre Kroner in the background.  

Photo: Geir Wing Gabrielsen /  

Norwegian Polar Institute
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Now that we know more about the plastic burdens 
in fulmars from the European Arctic, what are the 
next challenges and priorities? We believe there is 
a need for a biomonitoring programme for plastic 
pollution in the Arctic, such as the one in place in 
the North Sea. However, in the European Arctic, 
it is far more challenging to collect beached 
fulmars as the beaches are remote and carcasses 
are quickly scavenged by predators such as the 
arctic fox and the polar bear. Currently, the most 
common way to investigate if and how much 
plastic is ingested is through dissection. But this 
requires the birds to be sacrificed. Is that really 
the only solution? We tackled the ethical dilemma 
of killing animals for science and developed alter-
native, non-lethal methods to detect the presence 
of plastic in birds. Two approaches were tested: 
the stomach flushing method and ultrasound 
scanning of birds with subsequent analysis of the 
images.

QUANTIFICATION OF INGESTED PLASTIC 
THROUGH STOMACH FLUSHING

Stomach flushing involves sending water down 
the bird’s oesophagus to make the animal regur-
gitate its stomach content. This is a stressful and 
unpleasant experience for the bird, with unknown 
impact on stress levels and associated negative 
effects, such as elevated mortality or reduced 
fitness. Besides, this method does not allow for 
the collection of the full stomach content in ful-
mars due to the constriction between their first 
and their second stomach. Our results support 
this assumption, as very few plastic pieces were 
retrieved from fulmars whose stomachs were 
flushed in Bjørnøya in 2018. In the perspective of 
biomonitoring, this technique should be avoided, 
and a less invasive, more reliable detection proto-
col should be developed.

INNOVATIVE DETECTION OF PLASTIC 
THROUGH IMAGING TECHNOLOGIES

One of the biggest challenges in determining the 
extent and effect of plastic ingestion in marine 
wildlife is its detection. Killing is unethical and 
limits the number of animals that can be used 
for research. It is even more controversial if the 
species of interest is endangered. In our PlastFul 

project we tested three scanning methods for 
plastic detection to help prevent the waste of 
animal lives for plastic pollution research: nu-
clear magnetic resonance (NMR), its specialised 
application magnetic resonance imaging (MRI), 
and ultrasound scanning. The ultrasound testing 
is still in progress but both NMR and MRI imag-
ing were tested, with interesting outcomes. NMR 
measurements of isolated plastic could discrim-
inate between two different plastic polymers, 
while MRI scanning on fulmar stomachs stuffed 
with plastic gave direct and indirect visual evi-
dence that allowed us to trace the contours of two 
different pieces of plastic. Therefore, MRI appears 
to be a promising, non-invasive technology for 
detecting plastic ingestion in seabirds, but also in 
any animal large enough to be scanned. The in-
struments used in this study could be adapted to 
become portable for practical use in the field. This 
would open a whole new area of plastic pollution 
research and monitoring, and could potentially 
save many lives. ■

France Collard and Geir Wing Gabrielsen 

sampling blood from a fulmar fledgling.  

Photo: Felix Tulatz /  

Norwegian Polar Institute

A fulmar resting in Kongsfjorden.  

Photo: Geir Wing Gabrielsen / 

Norwegian Polar Institute

THE NORTHERN FULMAR  
Fulmarus glacialis

• This seabird species can live up to 60 
years and becomes sexually mature 
around 8 years old.

• Fulmars have a gland in their nose 
that excretes a saline solution to help 
desalinate their body.

• Fulmars are monogamous and mate for 
life. They also usually return every year 
to the same nest site.

• Fulmars produce a stomach oil, which is 
stored in an “oil tank” above the gizzard. 
This oily substance is used both as 
defence against predators and to feed 
their chick.

• The fulmar is the only vertebrate used 
so far as a bioindicator of plastic 
pollution.
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Ingestion of car tyre 
rubber by lumpfish 
increases exposure 
to toxins

Fanny Hägg and Claudia Halsband // Akvaplan-niva

Dorte Herzke and Vladimir Nikiforov // NILU – Norwegian Institute for Air Research

Andy Booth // SINTEF Ocean

Sophie Bourgeon // UiT The Arctic University of Norway

Crumb rubber made from end of life car tyres is a common 
waste product in urban societies and a nuisance for the 
parents of football players, whose children bring particles 
home in their clothing and shoes. It can also end up in seas 
and oceans. What happens if marine animals mistake crumb 
rubber for food?

Crumb rubber is produced from old  vehicle  
 tyres and contains a complex mixture of 

chemical additives and residual production 
chemicals. The re-use of car tyre rubber as crumb 
rubber granulate on artificial sports fields entails 
the loss of millimetre-sized particles to the sur-
rounding environment. Demands for cheap infill 
materials have increased the use of crumb rubber 
in artificial surfaces such as playgrounds and 
football fields. Loss of crumb rubber from football 
fields happens mainly through removal of snow, at 
least in Scandinavian countries, but it also escapes 

RESEARCH NOTES

in players' clothing and shoes, as well as wind and 
water runoff from the pitches. Removed snow is 
sometimes dumped into the ocean, potentially a 
direct pathway for crumb rubber to the marine 
environment. This makes crumb rubber particles 
an important source of marine microplastics. As 
tyre-derived particles and chemicals are harmful 
to various aquatic organisms, it is important to 
evaluate the exposure of marine organisms to 
crumb rubber and understand the associated risks 
to animal health. Crumb rubber highlights truck tracks outside a football field in Tromsø. Crumb rubber escapes from the turf 

through snow removal and rain/meltwater runoff. Particles can be transported by streams and municipal 

drainage systems, ultimately reaching the marine environment. Photo: Fanny Hägg / Akvaplan-niva

Fanny Hägg and Dr Vladimir Nikiforov discuss the analysis of anti-degradant mixture at NILU’s labs in Tromsø. 

Photo: Unni Mette Nordang / NILU – Norwegian Institute for Air Research
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In this context, the Fram Centre-funded project 
RubberTox investigated whether lumpfish ingest 
crumb rubber when exposed to the material 
through food. We further investigated the con-
sequences of this ingestion. In her MSc thesis at 
UiT The Arctic University of Norway, Fanny Hägg 
studied how long ingested crumb rubber particles 
stay in the gastrointestinal tract of lumpfish, and 
whether the ingested rubber releases tyre-related 
organic chemicals into the tissues of exposed fish. 
An exposure experiment was conducted in early 
autumn of 2020 at the Akvaplan-niva R&D station 
(FISK) outside Tromsø, Norway. A group of 180 
lumpfish were distributed across six tanks; 90 fish 
were exposed to 1-3 mm sized crumb rubber add-
ed to the tanks together with food for one week. 
Another 90 lumpfish that did not receive crumb 
rubber served as controls. Then, the fish were 
fed regular food without rubber for another two 

weeks. Three fish were taken randomly from each 
tank and sacrificed on ten selected sampling days 
throughout the three-week experiment. Fish intes-
tines were visually examined for ingested crumb 
rubber particles, then dissected, and rubber 
particles were counted. Blood samples were taken 
for analysis of organic chemicals at NILU’s lab 
in the Fram Centre by gas chromatography and 
mass spectrometry (GC-MS). Fanny was especially 
interested in a compound called 6PPD (N-(1,3-
dimethylbutyl)-N′-phenyl-p-phenylenediamine), a 
chemical antioxidant used in tyre manufacturing 
that transforms in the environment into a de-
rivative known as 6PPD-quinone. The latter has 
been shown to be lethally toxic to coho salmon 
(Oncorhynchus kisutch) and hence, addressing 
concerns about the potential toxicity of 6PPD and 
6PPD-quinone to other aquatic organisms was one 
of the goals in the RubberTox project.

RESEARCH NOTESRESEARCH NOTES

Number of ingested crumb rubber particles found in the gastrointestinal tract of exposed lumpfish 

over the three-week experiment. Exposure was from days 1 to 6 (left of the dashed blue line).

LUMPFISH  

The lumpfish (Cyclopterus lumpus) is a semi-
pelagic cold-water fish found in northern 
and Arctic oceans. Lumpfish reside in both 
coastal and open waters and they use their 
suction disc to attach to substrates. They 
spawn in rocky coastal regions where the 
female lays eggs on stones. Male lumpfish 
stay behind and nurse and guard the 
developing eggs. They are described as 
opportunistic feeders, foraging on what 
is available. Lumpfish is a commercially 
important species in the aquaculture 
industry, where they are used as cleaner fish, 
as they eat parasitic salmon lice. Lumpfish 
roe is also valued in food markets. 

The gastrointestinal tract of an exposed lumpfish. Ingested 

crumb rubber fragments are visible through the intestinal walls. 

Photo: Fanny Hägg / Akvaplan-niva
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PROJECT  

The project “Sublethal toxicity effects 
of car tyre rubber on lumpsucker and 
shrimps” (RubberTox) was funded by the 
Fram Centre flagship Contaminants. 
This project was led by Dr Claudia 
Halsband from Akvaplan-niva Tromsø in 
collaboration with Drs Dorte Herzke and 
Vladimir Nikiforov from NILU Tromsø and 
Drs Andy M Booth, Lisbet Sørensen, and 
Mari Engenes Creese from SINTEF Ocean 
Trondheim, with support from the staff 
at the Akvaplan-niva R&D station FISK. 
The RubberTox project supported Fanny 
Hägg’s master dissertation under the 
supervision of all project participants and 
Sophie Bourgeon (UiT). The collaboration 
between the three Fram institutions 
also included the opportunity for Fanny 
to travel to SINTEF Ocean in Trondheim 
for a month and work on shrimp in 
December 2021. For outreach purposes, 
the lumpfish feeding study was featured 
in a German TV documentary about more 
sustainability in European soccer  
(planet e, ZDF, Germany).

The results showed that most of the exposed 
lumpfish ingested crumb rubber. A continuous 
increase in the number of rubber particles found 
in fish guts indicated that the ingestion was more 
rapid than the excretion, illustrated by a peak on 
day 8, the day following the one-week exposure 
period. Crumb rubber was found in fish intestines 
from the first day of the experiment, showing that 
the lumpfish did not avoid the rubber and thus 
did not discriminate against non-edible particles. 
After a two-week cleansing period in clean water 
on a rubber-free diet, rubber particles were still 
found in some of the guts. There was, however, a 
wide variation in the number of particles ingested 
per fish: some lumpfish had eaten more than 80 
rubber particles each, while other individuals had 
no rubber in their gut. Although some fish may 
have accumulated rubber particles over time, oth-
ers may have evacuated the rubber in their faeces, 

while yet others may have rejected the rubber as 
food altogether. What drives such individual dif-
ferences in behaviour needs further investigation.

The chemical analysis of the blood samples 
showed uptake of tyre-derived chemicals in 
exposed lumpfish. Six chemicals, including 6PPD, 
were detected in significantly higher concentra-
tions in blood from exposed fish compared to 
non-exposed controls. The transformation prod-
uct 6PPD-quinone was not detected. The concen-
trations of the detected chemicals were elevated 
in the blood of exposed lumpfish after the expo-
sure on day 7 but decreased during the cleansing 
period until the experiment ended on day 21. This 
indicates that these chemicals do not accumulate 
in blood and are metabolised or transferred to 
other organs quite quickly. Two of these chemi-
cals were identified as ditolylphenylenediamine, 

Production of the documentary “planet e – sustainable soccer” 

for German television. Photos: Fanny Hägg / Akvaplan-niva (left) 

and Kristine Hopland Sperre / Akvaplan-niva (right)

Crumb rubber collected from the gastrointestinal tract of a single lumpfish. 

These 54 particles illustrate the wide variation of shape and size.  

Photo: Fanny Hägg / Akvaplan-niva

C20H20N2 and tolylphenylphenylenediamine, 
C19H18N2, which are known constituents of an-
ti-degradant mixtures used in tyre production. In 
fact, the same chemicals were found in a positive 
control of the commercially available mixture 
Vulcanox-3100. A positive correlation was found 
between the number of crumb rubber particles 
recorded in the fish guts and the concentration 
of rubber-derived chemicals in the blood. These 
results demonstrate that ingestion of particles is 
an important pathway in the uptake of chemical 
additives from anthropogenic sources by aquatic 
organisms. Organisms that are opportunistic or 
non-selective in their feeding behaviour are at 
increased risk of exposure to chemical additives. 
More research is needed to elucidate the toxicity 
of these substances and possible negative effects 
on the health and fitness of ingesting animals. ■
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For the first time we can 
measure Arctic sea ice 
thickness all year round

Elisabet Aaraas // UiT The Arctic University of Norway

Using satellites, we are now able to measure the thickness 
of Arctic sea ice – also in the summer. This is crucial for 
both shipping in the Arctic and future weather and climate 
forecasts. The solution was developed by an international 
team, led by researchers at universities in Tromsø and Bristol.

