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We study interactions
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climate, carbon cycling
and ecosystems in
northern latitudes.
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Mission

Values

We study interactions and feedbacks between climate, carbon cycling and
ecosystem feedbacks in northern latitudes. We assess and predict links from
atmosphere to terrestrial and aquatic systems for carbon and other key elements, and feedback to climate by greenhouse gas productions in ecosystems.
This is crucial for improvement of Earth system models, and thus to predict
and counter anthropogenic climate change.

We want to achieve excellence through

We educate the next generation of climate scientists in the fields of bioscience,
chemistry and geoscience. We engage the public to implement strategies that
help society and ecosystems reverse or adapt to climate and environmental
changes.

• Respect, professionalism and dedication

• Scientific rigorousness and openness
• Ethical practices in all areas of our endeavor
• Scientific accountability

• Sense of responsibility to transfer knowledge
to the public
• Sharing of best practices and working as a team

Vision
Our shared vision is
• to develop and deploy basic science and novel
approaches to understand biogeochemical cycles
in a changing anthropogenic world.
• to educate students and raise awareness in society at
large about the links between climate and ecosystem
processes for the better of the future.

6

CBA annual report
2021

CBA annual report
2021

7

Introduction

Special focus

Research

Outreach

CBA events

Education

Publications

Economy

CBA research
topics

Climatic change
and feedbacks
Terje K. Berntsen
Trude Storelvmo
Frode Stordal
Lena M. Tallaksen
Anders Bryn
Kjetil S. Aas
Yeliz Yilmaz
Henrik Svensen
John Faulkner Burkhart
Kirstin Krüger
Thea H Heimdal
You-Ren Wang
Elin Aas
Robin B. Zweigel

Weathering processes
of key elements to
surface waters
Helge Hellevang
Lars-Andre Erstad

Microbial genomics
and metabolism

Atmospheric
chemistry
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Contaminants
and carbon in
coastal ecosystems

Freshwater and
coastal ecosystem
responses

Soil-water interactions, fate
and flux of dissolved organic
matter and key elements
Heleen de Wit
Andrea Popp
Nicolas V. Parra
Jacqueline Knutson
Camille Crapart
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Sebastian Westermann
Frans-Jan Parmentier
Jon Petter Omtvedt
Jing Wei
Alexander Eiler
Juditha Aga
Norbert Pirk
Marius Lambert

Katrine Borgå
Tom Andersen
Dag O. Hessen
Jan David Heuschele
Heidi Sjursen Konestabo
Sabrina Schultze

Alexander Eiler
Jing Wei
Laurent Fontain

Armin Wisthaler
Tomas Mikoviny
Baptiste Languille
Felix M. Piel
Wojciech Wojnowski
Anjitha S. K. Geetha
Alexander Håland
Wen Tan
Claus J. Nielsen
Terje Breivik
Maja Nipen

Permafrost dynamics,
thaw, age, fate and
flux of «old carbon»

Dag O. Hessen
Tom Andersen
Elisabeth Alve
Lina Allesson
Aleksandr Berezovski

CLIPT lab

Phytotron Lab

ECODISTURB

Anne H. Jahren
William Hagopian

Ane Vollsnes
William Hagopian

Christina Nadeau
Dag O. Hessen
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Management
structure

The leader group

CBA is a joint operation between the Department
of Biosciences, Geosciences, and Chemistry. This
important interdisciplinary element of our centre is
reflected in both the leader group and the board.

CBA researchers
gathered for the
annual meeting
in Drøbak.
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Front from left:
Lina Allesson,
Jing Wei,
Heleen de Wit,
Sabrina Schultze,
Alexander Eiler,
Dag O. Hessen

Line two from front:
Jan Heuschele,
William Hagopian,
Ane Vollsnes,
Elin C. R. Aas,
Heidi S. Konestabo,
Yeliz Yilmaz,
Erling E. Andreassen

Line three from front:
Brit Lisa Skjelkvåle,
Aleksandr Berezovski,
Camille Crapart,
Nicolas V. Parra,
Juditha Schmidt,
You-Ren Wang

Back row:
Terje K. Berntsen,
Tom Andersen,
Alexander Håland,
Rolf D. Vogt,
Norbert Pirk,
Sebastian Westermann,
Kjetil Aas

Terje Koren Berntsen

Armin Wisthaler

Dag O. Hessen

Lene Liebe Delsett

Professor in geosciences

Professor of atmospheric
chemistry, Department of
Chemistry

Professor in biology
and centre leader

centre coordinator

The board

Bjørn Jamtveit

Einar Uggerud

Bernd Etzelmüller

Arne Klungland

Vice Dean (Prodekan)
of Research

Head of Department
of Chemistry

Head of Department
of Geosciences

Head of Department
of Biosciences

The scientific advisory group

Tim Lenton

Vigdis Vandvik

Marten Scheffer

University of Exeter,
Global Systems Institute

Bjerknes Centre for
Climate Research,
University of Bergen

Wageningen University
& Research

CBA annual report
2021

11

Special focus

Research

Outreach

CBA events

Education

Publications

Photo: Alexander Håland

Introduction

Economy

State of affairs

Dag O. Hessen
Professor in biology
and leader of CBA

_

2021 has been another year
influenced by the covid
pandemic. Thus, I am even
prouder to conclude that the
Centre for biogeochemistry
in the Anthropocene (CBA)
has had a high level of activity and made important
scientific contributions.

As will be evident from this report, we
have been active on various arenas:
we have given a large number of public talks, interviews, media performances, projects and applications and published a list of strong papers.
CBA staff has also contributed two
popular science books, “Brennmaneteffekten” (on loss of nature, by
Lene Liebe Delsett) and “Liv” (on
the origin of life, by Dag Hessen), as
well as a separate issue of the popular science magazine “Naturen”,
presenting the research we perform
at CBA. We managed to arrange the
annual meeting physically in Drøbak
in late fall, just before the omicron
variant caused stronger restrictions
and again forced life in a more digital
direction.

Climate and nature
2021 was a year with strong public
attention towards climate issues,
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loss of nature and biodiversity, and
finally also a public awareness on the
coupling of these two major threats.
The sixth IPCC report, released in
August, was a landmark in this context, and two of the main authors are
CBA members Terje Berntsen and
Trude Storelvmo. The new Norwegian governmental platform (“Hurdalplattformen “) stated explicitly that
“climate and nature should frame all
policy”, which also was expressed
by our minister of the environment
during the Glasgow climate meeting
in late fall. A joint IPCC and IPBES
report highlighted the climate-nature coupling last year, and the topic
is covered in a contribution in this
report, based on an upcoming paper
by Vigdis Vandvik (CBA scientific
board) and Dag Hessen (CBA lead).
The link between carbon cycling,
climate and ecosystem processes is

core to the activities in CBA, and
also to the large “Fellesløftet” project Biogeochemical processes governing boreal C cycling (BioGov).
After a lengthy process, CBA was
granted 25 mill NOK over the next
four years, which is a real booster.
It implies several new PhD and postdoctoral positions, and involves a
majority of the CBA staff. CBA has
also been deeply involved in the
Centre of Excellence (SFF) application ACT – Centre for Arctic Climate
Transitions. The application made it
through to the second round, and the
final application was submitted fall
2021. Expected announcement of the
final outcome will be early fall 2022.

CBA is growing
In addition to the IPCC involvement, CBA has been in the lead of
an international UNESCO working group and upcoming report on

the role of universities and higher
education institutions for the global
sustainability (Transforming Higher
Education for Global Sustainability).
The group was led by Dag Hessen
(CBA, UiO) and Sylvia Schmelkes
(Universidad Iberoamericana) and is
presented later in this annual report.
CBA has also been involved in the
work with the University of Oslo climate strategy, including plans for an
“Oslo sustainability Centre”, as well
as the plans for “Oslo Science City”,
and the Lancet Countdown Report on
climate as the major threat to global
health. Other engagements and
presentations related to these can be
found in this annual report, but the
overall message is a strong involvement of CBA in science, including
cross-disciplinary activities as well
as engagement in committees and
outreach in a broad sense.

CBA got a new board in 2021 which
is presented in this report, reflecting
change in chairs in the three involved
departments (Biosciences, Chemistry and Geosciences), as well as at
the faculty level. Co-funder of CBA,
Rolf D. Vogt, left the University of
Oslo and CBA for a new position
at NIVA. Fortunately, Armin Wisthaler has stepped in. Earlier Frode
Stordal retired, being replaced by
Terje Berntsen, hence the leader
group is now composed of Dag Hessen (lead), Terje Berntsen and Armin
Whisthaler.
For 2022 we only know that there are
exciting times ahead with the core
activities of CBA more relevant to
nature and society than ever, and with
involvement in a growing number of
projects and activities.
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Introduction

Buffering climate
change with nature
Dag O. Hessen
–

Over the past few centuries, climate change
has climbed to the top of political agendas,
and there is a major awareness of this issue
also in the public, as well as the business
and finance sector. Now the time has come
to include nature.
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Because of the attention towards climate change, the balance between the
costs of a societal transition towards
a sustainable trajectory and the costs
of “business as usual” has gained
interest and promoted a green transition. The loss of nature and biodiversity has to a large extent been treated
as a secondary and separate issue –
until recently. Finally, however, the
Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES) reports and
joint Intergovernmental Panel on
Climate Change (IPCC) and incentives have put the loss of nature high
on the agenda, both due to the deep
concern for lost nature and diversity
per se, but also due to the number of
essential ecosystem services nature
provides to humans. Largest of all
is the massive sequestration of CO2
by ecosystems: The only efficient
mechanism for large scale drawdown of CO2 from the atmosphere is
still the photosynthesis. Adding to
this, nature is important for carbon
and water storage, preventing floods
and landslides. In fact, many of the
currently proposed policies aimed at
“the green shift” and “saving the climate” may directly conflict with sav-