“The Arctic ice is melting faster than ever. 
We need knowledge about the thickness 

of the sea ice, both to reduce safety risks for 
businesses and shipping in the Arctic, but also to 
make forecasts for the future climate,” says team 
leader Jack Landy at the Department of Physics 
and Technology at UiT The Arctic University 
of Norway, who began the work while at the 
University of Bristol.

The research team has developed the first dataset 
showing the thickness of sea ice across the entire 
Arctic and through a whole year. The results were 
published in the journal Nature in September 2022.

IN BRIEF

SATELLITES ARE DAZZLED BY  
THE MELTING ICE

Satellites have been used to measure the thickness 
of ice in the Arctic since the 1980s. But the tech-
nique has only worked in winter, from October to 
March, when the ice and snow are cold and dry. 

“In the summer months the satellites are dazzled 
by ponds of snow and ice meltwater that pool on 
the sea ice surface. Then they have been unable to 
distinguish between melting ice and water,” says 
Landy.

Measuring the thickness of 

sea ice in the Arctic. Photo: 

Christian Zoelly / Norwegian 

Polar Institute

Polona Itkin and Jack Landy 

from UiT deploying a sea ice 

mass balance buoy in the Arctic 

to record ice thickness. Photo: 

Christian Zoelly / Norwegian 

Polar Institute
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To solve the problem, the researchers adopted 
Artificial Intelligence (AI) and examined previous 
data from the satellites. Now they know when 
the satellites register ice and when they register 
ocean. 

In addition, the team has constructed a new com-
puter model of the satellite sensor, to make sure 
it is correctly measuring both the thickness of the 
ice and how far up it floats over the sea surface. 

This is good news for the shipping industry. 

SAFER TO SAIL IN ARCTIC WATERS

Shipping in the Arctic has increased rapidly in re-
cent years, because of the ice melting. Particularly 
in the Barents Sea and close to Svalbard, shipping 
activity is high during summer. To sail safely, 
navigators need information about where there is 
ice and how thick it is, in advance.

The Norwegian Meteorological Institute provides 
sea ice forecasts for the Arctic but has lacked relia-
ble data on ice thickness in the summer months. 

“Using the new satellite data, we are finally able 
to make sea ice forecasts informed by the ice 
thickness, not only for the winter, but also for the 
summer. This will reduce safety risks for ships and 
fishing boats,” says Landy. 

“We can also predict whether there will be ice or 
not at a given location in September, by measuring 
the ice thickness in May,” he says. 

INCREASED UNDERSTANDING OF THE 
CLIMATE

According to Associate Professor Dr Michel 
Tsamados from University College London, the 
findings are also of great importance for our un-
derstanding of both weather and climate. 

He is one of the researchers behind the study and 
explains that use of the new data in climate mod-
els can give us better forecasts.

“When we use the new ice thickness data in 
advanced climate models, it will improve both our 
short-term forecasts for the weather at the mid-lat-
itudes and the long-term forecasts that show what 
climate we will have in the future,” he says. ■

FURTHER READING:

Landy JC, Dawson GJ, Tsamados M, Bushuk M, 
Stroeve JC, Howsell SEL, Krumpen T, Babb DG, 
Komarov AS, Heorton HDBS, Belter HJ, Aksenov 
Y (2022) A year-round satellite sea-ice thickness 
record from CryoSat-2. Nature 609: 517-522, 
https://www.nature.com/articles/s41586-022-
05058-5

See also the Norwegian Meteorological 
Institute’s sea ice forecasts at https://cryo.met.
no/en/short-range-sea-ice-forecasts

Melting sea ice in the Arctic photographed from the  

Alfred Wegener Institute’s airborne sea-ice survey 

IceBird. Photo: Esther Horvath / Alfred Wegener 

Institute

Melt ponds on Arctic sea ice 

photographed during the 

Alfred Wegener Institute's 

airborne sea ice monitoring 

program called IceBird. 

Photo: Esther Horvath / 

Alfred Wegener Institute
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Five decades of terrestrial 
research in Ny-Ålesund, 
Svalbard

Åshild Ø Pedersen, Jesper Mosbacher, Eva Fuglei, Ingrid Paulsen and Virve Ravolainen // Norwegian Polar Institute

For over 50 years, research has been conducted in Ny-Ålesund 
to understand High Arctic ecosystems and their responses to 
environmental change. A “hot-spot” for long-term research and 
monitoring, Ny-Ålesund has been instrumental in documenting, 
understanding, and predicting anthropogenic impacts on 
ecosystems.

RETROSPECTIVE

Terrestrial, freshwater, glacial and marine 
ecosystems are accessible year-round from 

Ny-Ålesund, providing unique opportunities for 
interdisciplinary observational and experimental 
studies in a High Arctic environment. Recently, re-
searchers from the Ny-Ålesund Terrestrial Ecology 
Flagship programme reviewed and summarised 
the last fifty years of terrestrial and freshwater 
research to guide future efforts.

NY-ÅLESUND — A HOT SPOT

Compared to other Arctic ecosystems, the 
Svalbard archipelago has a relatively simple, spe-
cies-poor food web. However, at Brøggerhalvøya 
where Ny-Ålesund is situated, the physical 
proximity and coupling between the terrestri-
al, marine, glacial, and freshwater ecosystems 
result in a unique location with considerable 
environmental heterogeneity and biodiversity for 
a latitude of 79°N. With year-round access to state-
of-the-art infrastructure and an environment with 

large physical, chemical, hydrological, climatic, 
and ecological gradients, the Ny-Ålesund research 
station and its encompassing ecosystems is a 
“hot spot” location in the high north for natural 
sciences. Due to this, Ny-Ålesund, despite being 
the northernmost research station in the world, 
has some of the longest time series in the Arctic, 
with more than five decades of long-term research 
and monitoring.

On Brøggerhalvøya, approximately 20% of the 
land area is vegetated, hosting a range of High 
Arctic plant communities typified by bryophytes, 
lichens, dwarf shrubs, forbs, and graminoids. The 
peninsula also harbours a high-latitude terrestrial 
vertebrate community, with only three wide-
spread resident vertebrates, namely the Svalbard 
reindeer, the Svalbard rock ptarmigan, and the 
arctic fox. Voles and lemmings, which charac-
terise many other Arctic food webs, are absent. 
During spring and early summer, considerable 
numbers of migratory birds arrive (ducks, geese, 

seabirds, snow buntings, and shorebirds), which 
breed in tundra and freshwater habitats, on shore-
lines, and on bird cliffs. Polar bears are also occa-
sionally present on land where they increasingly 
appear to forage on eider duck and goose eggs in 
the terrestrial ecosystem. 

RAPID ENVIRONMENTAL CHANGES

Brøggerhalvøya is in the middle of the ongoing 
climate changes with some of the highest doc-
umented temperature increases on Earth over 
the last decades. The adjacent Kongsfjorden is 
undergoing rapid changes, with Atlantification 
of warmer waters and associated impacts of the 
marine ecosystem. 

Annual air temperature and precipitation, espe-
cially rain, have significantly increased the past 
decades, but with large variation across seasons. 
Of particular significance are rain-on-snow events, 
associated with extreme warm spells in winter, 

which increased markedly in frequency around 
the turn of the millennium. Winter rain now 
occurs annually, compared with every three or 
four years previously, and impacts both plants 
and animals. Glacial retreat on the peninsula and 
in Kongsfjorden has been extensive in recent dec-
ades, resulting in the exposure of new ground for 
weathering and colonisation processes, providing 
a focus for multi-decadal research into plant and 
soil microbial community succession. Similarly, 
the timing of spring snowmelt has advanced, and 
the active layer of the underlying permafrost is 
warming and deepening. Hydrological cycles 
have also undergone radical changes, with new 
patterns emerging in the storage and distribu-
tion of water resources. Importantly, many of 
these changes can be partly linked to the marine 
fjord system, where sea-ice extent and duration 
have substantially declined. At this outpost on 
Svalbard’s northwest coast, the effects of increas-
ing temperatures are also evident and visible in 
the food webs.

Ny-Ålesund is a “hot-spot” for long-term research and has been instrumental 

in documenting, understanding, and predicting impacts on ecosystems from 

human perturbations. Photo: Jesper Mosbacher / Norwegian Polar Institute
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NY-ÅLESUND – NATURE’S OWN LABORATORY

The review focuses on current knowledge of biodi-
versity patterns, species population dynamics and 
interactions, ecosystem processes, biogeochem-
ical cycles, and anthropogenic impacts. A broad 
cross-section of the terrestrial and freshwater 
research and monitoring undertaken in the area 
is under study, and authors highlight and identify 
key knowledge gaps and future research priorities 
that this unique location is especially suited to 
address. Below we give a couple of examples to 
illustrate.

The main authors of this article led the 

recent implementation of COAT research 

infrastructure at Brøggerhalvøya. This 

large-scale effort facilitates and develops 

the ongoing and newly established 

long-term monitoring of the terrestrial 

ecosystem. Stuphallet (above) is one of 

the vegetation monitoring sites, where 

Norwegian Polar Institute researchers Virve 

Ravolainen and Jesper Mosbacher have 

established exclosures, camera traps, and 

plots to study plant–herbivore interactions. 

Top: Herbivore exclosures differentially 

exclude the effect of goose and reindeer 

grazing on moss tundra and heath 

communities. Top left: This drone will 

capture images to study vegetation 

changes at landscape scale. Photos: Jesper 

Mosbacher / Norwegian Polar Institute

Invertebrates – including insects – are 

one important functional group on which 

numerous short-term studies have 

been undertaken at Ny-Ålesund. For 

example, insect traps have been deployed 

during campaigns. However, long-term 

invertebrate monitoring is still lacking. 

Photos: Anna Filipova / New York Times 

(middle left) and Jesper Mosbacher / 

Norwegian Polar Institute (bottom left)

ECOSYSTEM-BASED MONITORING

Many of the most extensive times series 
from the tundra ecosystem in Svalbard are 
based on research conducted at or from the 
Ny-Ålesund research base. Presently, the 
Climate-ecological Observatory for Arctic 
Tundra (COAT; www.coat.no), driven by the 
Norwegian Polar Institute and at the core of 
Svalbard Integrated Arctic Earth Observing 
System (SIOS; https://sios-svalbard.org/), 
is offering a scientifically based platform 
for integrated monitoring of the terrestrial 
ecosystem through massive investment in 
research infrastructure the past 5-6 years. 
COAT builds on the long-term monitoring of 
a variety of institutions, and integrates old 
and newly established time series, in an 
adaptive ecosystem-based monitoring of 
the terrestrial ecosystems. This scientific 
platform gives a unique opportunity to build 
on and integrate other existing and new data 
series aiming at understanding the complex 
impacts of seasonal climate changes on 
High Arctic ecosystems.

See Pedersen et al. 2022 (Appendix 1) for an 
overview of existing monitoring time series.

Top photo – Bjørn Frantzen, middle two photos – 

Tore Nordstad, bottom photo – Anders Skoglund, 

all at the Norwegian Polar Institute

The reintroduction of Svalbard reindeer and the 
colonisation by barnacle geese in the late 1970s 
and early 1980s, respectively, have been the domi-
nant drivers of change in the abundance of terres-
trial vertebrates and vegetation communities on 
Brøggerhalvøya. For instance, in late autumn 1993, 
an extreme rain-on-snow event on Brøggerhalvøya 
was a major contributor to the largest known 
Svalbard reindeer population crash, with the 
population declining from 360 to 78 individuals. 
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The inaccessibility of forage due to over-icing, 
amplified by an overabundance of reindeer, also 
triggered a substantial dispersal event, most likely 
across sea ice, and the subsequent establishment 
of new reindeer populations on coastal plains 
south of Brøggerhalvøya. The rain-on-snow event 
increased the number of reindeer carcasses, thus 
providing more winter food for arctic foxes; this 
resulted in abrupt increases in fox abundance 
(monitored since early 1990s). This increase had 
knock-down effects on the local barnacle goose 
population. Moreover, climate-driven changes in 
important life history traits for the barnacle goose 
may also have cumulative impacts on population 
trajectories. For instance, density-dependent 
mechanisms suppress overwintering survival 
which, along with predation of goslings by arctic 
foxes and polar bears, restrict population growth 
in the area. Later, rain-on-snow events have 
also led to changes in reindeer diet and behav-
iour such as increased reliance on marine food 
resources (e.g. marine kelp and seaweed), and the 
use of steep mountainous grazing grounds.