ing nature, often because these two
issues are treated as separate challenges. Production of clean energy
often puts heavy tolls on nature and
habitats, e.g. the establishment of
power dams, wind turbines and the
requirements for metals and minerals
that need to be extracted from nature.
The decline in wildlife populations
since the onset of agriculture some
10 000 years ago is estimated at
83% for terrestrial mammals, and
80, 50, and 15% for marine mammals, plants, and fish respectively,
and the estimated biomass ratio of
terrestrial mammals is 36% humans,
60% domestic animals, and 4% wild
mammals. More broadly, the abundance of naturally occurring species
(across all organismal groups) has
declined by 23%, natural ecosystems have declined by 47%, and, as
a consequence, one million species
are now under threat of extinction
(IPBES 2019). Land-use change is the
major driver of the “nature crisis”,
and these changes are of staggering
magnitude; more than 75% of terrestrial areas have now been significantly transformed by human activities, including a disproportionally
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"Saving nature – or restoring lost or damaged
systems such as bogs, will serve as a powerful buffer against climate change that could
accompany reduced emissions."
high fraction of Earth’s most fertile
areas suited for agriculture, which
now covers 12% of the land surface
(excluding ice-covered areas) with
another 25% being used for pasture,
according IPBES (IPBES 2018, 2019).
These reports further estimate that
83% of the global wetlands have
been drained or otherwise lost since
pre-industrial time, whereas the
area of global rainforests has been
reduced by 50%.
Also in Norway there has been a
recent awareness of the key role of
nature, notably forest, bogs, wetlands and permafrost for carbon
uptake and storage. This is also a
core topic for CBA; understand ingcarbon dynamics and the feedbacks
between climate and nature.
Norwegian Institute of Nature
Research released a report commissioned by the World Wildlife
Fund-Norway (WWF) that summarized the knowledge base of carbon
storage and uptake in Norwegian
terrestrial ecosystems (Bartlett et al.
2020). This report documents vast
carbon storages in Norwegian terrestrial ecosystems, and whereas the
largest cumulative storage of carbon
in Norway are found in our forests
(32%), covering 38% of the total land
area, indicating that forests deliver
below-average carbon storage. The
reason for this perhaps surprising
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finding is that wetlands and permafrost, which cover only 9% and 3% of
the total land mass, respectively, are
storing 31% of the nation’s terrestrial
ecosystem carbon (>2.2 Pg C). These
water- and temperature-limited ecosystems are incredibly carbon dense,
with 53 and 48 kg C m−2 for wetlands
and permafrost, respectively. The
next densest storage of carbon can
be found in freshwater lake sediments, with 45 kg C m−2, amounting
to 13% of the national carbon stores.
Another perhaps surprising finding
is that forests and low-mid alpine
zones sequester comparable amounts
of carbon on an annual basis (5.5 and
5.3 Tg C yr−1, respectively).
In an upcoming paper for a specific
issue of the journal Weather, Climate
and Society, Vigdis Vandvik, part of
the CBA scientific advisory bord, and
myself are pointing to these aspects
under the title above. Actually, just
saving nature – or restoring lost or
damaged systems such as bogs, will
serve as a powerful buffer against climate change that could accompany
reduced emissions. Moreover, this
will also promote the net uptake of
CO2 from atmosphere that is a prerequisite for the planet to remain
below 2 oC global average warming.
While climate change science and
policy acknowledge the facts of
the carbon stocks and fluxes in the
earth system, and indeed point to
ecosystems as critical parts of climate-change adaptation and mitigation strategies, through afforestation or land-use (AFOLU) and/or
bio-carbon capture and storage, we
are still far from having any consensus on practical and scalable solutions. Indeed, many suggested pol-

Figure 1: The boreal forest, bogs and wetlands holds huge stores of
carbon and water, and serve as buffers both for climate change and
climate disasters.

icy options are based on simplistic
“one size fits all” solutions such as
the idea that general and uncritical
planting of trees everywhere will
increase carbon uptake and thereby
mitigate climate change. Here, we
illustrate how current approaches to
mitigate climate change via strengthening the terrestrial land sink are
hampered by a lack of appreciation
of the complexity of ecosystems and
the context-dependencies in their
functioning, and, in particular, of
the variation in the magnitude, tem-

poral dynamics, and the resilience
of ecosystem carbon storage. These
aspects are increasingly important to
safeguard ecosystem carbon storage
from new threats from the changing
climate.
Literature:
Bartlett, J., G. M. Rusch, M. O. Kyrkjeeide,
H. Sandvik, and J. Nordén, 2020. Carbon
storage in Norwegian ecosystems (revised
edition) (NINA Report 1774b). Retrieved
from: https://brage.nina.no/nina-xmlui/
handle/11250/2655580

Hessen, D.O. and Vandvik, V. 2022.
Buffering Climate Change with Nature.
Weather, Climate and Society, in press.
IPBES, 2018. The IPBES Assessment
Report on Land Degradation and Restoration, L. Montanarella, R. Scholes, and A.
Brainich, Eds., IPBES Secretariat, Bonn,
Germany. 744 pp. doi:10.5281/zenodo.3237392
IPBES, 2019. Global Assessment Report
on Biodiversity and Ecosystem Services
of the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem
Services E. S. Brondizio, J. Settele, S.
Díaz, and H. T. Ngo, Eds., IPBES Secretariat, Bonn, Germany, 1148 pp. doi:10.5281/
zenodo.3831673
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Norwegian contributors to IPCC AR6 in 2019.
Terje K. Berntsen number two and Trude
Storelvmo number four from the left.

Climate march in Glasgow during COP26.

CBA contributions to IPCC
In 2021, contributions to
the Intergovernmental Panel on Climate Change has
been a main task for CBA
researchers.

The Intergovernmental Panel on Climate Change (IPCC) is the United
Nations body for assessing the science related to climate change. Their
assessment reports are at the core
of global discussions about climate
actions. The IPCC does not conduct its own research, but identifies
areas of agreement and disagreement
among scientists, as well as point
towards areas where more research
is needed. The IPCC is now working
on its sixth assessment report (AR6),
from which the Synthesis report is
due in 2022.
Three working groups contribute
to the assessment report, and CBA
researchers are part of Working
group 1: The physical science basis.
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«Code red»
for humanity

Professor Trude Storelvmo is coordinating lead author on Chapter 7:
The Earth’s energy budget, climate
feedbacks, and climate sensitivity.
This means she has an overarching
responsibility for the chapter, as well
as contributes to the understanding
of feedback mechanisms related to
aerosols and clouds.

"Today’s IPCC Working Group I Report is a code red for humanity.
The alarm bells are deafening, and the evidence is irrefutable:
greenhouse gas emissions from fossil fuel burning and deforestation are choking our planet and putting billions of people at
immediate risk. Global heating is affecting every region on Earth,
with many of the changes becoming irreversible. (...)

Professor Terje Koren Berntsen is
lead author on Chapter 6: Short-lived
climate forcers. He is responsible for
predictions on how short-lived climate forcers (methane, ozone precursors (CO, NOx, hydrocarbons),
aerosols) are expected to contribute
to changes in global middle temperature for different emission scenarios
(SSP scenarios) until the year 2100.

United Nations Secretary-General António Guterres statement
on the IPCC working group 1 report August 9th 2021

If we combine forces now, we can avert climate catastrophe.
But, as today’s report makes clear, there is no time for delay
and no room for excuses."
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A letter from
the field
Fieldwork is an important way to gather data and understand
natural processes. Here, you can get a glimpse into the field
trips of CBA/ NIVA PhD student at CBA Jacqueline Knutson.

those of us who are fortunate enough
to work in the field I truly hope that
between concentrating on collecting
the best samples and highest quality
data you look up for a moment and
take in the landscape around you.

Jacqueline Knutson
PhD student Department
of Geosciences and NIVA

That first day at Iškoras I took careful
notes of my new field site while being
bombarded with birdsong, both new
and familiar.
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One of the greatest joys of fieldwork
is the fact that you are outside the
office and (mostly) away from the
screens. There is no doubt that fieldwork is often very long days and very
hard work and there is high pressure
to get it right because you can never
recreate exactly the conditions of
that particular day. There are few
things as frustrating as looking over
data in the snowy Norwegian winter
and realizing that you missed something essential back in July. But for

I had a 2021 full of travel which felt
like such an incredible privilege in
these mid-pandemic times. My first
trip took me as far north as I have
ever been, arriving near midnight
in Lakselv to a landscape just on the
brink of spring. Tender green buds
waited impatiently as snow continued to melt in the tree wells of the
birch forests. As we drove south
toward our destination, Karasjok,
with the midnight sun at our backs,
we encountered a multitude of wildlife; moose with velvet still softening
the edges of their antlers, reindeer
casually pawing through roadside
lichen, ptarmigan and hares caught
between winter and summer colora-
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From left to right:
1.

Cotton-grass surrounds many
of the ponds of the peat
plateau in high summer

2.

Quick encounter with a reindeer in the midnight sun

3.

A gentle reminder of the
wildness of the area

4.

Post-storm rainbow appearing
over the LATICE mobile flux
tower

5.

Heleen de Wit explains the
use of CO2 flux chambers

Photo:
Jacqueline Knutson
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tion racing across the motorway and
out of harm’s way. That first day at
Iškoras I took careful notes of my
new field site while being bombarded
with birdsong, both new and familiar, as the landscape tilted toward the
precipice of spring. After only two
days I watched bare branches bear
full foliage as arctic spring skipped
straight to summer.
A few weeks later I found myself
back in the north and full summer had settled in. A brisk breeze
allowed us to work nearly mosquito-free and the long days of sun had
warmed the water—pleasant to work
in but perhaps disconcerting for this
vulnerable permafrost landscape I
found myself wading through. Arctic cotton bounced comically in the
wind, soft downy dancers among the
greenery of mid-summer. I stumbled
upon reindeer antlers embedded in
the low growing arctic plants and
lichens, resting in a carpet of soft
greens, whites, yellows, and pinks.
Tiny flowers dotted the landscape
and the hints of berries to come could
be found with a small search.

Publications

Economy

Late summer arrives early up north
and even though southern Norway
was still enjoying beach days, there
was a blush of yellow in the birches
by August. By now the berries were
gloriously ripe and I snacked on sunwarmed blueberries and cloudberries
between sampling; gently drive-by
plucking one or two en route to
the next site and delighting in their
sweetness. Sudden torrents of rain
would rush down the mountain and
we would stand in the passing showers waiting until they cleared. The
angle of the sun was such that deeply
hued rainbows would often follow,
and the sun would dry us quickly.
After months of dealing with supply chain problems I made one final
2021 trip to Iškoras with some longawaited instruments, racing against
the rapidly approaching winter.
This time the wind was biting and
the ponds cold to the feet and the
fingers. Although the birches had
been stripped of their autumn glory,
the low-lying bushes held deep violet and maroon shades that seemed
a warm contrast to the steely grey

skies that threatened winter weather.
Despite knowing we would not have
all the sun of summer, I still worked
too long and hiked out along the
mountainside in the dark. In the
beam of my headlamp I flushed a
startled ptarmigan into an explosion
of wingbeats and consequently startled myself, my yelp of surprise lost
to the persistent winds.
As we settle into winter and I into
the data analysis, I am pleased with
what we collected, the good replicates that we have, the data ticking
in from the station we installed. The
data are telling me a story and behind
that story is a real place buzzing with
life and with cycles both short and
long. I did spend a lot of time with
my head down, concentrating on my
work and oblivious to the landscape
around me, but I’m grateful for all the
times I looked up and about and took
in the immensity of the corner of the
Finnmarksvidda I am lucky enough
to work in.