These examples illustrate that species-level char-
acteristics and responses are relatively well under-
stood for key vertebrates, but there are still major 
knowledge gaps for microbes, invertebrates and 
ecosystem-level processes. Our review highlights 
the role that research and long-term monitoring 
have played in unravelling the complexities of 
ecosystem responses to climate change and other 
environmental perturbations and, more broadly, 
contribute to the understanding of the struc-
ture and functioning of High Arctic terrestrial 
ecosystems.

LONG-TERM MONITORING

Researchers from many countries come to the 
Ny-Ålesund research station to study how en-
vironmental changes affect Arctic ecosystems. 
Frequently, these changes result in multiple 
stressors on the ecosystem, including climate 
change, disturbance, non-native species, and 
pollution. Pollution is increasing in Ny-Ålesund 
and the rest of the Arctic, arriving via wind and 
ocean currents from industrialised areas further 
south. Several studies on which the researchers 
base their analyses are part of short and long time 
series going back several decades; these are also 
described and summarised in the review article. 
These time series have great potential when the 
research community suggests developing current 
monitoring efforts at Ny-Ålesund into a long-term 
ecosystem-based monitoring programme, includ-
ing focal components of the terrestrial ecosystem.
Our review article highlights several current 
knowledge gaps and makes the following recom-
mendations: 1) build and expand the current long-
term monitoring and establish new data series to 
close key knowledge gaps and become a fully eco-
system-based monitoring programme, 2) gain and 
improve mechanistic understanding of environ-
mental change impacts on processes and linkages 
in food webs, 3) identify trophic interactions and 
cascades across ecosystems, and 4) accumulate 
long-term data on microbial, invertebrate, and 
freshwater communities, functional groups for 
which such data are currently lacking.

NY-ÅLESUND TODAY

Ny-Ålesund was originally established 
as a Norwegian coal mining settlement, 
operated by Kings Bay Kull Company AS 
from 1916 to 1962. Mining operations 
ceased after a major accident in 1962, 
and regular scientific observations 
began in 1967. Today, Ny-Ålesund is one 
of the northernmost research stations 
in the world, with world-class research 
facilities, and year-round access. The 
research base has developed into a hub 
for international polar research, with 
more than 20 institutions from more 
than 15 countries currently engaged 
in research and long-term monitoring 
programmes. 

Due to the history of Ny-Ålesund, most 
of its buildings are protected as cultural 
heritage. These buildings constitute the 
largest collection of protected buildings 
in Svalbard. The Kings Bay Company 
still owns the land and most of the 
buildings in Ny-Ålesund, and nowadays 
provides services for research activity. 
The Norwegian Polar Institute is a 
directorate under the Ministry of Climate 
and Environment and performs Norway’s 
host role in Ny-Ålesund. This includes 
responsibilities for implementation and 
follow-up of the research strategy. The 
Polar Institute is the point of contact 
for scientific research and associated 
activities, and has the overall on-site 
responsibility for ensuring coordination. 
Research at Ny-Ålesund is focused on the 
natural sciences within the framework of 
the Svalbard Environmental Protection 
Act (www.lovdata.no) and the Ny-Ålesund 
Research Station Strategy (The Research 
Council of Norway 2019).

On Brøggerhalvøya, the Svalbard reindeer 

has been monitored since its reintroduction 

in 1978. Mild weather has resulted in 

ice-covered pastures and subsequent 

population crashes, and the vegetation 

has been heavily modified since 1978. At 

present, the population has stabilised at 

a lower density on the peninsula. Photo: 

Ronny Aanes / Norwegian Polar Institute

These efforts require multi-disciplinary research 
approaches like those that characterise the four 
Ny-Ålesund flagship programmes and the adaptive 
ecosystem-based ecological monitoring approach 
of COAT (www.coat.no).

THE FUTURE

While many separate ecosystem components 
have been studied and monitored in Ny-Ålesund 
over the past five decades, they have hitherto not 
been combined in a holistic, integrated, ecosys-
tem-based monitoring effort. Individual research 
projects have often been short-term and/or 
taxon-specific, with limited focus on how differ-
ent trophic levels are interlinked or potentially 
differentially impacted by climate change. The 
review strongly recommends that the interna-
tional research community at Ny-Ålesund more 
effectively harmonises its studies to achieve a fully 
integrated ecosystem monitoring effort, building 
on currently available datasets, time series and 
infrastructures, and align with international calls 
for ecosystem-based monitoring in the Arctic. ■

FURTHER READING:

Pedersen et al (2022) Five decades of terrestrial 
and freshwater research at Ny-Ålesund, 
Svalbard. https://polarresearch.net/index.php/
polar/article/view/6310
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Her first trip to Svalbard was in 1996 as a 
newly qualified biologist and environmental 
manager. She was studying Arctic biology on the 
archipelago, at a time when climate change was 
really beginning to accelerate and be noticed 
in the environment. She remembers the winter 
as having a mild and rainy spell. The tundra was 
covered in ice and there were reports of high 
mortality rates among reindeer because the ice 
prevented them from grazing. 

In 2012, Åshild Pedersen started working with 
reindeer for the Norwegian Polar Institute. Since 
then, the changes in nature have been noticeable 
– and extreme. In areas around Ny-Ålesund, 
on the west coast, the reindeer researcher has 
experienced record amounts of snow, ice-
covered tundra, wetter summers with rainfall 
like what falls in mainland Norway, and extreme 
glacial melting. Rivers that used to be easy to 
cross have now become a challenge.

“This extreme weather is a challenge not only for 
the animals and plants in the ecosystems, but 
also for us when we try to study them,” she says.

Åshild Pedersen had an unpleasant encounter 
with the onset of climate change on Svalbard 
when she first started counting Svalbard 
reindeer on Brøggerhalvøya and at Sarsøyra and 
Kaffiøyra in Forlandssundet. The winter of 2012 
was also characterised by mild weather, and 
travelling across the ice-covered tundra was 
a challenge. The researchers had to resort to 
snowmobiles with extra studs on their tracks, 
and use crampons around camp.

Two years later, the Norwegian Polar Institute 
started its reindeer tagging programme. By this 
time, it was no longer possible to reach all the 
localities because the glaciers had changed and 
could no longer be crossed. In addition, no sea 
ice formed on the bays, making them equally 
impassable.

Since then, even more challenges have arisen 
related to safe travel in the field. Glaciers are 
retreating or melting, creating new formations 
and cracks. Rivers can be in full flow in the 
middle of winter, and spring snow melt starts 
earlier. 

These major changes in nature have affected 
data collection, forcing researchers to adopt 
alternative solutions. 

“The winter reindeer counts on the peninsulas 
in Forlandssundet have been cancelled and 
replaced with counts in late summer. Access 
by boat is easier – and the data are actually 
of better quality because they include calf 
production and the re-observation of tagged 
animals. Sarsøyra was impossible to get to 
for some time, and we had our snowmobiles 
transported there by boat or dangling under 
helicopters in order to follow up the long-term 
monitoring programme, which is essential for 
the understanding of how animals are able to 
adapt to a changed habitat,” says Åshild Ønvik 
Pedersen.

Eyewitness to change
“Each season of fieldwork poses new challenges related to 
climate change,” says researcher Åshild Ønvik Pedersen.

Photo: Marte Visser
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Less sea ice makes parts of the Arctic  
 more accessible. At present, Arctic sea traffic 

mainly involves the shipment of raw materials 
such as fish, metals, and timber, but cruise tour-
ism has also intensified. When the ice melts, the 
risk of encountering icebergs from melting and 
calving glaciers increases. 

“Our measurements can contribute to better fore-
casting of ice and ice floes in the area. Icebergs 
can do a great deal of damage to vessels, and 
our little GPS boxes are designed to behave like 
icebergs. If we can simulate how icebergs move, 
it will be easier to forecast when they may pose a 
threat,” says Martina Idzanovic, a researcher at 
the Norwegian Meteorological Institute.

These homemade little boxes give researchers valuable 

information about how sea ice moves. Photo: Martina Idzanovic / 

Norwegian Meteorological Institute

Icebergs like this can pose a major risk to ships sailing in the Arctic. 

Photo: William Joseph Copeland / Norwegian Meteorological Institute

Sea ice concentration from TOPAZ and Barents-2.5 ocean and sea 

ice models (area within the red dotted line), ranging from 0 (no ice) to 

1 ice-covered. Green and red solid lines represent drift paths of the 

boxes accumulated over time, from deployment in late spring to 4 July 

2022. Green lines show the paths of boxes deployed in open ocean, 

and red lines show those of boxes deployed on sea ice floes. Orange 

dots are drifters deployed on top of icebergs. The models show 

the sea ice concentration at midnight 30 April 2022. Map: Martina 

Idzanovic / Norwegian Meteorological Institute

A HIGH-TECH MESSAGE IN A BOTTLE

The little boxes weigh less than a kilogramme and 
are about 10 by 10 centimetres. They might not 
look very special, but they are tailormade for the 
mission.

“I built 15 boxes before departure, and there was 
a lot of excitement about whether they would 
float at all! But 12 of them are now in operation 
and send us data about ocean waves and currents 
every two hours,” says Idzanovic.

For six months, they are expected to float around 
in the Barents Sea and the Fram Strait along the 
marginal ice zone. They will follow the Norwegian 
coastline, pass the Russian border and could end 
up in Svalbard. They may also freeze to ice floes 
and move even further. Idzanovic tracks their day-
by-day movements on a map.

“It is very satisfying to see that they work so well. 
They have already moved several hundred kilo-
metres and work a bit like a high-tech message in 
a bottle.”

LESS ICE MEANS INCREASED RISK

The expedition was organised under CIRFA, 
the Centre for Integrated Remote Sensing and 
Forecasting for Arctic Operations, led by UiT The 
Arctic University of Norway, which aims to mon-
itor and forecast conditions in the Arctic. When 
sea ice melts as a result of climate change, new 
areas become available for shipping, but this can 
be risky.

“Good sea and ice forecasts are essential for plan-
ning safe journeys through the Arctic, but they are 
also important in the event of oil spills or rescue 
operations,” says Idzanovic. ■

May prevent 
a new Titanic 
disaster

Amalie Kvame Holm //  

Norwegian Meteorological Institute

With homemade plastic 
GPS boxes in their luggage, 
researchers set out on an 
expedition to measure the 
movement of icebergs in the 
Arctic. The goal was to provide 
better forecasts in an area 
where traffic is increasing and 
sea ice is melting.

IN BRIEF
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Satellites and drones for 
sea ice and iceberg mapping

Torbjørn Eltoft and Andrea Schneider // UiT The Arctic University of Norway

Sebastian Gerland // Norwegian Polar Institute

In April and May 2022, Norway’s first ship-based Arctic 
research expedition with a focus on satellite remote sensing of 
floating ice visited the western Fram Strait and East Greenland 
waters to collect ground truth data for the validation of satellite 
remote sensing products.

RESEARCH NOTES

-

Parked between two gigantic icebergs, the expedition stopped for a full day and a night of work on the 

sea ice in cold but calm weather on 1 May 2022. Note level sea ice between smaller and larger ridges, 

young ice forming behind the ship, and open water in the distance. Photo: Maritime Robotics

Drones equipped with cameras (optical, infrared, 

thermal) or radars can scout for difficult ice conditions 

and other obstacles ahead of the ship that are 

ambiguous in other navigation information, or can 

identify interesting sites to visit. Drone images also 

help connect satellite remote sensing products with 

in situ sea ice observations. With high-resolution data 

acquisitions but a limited spatial range, drones are 

an ideal tool to quantify types and extent of different 

sea ice classes, icebergs, and open water, and for 

situational awareness within about one kilometre 

around and ahead of the ship. For scale, the 100-metre 

long ship RV Kronprins Haakon can be seen on the 

right side of the photomosaic. Photomosaic: Maritime 

Robotics. Drone photo: Sebastian Gerland / Norwegian 

Polar Institute

With marine areas more than five times 
as large as the land area and its long coast-

line, Norway has a strong focus on the marine 
environment and securing its sustainable devel-
opment. Norway also has deliberate ambitions of 
keeping maritime activities safe. This ambition in 
itself and the challenging Arctic nature require 
specialised tools for situational awareness and 
decision-making support.

The Centre for Integrated Remote Sensing and 
Forecasting for Arctic Operations (CIRFA), a centre 
for research-based innovation, has the goal to 
improve knowledge and provide technologies 
for environmental monitoring and forecasting in 
response to the needs of users of Arctic waters. 
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The methods that CIRFA scientists are developing 
aim at improving remote sensing and forecasting 
technologies. CIRFA’s “innovative toolbox” con-
tains products based on satellite data and mod-
els such as weather forecasts, drift models, and 
automatic sea ice maps as well as drone sensors 
and – not least – experience and knowledge from 
on-ice-fieldwork.

THE EXPEDITION

Starting from Longyearbyen, the Norwegian ice-
class research vessel Kronprins Haakon reached 
the landfast (i.e. stationary) sea ice in the western 
Fram Strait, the so-called Norske Øer Ice Barrier, 
after four days of sailing. The expedition’s main 
goal was to collect ground-truth data for validat-
ing remote sensing products for sea ice, icebergs, 
and ocean, that have been developed by CIRFA 
since its start in 2015. The science team consisted 
of 33 scientists and engineers from Norwegian and 
French CIRFA partners. With its well-equipped 
laboratories, helicopter deck, and hangars, RV 
Kronprins Haakon is an ideal platform to perform 
the planned sea ice, iceberg, and ocean studies, 
and make observations related to satellite remote 
sensing. In addition, several synergetic projects 
with Fram Centre partners addressed changes in 
sea ice and ocean.

DATA COLLECTION ACROSS WIDE SCALES 

CIRFA’s research focuses on analysis of synthet-
ic aperture radar (SAR) data. SARs are imaging 
radars, which from altitudes of 600-700 km, can 
provide metre-resolution images of Earth’s sur-
face. They are key tools for monitoring sea ice and 
studying how it changes in a warmer Arctic cli-
mate, because they can “see” through clouds and 
are unaffected by light conditions. They do not 
display colours or optical brightness, but nonethe-
less provide information about surface roughness 
and electromagnetic surface properties.

The radar signal coming from satellites passes through the snow lying on top of the sea 

ice. Depending on the properties of the snow cover, the radar signal may be altered and 

harder to interpret. Careful study of the characteristics of the snow – the number and 

thickness of snow layers, the different snow crystal types and grain sizes, temperature, 

density, and salinity of the snow cover – allows more confident interpretation of satellite 

data. Photos: CIRFA and Sebastian Gerland / Norwegian Polar Institute (bottom left) 

To measure surface roughness, the snow lying on 

top of the sea ice was carefully removed and a laser 

instrument was used to determine how smooth the 

ice surface was. The geometrical roughness of an ice 

surface tells us about its ability to backscatter radar 

signals, i.e. whether it looks bright or dark in a SAR 

satellite scene. Surface roughness measurements 

were done with a red laser profiler mounted on a 1.8 

m long frame. The surface roughness, together with 

the internal microstructure of snow and ice, provides 

a complete ground truth data set for understanding 

radar scattering. Photo: Andrea Schneider / UiT The 

Arctic University of Norway
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The validation of sea ice remote sensing products 
will tell us more about how accurate and reliable 
their information is. To retrieve ground-truth data 
at a multitude of spatial scales, the CIRFA team 
collected data and samples with surface informa-
tion ranging in scale from micrometres, inferred 
from snow pits and sea ice coring sites, to kilo-
metres, inferred from transects and drone data. 
In addition, autonomous sensors were deployed 
in sea ice and ocean to reveal sea ice and ocean 
changes and dynamics.

The roughness of the sea ice surface has a major 
influence on SAR images: a smooth ice surface 
will look dark, whereas a rough surface will look 
bright. Likewise, temperature, density, salinity, 
and internal microscopic structure of snow and 
ice affect the scattering and attenuation of radar 
signals inside these media, and hence influence 
the amount and quality of information that the 
radar signals carry back to the satellite. Snow and 
sea ice also have different electrical properties 
that are determined by their microstructure and 
the fractional mixture of ice, water, brine, and 
enclosed air. All these parameters were measured 
during stops in the ice. A laser roughness profiler 
was used to reveal surface topography character-
istics, and analysis of snow pit measurements and 
ice cores tells us about the physical properties of 
snow and sea ice.

Validation of satellite remote sensing requires that 
the ground-based measurements are geograph-
ically co-located with satellite acquisitions and 
coincide in time. During the expedition, this was 
regularly achieved, thanks to detailed planning 
and communication between the field and land 
teams. A whole suite of satellite images was ac-
quired, including scenes from the European Space 
Agency, Sentinel-1 and the Canadian RADARSAT-2 
satellites. The combined ground truth and satellite 
measurements will allow future studies to address 
important research questions in Arctic remote 
sensing and development of new technologies. 
The European Space Agency supported parts of 
the fieldwork since the ground truth data and 
subsequent analysis have direct relevance for its 
ongoing and upcoming missions.

FURTHER READING:

CIRFA website:  
https://cirfa.no/ 

Cruise report:  
https://zenodo.org/record/7314066

CIRFA stands for Centre for Integrated Remote 
Sensing and Forecasting for Arctic Operations. 
It is a so-called Centre for Research-based 
Innovation (SFI) funded by the Research Council 
of Norway in 2015. CIRFA is hosted by UiT The 
Arctic University of Norway in Tromsø and has 
seven research and eight industry partners.

Colleagues from France joined the expedition and used a 

tomographic ground-based radar that was positioned on the 

sea ice and operates at the same microwave radar frequency 

as satellite radars (C-band). This method allows us to study 

the ability of microwave signals to penetrate through various 

snow and ice surfaces. These measurements, combined with 

in situ snow and ice data, can tell where the echoes come from 

by locating the scattering centres. Photo: Sebastian Gerland / 

Norwegian Polar Institute

A ScanSAR RADARSAT-2 satellite scene (300 km x 300 

km) showing the central part of the research area in 

the western Fram Strait. The image nicely displays how 

the brightness varies, with the brightest areas being 

deformed first- or multi-year ice, the grey areas level and 

less deformed first year sea ice, and the darkest areas 

smooth newly formed ice and open water. Two polynyas, 

appearing dark in the upper left of the image, with new 

ice and open water, caught our interest and were visited 

with the ship and drones. West and north of them was 

fast ice, held in place by grounded icebergs, while east 

of them the sea ice was drifting. Data for the image 

shown were provided by NSC/KSAT under the Norwegian-

Canadian RADARSAT agreement 2022. RADARSAT-2 data 

and products are copyright of MDA Geospatial Services Inc. 

2022, all rights reserved. RADARSAT is an official mark of 

the Canadian Space Agency.

A TOOL BOX FOR SAFE ACTIVITY AT SEA

At the intersection between research and indus-
try, CIRFA is developing a new “innovative tool-
box” to detect, analyse, and predict ocean surface 
conditions. Elements from this toolbox may be 
chosen or adapted depending on the task at hand, 
the situation, and weather conditions. Selected 
tools may contribute to increased situational 
awareness, operational support, and environ-
mental monitoring in the daily work of industrial 
actors in icy waters. ■
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Troll observing network 
– for useful new data 
about Antarctica

Christina A Pedersen, Birgit Njåstad, Sebastien Descamps, Tore Hattermann, Stephen R Hudson, 

Stig Flått and Stein Tronstad // Norwegian Polar Institute

Wenche Aas // NILU – Norwegian Institute for Air Research

Elin Darelius // University of Bergen

Wojciech Miloch // University of Oslo

Johannes Schweitzer // NORSAR

Rune Storvold // NORCE

What do Antarctic petrels in Svarthamaren, soil structure 
movements at Troll research station and ocean chemistry in the 
Håkon VII Sea have in common? They will all be studied at the Troll 
observing network currently being established at Troll research 
station in Dronning Maud Land in Antarctica.

SCIENCE AND SOCIETY

When the new research infrastructure – 
Troll observing network (TONe) – is complete, 

important and relevant climate and environmental 
data will be available to all researchers, thereby 
helping to create new knowledge about Antarctica 
and the Southern Ocean. If you are a researcher 
with an interest in Antarctica, we invite you to work 
with us!

Let’s take a step back and explain why TONe is being 
established. Most people who have conducted re-
search and monitoring in Antarctica know that it is 
demanding, hazardous, and extremely expensive. 

Why is it still important for Norway and Norwegian 
researchers to carry out research and monitoring 
on this continent? The answer is that Antarctica and 
the Southern Ocean are key drivers of the climate 
changes and sea level rise that affect processes relat-
ed to circulation systems for the entire world. 

To understand these systems and processes, we 
need knowledge about them, and in order to 
get that knowledge we need good and accurate 
 observational data. 

SCIENCE AND SOCIETY SCIENCE AND SOCIETY

Distributed observing network 

in Dronning Maud Land. Graphic: 

Anders Skoglund / Norwegian Polar 

Institute

Troll Research Station in Dronning 

Maud Land, January 2023. Photo: 

Stig Mathisen / Norwegian Polar 

Institute.
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Norway cooperates internationally in Antarctica to 
make the world community better equipped to meet 
the various environmental and climate challenges 
we all face, and it is important for Norway to contrib-
ute to this international knowledge-generation ef-
fort. Through TONe, we also contribute to strength-
ening Norway’s scientific credibility and standing.

Norway has a long history of conducting mapping, 
research, and monitoring in Antarctica. Previously, 
the activity was largely based on expeditions, but 
with the establishment of a year-round research sta-
tion at Troll in 2005, Norway gained a new platform 
for monitoring activities.

Despite limited long-term funding, Norwegian actors 
at the Troll station have built and maintained a few 
time series for climate and environmental moni-
toring in Antarctica. This is a Norwegian research 
environment, with the Norwegian Polar Institute at 
the forefront, so it is time to gather our forces for a 
joint effort. 

The Research Council of Norway put out a call for 
research infrastructure of national importance – 
which seemed right on target – and on the second 
try the project application met with success. A total 
of NOK 157 million was granted for the establishment 
of TONe in 2022. The infrastructure will be estab-
lished over the next five years, and the partners are 
obliged to operate it for a further five years. Since we 
are talking about monitoring and long time-series, 
we are aiming for long-term continuity.

TONe is in the initial phase of being developed 
into a national, state-of-the-art, multidisciplinary, 
 multi-platform, distributed infrastructure network. 
The network will contribute to long-term data collec-
tion from the Troll research station and other parts 
of Dronning Maud Land, where data are otherwise 
scarce. The infrastructure consists of three main 
components: eight observatories; a shared infra-
structure service; and a data management system 
that will make data available for the entire research 
community.

The observatories will contribute to understanding 
climate processes and changes in the atmosphere, 
sea and ocean circulation, the inland ice and the 
ice cap’s influence on sea level, as well as changes 
in the ecosystem at sea. Basic research will also be 
carried out to understand processes and monitor 
conditions. The result will be fundamental data for 
anyone who wants to research nature in Antarctica.

ATMOSPHERIC OBSERVATORIES

At the ionosphere observatory, the University of 
Oslo will establish a digisonde system that measures 
electron density in the ionosphere. The instrumen-
tation will contribute knowledge about the south-
ern lights, turbulence in the ionosphere and space 
weather that affects satellite communication. 

NILU – Norwegian Institute for Air Research will 
further develop its existing infrastructure on 
Trollhaugen by the Troll station. Three new in-
struments will be established at the  atmospheric 
observatory: 1) one to measure aerosol size 
distribution, which is important e.g. for studying 
transport of particles from forest fires in the south-
ern hemisphere; 2) one for measuring trace gases 
important for validation of satellite data; 3) and one 
for high-resolution measurement of greenhouse 
gases (CO2 and methane). 

The Norwegian Polar Institute will establish a 
completely new integrated cloud observatory at 
Troll. The observatory will enable us to understand 
the link between clouds and aerosols and their role 
in radiative balance, and contribute insight into the 
importance of these mechanisms for the warming of 
Antarctica.

NORSAR will establish an infrasound array 
(collocated with the seismic array). Measurements 
of infrasound waves in the atmosphere provide 
information about atmosphere dynamics and the 
vertical coupling between the atmospheric layers, 
and increase our understanding of processes in the 
atmosphere. 