CBA annual report
2021

25

Special focus

Research

Outreach

CBA events

Education

Publications

Economy

Photo: Alexander Håland

Introduction

Research

26

CBA annual report
2021

CBA annual report
2021

27

Special focus

Research

Outreach

CBA events

Education

Publications

Economy

Photo: Getty Images

Introduction

How temperature
changes in lakes
affect species

Dag Olav Hessen
Professor in biology
and leader of CBA

CBA was involved in a study published in Nature Climate Change in
2021, addressing recorded temperature changes in lakes in time and
depth. Climate change warms lake
surfaces worldwide, giving rise to
concerns about how lake species are
responding. Lake species may cope
by shifting their seasonality or their
depth to track their optimal thermal
habitat as lake temperatures change.
However, seasonal and depth shifts
may be ineffective if species’ seasonality and depth distributions are
constrained by species interactions,
life history, or resources. Based on
extensive temperature data in space
and time for 139 large lakes worldwide, the risk of thermal habitat
loss was analyzed to assess whether
seasonal and depth shifts can alle-
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viate the temperature niche species.
Lakes had high risk of biotic exposure to novel thermal habitats, which
increased substantially when species
were restricted in their depth and
seasonality. Furthermore, lakes with
high risk of thermal habitat loss coincided with those having high biodiversity and endemism (e.g., Tanganyika, Victoria, Biwa, and Baikal); thus,
standard conservation actions such as
aquatic nature reserves may be insufficient to preserve their exceptional
biodiversity.
This type of analysis is becoming
more important as fish and other
aquatic organisms have their specific niches with temperature preferences that may be severely affected by
warming. Ongoing work at CBA also
look into other fish niche models,
where levels of oxygen and optical
properties of water is included, and
couple this to the observed decline
of the key fish species Arctic char in
northern lakes.

Literature:
Kraemer, M.M. et al. 2021. Climate change
drives widespread shifts in lake thermal
habitats. Nature Climate Change 11: 521–529
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Application of machine learning
in microbial diversity studies:

An example from
lake browning

Alexander Eiler
Professor Department
of biosciences

Ecological studies often assume a
linear relationship such as between
biodiversity and environmental
properties although there is growing evidence that nonlinear relations
dominate in nature. Non-linearity
has been suggested to represent an
important driving force in ecological systems because environmental
factors are highly variable in both
space and time, and organisms do
not interact with abiotic and biotic

factors in a fixed way. A common
feature of non-linear relationships is
that they have both increasing and
decreasing sectors as well as different stable states where the nature of
the response can change dramatically
when an environmental factor (i.e.,
temperature) reaches a threshold (or
ridge). Such thresholds are missed
by linear models commonly used in
ecological data interpretation and
modeling.

Figure 1: Visualization of feed-forward
neural network predictions of bacterial
community compositional changes
(beta-diversity) across a browning
gradient. The mean value of the response surface can be treated as the baseline beta-diversity across all sites. Data
points with values below the mean
represent higher similarity between
sites; likewise, higher values represent
lower similarity. To interpret the response, one may begin by looking at a point
bordering the diagonal and then follow
a line of points further up on the
browning gradient. Here, a “ridge” is
indicated by values next to the diagonal
where the shift in bacterial community
composition is greater than average
(yellow). In the same manner, a “valley”
is indicated by values where bacterial
communities do not shift substantially
(blue).
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Figure 2: Sampling of a typical
boreal lake affected by browning.
Photo: Alexander Eiler

In a recent study Fontaine and
co-workers show how machine-learning algorithms can be used to reveal
non-linear relationships between biodiversity and an anthropogenic-induced large-scale change, the browning of freshwaters. They show how
measures of bacterial alpha and beta
diversity exhibit non-linear trends
in relation to environmental gradients. Their results point to alternative trajectories (dynamic regimes)
in biodiversity separated by “guardrails”, interpretable as boundaries
with enforced resilience keeping
bacterial communities within different trajectories (“valleys”). This
resembles Lyapunov function hills
or ridges between attractor wells (the
proverbial “marble in a cup” [Scheffer
et al. 2001]) and emphasizes the usefulness of machine-learning models
in predicting non-linear biodiversity
responses across environmental gra-

dients when internal processes and
external forcing mechanisms are
unknown.
Furthermore, they suggest that the
non-linearity observed at the community level (alpha and beta diversity) can be explained by the complex
interchangeable nature of individual
taxa responses. This is corroborated by a high degree of non-linear
responses of individual bacterial
taxa to the browning gradient. This
non-linearity in response to environmental stimuli can be explained by
organisms’ ability to adopt opposite
strategies along the stimuli´s gradient. In addition, they argue that the
high number of non-linear relationships in the co-occurrences among
bacterial taxa in their data point to
shifts in their interaction behavior
likely resulting in non-linearity in
ecosystem functions.

To conclude, the results of this study
highlight the need to explore non-linearity common in biological systems
which can reveal the real complexity
of associations between biodiversity
and environmental properties. Most
importantly, by using machine learning the position of thresholds, alternative trajectories and guardrails can
be revealed which are important for
mitigation efforts and management
decisions to counteract environmental changes not only in freshwater
microbiomes affected by browning.
Reference:
Scheffer M, Carpenter S, Foley JA, Folke C,
Walker B. Catastrophic shifts in ecosystems. Nature. 2001;413:591–6.
Fontaine, L., Khomich, M., Andersen, T.
et al. Multiple thresholds and trajectories
of microbial biodiversity predicted across
browning gradients by neural networks and
decision tree learning. ISME COMMUN. 1,
37 (2021). https://doi.org/10.1038/
s43705-021-00038-8
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The role of photo
mineralization for
CO2 emissions
in boreal lakes

Lina Elisabeth Allesson
PhD student, Department
of Biosciences

&

Dag Olav Hessen
Professor in biology
and leader of CBA
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Most lakes worldwide are supersaturated with carbon dioxide (CO2),
emitting 0.32-0.53 Pg CO2-C yr-1 to
the atmosphere on a global scale. A
major part of the CO2 emitted from
lakes is produced through mineralization of dissolved organic carbon
(DOC), and there is a close relation
between DOC and CO2 production
and supersaturation in lakes. A large
fraction of boreal lakes are experiencing an increase in concentrations
of terrestrially derived DOC – a process commonly labelled “browning”.
The reason for this is manifold, but
major drivers are reduced acidification, increased forest density and thus
terrestrial primary production, as
well as climate changes and increased
runoff.

Browning affects microbial and photochemical mineralization of DOC,
and causes increased light attenuation
and hence reduced photosynthesis.
Consequently, browning regulates
the O2:CO2 ratio, and hence lake
heterotrophy and net CO2-efflux to
the atmosphere. Climate and environmental change make ecological
forecasting and global carbon cycle
modelling increasingly important. A
proper understanding of the magnitude and relative contribution from
these CO2-generating processes for
lakes with different concentrations
of DOC is therefore crucial for constraining models and forecasts.
As part of an integrative lakes survey conducted by CBA, the relative
contribution of photomineralization

to total CO2 production in 70 Scandinavian lakes along an ecosystem
gradient of DOC concentration was
investigated. We combined spectral
data from the lakes with regression
estimates between optical parameters
and wavelength specific photochemical reactivity to estimate rates of
photochemical DOC mineralization.
Further, we estimated total in-lake
CO2-production and efflux from lake
chemical and physical data.
Photoproduction corresponded on
average to 9 ± 1% of the total CO2-evasion, with the highest contribution in
clear lakes. The calculated relative
contribution of photochemical mineralization to total in-lake CO2-production was about 3 ± 0.2% in all
lakes. Although lakes differed sub-

stantially in color, depth-integrated
photoproduction estimates were similar in all lakes, regardless of DOC
concentrations. DOC concentrations
were positively related to CO2-efflux
and total in-lake CO2-production but
negatively related to primary production. We conclude that enhanced rates
of photochemical mineralization will
be a minor contributor to increased
heterotrophy under increased browning, meaning that microbial mineralization is by far the most important
driver of CO2-degassing from lakes.

Figure: Calculated area-specific
CO2-(=DIC) production along as
a function of wavelength and
concentrations of organic carbon
in lakes. All lakes produce most CO2
at shorter wavelengths, with highest
production on brown lakes. The
production do only occur in the
upper layers, however, and disappears rapidly with depth, hence
the CO2-production caused by light
is small compared to the CO2 driven
by bacterial mineralization.

Reference:
Allesson, L., Koehler, B., Thrane, J.-E.,
Andersen, T. & Hessen, D.O. 2021. The role
of photomineralization for CO2 emissions in
boreal lakes along a gradient of dissolved
organic matter. Limnology and Oceanography 66: 158-170.
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CO2 capture and its
impact on air quality
The Earth is warming, and
the increasing concentration
of carbon dioxide (CO2) in the
atmosphere is a main driver of
climate change.
Armin Wisthaler
Professor of atmospheric
chemistry, Department
of Chemistry
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In 2021, global emissions of CO2 from
fossil fuel combustion and cement
production reached a new record
of 36 billion tons. The scientific
community has concluded that, for
avoiding the worst consequences of a
rapidly warming planet, this number
needs to be cut to 0 by the year 2050.
The replacement of fossil energy
sources with non-fossil alternatives
is obviously the most important step
to take, but certain activities such as
cement production or waste-to-energy combustion currently have no
carbon neutral substitutes. For reaching the zero emission goal, the CO2
emitted from these sources must be
captured before entering the atmosphere and permanently sequestered.
Norway has decided to take a leading
role in this effort, demonstrating that
carbon capture and storage (CCS) is
a viable solution for decarbonizing
these sectors. In the ambitious Long-

ship project, the CO2 emitted from the
Norcem cement factory in Brevik and
the Fortum Oslo Varme waste-to-energy plant in Oslo shall be captured,
shipped to an onshore terminal on the
Norwegian west coast and piped to a
subsea storage site in the North Sea.
Like all major industrial projects, the
Longship project faces many challenges. The major challenge is economic, since costs for infrastructure
and operation are high. The main
technological challenges have been
addressed over the past decade, and
CO2 capture from industrial flue gases
with amine-based solvents is nowadays a mature technology. Amines are
highly reactive chemical compounds
that react with CO2 it the flue gas,
thereby preventing it from entering the
atmosphere. However, in this process
trace amounts of amines are released
to the atmosphere, where they can
form particles, ozone and other air
pollutants (e.g., nitrosamines) that
are harmful for human health and
the environment. The Atmospheric
Chemistry Group at the Department
of Chemistry is addressing these air
quality challenges associated with
amine-based CO2 capture. In 2021, we
have published two studies (Tan et al.,
2021a,b) in which we investigated the

The Technology Centre Mongstad (TCM)
– one of the world's largest test facilities
for CO2 capture where UiO is continuously
monitoring amine emissions.
(source: TCM)

The Klemetsrud waste-to-energy plant
– the largest CO2 point emission source
in Oslo which shall be decarbonized in
the Longship project.
(source: Fortum Oslo Varme)
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The small-scale pilot CO2
capture plant at Klemetsrud
where UiO is continuously
monitoring amine emissions
(source: Fortum Oslo Varme)

atmospheric fate of two important
amines used for CO2 capture. Since
we have developed world-leading
amine measurement capabilities, we
are continuously supporting two of
the key CCS players in Norway, the
Technology Center Mongstad and
Fortum Oslo Varme, in monitoring
emissions from their CO2 capture
facilities (Languille et al., 2021;
Fagerlund et al., 2021). Amine-based
CO2 capture from industrial sources
will play an important role in reaching the zero emission goal in the coming decades. Norway has also taken
the lead in making this technology
as environmentally safe as possible.