The three components of the Troll observing 

network. Graphic: TONe / Norwegian Polar InstituteFIXED EARTH OBSERVATORY

NORSAR will establish a nine-element seismic 
array (seismic antenna) at Troll, which will provide 
information about earthquakes, icequakes and 
other sources of seismic waves. The array provides 
information about both the seismic sources and 
the structure of the Earth. In combination with the 
infrasound array, the seismic array will monitor cry-
osphere dynamics in Dronning Maud Land.
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FACTS ABOUT  
THE TROLL RESEARCH STATION: 

• Established in 1989, upgraded to a year-
round station in 2005.

• Located in Dronning Maud Land, at an 
altitude of 1275 metres in Jutulsessen in 
Gjelsvikfjella, 235 km from the coast.

• Operated by the Norwegian Polar Institute, 
on behalf of Norway. 

• Supports Norwegian and international 
scientific activity in Antarctica. 

SCIENCE AND SOCIETY SCIENCE AND SOCIETY

MARINE CRYOSPHERE OBSERVATORIES

The Norwegian Polar Institute will carry out a new 
drilling campaign through the several hundred 
metre thick Fimbul Ice Shelf and place instruments 
for measurements in and under the ice shelf. The 
Fimbul Ice Shelf Observatory will continue 
similar measurements established during the latest 
international polar year (2009). This will enable us 
to study the impact of the melting of ice shelves on 
sea level rise, temperature changes in the area, and 
the possible drivers behind the changes. 

At the multidisciplinary ocean mooring ob-
servatory, the Norwegian Polar Institute and the 
University of Bergen will further develop existing 
ocean moorings and oceanographic measurements 
of the continental slope at 6°E in the Håkon VII Sea. 
The aim is to improve the understanding of process-
es and systems, so we can see how the ecosystem 
adapts.

The Polar Institute has been monitoring the 
Antarctic petrel colony at Svarthamaren since the 
1980s. These birds nest on land, but feed on krill, 
which they collect from the sea. By monitoring 
the petrel colony, we gather information about the 
environment in the sea. The seabird observatory 
will improve the monitoring by setting up automatic 
monitoring systems in two bird colonies in the area.

In order to supplement and enhance data collection 
from the observatories, NORCE and the Norwegian 
Polar Institute will develop a drone service as a 
smart and cost-effective way to collect large amounts 

of data over vast areas and at several altitudes, with 
a minimal footprint. The drones will have a flight en-
durance of up to 10 hours and a range of 1000–1500 
kilometres, enabling data collection over a broad 
portion of Dronning Maud Land. The drones will 
be equipped with various types of radars for snow 
and ice measurements, high-resolution cameras 
and sensors for hyperspectral image recording, as 
well as meteorological sensors and radiation meters. 
Researchers are encouraged to apply for research 
projects that make use of the drone service. The 
consortium hopes to be able to add more shared 
infrastructure services for the research community 
in the years to come. 

The data management system will archive and 
provide access to all the data from the observatories 
and the drone service, and is an integral part of the 
infrastructure. Secure and automated storage will 
be provided at Troll to safeguard the raw data and 
protect their integrity. A TONe portal on the internet 
will provide the users with data access, as well as a 
booking interface for the drone service and the field 
services. 

The infrastructure will be ready for use from April 
2027, while some of the individual components will 
be available earlier.

We want to encourage the entire Norwegian 
Antarctic research community to make use of the 
new infrastructure by applying for funding for 
new projects, from both Norwegian and interna-
tional sources. We believe that TONe will make 
the Norwegian Antarctic research community as a 
whole more attractive for international cooperation 
in the years to come. ■

The first TONe infrastructure in the field. 

Camera system for monitoring Antarctic 

petrels in Jutulsessen. Photo: Sebastien 

Descamps / Norwegian Polar Institute 

TWO ARGUMENTS JUSTIFY MAINTAINING A  
NORWEGIAN STATION IN ANTARCTICA:

• A well-located research station will give the nation the 
opportunity to contribute to the efforts to understand how 
Antarctica is affected by and contributes to global climate 
change. Such knowledge will contribute to developing the 
knowledge required to find solutions to tomorrow’s major 
societal challenges. 

• In 1959, twelve countries, including Norway and the six 
other claimant countries, agreed to dedicate Antarctica 
to peace and science through the Antarctic Treaty. The 
prerequisite for being a determining party to the treaty 
is to show particular interest by conducting significant 
scientific research activities in Antarctica. With the Troll 
station, Norway has a starting point for rigorous scientific 
activity, while at the same time the station gives the 
country political and professional legitimacy and standing 
in the Antarctic treaty system.
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Topography under 
Antarctic ice crucial for 
predicting future sea level

Kenichi Matsuoka and Geir Moholdt // Norwegian Polar Institute

The Antarctic Ice Sheet is currently losing ice and contributing 
to sea level rise. However, the amount of ice being discharged 
to the ocean now and in the future remains deeply uncertain 
because of limited data on ice thickness and bed topography 
in the coastal regions of Antarctica.

RESEARCH NOTES

RESEARCH NOTESRESEARCH NOTES

The life of Antarctic ice starts when snow 
accumulates over the continent’s vast inland 

and gradually compresses into ice. It slowly moves 
towards the coast over thousands of kilometres 
until it reaches the ocean and floats out onto the 
water. The place where it begins to float is called 
the grounding line. The ice pushed across this 
grounding line contributes directly to increased 
sea level, in accordance with Archimedes’ prin-
ciple (Eureka!). To estimate the amount of ice 
discharge, it is necessary to know ice thickness 
and flow speed at the grounding line. Flow speed 
is monitored routinely by satellites, with great 
precision. However, satellites cannot measure 
ice thickness directly. To calculate ice thickness, 
bed topography needs to be measured separately 
using airborne or ground-based ice-penetrating ra-
dar – a significant challenge given the continent’s 
remoteness and inaccessibility. This is why bed 
topography at the grounding line is incompletely 
measured despite being critically important to 
Antarctica’s contribution to global sea level rise.

Estimates of future Antarctic ice discharge use 
computer models to simulate how ice flows over 
bedrock. Detailed features of bed topography 
further inland don’t really matter in calculations 
of flow speed at the grounding line, but bed 
topography within tens of kilometres upstream 
of the grounding line has a profound effect on 
ice motion. Therefore, inland bed topography in 
the vicinity of the grounding line also needs to be 
known.

The floating fringes of the Antarctic Ice Sheet, 
known as ice shelves, make no difference to sea 
level, but their behaviour is nonetheless highly 
important for future ice discharge from the ice 
sheet to the ocean. Ice shelves act like the cork of a 
wine bottle, keeping the upstream grounded ice in 
place and reducing ice discharge to the ocean. Ice 
shelves can shrink from iceberg calving or melting 
from below caused by warmer seawater under-
neath. When more ice melts from the shelf than is 
added by local snowfall and ice discharge across 

An engineer monitors real-time data collection during an airborne 

PolarGAP survey in December 2015 over the Recovery subglacial lakes. 

Photo: Kenichi Matsuoka / Norwegian Polar Institute
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the grounding line, the ice shelf thins and be-
comes less resistive, potentially causing increased 
ice discharge through the grounding line. This is 
proven by theory and observations. Basal melting 
of ice shelves is largely driven by ocean circulation 
under the ice shelves, which depends on the sea-
bed topography under the ice shelves and over the 
continental shelf. The bed topography seaward of 
the grounding line is thus also important.

Following this logic, detailed knowledge of bed 
topography at the grounding line and around it 
on the landward and seaward sides is critically 
needed to monitor current and future Antarctic 
contribution to the sea level rise. To this end, we 
recently analysed the availability of radar data 
near the grounding line, focusing exclusively on 
data collected after 2007, when GPS technology 
allowed more accurate positioning. Our analysis 
of available bed topography data showed that 
their coverage is limited all around the Antarctic 
Ice Sheet.

The distribution of the data gaps tells us a simple 
story. As we move away from research stations, 
the data gaps become more significant. This 
means that international coordination is truly 
needed. Moreover, coordinating survey efforts 
yields much better final results than compilation 
of results collected separately. So, together with 
international colleagues we proposed a new ac-
tion group, RINGS, to the Scientific Committee on 

Antarctic Research. The name RINGS refers to the 
group’s plan to survey the Antarctic coast in three 
rings, at the grounding line, and on its inland and 
seaward sides. The action group has started to 
plan coordinated pan-Antarctic airborne surveys 
to map bed topography, and to address other key 
scientific questions in the coastal regions, where 
small climate changes may lead to large, rapid, 
and possibly irreversible ice sheet changes with 
multiple tipping mechanisms.

The RINGS initiative has high rel-
evance for society. IPCC’s recent 
climate assessment report identi-
fies the Antarctic Ice Sheet as the 
largest uncertainty in terms of 
future sea level rise, and we directly 
address this issue by collecting criti-
cal data needed to better predict how the 
Antarctic Ice Sheet will change and affect the 
global sea level in the coming centuries. ■

RESEARCH NOTESRESEARCH NOTES

FURTHER READING:

Matsuoka K, Forsberg R, Ferraccioli F, Moholdt G, 
Morlighem M (2022) Circling Antarctica to unveil 
the bed below its icy edge. Eos 103, https://eos.
org/features/circling-antarctica-to-unveil-the-
bed-below-its-icy-edge
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The availability of data on bed elevation at the grounding line varies 

considerably by region. Some East Antarctic regions stand out for their 

sparsity of data (e.g., at one o’clock and two o’clock in the diagram). Even in the 

region including the relatively data rich Amundsen Embayment (eight o’clock), 

nearly a quarter of the margin has no data within five kilometres.

A Twin Otter airplane operated by the British Antarctic Survey leaves an inland camp to 

collect radar and gravity data around the South Pole in December 2015 as a part of the 

PolarGAP project. Photo: Kenichi Matsuoka / Norwegian Polar Institute
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Tafoni in Dronning 
Maud Land – a unique 
and mysterious 
geological feature

Synnøve Elvevold, Ane K Engvik*, Øyvind Sunde and Per Inge Myhre // Norwegian Polar Institute

A spectacular weathering phenomenon can often be 
seen in the Antarctic mountains of Dronning Maud Land. 
Abundant holes and cavities form on rock surfaces in 
one of the most peculiar expressions of bedrock decay. 
These holes are called tafoni.

Tafoni are natural ellipsoidal to bowl-
shaped holes and cavities in weathered rocks. 

The holes usually occur in groups and range in 
size from < 10 cm to > 1 metre, and typically de-
velop on steep exposed rock surfaces. Tafoni are 
widely distributed around the world and found in 
diverse climatic zones ranging from hot and cold 
deserts to moist coastal regions. These strange 
and interesting landforms form in many differ-
ent rock types; they are common in sandstone, 
limestone and in crystalline rocks such as granite 
and gneiss. 

IN BRIEF

SMALL PITS AND HUGE CAVES

Antarctica provides a unique opportunity to study 
tafoni in a pristine environment without the in-
creased complexity that flora and fauna may have 
on their development. We have observed wide-
spread tafoni in central Dronning Maud Land dur-
ing recent field expeditions. Spectacular examples 
of tafoni were found on vertical and inclined rock 
surfaces, as well as on boulders. Tafoni are also 
extensively developed on high-altitude plateaus. 
In the area surrounding the Troll research station, 
tafoni are typically found in granites and gneisses. 
These rocks were originally formed as part of a 
large mountain chain that existed here around 
half a billion years ago. 

IN BRIEF IN BRIEF

* Main affiliation Geological Survey of Norway

Tafoni vary in size. 

The largest caves are 

big enough to crawl 

inside. Photo: Synnøve 

Elvevold / Norwegian 

Polar Institute
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The distribution, size and shape of tafoni vary. We 
think one reason for this is because they change 
over time, and we observe them at different states 
of their evolution. The cavities generally occur 
in groups, are round to oval in shape, and range 
in size from small pockmarks to huge caves. 
Intersection of cavities may result in pitted surfac-
es, which we see at high elevations. Where large 
caverns have formed we often observe crumbling 
and flaking of the rock surface, and some hollows 
are filled with this type of debris. A white coating 
of salt is locally present on the surface of the bed-
rock, as well as inside tafoni hollows. And the rock 
can become hot. Using miniature loggers we have 
measured surface temperatures as high as 20-25°C 
on sun-exposed north-facing rock surfaces, even 
though the air temperature was below zero. 

TAFONI – A GEOLOGICAL MYSTERY

There has been a great deal of scientific pondering 
and analysis on how tafoni are formed, but there 
is no single explanation that can account for all 
the various occurrences. Although a fair amount 
of research has been done on tafoni, and numer-
ous explanations have been proposed, the forma-
tion of tafoni can still be said to be a geological 
mystery. Currently, cavernous weathering is con-
sidered to be the result of a complex interaction of 
physical and chemical weathering processes. 

Tafoni result from both decay and erosion. Strong 
katabatic winds, which commonly sweep down 
the slopes of Dronning Maud Land, facilitate the 
weathering because they transport sand and 
gravel particles. Salt inside tafoni is commonly 
associated with flaking, and this suggests that 
salt weathering is a contributing mechanism 
in their development. Salt crystals increase in 
volume as they form, which produces signifi-
cant pressure forcing the rock to crumble. Solar 
radiation can result in large surface temperature 

fluctuations, and this causes thermal expansion 
and contraction of the rock. This thermal-induced 
stress can lead to fatigue and failure of the rock. 
Temperature variation also plays an important 
role because it controls moisture availability 
through drying and wetting cycles.

One aspect we are particularly interested in, is 
how the structural, textural and mineralogical 
properties of the rock can potentially influence 
weathering and cavity development. We have ob-
served that small amounts of radioactive minerals 
and chemical breakdown of the mineral pyroxene 
to iddingsite, cause micro-fracturing which facili-
tates freeze–thaw actions and salt crystallisation. 
This enhances weathering. The development of 
cavities is also a function of the amount of time 
the rocks are exposed to the physical effects 
of wind and temperature variations. Recent 
 cosmogenic age dating shows that the highest 
mountain peaks in the eastern part of Dronning 
Maud Land have been exposed for the past 3-4 
million years. ■

IN BRIEF IN BRIEF

FURTHER READING:

Engvik AK, Elvevold S, Myhre PI (2022) 
Cavernous decay of granite and granitic gneiss, 
Central Dronning Maud Land, Antarctica. 
Journal of Geology 130:63-76, https://doi.
org/10.1086/718805

Elvevold S, Engvik AK (2022) Vinderosjon har 
skapt skulpturpark i Antarktis. Blog post [In 
Norwegian] https://blogg.forskning.no/antarktis-
blogg-antarktis-geologene-geologi/vinderosjon-
har-skapt-skulpturpark-i-antarktis/1975386

↗ High-density tafoni cover 

this vertical granite wall in the 

Svarthamaren area, ca 100 km east 

of Troll research station, so that the 

rock surface looks like Swiss cheese. 

→ The caves are filled with snow after 

blizzard and snow storms. Localised 

melting of the snow under direct 

sun causes temporary accumulation 

of liquid water which may infiltrate 

the rocks and become available for 

mechanical processes. 

→ Tafoni are enlarged inward and 

upward by flaking and granular 

fragmentation. 

All photos: Synnøve Elvevold / 

Norwegian Polar Institute
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Glider setting sail to 
study reef effects 
from Hywind Scotland

Virginie Ramasco, Trude Borch and Lionel Camus // Akvaplan-niva

To reduce reliance on fossil fuels, wind parks have 
been established in coastal areas. Besides providing 
renewable energy, these installations may benefit 
biodiversity by serving as artificial reefs that marine 
organisms can colonise. Could floating wind parks in 
offshore waters offer the same conditions?

RESEARCH NOTES

RESEARCH NOTES

In Europe, extensive activity is currently  
 underway to produce more energy from renewa-

ble sources. The overall aim is to reduce greenhouse 
gas emissions and increase energy security in times 
of political turbulence in Europe. Norway has prom-
ised both to cut its own emissions and to contribute 
renewables to the European energy market, and the 
government has signalled that ocean wind develop-
ment has high priority. 

It is important that Norway, in its expansion into 
offshore wind, operates in line with its interna-
tional obligations to protect biological diversity 
and maintain sound ocean management. As part 
of this, Norway is obliged to report environmental 
status under the European Union’s Marine Strategy 
Framework Directive. This includes reporting on 
parameters such as the environmental status of the 

seabed and marine species, underwater noise, and 
other disturbances. such as electromagnetic fields. 
These reporting systems require new environmental 
baselines. One must also select an environmental 
monitoring regime before and during operation. 
This is the background for a pilot project to test the 
use of autonomous vehicles and remote sensing 
technology to study whether the Equinor offshore 
wind park, Hywind Scotland, has a reef effect on 
fish.

The effect of fixed installations at sea on fish aggre-
gation is well studied. Such installations have been 
described to work as artificial reefs, where the pres-
ence of a substrate creates a local reef ecosystem. 
Biota that grow on the substrates can start off an en-
tire marine food chain. Fixed structures also affect 
water circulation patterns, resulting in upwelling. 

This contributes to an increase in nutrients near the 
ocean surface and a longer phytoplankton bloom. 
Such a “boost” low in the food chain has implica-
tions higher up for fish and marine mammals that 
are often found around such installations.

Ocean wind farms have traditionally been fixed 
turbines mounted on the seafloor in shallow coastal 
areas. However, the latest engineering developments 
in wind power exploitation have resulted in new 
floating wind turbines that can be installed in deep 
offshore areas. As previously mentioned, there are 
many published studies of reef effects from fixed 
installations; far less is known about the effects of 
floating infrastructure. That is where the Hywind 
Scotland pilot project comes in. The international 
energy company Equinor is a leader in the use of 
floating wind turbines at sea, and their wind park, 
Hywind Scotland, is the world’s first floating off-
shore wind park. Located off the coast of Peterhead 
in northeastern Scotland, the wind park covers four 
square kilometres, and consists of five floating tur-
bines, each of which has three anchoring points to 
the seafloor in a channel of about 100-120 m depth.

To study the possible effect of the park on the aggre-
gation of fish, we monitored the area with a Sailbuoy 
glider which was deployed from Bergen and piloted 
over the North Sea for two weeks. The glider was 
equipped with a scientific broadband echosounder 
(Simrad WBT mini) and we studied the distribution 
of biota around the Hywind installations for four 
weeks before the glider was piloted back to Norway. 
In collaboration with Kongsberg Maritime we also 
developed a digital twin of the wind farm in a 3D en-
vironment which helped contextualise and visualise 
the data and results.

Deploying the Sailbuoy outside Bergen, Norway. The 

Sailbuoy is propelled by wind. Its sensors, electronics, 

and navigation use solar power stored in a battery pack. 

Photo: Offshore Sensing

Hywind Scotland. 

Photo: Øyvind 

Gravås / Equinor

Digital twin of Hywind Scotland and echosounder data from the 

Sailbuoy. Image: Blue Insight, by Kongsberg Maritime
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By analysing the acoustic data, we were able to show 
the variation of zooplankton and fish aggregations 
through time and space, with particular focus on 
distance from the wind farm. We found that dense 
schools of pelagic fish were highly correlated with 
dense layers of zooplankton that fish prey on. 
Zooplankton biomass was found to peak with about 
a week delay from the phytoplankton bloom that 
occurred during the first part of the mission.

This temporal succession of the organisms in the 
marine food chain is a known phenomenon. The 
process is driven by the seasonal onset of primary 
production, which in turn is affected by the availa-
bility of light and nutrients in the upper layers of the 
water column. In this study we observed a strong-
er system response to primary production in the 
vicinity of the wind park. The graphs and the maps 
show how the peaks in both zooplankton and fish 
biomasses are higher the closer to the park.

We did not collect data on nutrient availability in 
the study area, but independent studies have shown 
that not only fixed installations but also floating 
vertical cylinders create turbulence and upwelling. 
It is therefore plausible to assume that a park of five 
floating turbines affects water mixing, which con-
sequently boosts productivity, ultimately attracting 
fish in certain periods of the year, as seen in this 
study.

The results of this pilot study suggest that the 
Hywind Scotland park likely creates a reef effect by 
supporting increased marine production, which 
in turn attracts pelagic fish. However, this effect is 
restricted to certain periods.

With this project we demonstrated the benefits of 
using a Sailbuoy to perform environmental moni-
toring around a wind farm. Thanks to a full month 
of continuous data collection, we were able to study 
biologically important processes in the marine 
ecosystem. These gliders do not run on fossil fuels 
and are fully CO2 neutral. Using traditional research 
vessels for ocean data sampling to study temporal/
seasonal patterns would have required us to per-
form multiple field missions throughout a season. 
This would come at a higher cost, both economic 
and environmental. ■

Spatial distribution of zooplankton by week (late June to 

late July). Colours show interpolated log Area Backscatter 

Coefficient (a proxy of biomass). White dots show the 

location of sampled echograms; red dots the location of 

the five turbines. Graph: Virginie Ramasco / Akvaplan-niva

The succession of peaks of biomass at different distances 

from the park (green: surface chlorophyll-a concentration, 

blue: zooplankton biomass, red: biomass related to dense 

schools of fish, yellow: number of individual fish). Vertical 

lines divide the sampling period into weeks. Graph: Virginie 

Ramasco / Akvaplan-niva
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Master student Hadi 

handling wastewater as 

part of his master thesis. 

Photo: Pernille E Jensen

Master student Frederikke Brandt 

Feldthus enjoying the cool atmosphere 

and surroundings whilst attempting 

to find the wastewater outlet. Photo: 

Naomi Fleurine Sørensen

Teaching cold climate 
engineering in 
Greenland

Kristine B Pedersen // Akvaplan-niva

Gunvor M Kirkelund and Pernille E Jensen // The Technical University of Denmark

In Sisimiut, a town of 5600 people and 1000 sled dogs, on the 
western coast of Greenland, 75 km north of the Arctic Circle, a 
campus of the Technical University of Denmark hosts an Arctic 
master semester in engineering. The courses attract thirty 
students from around the world every year. 

SCIENCE AND SOCIETY

Although the students mainly arrive  
 from Denmark, students from Asia, North 

America, Europe and even as far away as Australia 
have joined the Arctic semester. The study pro-
gramme consists of intensive engineering courses 
with a structure much like the one offered at the 
University Centre in Svalbard (UNIS). Each course 
runs three or nine weeks, the length depending 
on ECTS points, and students can take either 
a half or a full semester. The Arctic semester is 
also part of the Nordic Master in Cold Climate 
Engineering and the MSc in Arctic Mineral 
Resources. Both these MSc programs are offered 
in collaboration between Nordic universities. One 
of the Arctic semester courses is related to envi-
ronmental engineering in cold climates with focus 
on the management of waste, water, wastewater, 
and contaminated sites in Arctic regions.

Sisimiut is the second largest town in Greenland 
and the primary industry in the town is fisheries. 
Like other towns in the Arctic, Sisimiut is facing 
challenges due to climate change and other en-
vironmental challenges related to human activ-
ities. One example is sewage, which is directly 
discharged into the fjords. (Sisimut locals refer to 
one of these points of discharge as “the chocolate 
factory”.) Finding solutions for the future disposal 
of waste in remote locations is another issue exem-
plified in Sisimiut. American and Danish military 
bases in Greenland are one of the main sources of 
major pollution in Greenland. These are examples 
of case studies included in the course. Although 
many of the case studies are from Greenland, the 
issues are not isolated to Greenland, as they are 
also experienced in other Arctic countries. 

SCIENCE AND SOCIETY
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Through the Arctic semester, students are intro-
duced to key players in local management of water 
and waste to promote cooperation between local 
stakeholders and the university campus. Students 
are accommodated along with Greenlandic 
students of Arctic Civil Engineering and Fishery 
Technology (also offered in Sisimiut) to further 
promote interactions between the international 
and Greenlandic students. The students have a 
strong interest in climate change and hope to 
make an impact in the Arctic with their engineer-
ing education. Since most of the students arrive 
from countries with warmer climates, the semes-
ter in Sisimiut is a cold one for them, but also a 
cool one, when they get to practice snow camping, 
Arctic survival, and skiing. Some of the first-time 
skiers are even brave enough to participate in 
the Arctic Circle Race, a three-day 160-kilometre 
cross-country skiing event.

Some students have continued working on envi-
ronmental issues in the Arctic in their master and 

Students constructing 

an igloo to stay in 

for the night. Photo: 

Akvaplan-niva

PhD theses. For instance, a master thesis in 2019 
was related to the environmental site investiga-
tions in the Svea, Svalbard, prior to the mine’s 
closure. This was a consultancy project led and 
supervised by Akvaplan-niva. The thesis included 
sampling and analysis of soil from Svea as well as 
evaluating the potential for phytoremediation of 
PFAS polluted soil. Currently a MSc thesis is in-
vestigating the levels of micro- and macro-plastic 
contamination originating from untreated waste-
water in Greenland, and another is mapping and 
tracking sources of hydrocarbon contamination 
in drinking water, also in Greenland. In addition, 
a PhD thesis on how the water supply systems 
influence public health in Greenland has just been 
handed in for defence.