References:
W. Tan, L. Zhu, T. Mikoviny, C. J. Nielsen, Y.
Tang, A. Wisthaler, P. Eichler, M. Müller, B.
D’Anna, N. J. Farren, J. Hamilton, J. B. C.
Pettersson, M. Hallquist, S. Antonsen, Y.
Stenstrøm, Atmospheric Chemistry of
2-Amino-2-methyl-1-propanol: A Theoretical
and Experimental Study of the OH-Initiated
Degradation under Simulated Atmospheric
Conditions, J. Phys. Chem. A 125(34),
7502-7519, doi: 10.1021/acs.jpca.1c04898
(2021)
W. Tan, L. Zhu, T. Mikoviny, C. J. Nielsen, A.
Wisthaler, B. D’Anna, S. Antonsen, Y.
Stenstrøm, N. J. Farren, J. Hamilton, G.
Boustead, A. Brennan, T. Ingham, D. Heard,
Experimental and theoretical study on the
OH-Initiated degradation of piperazine
under simulated atmospheric conditions, J.
Phys. Chem. A 125(1), 411-422, doi:
10.1021/acs.jpca.0c10223 (2021)

J. Fagerlund, R. Zevenhoven, J. Thomassen,
M. Tednes, F. Abdollahi, L. Thomas, C. J.
Nielsen, T. Mikoviny, A. Wisthaler, L. Zhu, C.
Biliyok, A. Zhurkin, Performance of an
amine-based CO2 capture pilot plant at the
Klemetsrud waste incinerator in Oslo,
Norway, Int. J. Greenh. Gas Con. 106,
103242, doi: 10.1016/j.ijggc.2020.103242
(2021)
B. Languille, A. Drageset, T. Mikoviny, E.
Zardin, C. Benquet, Ø. Ullestad, M. Aronson,
E. Romslo Kleppe, Armin Wisthaler,
Atmospheric Emissions of Amino-Methyl-Propanol, Piperazine and Their
Degradation Products During the 2019-20
ALIGN-CCUS Campaign at the Technology
Centre Mongstad (March 25, 2021).
Proceedings of the 15th Greenhouse Gas
Control Technologies Conference 15-18
March 2021, Available at SSRN: https://ssrn.
com/abstract=3812139 or http://dx.doi.
org/10.2139/ssrn.3812139 (2021)
The European Photoreactor (EUPHORE) in Valencia and the underfloor
analytical laboratory in which UiO is measuring the substances that are
formed when amines degrade in the atmosphere (source: A. Wisthaler)
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Assessing the interplay
between hydrology and
biogeochemistry in the
High Arctic
Figure 1: Location of sampling
sites for surface waters (n=47)
in the study area near Ny-Ålesund
(79ºN, Svalbard).

The Arctic is warming faster than any other region on Earth.
As a result, climate change is contributing to the loss of ice
masses, greening of terrestrial landscapes, changes in snow
patterns, enhancing permafrost thaw and increasing nutrients
in inland waters.
Andrea L. Popp
Postdoctoral fellow,
Department of Geosciences

&

Nicolas Valiente Parra
Postdoctoral fellow,
Department of Biosciences
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While such changes will have an
impact on atmospheric greenhouse
gas (GHG) emissions, they are poorly
constrained mostly due to limited
knowledge on: i) linkage between
water source contributions to Arctic
surface waters and biogeochemical
cycling; and ii) microbial responses
to Arctic warming.
To fill such gaps, an interdisciplinary
team of CBA researchers from both
the Departments of Geosciences and
Biosciences conducted their research
in the area of Ny-Ålesund (79ºN, Svalbard) in July 2021 (Figure 1). This
campaign was the result of a joint

Figure 2: From left to right:
Nicolas Valiente (IBV), Andrea L. Popp (GEO),
Alexander Eiler (IBV), Laurent Fontaine (IBV)
and Anja Sundal (GEO) with Kongsfjorden
in the background.

effort led by Andrea Popp and Nicolas Valiente Parra who both received
Arctic Field Grants by the Norwegian
Science Foundation (GroundPole and
REFRACT projects, respectively).
The team of CBA scientists sampled a total of 47 locations, including streams, springs and lakes (see
sampling locations marked in blue in
Figure 1). The obtained data includes
parameters such as tracers (e.g., water
isotopes, hydrochemical data), dissolved gases (including 222radon, Ar,
N2, O2 and GHG), environmental
DNA (eDNA) and stable isotopes (15N
and 13C) on different geological and
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47

locations
The team of CBA scientists sampled
a total of 47 locations on Svalbard

biological substrates. Such analyses
are key to bridging the knowledge
gap between hydrological (e.g. water
flows through the landscape) and
biogeochemical interactions (e.g.
CO2 release) occurring in the High
Arctic. Thus, GroundPole project
addresses questions such as: i) which
water sources (e.g., snow, glacial
melt water, groundwater) contribute
to lakes and streamflow in an Arctic
catchment (i.e. Bayelva)?; ii) are there
any spatial differences in source contributions within the catchment?; and
iii) is there a linkage between different source contributions and GHG?
In addition, our researchers investigated the role of nutrient enrichment in Arctic freshwaters within
the REFRACT project. Microbes are
the main drivers of biogeochemical
cycling in such ecosystems. Nutrient
enrichment in Arctic freshwaters is
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typically caused by bird excrements,
but the role of atmospheric deposition and permafrost thaw remains
elusive. These processes not only
modify biogeochemical cycling but
also the structure of the microbial
communities that inhabit these fragile
ecosystems. Based on the field campaign described above, our researchers aim to identify nutrient sources
in Arctic streams and lakes and evaluate microbial diversity within these
surface waters. In addition, they conducted in situ experiments to assess
the response to nutrient enrichment in
terms of microbial diversity and GHG
production/consumption.

Above: Vestre Brøggerbreen glacier
in the background and, to the left,
Lake Tvillingvatnet, which provides
drinking water to the small settlement
of Ny-Ålesund.
Below: The Bayelva river basin, which
contains the same type of red silt that
can be found in Africa—proof that
millions of years ago, Svalbard was
located close to the equator.
https://svalbardmuseum.no/en/natur/
geologi/

This field campaign furthers our
knowledge of the current state of
High Arctic freshwaters and strengthens interdisciplinary work within the
CBA.
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Towards improved
plant hydraulics in
the Arctic-Boreal
Zone

Marius Lambert
PhD student, Department
of Geosciences

Hydraulics play a critical role
in the survival of plants during droughts and are a major
driver of species distribution.
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Multiple approaches can be found
to model the movement of water
in soil and plants. Terrestrial biosphere models typically rely on simple approaches, such as representing
plant hydraulics by a single resistance term separating the soil from
the atmosphere. However, recent
progress has led to more advanced
approaches such as the porous media
approach. This approach tracks
changes in the volume of plant water
storage and offers the advantage of
enabling bidirectional root flow. Such
a hydraulic model has recently been
incorporated in the FATES module
of the CTSM model, which is used
to simulate land surface changes by
numerous scientists across the globe.

However, this model improvement
was initially developed for specific
sites in the tropics. Hence, stored
plant water always remains liquid,
even when temperatures drop below
zero, and traits that drive differential survival to droughts are based on
data from tropical sites. This implies
that the model performs poorly at
representing hydraulic processes in
the cold regions of the world, where
extreme winters can cause soils to
freeze to temperatures well below
-20°C. Such cases lead to extremely
low water potentials in the soil compared to the plant, while the model
assumes that water remains liquid
inside the plant. Therefore, soils
tend to pull water from the plants,
depleting their storage pools and
incurring large amounts of hydrau-

lic failure mortality. In places with
sufficiently cold winters, such as the
boreal region, modelled mortality
rates are so high that only a small
amount of biomass is possible but
no large forest.
Contrary to these modelled results,
reality shows us that forests are present throughout the boreal region,
covering up to 14.7 Mio km2 – which
is about 11% of the earth's land surface. To survive the strong winters in
this region, vegetation goes through
a set of physiological and structural
changes enabling them to survive
frost. In summer, the tolerance to
freezing temperatures is low, but it
slowly increases when exposed to a
decrease in photoperiod and to cold –
a process known as cold acclimation.

On the other hand, since cold acclimatized tissues prohibit growth, it is
important that plants de-acclimate
rapidly in spring to re-activate their
metabolism.
In my PhD, I am modeling the complex processes that lead to cold acclimation by implementing a hardening
scheme into the CLM5-FATES-Hydro model. This hardening scheme
is built such that cold-acclimated
plants will undergo a reduction of I)
conductances between plant tissues
and between roots and soil, II) stomatal minimum conductance and
III) hydraulic failure mortality. The
reduction of the maximal conductance between tissues and especially
between absorbing roots and the
first rhizosphere, has the potential

to greatly reduce the reverse water
flow through the roots when soils are
frozen. By keeping larger amounts
of water in hardened plants, hydraulic mortality remains lower than in
default simulations. Our work shows
that the changes resulting from hardening are necessary to model realistic
vegetation growth in northern regions
since the default model simulated
almost nonexistent and declining vegetation. This work makes it possible
to use CLM-FATES to model realistic
impacts from droughts on vegetation
growth and photosynthesis, leading
to more reliable projections of how
northern ecosystems respond to climate change.
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Recent advances
in two projects on
climate modelling
research
Figure: Foundation for the
remote sensing study.