The students who have attended the Arctic semes-
ter in Greenland are eager to continue studying 
and working in the Arctic, which opens for more 
collaboration in the circumpolar area. ■

SCIENCE AND SOCIETY

Students are preparing to participate at a 

hearing on submarine mine tailings disposal. 

Each student group represents different 

stakeholders. Photo: Akvaplan-niva

The blue building at the top of 

the hill: Arctic DTU Sisimiut – 

Ilinniarfeqarfik Sisimiut. Photo: 

Technical University of Denmark
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Exceptional 
temperature 
increase in 
Arctic hotspot 

Amalie Kvame Holm // Norwegian Meteorological Institute

The Barents area is the fastest warming 
place on the planet. A new study shows that 
the warming is happening twice as fast as 
previously thought.

RESEARCH NOTES

Evidence of the warming over the past 40 years  
 is based on a new comprehensive dataset from the High-

Arctic archipelagos of Svalbard and Franz Josef Land. The 
dataset has unique spatial coverage, and provides a longer 
time frame than those previously used by the scientific 
community.

“As a scientist working in Svalbard for more than 25 years 
I have never discovered more overwhelming results,” 
says Ketil Isaksen, senior scientist at the Norwegian 
Meteorological Institute and head author of the study. “I feel 
there are no more words left to describe what is happening 
in the Arctic.”

UP TO SEVEN TIMES THE GLOBAL AVERAGE

Over the past 20 years the temperature in the northeastern 
part of Svalbard has increased by five degrees Celsius.
“The northern Barents Sea region is warming at a rate that is 

2 to 2½ times as fast as the average temperature increase in 
the Arctic, and 5 to 7 times the global average,” says Isaksen.
The results show the highest temperature increase observed 
so far. No other place on the planet seems to be warming 
faster than the northern Barents Sea.

MORE EXTREME WEATHER

The exceptional warming can lead to more extreme weather 
in North America and Europe, and as far away as Asia.

“This is a warning about what is to come in other parts of the 
Arctic,” says Isaksen.

The temperature increase is strongly connected to the large 
reduction of sea ice, especially during autumn and winter. 
When the sea ice melts in the winter, the warming effect is 
stronger. This is because the ice normally acts as an insu-
lating blanket. When the ice disappears, it no longer traps 

RESEARCH NOTES

Mist rises from Isfjorden in western Svalbard 

in midwinter. This phenomenon, called “sea 

smoke” illustrates heat exchange between the 

relatively warm ocean and cold atmosphere, a 

significant factor in the extreme warming over 

Svalbard and the Barents region. Photo: Ketil 

Isaksen / Norwegian Meteorological Institute

Temperature trends based on observations from weather stations and ERA5 and CARRA reanalyses 

over the northern Barents Area. (a) The location of the main stations and main regions in the study. 

(b, left half) Linear trends for annual air temperature observations for the period 2001–2020. If 

available, the temperature trends over the 1981–2020 and 1991–2020 periods are additionally 

shown as dotted and solid grey line bars, respectively. (b, right half) ERA5 and CARRA reanalyses 

shown as thin and thick bars, respectively. In addition, temperature trends for ERA5 for the Arctic 

(i.e. north of 65° latitude) and global mean are shown. Source: Isaksen et al (2022) Sci Rep 12, 9371

existing heat in the ocean. Instead, the open water warms up 
the cold polar air dramatically. 

The study provides further evidence that sea ice reduction is 
the principal cause of the amplified warming in the Barents 
area.

The Norwegian Meteorological institute monitors sea ice 
around Svalbard and in the Arctic daily and provides the 
public with updates through the service cryo.met.no

HOW THE FAST WARMING WAS DETECTED

The researchers developed, verified and analysed a new 
and comprehensive dataset from the weather stations on 
the islands of Svalbard and Franz Josef Land in the northern 
Barents sea. The dataset gives a unique coverage both in 
space and time. Hence it is the first time it has been possible 

to study observed changes in temperature in the northern 
and eastern parts of Svalbard.

In addition to observations from weather stations the re-
searchers have used the new climate dataset, the Copernicus 
Arctic Regional Reanalysis (CARRA), a high-resolution 
dataset from 1991 to 2022 for two domains of the European 
Arctic. CARRA combines past observations – such as those 
recorded by weather stations and satellites – with a model of 
the atmosphere.

“This combination has given us a great level of detail about 
the development of the temperature in the region. It is also 
worth noting that the results from CARRA align well with 
our own weather observations, and give a more comprehen-
sive picture than the ERA5 reanalysis that was used previ-
ously,” says Isaksen. ■
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Målselv/Malangen Varanger/Tana

Isfjorden/Adventelva

RESEARCH NOTES

Catchment to Coast: 
An integrated science 
approach in the 
changing north

Amanda E Poste* and André Frainer* // Norwegian Institute for Nature Research

Bodil A Bluhm and Rolf A Ims // UiT The Arctic University of Norway

When we hike on a local mountain we move through different 
types of vegetation, from barren tundra to meadows and forests. 
We cross mires, hop over streams, walk along lake shores. When 
we reach the coast, we see rivers meeting the sea and wade to 
our knees in salt water to look for sea creatures. 

On our hike, without noticing, we have 
already crossed several ecosystems – freshwa-

ter, terrestrial, and marine. While the boundaries 
between these ecosystems are not always very 
clear, they often have their own management 
plans and research traditions.  

Terrestrial, freshwater, and marine ecosystems 
are all strongly connected, yet climate change re-
search and environmental management often ig-
nore such cross-ecosystem linkages and impacts. 

RESEARCH NOTES

* Also affiliated with UiT The Arctic University of Norway

Locations of the Catchment to Coast case 

study areas in Svalbard and northern Norway. 

Photos: Målselv/Malangen, Oskar Christensen 

/ Akvaplan-niva; Isfjorden/Adventelva and 

Varanger/Tana, Amanda Poste / Norwegian 

Institute for Nature Research.  

Maps: Norgeskart

Given the sweeping nature of industrial impacts 
on the planet, from local-scale effects on soil and 
drinking water, to global-scale effects on biodi-
versity and climate, there is a pressing need for 
a more holistic understanding and management 
of socio-ecological systems. This type of holistic, 
integrated understanding requires improved 
insight into how global change is likely to impact 
cross-ecosystem connectivity and links between 
nature and society at the landscape scale – from 
catchment to coast (C2C).



147146 FRAM FORUM 2023 FRAM FORUM 2023RESEARCH NOTES RESEARCH NOTES

In C2C we define cross-ecosystem 
linkages as movement of water 
and material (including organisms) 
across terrestrial–freshwater–marine 
ecosystem boundaries. Cross-
ecosystem impacts occur when 
changes in one ecosystem have 
effects that cross over ecosystem 
boundaries (e.g. impacts of terrestrial 
climate and vegetation change 
on freshwater and coastal water 
quality, impacts of changing stream 
invertebrate communities on the types 
and quantities of insects that cross 
over into terrestrial food webs).

Institutes involved in C2C: Norwegian Institute for Nature Research (lead institute), Akvaplan-niva, Institute of 

Marine Research, Norwegian Mapping Authority, Norwegian Meteorological Institute, Norwegian Institute of 

Bioeconomy Research, Norwegian Institute for Cultural Heritage Research, NILU – Norwegian Institute for Air 

Research, Norwegian Institute for Water Research, Norwegian Polar Institute, UiT The Arctic University of Norway, 

University Centre in Svalbard. 

Programme coordinators: André Frainer, Amanda Poste; Leader group: Bodil Bluhm, Vera Hausner,  

Sanne Holmegaard, Rolf Ims, Leah Jackson-Blake, Maria Jensen, Ole Einar Tveito, Virve Ravolainen, Paul Renaud, 

Angelika Renner. Below, members of the C2C project gathered for a photo during our kick-off meeting in April 2022. 

Photo: Karl-Otto Jacobsen / Norwegian Institute for Nature Research

C2C GOALS

The goal of the C2C research programme is to 
improve our understanding of how terrestrial, 
freshwater, and marine ecosystems are linked, 
and how we can improve their integrated man-
agement. In C2C, we take an integrated approach 
across ecosystem boundaries, from catchment 
to coast, in three key study areas: Isfjorden/
Adventdalen in Svalbard, and Målselv/Malangen 
and Varanger/Tana, both in northern Norway. 
In these case study regions, C2C will build 
understanding about climate change impacts 
“from catchment to coast” and will contrib-
ute much-needed knowledge in support of the 
development of more holistic integrated ecosys-
tem-based management plans in the case regions. 
Our ambition is that the work in C2C can also 
serve as model for other areas in northern Norway 
and other Arctic regions.
 

The plume of Målselva flowing towards the sea is 

clearly visible as lighter water. Photo: Amanda Poste / 

Norwegian Institute for Nature Research
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MISSION

C2C brings together natural and social scientists 
and stakeholders to deliver new knowledge relat-
ed to cross-ecosystem linkages among terrestrial, 
aquatic, and coastal marine ecosystems, and the 
importance of these linkages for understanding, 
managing, and mitigating climate change impacts 
in the Norwegian north (including Svalbard).

CASE STUDIES CAPTURE MANY CONTEXTS

At the core of C2C is a set of case studies in north-
ern Norway and Svalbard, where we carry out 
coordinated and cohesive research across ecosys-
tem and disciplinary boundaries and engage with 
key local and regional actors. In the case studies, 
we link and synthesise existing data, field observa-
tions and experiments, local knowledge, climate 
predictions, and current management approach-
es. The selected sites cover a range of climate, 
ecological, social, and governance contexts, and 
capture a broad range of important cross-ecosys-
tem interactions.

For example, case study sites in northern Norway 
provide opportunities for relevant cross-ecosys-
tem research related to the effect of vegetation 
change (e.g. greening, browning, shrubification); 
effects of pink salmon on freshwater and terrestri-
al nutrient availability and freshwater invertebrate 
community structure; the magnitude, timing, 
and impact of terrestrial carbon and nutrients 
transported from rivers to fjords; and the effects 
of climate change on floods, droughts, and snow 
cover extent. 

INTERDISCIPLINARY TEAM

C2C brings together over seventy researchers from 
twelve Fram Centre institutes: together, they pro-
vide expertise related to governance and manage-
ment; climate science; terrestrial, freshwater and 
marine ecology; socio-ecological systems; hydrol-
ogy; biogeochemistry; anthropology; geomorphol-
ogy; environmental monitoring; remote sensing; 
and outreach. C2C is organised in a work package 
structure that takes advantage of this expertise 
and ensures a connection across disciplines. In 
addition to bringing together new constellations 
of researchers across disciplines and ecosystems, 
C2C also takes advantage of ongoing research, 
existing infrastructure, and monitoring time 
series in the partner institutes, including data and 
infrastructure developed through the previous 
Fram Centre flagships.  

WORK IN PROGRESS – 2022 TO 2026

C2C has started by working with key stakeholders 
to identify knowledge gaps and prioritise research 
needs when addressing cross-ecosystem link-
ages in northern Norway under climate change 
(WP1). This important step ensures that different 
perspectives can be heard and contribute to the 
planning of new research themes in C2C. Other 
ongoing activities include the establishment of cli-
mate models for better detecting changes in snow 
cover, seasonality, and vegetation (WP2), analyses 
of the flux and fate of carbon and nutrients from 
rivers to the sea (WP3), the interplay between 
primary producers and consumers across eco-
systems (WP4), the assessment of management 
plans for northern Norway (WP5), and integration 
and synthesis of the work happening across C2C 
(WP6). ■
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Conceptual figure showing a generalised northern landscape, where cross-ecosystem 

linkages and impacts and human–nature interactions are present from “catchment to 

coast”. Illustration: Eva Setsaas / Norwegian Institute for Nature Research

Work package structure in C2C. Illustration: Eva Setsaas / Norwegian Institute for Nature Research
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What should we do while 
waiting for environmental 
pollutants to be banned?

Christine Forsetlund Solbakken, Eldbjørg S Heimstad and Linda Hanssen  

// NILU – Norwegian Institute for Air Research

Back in 2014, several national newspapers had headlines like 
“Norwegians are the most toxic people in the world”. The news 
was based on a research study which showed that in 60 years, 
Norwegians had gone from having six or seven environmental 
pollutants in their bodies to having 200-300.

If we take blood samples from a representative  
 sample of Norwegians today, the number may 

well rise by another few hundred.