Evaluating global and regional
land warming trends in the past
decades with both MODIS and
ERA5-Land land surface temperature data
You-Ren Wang
Postdoctoral fellow,
Department of Biosciences
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Global warming is increasingly the
focus of global environmental concern, scientifically and politically. A
number of studies have shown global
warming trends of the 20th century,
however, for the first two decades in
the 21st century, the ongoing warming
status is of particular interest.

By using land surface temperature
data from NASA MODIS remote sensing and from ECMWF ERA5-Land
reanalysis in parallel, I analyzed
spatial and temporal land surface
temperature rate of change in the
period 2001-2020 in global, continental, and pixel scales. The difference
between the warming trends of the
past 40 years and the most recent 20
years was also examined. The results
reveal the fastest warming regions in
the globe as well as the differences
in warming rates among continents.

Disentangling effects of natural
and anthropogenic drivers on
forest net ecosystem production
Forests play a key role in climate
change mitigation by removing CO2
from the atmosphere through photosynthesis and biogeochemical processes. Identifying environmental
drivers that affect forest CO2 uptake
and sequestration is thus important
for assessing their role as CO2 sinks.
However, the effects of environmental drivers are entangled, making it
difficult to single out contributions
from anthropogenic activities.

By combining in situ-measured
231 site-year forest data, modelled
atmospheric sulphur and nitrogen
deposition data and nonlinear GAM
modelling technique, I performed
analysis to disentangle individual
contributions from two anthropogenic and five natural drivers, which
include sulphur deposition, nitrogen
deposition, precipitation, temperature, solar radiation, plant functional
type, and soil texture. An empirical
model for the assessment of forest
CO2 uptake and emission was also
established, which can be used to
serve forest management in the context of climate change mitigation.

Forests play a key
role in climate change
mitigation by removing CO2 from the
atmosphere through
photosynthesis and
biogeochemical
processes
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Microbial diversity
associated with
decomposition in
rivers and lakes

Nicolas Valiente Parra
Postdoctoral fellow,
Department of Biosciences

The project ARCTIC-BIODIVER
started in 2019 with the aim of evaluating the scenarios of freshwater biodiversity and ecosystem services in a
changing Arctic. Granted from both
Belmont Forum and The Research
Council of Norway, it involves
researchers from the USA, Canada,
Sweden, Denmark and Norway. The
project is now in the final stage and
has been led at the University of
Oslo by Dag O. Hessen, with Nicolas
Valiente Parra involved as postdoctoral researcher.
In this context, one of the tasks
within ARCTIC-BIODIVER focused
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Installation of cotton strips
in a lake located at the front
of the Hardangerjøkulen
glacier (Finse).

on studying the microbial diversity
associated with the decomposition
of organic matter in Arctic freshwaters. The decomposition of organic
material is a fundamental ecological
process, playing a key role in food
web dynamics. Consequently, it has
been widely used as a functional indicator in bioassassments to understand
ecological condition. Among them,
cotton strip assays are frequently
used to standardize the measurement tool (Tiegs et al., 2013). These
strips can be not only decomposed,
but also colonized by a wide range
of microorganisms including bacteria
and fungi (Fell et al., 2021). There-

fore, these substrates offer a good
opportunity to understand changes
in community structure of microbial
communities associated with major
ecosystem processes.
In summer 2021, our CBA researchers
installed cotton strip assays in a total
of 12 systems. Each assay consisted of
a total of 7 cotton strips to measure
biodegradability and extract environmental DNA (eDNA). Of these,
8 were located in the Finse area by
following a transect from Hardangerjøkulen glacier front to the vicinity of
Geilo (Viken) at approximately 60º N.
The remaining assays were installed

in Svalbard (79 ºN), in both Longyearbyen and Ny-Ålesund. Simultaneously with the installation of the
assays, physico-chemical parameters
(pH, temperature, dissolved oxygen)
were measured and eDNA samples
were taken from both water and biofilms. The assays were maintained for
approximately 8 weeks in the field,
collected, and re-sampled for water
and biofilm eDNA.

help us to better understand microbial
dynamics in a changing Arctic.
References
Fell, Sarah C., et al. "Fungal decomposition
of river organic matter accelerated by
decreasing glacier cover." Nature Climate
Change 11.4 (2021): 349-353.
Tiegs, Scott D., et al. "A standardized
cotton-strip assay for measuring organic-matter decomposition in streams."
Ecological indicators 32 (2013): 131-139.

Our results will be incorporated into
a collaborative dataset that includes
over 30 other arctic and sub-arctic
freshwater locations in Greenland,
Canada and Sweden. Such efforts will
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Is there a hole
in my bucket?

Figure 1: the Global carbon
cycle. Source: https://essd.
copernicus.org/articles/12/3269/2020/ Friedlingstein P et al. (2020) Global
Carbon Budget 2020. Earth
Syst. Sci. Data 12(4): 32693340

Soil carbon and the
aquatic continuum

Heleen de Wit
Senior research scientist,
CBA and NIVA

&
Francois Clayer
Research scientist, NIVA

Helene Frigstad

Senior research scientist, NIVA

Øyvind Kaste

Senior research scientist, NIVA

Jacqueline Knutson
PhD student, NIVA and CBA

Andrew King

Research manager, NIVA

Trond Kristiansen

Senior research scientist, NIVA

Amanda Poste

Research scientist, NIVA
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Lakes and rivers have become darker in the past decades because of increased concentrations of dissolved organic matter.
Does this imply that soils have become less effective as CO2
sinks – since more organic matter ends up in surface waters
instead of in soils?
Answers to such questions are relevant for understanding the global
carbon cycle, to improve global climate models, and is the focus point of
the ongoing NIVA-supported project
‘NoLa’ (Global Change at Northern
Latitudes, 2020-2024) and the new
NFR project ‘Biogov’ (UiO, NIVA,
NMBU, 2022-2026).
Current estimates of the global carbon cycle (Figure 1) imply that organic
carbon transport with rivers is not a
‘hole’ in the ‘bucket’ that stores terrestrial carbon, i.e. lateral organic
matter transport does not change the
store of carbon sequestered on land.
However, since Cole and co-workers
published their ‘Plumbing the Global

Carbon cycle’ paper in 2007 (Cole et
al. 2007), evidence has accumulated
that that aquatic ecosystems transport
and process quantities of carbon that
are significant in the global carbon
cycle. The current visualization of the
global carbon cycle (Figure 1) implies
that aquatic ecosystems process carbon without releasing or storing carbon with net-impact on atmospheric
CO2.
Lakes, rivers and marine ecosystems have become browner in the
past decades, which is attributed
to higher concentrations of terrestrially derived dissolved organic
matter (tDOM) – i.e., organic matter leached from soils. Browning of

lakes in the northern hemisphere
related to reduced sulfur deposition
and increased precipitation has been
extensively documented (Figure 2).
Evidence for river browning is not
quite as ubiquitous, but in Finland and
Sweden decadal records of river DOC
exist (Nydahl et al. 2017; Raike et al.
2012) indicating browning rivers and
increased riverine DOC transport. In
Norway, systematic data collection of
DOC in the national river monitoring program started in 1999 (Braaten
et al. 2020), which does not capture
the steepest rise in DOC observed in
lakes during the 1990s. In addition,
many of the large rivers monitored
are impacted by hydropower, agriculture and sewage – all of which can
add to variation in river chemistry
unrelated to climate- and air pollution
impacts on terrestrial carbon cycling.
In short, widespread evidence on
rising tDOM in large rivers is more
ambiguous than for lakes and smaller
upland streams. Upstream increases
in tDOM may also be less apparent

Figure 2: Trends of dissolved organic carbon (DOC= in headwaters for 1990-2016
(source (de Wit et al. 2021). https://iopscience.iop.org/article/10.1088/1748-9326/ac2526
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Centennial decline in North Sea water clarity causes strong delay in phytoplankton bloom timing

ter clarity causes strong delay in phytoplankton bloom timing

Figure 3:
Increased light attenuation (light extinction)
in the Oslofjord (dark purple) over time
estimated from Secchi disk depth (purple)
and chlorophyll a concentrations (green)
(Opdal et al. 2019)

This implies a shift
in carbon cycling
hot-spots from soils
towards aquatic ecosystems during periods
of high rainfall, a likely
future according to
climate projections.

further downstream due to removal of
tDOM along the aquatic continuum,
e.g. through sedimentation, uptake
into aquatic food webs and bacterial
and photochemical degradation.

attributed to increased freshwater
inputs (Aksnes et al. 2009; Frigstad
et al. 2020). Reduced light availability in the North Sea and Baltic Sea
has been found to be related to higher
tDOM rather than to increased phytoplankton abundance, the latter being
controlled by nutrient availability.
Frigstad et al. (2020) identifies deep
marine waters with stable stratification such as fjords as particularly sensitive to coastal darkening because
tDOM inputs delivered along with
buoyant freshwater tends to remain
in the top water layer. Areas with
large rivers draining into them, such
as Skagerrak, are especially sensitive
to darkening. Long-term observations
from the outer Oslofjord confirm
darkening trends, noticeably since
the 1980s (Figure 3). Coastal darkening indicates that a substantial part
of terrestrial DOM remains dissolved
but to date, rates of tDOM cycling in
coastal areas are poorly understood.

mineral particles during periods of
high discharge. In catchments with
glaciers, inorganic sediment loads
from glacier-fed rivers give rise to
turbid river plumes that can extend
far into fjord and ocean. This is true
both for rivers in high arctic and rivers such as Glomma which is fed by
the highest mountain range in Norway. Additionally, permafrost thaw
increases mobilization and transport
tDOM and organic particles in carbon-rich cold areas at high latitudes
with likely, but poorly understood,
effects on riverine element export
(McGovern et al. 2020). Removal and
aquatic processing of formerly safely
tucked away soil carbon from thawing palsamires is a subject of interest
both in the NoLa and Biogov project.