But does that mean we are toxic? That we are poi-
soned? That “environmental pollutants” should ap-
pear as the cause of death on our death certificate?

We hope not, but we don’t know for 
sure.

The truth is that we have measurable amounts of 
hundreds of different environmental pollutants in 
our bodies. The same most likely goes for Swedes, 
Danes, Brits and most others who grow up in afflu-
ent Western countries.

REFLECTIONS

But are we at the top of the world in 
environmental pollutants?

In a global perspective, Norwegians are probably 
far down on the list of those whose bodies carry the 
highest concentrations of well-known environmen-
tal pollutants.

Should we be content with that? 

Right now, we don’t know what all the environmen-
tal pollutants we are surrounded by – and which our 
bodies surround – will do to our health in the long 
run. Our knowledge of the health effects of environ-
mental pollutants is largely based on the effects of 
each individual substance.

REFLECTIONS

The famous cocktail effect – the overall impact of 
all those substances together – we don’t know a lot 
about.

And that worries us. What will all the environmental 
pollutants we surround ourselves with mean for our 
children? And for our children’s children? Will they 
be healthy and strong?

Where do all those toxic substances 
come from?

Some environmental pollutants are natural, such as 
the heavy metals lead and mercury.

But the majority of what we define as environmen-
tal pollutants are man-made, with long and alien 
names. PCBs, brominated flame retardants, per- and 
polyfluorinated substances or PFASs, furans, diox-
ins, phenols, dechloranes, pesticides...

Several of them have been shown to have hor-
mone-disrupting effects, even in small amounts.

And we take them home. Seen with international 
eyes, Norwegians are relatively wealthy. Our homes 
are full of gadgets and electronic thingamajigs. We 
own at least one car, often two. We love to redeco-
rate, and we spend a lot of time indoors. At work we 
sit in front of a screen, and when we get home, we 
pick up another one. Then we swipe left and right, 
and order even more new things from Alibaba, 
Wish, and Shein.

But what about the people who make all those 
things we order, goods that are transported halfway 
around the world on large container vessels. How 
many hundreds of environmental pollutants do they 
have in their bodies?

Has anyone studied them?

And when we’re tired of our gadgets, when the car 
stops running and the fridge has chilled its last bot-
tle of bubbly, then what happens?

Then we dispose of our cars, refrigerators, old 
tablets and other electronic waste. Not always at the 
recycling station. Not always back to where we got 
them, either. Some end up in other countries, with 
poorer people and poorer legislation around the 
handling of harmful waste.

There, screens are smashed to smithereens that lie 
strewn across the ground. Coolant is drained and 
flows slowly down to the river. Tyres are burned 
on huge bonfires of trash. Every tiny bit that can be 
reused or is worth a few cents is gathered up. The 
rest? Nobody cares about the rest.

So, what about those who drink the water from the 
river and inhale the smoke from the fire? Do they 
have fewer and smaller amounts of environmental 
pollutants in their bodies than we do?

Or didn’t anyone study them either? 

We have reached a point in time when there is a 
stronger focus on chemicals, a greater recognition 
that they are a major challenge.

We know that environmental pollutants are a prob-
lem, and we are beginning to treat it as such. But the 
chemical manufacturing industry has a good head 
start on the authorities who make the laws.

At the same time, a lot of good regulation is being 
put in place, well-founded treaties with proud names 
and exotic acronyms. The Minamata Convention, 
the Stockholm Convention, the Basel Convention, 
the Rotterdam Convention, the Aarhus Convention. 
REACH. CRLTAP.

We applaud the Norwegian authorities when they 
work for an EU-wide ban on all the different variants 
that make up the PFAS group. Such measures are 
necessary for the effect to be strong enough, fast 
enough.

But we will not attain any global change without 
international political decisions. We need those.
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We need a “smoking ban” for 
environmental pollutants.

Political decisions are the only thing that can force 
the industry to think new, think green.

Such things take time.

What should we do while we wait for the authorities 
to ban environmental pollutants?

We who buy stuff, use it, then throw it away, can 
take a personal stand. We can let ourselves be in-
spired by previous generations.

Not the people who drove old cars into the lake. Not 
the people who tipped trash into the forest either. 
But the thrifty people who handed down clothing 
and sports equipment, who mended things and used 
them until they were worn out. The people who 
didn’t buy all the stuff they didn’t really need in the 
first place.

This much is certain: as long as we buy new gadgets, 
manufacturers will continue to produce them. They 
will use new substances with more or (usually) less 
well-known effects to make those gadgets prettier, 
shinier, softer, finer, more expensive.

There are environmental pollutants in our food. 
There are environmental pollutants in the air we 
breathe. There are environmental pollutants in our 
things.

But we can’t stop eating.

And we can’t stop breathing.

REFLECTIONS

BACKGROUND INFORMATION

About the Global Chemicals Outlook 
II report. https://www.unep.org/
news-and-stories/press-release/un-
report-urgent-action-needed-tackle-
chemical-pollution-global

2022 Facts and Figures of the European 
Chemical Industry. https://cefic.
org/a-pillar-of-the-european-economy/
facts-and-figures-of-the-european-
chemical-industry/

The great detox – largest ever ban 
of toxic chemicals announced by EU. 
https://eeb.org/the-great-detox-
largest-ever-ban-of-toxic-chemicals-
announced-by-eu/ 

EU’s Chemicals strategy for 
sustainability. https://environment.
ec.europa.eu/strategy/chemicals-
strategy_en 

EU’s Zero pollution action plan. https://
environment.ec.europa.eu/strategy/
zero-pollution-action-plan_en
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To tame a polar bear

Ann Kristin Balto // Norwegian Polar Institute

One day, during Roald Amundsen’s  voyage  
 through the Northeast Passage, Georg 

Kibisow from the Russian Trading Company came 
aboard Amundsen’s ship, the Maud. He brought 
along a polar bear cub that he had caught near 
Kolyma. He offered the cub to Amundsen, who 
bought it.

Roald Amundsen named the polar bear cub 
Marie. He gave her a lot of attention in the hope 
of taming her so she could pull a sledge. Marie 
features a lot in Amundsen’s expedition diary and 
he followed her development closely. Here is a 
sample of what Amundsen wrote:

It’s not easy to make friends with Marie, 
but it might work. I carry her now, 
whenever I want, but I have to make 
sure I hold onto her head so she can’t 
bite me. She is constantly fighting with 
the dogs. This little critter has no fear.

Amundsen gave Marie milk, which she appreci-
ated. He was also able to stroke and groom her. It 
appears that several of the crew members also de-
veloped a good relationship with Marie, until one 
day Amundsen wrote that he had “chloroformed” 
the cub after she attacked him:

RETROSPECTIVE

This year marks 150 years since the polar 
explorer Roald Amundsen was born. All of 
Norway knows he was the first to sail through 
the Northwest Passage in 1903-1906 and the 
first to reach the South Pole in 1911. Fewer are 
aware that he also sailed through the Northeast 
Passage in 1918-1925.

RETROSPECTIVE

I chloroformed Marie to death this 
morning. I had to abandon any hopes 
of training her. After grooming and 
feeding her for a month, this morning, 
when I brought her milk, she came at 
me in a ferocious rage. In the hands of 
an experienced trainer she might have 
become a bit friendlier, but I had to give up.

Marie the polar bear cub was stuffed and is currently 
on display in Roald Amundsen’s home in Svartskog.

Roald Amundsen feeding Marie, 

the polar bear cub, July 1920. 

Photo: Norwegian Polar Institute

The Norwegian Polar Institute photo archive 
contains several pictures from Roald 
Amundsen’s expeditions:  
 
https://bildearkiv.npolar.no/fotoweb/
archives/5000-Bilder/?121=roald+amundsen



157FRAM FORUM 2023156 FRAM FORUM 2023 FRAM CENTRE RESEARCH COLLABORATION FRAM CENTRE RESEARCH COLLABORATION

CLEAN
Cumulative impact of multiple stressors in High North ecosystems 
Duration: 2022–2026 

Lead Institution UiT The Arctic University of Norway

Project manager Raul Primicerio [raul.primicerio@uit.no]

Other partners Akvaplan-niva, Institute of Marine Research, NILU – Norwegian Institute for Air Research, Nofima, Norwegian Institute for Cultural 
Heritage Research, Norwegian Institute for Nature Research, Norwegian Institute for Water Research, Norwegian Institute of 
Bioeconomy Research, Norwegian Meteorological Institute, Norwegian Polar Institute, UiT The Arctic University of Norway, 
University Centre in Svalbard

Photo: Helge M Markusson / Fram Centre Drift AS

Illustrations on pages 157-162: Kine Yvonne Kjær

The Fram Centre consists of employees from 20 institutions involved in 
interdisciplinary research and outreach in the fields of natural science, 
technology, and social sciences.

We are currently collaborating on five research programmes. Altogether,  
280 researchers and technicians are involved in this work. In addition to these 
programmes, the Fram Centre financed seven smaller projects in 2022 and 
will be financing three more in 2023.

The programmes are mainly financed with funding from the Norwegian 
Ministry of Climate and Environment.

FRAM CENTRE RESEARCH COLLABORATION
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C2C
From Catchment to Coast: Integrating cross-ecosystem approaches into climate 
change research and ecosystem-based management for northern ecosystems 
Duration: 2022–2026

Lead Institution Norwegian Institute for Nature Research

Project manager André Frainer [andre.frainer@nina.no] and Amanda Poste [amanda.poste@nina.no]

Other partners Akvaplan-niva, Institute of Marine Research, NILU – Norwegian Institute for Air Research, NORCE Norwegian Research Centre, 
Norwegian Institute for Cultural Heritage Research, Norwegian Institute for Nature Research, Norwegian Institute of Bioeconomy 
Research, Norwegian Mapping Authority, Norwegian Meteorological Institute, Norwegian Polar Institute, UiT The Arctic University of 
Norway, University Centre in Svalbard

CoastShift
Area use, sustainability, and increased food production  
Duration: 2022–2026

Lead Institution Institute of Marine Research

Project manager Katherine Mary Dunlop [katherine.mary.dunlop@hi.no]

Other partners Akvaplan-niva, NILU – Norwegian Institute for Air Research, Nofima, Norwegian Institute for Nature Research, Norwegian Institute 
for Water Research, Norwegian Institute of Bioeconomy Research, SINTEF, UiT The Arctic University of Norway, University Centre in 
Svalbard
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SUDARCO
Sustainable Development of the Arctic Ocean 
Duration: 2022–2026

Lead Institution Norwegian Polar Institute

Project manager Paul A Dodd [Paul.Dodd@npolar.no]

Other partners Akvaplan-niva, Institute of Marine Research, NILU – Norwegian Institute for Air Research, NORCE Norwegian Research Centre, 
Norwegian Institute for Water Research, Norwegian Meteorological Institute, Norwegian Polar Institute, UiT The Arctic University of 
Norway, University Centre in Svalbard

Tana River
Linking scientific and Sámi traditional ecological knowledge to ensure the 
sustainability of the Tana salmon and Sámi culture 
Duration: 2022–2024

Lead Institution Norwegian Institute for Nature Research

Project manager Martin-A Svenning [Martin.Svenning@nina.no]

Other partners Norwegian Institute for Cultural Heritage Research, UiT The Arctic University of Norway
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Lead Institution Norwegian Institute of Bioeconomy Research

Project manager Tommi Nyman [Tommi.Nyman@nibio.no]

Other partners Norwegian Institute for Nature Research, Norwegian Veterinary Institute, UiT The Arctic University of Norway

Lead Institution Norwegian Institute for Cultural Heritage Research

Project manager Jukka Nyyssönen [jukka.nyyssoenen@niku.no]

Other partners NORCE Norwegian Research Centre, Nofima, Norwegian Institute for Nature Research

Lead Institution NORCE Norwegian Research Centre

Project manager Line Royet [liro@norceresearch.no]

Other partners Norwegian Institute for Cultural Heritage Research, SINTEF Ocean, University Centre in Svalbard, Geological Survey of Norway

SMALL PROJECTS FUNDED FOR 2023

PermaRich
Advanced mapping and monitoring for assessing permafrost thawing risks for 
modern infrastructure and cultural heritage in Svalbard 
Duration: 2023–2025

Knowledgescapes
Overcoming obstacles of knowledge exchange: Tools and methods for inclusive 
sea and land-use decisions 
Duration: 2023–2025

RemoTnitor
New methods for integrated non-invasive genetic monitoring of semi-domesticated 
reindeer and wildlife based on high-throughput sequencing approaches  
Duration: 2023–2025
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