Cole JJ, Prairie YT, Caraco NF, McDowell
ever, accumulation of carbon in soils
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Introduction

Arctic-Boreal
Winter Weirding

Frans-Jan Parmentier
Researcher, Department
of Geosciences

Arctic and boreal winters are
warming rapidly, which is
bringing about shifts in the
timing and amount of snowfall.
These changes have a profound influence on vegetation growth and permafrost thaw, which in turn affects
the exchange of greenhouse gases
with the atmosphere and therefore
our climate. For example, rain-onsnow events can lead to the formation
of ice layers that damage vegetation,
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reducing the uptake of CO2 through
photosynthesis in the following summer. Also, warmer air holds more
moisture, which can lead to more
snowfall. A thicker snow cover insulates soils against the coldest winter
temperatures, effectively warming
the ground and increasing permafrost
thaw. This may enhance the release
of greenhouse gases from these
soils. A thorough understanding of
how changes in winter weather are
affecting permafrost thaw and vegetation growth is key to project arctic
carbon-climate feedbacks into the
future.
One of the obstacles in making such
accurate projections with current
computer models is that they use
oversimplified representations of
snow cover or exclude processes by
which plants are able to survive the
cold and harsh winters of the high
North. Moreover, there is currently
no computer model able to simulate
how methane and CO2 can be expelled

from permafrost soils when the
ground freezes up in winter, despite
increasing observational evidence of
this phenomenon. Part of the reason
for this oversight of important winter
processes is that many models were
originally developed to represent the
ecosystems of warmer climates, such
as tropical rain forests, even though
the boreal forest is the largest land
biome in the world.
In the CBA, we resolve these issues
within the WINTERPROOF project,
a collaboration between the University of Oslo and Lund University in
Sweden. This project, funded by the
research councils of Norway and
Sweden, supports two PhD students:
Marius Lambert in Oslo and Alexandra Pongracz in Lund. Marius focuses
on how plants are able to avoid water
loss and frost damage during the long
northern winters (see his text on page
42 for a detailed description of his
work). Meanwhile, Alexandra studies which winter factors control the

release of greenhouse gases from
permafrost soils.
In a recent paper in Biogeosciences,
Alexandra showed that the dynamic
vegetation model LPJ-GUESS is
highly sensitive to the implemented
snow scheme. By improving the snow
scheme, when compared to observations, the model showed large shifts in
the uptake and release of CO2, driven
by changes in soil temperature and
water availability. Furthermore, this
project has contributed to two recent
efforts by the permafrost community:
a data-based estimate of the net CO2
exchange of the entire Arctic-Boreal
region, and a novel dataset of methane-emitting landforms for the same
region. In the coming, final, year
of this project, we will explore how
present and future changes in snow
cover will affect the carbon cycle at
both a regional and pan-Arctic scale,
and how this will alter the release of
greenhouse gases into the atmosphere.

Installing instrumentation
to monitor vegetation in the
valley of Adventdalen,
Svalbard
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Capturing snow
cover dynamics
with Earth
observations

How can we improve
the representation
of snow cover dynamics
in climate models?

Image 1: Sentinel-2 natural color image over western Norway
sensed on 02.06.2021 (contains modified Copernicus Sentinel
data [2021] processed by Sentinel Hub)

Acknowledgement:

Yeliz Yilmaz
Researcher, Department
of Geosciences

&

Kristoffer Aalstad
Researcher, Department
of Geosciences
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The snow cover strongly influences
biogeophysical and biogeochemical
processes occurring at the land-atmosphere interface by regulating the
surface energy, water, and carbon
balance. Due to the high variability
of snow cover in time and space,
which affects both local and regional
climate, it is challenging to resolve
snow cover dynamics in models. The
long-term record of satellite imagery
helps us to monitor the bigger picture

of these changes over larger areas.
At the same time, rapidly developing drone and terrestrial imaging
technology helps provide higher
resolution information over specific
areas. This complimentary information from spaceborne, airborne,
and terrestrial Earth observations is
invaluable for better understanding
the complex processes in the climate
system.

In our studies, we are extracting snowrelated information from different
sensors onboard polar orbiting satellites that are imaging the Nordic
region. Drone and terrestrial images
are being explored as a source of
validation and calibration data for
the satellite products. Integration
of largely untapped satellite data
into our models is done through
advanced data analysis techniques
from the fields of data assimilation

and machine learning. We also benefit from openly available climate
reanalyses from several data providers as well as in-situ data from the
LATICE flux sites. The overall goal
is to improve the representation of
snow cover dynamics in Earth System
Models, particularly the Community
Land Model (CLM) which is the land
component of the Norwegian Earth
System Model (NorESM).

This ongoing study is
supported by the LATICE
(Land-ATmosphere Interactions in Cold Environments)
strategic research initiative
funded by the Faculty of
Mathematics and Natural
Sciences at the University of
Oslo, and the project EMERALD (294948) funded by the
Research Council of Norway.
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Modeling
soil carbon
processes
Figure 1: Illustration of the
model for soil processes

Elin Cecilie Ristorp Aas
PhD student, Department
of Geosciences

The carbon cycle determines how carbon moves between different reservoirs on Earth. From a climate change
perspective we are especially interested in the processes that exchange
carbon with the atmosphere. Soils
contain the largest actively cycling
terrestrial carbon pool on the planet,
and can therefore be both a significant source and sink of atmospheric
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carbon. Complex biogeochemical
processes involving vegetation,
microbial communities, symbiotic
relationships and nutrient cycling
determines the rates at which carbon
is transferred between the atmosphere
and the soils. Because of these complexities, there are still large uncertainties in the way soil processes are
represented in Earth System Models
(ESMs), despite the possible impacts
on future climate. In my PhD project
we want to
1. improve the representation of
these processes in NorESM and
2. investigate how these processes
may be affected by climate
change, and how this can alter
the role of soils as a source/sink
of atmospheric carbon.

A modeling perspective
An Earth System Model aims to represent the most important processes
determining the Earth’s climate by
solving a large number of mathematical equations. Typically, an
ESM consists of many smaller models that represent specific processes.
For example, the decomposition of
plant litter is represented by such
a submodel. Traditionally, decomposition submodels have been very
simplified, making it difficult to validate the model with observations and
identify possible climate feedbacks in
simulations.
An emerging approach to deal with
these problems is to explicitly represent microbial activity in the submodels. Based on this, we have developed
a soil decomposition process model
designed to capture and quantify rela-

Figure 2: Map showing the locations
of the plots we are simulating

tionships between soil microorganisms and their environment. We are
including both the decomposer activity of saprotrophic organisms and the
symbiotic relationship between mycorrhizal fungi and the vegetation.
The carbon cycle is closely linked
to other nutrients, thus the model
also includes a soil nitrogen cycle.
The main challenge is to include the
most significant processes and represent them with reasonable parameterizations and parameter values, but
still keeping it simple enough to not
over-complicate the model.
In its present state, the model is
not coupled to an ESM, and is run
by forcing it with plant litter input
as well as environmental information such as temperature, moisture
and nitrogen deposition. To get the
input we need, we use the Commu-

nity Land Model (CLM) which is the
land component of the Earth System
Model NorESM. Our long term goal
is to incorporate the decomposition
model into CLM.

Evaluating the model
We are now doing a comparison study
between our new decomposition
model, the default CLM model and
observations. We are using a dataset
with soil profile data from a large
number of sites in Norwegian forests
(Strand et al. 2016). It contains information about carbon and nitrogen
content as well as soil classification
and climatic data.
By running point simulations for
chosen sites from the dataset with
the CLM model we get both input for
the decomposition model, as well as
stock estimates from default CLM.

We can then run the decomposition
model with the generated forcing
to obtain stock estimates from the
decomposition model. When comparing these estimates with observations, we find that the model performs
reasonably well, and we will now be
able to further investigate the impact
and responses of specific microbial
processes by doing different sensitivity tests with the model.
Reference:
Line Tau Strand, Ingeborg Callesen, Lise
Dalsgaard, and Heleen A. de Wit. Carbon
and nitrogen stocks in Norwegian forest
soils — the importance of soil formation,
climate, and vegetation type for organic
matter accumulation. Canadian Journal
of Forest Research. 46(12): 1459-1473.
https://doi.org/10.1139/cjfr-2015-0467
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Ice-forming biological
particles lurking under
the polar sea ice
More reflection by cloud:
surface cooling

A new discovery about clouds will
impact how we understand climate
change in the Arctic.
Trude Storelvmo
Professor - Section for
Meteorology and Oceanography

&

Tim Carlsen
Researcher, Section for
Meteorology and Oceanography

&

Robert Oscar David
Researcher, Section for
Meteorology and Oceanography

58

CBA annual report
2021

It is well-known that the retreating
Arctic sea ice will have profound
impacts on Arctic climate and environment, and with the recent IPCC
AR6 assessment concluding that
Arctic summer sea ice will likely be
completely lost in a few decades, the
question of what an ice-free Arctic
will look like is more timely than
ever. In an ongoing project funded
by the European Research Council
(ERC StG “Mixed-phase Clouds and
Climate – MC2”), we have used satellite observations to investigate how
Arctic clouds will change as the sea
ice edge recedes northwards. By using
active remote sensing techniques to
identify whether clouds consist of
liquid droplets, ice crystals, or a mixture of the two, we have made a very
interesting discovery: Arctic clouds

forming over the open ocean transition from liquid- to ice-containing at
approximately -15 degrees C, while
clouds forming over sea ice remain
liquid down to much lower temperatures of approximately -25°C.
And perhaps you’re now thinking
“so what?” – but this is in fact a truly
intriguing discovery from several
points of view.
There are already field measurements
suggesting that certain biological particles in the polar surface waters have
the ability to act as ice-nucleating
particles (INPs) in clouds, but these
measurements have been sporadic in
time and also highly localized. Our
satellite analysis, on the other hand,
reveals that in ice-covered regions

Cloud droplet

Less reflection by cloud:
surface warming

Biological INPs
Ice crystal
Cloud droplet

and seasons, the sea ice effectively
shuts off this marine biological
source of INPs to the atmosphere,
and more importantly, that this is a
large-scale and persistent effect. And,
since the Arctic atmosphere is otherwise quite pristine and largely free
of other INPs (like mineral dust), this
renders the Arctic clouds radically
different depending on whether they
are floating over sea ice or over the
open ocean. In the complete absence
of INPs, clouds may in fact remain
liquid down to around -38°C, and the
larger the share of liquid, the less
precipitation clouds produce and the
thicker they become.
Exactly which biological particles are
the culprit of this contrast in cloud
properties has yet to be determined,
but the implications for Arctic cli-

mate evolution are currently being
investigated by our team. What can
already be deduced is that the source
of INPs exposed by the retreating
sea ice will lead to thinner and shorter-lived clouds. This would in turn
be expected to amplify summertime
Arctic warming, as solar radiation
strongly influences surface temperatures during the long polar days, and
less of it would be reflected with thinner and less persistent cloud cover.
Thus, the sea ice and cloud cover
changes would work in concert to
further amplify the Arctic summer
warming.
Over land, snow cover appears to similarly reduce biological INP sources,
such that a comparable suppression
of cloud ice formation also takes
place over land as soon as the snow

prevents INPs originating from Arctic land surfaces from reaching the
clouds. And like sea ice, boreal snow
cover also diminishes with warming,
such that clouds would be expected to
also thin over land. This would in turn
allow the Arctic land surface to absorb
more solar radiation, with implications for future permafrost evolution
and vegetation shifts. To our knowledge, no Earth System Model (ESM)
takes into account this strong dependence of cloud ice formation on sea ice
and snow coverage, and we therefore
argue that a potentially very strong
polar climate feedback mechanism
is presently not represented in stateof-the-art ESMs. We hypothesize that
once ESMs implement this effect,
their simulated Arctic warming will
accelerate.
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What is in the
air in Oslo?

Markus Sørensen
Master student,
Department of Chemistry

Tomas Mikoviny
Senior engineer,
Department of Chemistry

Baptiste Languille
Postdoctoral researcher,
Department of Chemistry

Air pollution causes hundreds of thousands of premature deaths in Europe every year. Gasoline and
especially diesel cars have traditionally been the main
air polluters in cities, and the transition to electric cars
is thus anticipated to significantly improve the air we
breathe daily.

Figure 1: The air sampling
system at the Oslo Metropolitan
University.

Felix Piel
Postdoctoral researcher,
Department of Chemistry

Armin Wisthaler
Professor,
Department of Chemistry

Massimo Cassiani
Senior researcher, Norwegian
Institute for Air Research

Peter G. Schild
Professor, Department of Civil
Engineering and Energy Technology,
Oslo Metropolitan University
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This transition is in full swing in
Oslo, making this city an ideal laboratory for studying future air quality changes in Europe. We have thus
placed one of our advanced proton-transfer-reaction time-of-flight
mass spectrometers in a laboratory of
the Oslo Metropolitan University for
continuously analyzing the air in the
center of Oslo over a full year (Dec.
2020 – Dec. 2021). While we are still

in the early phase of the data analysis, preliminary findings indicate that
during winter traffic is no longer the
dominating source of organic air pollutants, with residential wood combustion being equally or even more
important. The use of firewood as a
non-fossil fuel and a low cost alternative to electricity should thus be
viewed critically from an urban air
quality point of view.

Figure 2: A white Teflon filter
blackened by soot particles
in Oslo’s air.
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Temporal Dimensions
of Tipping Points in
Nature, Climate, and
Social Systems
«The treatment of temporal scales
varies across disciplines and often
when addressing matters of significant climate risks is poorly
captured in governance».
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Christina Nadeau
PhD student ECODISTURB/
Department of Biosciences

My PhD project focuses on the concept of “tipping points” and seeks
to address linkages between climate
feedbacks and societal perception of
climate risks. This involves interdisciplinary research investigating the
convergence and understanding of
the relationships between large scale
climate tipping points and mobility
within social systems to avoid the
undesirable consequences of climate
change. Currently as I tackle this
subject matter, I am attempting to
problematise conflicting temporali-

ties in the Anthropocene addressing
the treatment of time across academic
disciplines with focus on tipping
mechanisms in complex systems. The
treatment of temporal scales varies
across disciplines and often when
addressing matters of significant
climate risks is poorly captured in
governance. This research highlights
the importance of interdisciplinary
collaboration, and the role research
groups such as the CBA here at UiO
will play in addressing important
global issues.

CBA annual report
2021

63

Special focus

Research

Outreach

CBA events

Education

Publications

Photo: Anders Lien

Introduction

Economy

Universities and the
sustainability goals
Dag O. Hessen
Professor in biology
and leader of CBA
–

In 2020, an independent expert group was appointed by UNESCO in partnership with the University of Bergen, supported
by the International Science Council and the International Association of Universities. The mandate of this group of internationally renowned experts was to reflect on and communicate
the transformations needed in Higher Education Institutions
(HEIs), in order to effectively commit and contribute to the
2030 Agenda and the Sustainable Development Goals (SDGs).

The independent expert group was
composed of fourteen members from
around the globe that have been dedicated to studying and transforming
research and education in general
and higher education in particular
throughout their careers. They represent the five regions of the world. It
was co-chaired by Dag Olav Hessen,
from CBA, University of Oslo (UiO),
and Sylvia Schmelkes, from the Universidad Iberoamericana in Mexico.
During several meetings during 2021,
the group finalized its report which
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is be available from February 2022:
Knowledge Driven Actions: Transforming Higher Education for Global
Sustainability.
This report constitutes a call for universities and HEIs to use the knowledge they produce and the education
of new professionals they carry out,
to help solve some of the world´s
greatest problems, as covered in the
SDGs. Humanity is facing unprecedented challenges, most strikingly so
in relation to climate change and loss

of nature and biodiversity, as well as
to inequality, health, economy, and
a full suite of aspects related to the
2030 Agenda. Given this new reality
where the human future, along with
other species, is at stake, it is time
for HEIs to systematically rethink
their role in society and their key
missions, and how they can serve as
catalysts for a demanded fast transition towards sustainability. The complexity implies that solutions should
be part of a radical agenda that calls
for new alliances and new incentives.
It is also time for the HEIs to make
‘sustainability and SDG literacy’ as a
core requisite of all faculty members
and students. Sustainability education benefits from the exposure of
students to real-world problems and
immersive experiences. Appreciating
the greater good, and contributing to
values more than mere monetary benefits will further enthuse or inspire
students as well as the faculty mentors. Ultimately the education cul-

ture at the universities and other HEIs
needs to change so that it encourages
students to learn via experimentation
and critical thinking from multiple
perspectives.
This report is about the SDGs, but
it is important to realize that these
will expire in 2030. We thus strongly
recommend that HEIs, while being a
part of that agenda, also should look
forward – not only as instruments to
implement SDGs, but also to be intensively involved in crafting what the
goals are in the first place. A really
long-term perspective both for HEI
activities and politics needs to be
implemented.
The call this report makes is for universities and HEIs to become an active
part of an agenda that has merited
the consensus of 193 countries and
that aims at the solution of some of
the world’s more pressing problems,
stated in the seventeen SDGs.

The report focus on three main areas
of transformation of HEIs that we
touch upon: the need to move towards
inter- and transdisciplinarity in education and research; the imperative
of becoming open institutions and
fostering epistemic dialogue with
other ways of knowing and all sectors
of society in order to strengthen its
proposed solution; and the demand
for a much stronger presence in society in general through affirmative
and determined outreach activities
and partnering with other societal
actors, in order to build awareness of
ecological deterioration and the SDGs
in general, and to influence policy. It
implies directly intervening in experimental projects that test solutions
with the participation of students.

Knowledge-driven actions: Transforming
higher education for global sustainability
Independent Expert Group on the Universities and the 2030 Agenda

The upcoming report
from UNESCO on higher
education institutions
and global sustainability

We see this report as highly relevant
not only to CBA, but also the handling
of the SDGs at UiO as well as in an
international context, and it has provided a good opportunity to promote
natural science issues in a wider context.
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Modeling the lateral
flow of dissolved
organic carbon

Transport of dissolved organic carbon from inland waters to
oceans is of particular relevance to Norway with its long coast
and its economic reliance on marine renewable resources.

Devaraju Narayanappa
Postdoctoral fellow,
Department of Biosciences
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Carbon that dissolves in water and
generally passes through a 0.45μm
filter is referred to as Dissolved
Organic Carbon (DOC). Particularly
in the high-latitudes carbon cycle,
freshwaters are important active systems linking the land and the ocean
(Cole et al 2007). High-latitude rivers
are estimated to transport carbon by
about a fifth of net ecosystem carbon
exchange (~400 TgC/yr) (Bowring
et al 2019; McGuire et al 2009). To
be precise, the high-latitude terrestrial ecosystems have complex landscapes. Driven by glacier dynamics,
seasonal snow cover, and soil thawing and freezing dynamics, the Arctic landscape features various aquatic

and land ecosystems (Hinzman et al
2005). In some regions, lakes can
occupy more than 30% of the land
area (Zimov et al 1997). The high-latitude landscape can shift from one
state to another state within a very
short period. For instance, during
a snowmelt onset, land snow cover
decreases, and stream discharge can
reach its peak value within one week
(Liao & Zhuang 2017).
To date, very few studies have modeled the water and carbon dynamics
associated with the complex landscape of high-latitudes where lateral
flow may exert a large influence.
Most existing comprehensive land

surface models also generally ignore
the impacts of a loss of DOC in their
carbon budget quantifications. In
recent decades, the importance of
DOC has begun to be recognized.
DOC participates not only in various
microbial activities in terrestrial ecosystems; it also serves as an important nutrient source for aquatic ecosystems (Gao et al 2018; Yurova et
al 2008). The freshwater lakes and
streams, for example in Fennoscandia and Northern Europe, bring with
them large amounts of terrestrially
derived DOC, sediments, and nutrients and drain into the North Sea and
the Baltic Sea. Sediments quickly
sink out, whereas DOC and nutri-

ents may have longer-lasting effects.
Terrestrially derived organic matter
dominated by organic carbon from
litter and soils (Kowalczuk et al 2005)
particularly lowers water clarity (e.g.
yellow-brown). Thus reducing coastal
water clarity directly (through DOC)
and indirectly (through eutrophication) affects the phytoplankton
growth conditions with implications
for phenological events such as the
timing of the spring phytoplankton
bloom (Nelson and Smith 1991) and
fish spawning time. Therefore, to better understand the link between DOC
and its effect on the phytoplankton
bloom and fish spawning time, we
develop a module within the Com-

munity Terrestrial System Model
(abbreviated as CTSM) to include
DOC production in the soil, consumption, the riverine transport of
DOC, and DOC leaching. CTSM is a
useful tool to construct the historical
DOC changes and project future DOC
changes from local to regional and
regional to global scales.
DOC production modeled as flux
from the decomposition of litter and
soil organic matter within the soil
carbon module of CTSM. In particular, DOC flux is produced in addition
to respiration fluxes along the way
when decomposition of litter and
soil organic matter happens. The
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Solving mass balance equation
for carbon transport

etout
erin
erout
eroutUp
erlateral

Flow from sub-network into the main reach
inflow from upstream links
outflow into downstream links
outflow sum of upstream grid cells (m3/s)
lateral flow from hillslope including
surface & subsurface runoff

Figure 1: Riverine DOC transport from
Hillslope to sub-network, sub-network
to main-channel and main channel to
the downstream or to the ocean. Mass
balance equation on the top left is
applied to all the three hydrologic units
(a,b,c) using Euler’s numerical method
given on the top right.
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flow

DOC export river routing module

stream flow from the
outlet of the reach

following schematic figure 1 shows
a brief overview of modeling lateral
riverine DOC transport in different
hydrologic units after DOC production. DOC routed as overland flow
from hillslope into the sub-network
channel. Sub-network receives riverine DOC from the hillslope, routes
riverine DOC through the channel
and discharges it into the main channel (see figure 1). The main channel receives riverine DOC from the
sub-network channel and/or inflow,
if any, from the upstream spatial units
and discharges water to its downstream spatial units or to the ocean.
River routing in CTSM assumes that
all the tributaries within a spatial unit
can be treated as a single hypothetical
sub-network as shown in figure 2.

Main channel routing receives water from
the tributaries within the spatial unit and/or
water routed from the upstream spatial
units (if any)

References:
1. Cole, J. J. et al. 2007. Plumbing the
global carbon cycle: Integrating inland
waters into the terrestrial carbon budget.
- Ecosystems 10: 171-184.
2. Bowring, S., Lauerwald, R., Guenet, B.,
Zhu, D., Guimberteau, M., Tootchi, A., ...
& Ciais, P. (2019). ORCHIDEE MICTLEAK (r5459), a global model for the
production, transport, and transformation of dissolved organic carbon from
Arctic permafrost regions–Part 1:
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Figure 2: Schematic diagram showing
the export of DOC from CTSM soil
carbon module to the river routing
module Model for Scale Adaptive River
Transport (MOSART). Source NCAR
CLM technical note.
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Concentration
and biodegradability
of dissolved natural
organic matter

Camille Marie Crapart
PhD student,
Department of Chemistry
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I work on the concentration and biodegradability of dissolved natural
organic matter (DNOM) in boreal
lakes. I previously participated in the
100-lakes survey and published an
article on the drivers for the biodegradability of DNOM. Since then, I have
been focusing on modelling the concentration of organic carbon (TOC)
in Fennoscandian lakes. I use data
from the Northern European Lake
Survey (1995) as well as remote sensing products, such as land cover or
NDVI ((Normalized Difference Vegetation Index). My goal is to provide a
reliable estimate of the effect of each
driver, so as to be able to forecast
future changes in TOC concentration.
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The effect of DOM on uptake
rates of Teflubenzuron in
ascidians (C. intestinalis)
Above: Our experiment lab! Setup with all
24 aquaria containing 8 ascidians each.
Right: Ascidians ready to be exposed
to the contaminant.

Hilde Kleppe Langva
Borgå Research Group, dept
bioscinces, Section for Aquatic
Biology and TOxicology & CBA

&

Sabrina Schultze
Borgå Research Group, dept
bioscinces, Section for Aquatic
Biology and TOxicology & CBA

Over the past decades, dissolved
organic matter (DOM) has increasingly entered surface waters in
coastal areas as a response to several
factors such as decrease in acidification, changes in land use and climate change. Organic matter has the
ability to transport both nutrients and
pollutants, making organisms living
in areas prone to run-off from land
more at risk for contaminant exposure as well as altered nutrient quality.

C. intestinalis is one of the most
common species of ascidians and
they live across a wide geographical
area. They serve as a key component
in ecosystems and due to their mucus
feeding ability, they can filter even
very small particles. Thus, making
them an ideal organism to investigate
the uptake rate of Teflubenzuron in
combination with DOM source as
they also are a non-target organism
to the pesticide use in aquaculture.

Along the coast, aquaculture such as
salmon farming shows a rising trend
due to the growing global demand for
food. One challenge in aquaculture
is the high incidence of ectoparasitic
sea lice that may cause fish mortality.
Thus, aquaculture medicine is commonly used, such as Teflubenzuron,
a chitin-inhibiting pesticide that is
highly toxic to crustaceans, including
the ectoparasite.

We received ascidians from the ascidian facility (Chatzigeorgiou group) at
the University of Bergen. We exposed
the randomized ascidians for 16 days
to four types of DOM in combination with Teflubenzuron: aquatic
DOM made from freeze dried marine
algae (Isochrysis galbana), terrestrial
DOM from dried autumn oak leaves,
a mixture of aquatic and terrestrial
DOM, and seawater only. Preliminary results show higher uptake and
bioaccumulation (uptake compared
to exposure) of Teflubenzuron in C.
intestinalis when exposed to aquatic
derived DOM compared to the terrestrial or mixed DOM treatment. This

In the master thesis I am investigating
how the source of DOM affects the
uptake of Teflubenzuron in a coastal
species, the ascidian Ciona intestinalis.
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indicates that the terrestrial derived
DOM makes the contaminant less
bioavailable for this filter feeder of
small particles and increased terrestrial run-off will not increase the
pollutant load in the ascidians. This
is corresponding to a previous study
in mussels, a filter feeder on larger
particles.
Acknowledgements: We would like to
thank the Chatzigeorgiou group for
their help in obtaining the animals
as well as for kind invitation to show
and explain the proper handling of
the animals.
For further contact on the project
please contact Master student Hilde
Kleppe Langva (hildkla@ibv.uio.no),
PhD candidate Sabrina Schultze (sabrina.schultze@ibv.uio.no) or Professor Katrine Borgå (katrine.borga@
ibv.uio.no).
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The CLIPT lab

William Hagopian
Senior Engineer in CEED

&

Anne Hope Jahren
Researcher in CEED
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This has been another exciting year for the CLIPT lab! Throughout 2021, we have been involved with many interesting projects
both within CBA and beyond. We continued our support of
multi-year projects, such as the VIKINGS project, the Nansen
Legacy Project, and multiple Norwegian lake and river productivity studies. We have also continued to add new users
studying diverse subjects such as trophic level dynamics within
the Chernobyl contaminated ecosystem, early human occupation of Central Asia, and using δ13C of organic material as
an atmospheric CO2 proxy.

The CLIPT lab not only supports
researchers in CBA, but it is also a
part of the laboratory infrastructure
support for the Centre for Earth Evolution and Dynamics (CEED). While
the projects we are involved with
under CEED are often outside the
period of the Anthropocene, such as
studying atmospheric CO2 levels during the Devonian (400 million years
ago), they are still relevant to contemporary issues, such as the recent
increase in atmospheric CO2 level and
the effects it has on climate, biology,
and carbon cycling.

The analytical tools we develop and
the insights we gain from each project
often prove valuable for advancing
research in seemingly unrelated topics. We talked about this interconnectedness of the different scientific disciplines in our article within the CBA
special edition of Naturen, where we
used as an example our recent collaboration with medical researchers at
Radiumhospitalet. Working together,
we investigated carbon dynamics
within exponentially growing tumors. The concepts we brought from
the geological sciences, and the tools
we developed for the δ13C analysis of

miniscule tumor tissues, have applications far beyond any single field
of study.
Moving into 2022, we will continue
working with CBA researchers by
providing unparalleled support for
bulk δ13C and δ15N organic analyses. In
addition, we are excited to announce
that in 2022 we will be adding new
instrumental capabilities with the
acquisition of two cutting edge cavity ring down spectroscopy instruments. This will expand our analytical capabilities to include δ2H and
δ18O on most water sources, includ-

ing marine, lacustrine, snow, rain,
brackish waters, ice, and hyper-saline waters. The second instrument,
a CO2/CH4 analyzer, will enable us
to continuously monitor atmospheric
δ13C in CO2 and CH4, either within
controlled chamber experiments or
the outside natural environment. The
instruments are scheduled for delivery in the first quarter of 2022 and
we welcome any CBA users that are
interested to contact us to discuss how
these new analyses might fit into their
research.

Above:
Julia Giebichenstein sampling
particulate matter collected
on glass filters. Preparing
oxidation and reduction reactors
for the Elemental Analyzer.
Isolating single copepod
organism for stable isotope
analysis.
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CBA issue of popular
science journal Naturen
In an issue of the Norwegian journal Naturen, researchers from CBA present
their work to the general public. Topics include climate modelling, browning of the Arctic and freshwater resources, thawing of permafrost, bacterial
communities in lakes and pollution effects on green plants and much more.

Naturen is the oldest journal for popular
science in Norway and is published by
the University in Bergen, almost 150
years in print. In issue 5-2021, Centre
for biogeochemistry in the Anthropocene is proud to present our work, covering the whole range of topics that we
work on. Nineteen researchers, ranging
from Master students to full professors,
within biology, chemistry and geosciences, present their methods and
scientific results. For CBA, this is an
opportunity to introduce biogeochemistry to the general public in Norwegian,
and raise awareness of the important
interactions and feedback that we seek
to uncover with research at the centre.
CBA leader Dag O. Hessen is a guest
editor of this issue, and centre coordinator Lene Liebe Delsett is co-editor.
Naturen can be ordered in print or read
freely online at Idunn.
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Contents of the issue:
•

Biogeokjemi i menneskets
tidsalder, Dag O. Hessen

•

Grønt eller brunt?
Uforutsigbar framtid i Arktis
Marius Lambert

•

Permafrost:
Den sovende klimakjempen
Frans-Jan Parmentier

•

Mindre forsuring, mer skog
og brunere kystvann – er det
noen sammenheng?
Dag O. Hessen, Heleen de Wit
og Rolf D. Vogt

•

Modellering av bio
geokjemiske prosesser
i den norske klimamodellen
NorESM, Terje K. Berntsen

•

Verdien av tverrfaglig
forskning i biogeokjemi
William Hagopian og Anne
Hope Jahren

•

•

•

•

Bionedbrytbarhet av løst
naturlig organisk materiale
i innsjøer, Rolf D. Vogt,
Tom Andersen,
Camille Crapart, Ragna O. Lie
og Dag O. Hessen
Innsjøer og klima:
Koblinger mellom land,
vann, bakteriesamfunn
og klimagassutslipp
Nicolas Valiente Parra
og Camille Crapart
Luftforurensning og klima
endringer gir dobbelt stress
for vegetasjonen
Ane V. Vollsnes, Stefanie
Falk, Aud B. Eriksen,
Frode Stordal, Håvard
Kauserud og Terje
K. Berntsen
Studier av framtidens
karbonsyklus i perma
frostlandskap, Sigrid Trier
Kjær og Nora Nedkvitne

• Arctic areas are becoming
greener, but are also
increasingly turning brown
• Talik, palsa and pingo are three
landscape elements in areas
with permafrost
• Fresh water and coastal water
are turning browner, and the two
processes are probably linked
• Ozone pollution can damage
plant growth and interactions
with mycorhizza
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CBAs researchers love to engage in public
outreach. They participate in public debates,
create newspaper articles and write books,
and look forward to doing this even more
in the years to come.

13 10 2 15
Newspaper
pieces

Talks &
Presentations

Books

Media
•

Det viktigste er ikke å restaur
ere naturen, men å la være
å ødelegge den. D. O. Hessen.
Apollon, 1/21.

•

Biologiprofessor: Det grøne
skiftet er ikkje grønt før det
er berekraftig for naturen.
D. O. Hessen. Nationen, 28.03.21.

•

Blott en Dag. D.O. Hessen.
NFF-bulletin. 1/21

•

Forsvarer omstridt klima
strategi. D.O. Hessen,
Morgenbladet 1.10.21.

•

Forskernes råd til den nye
klima- og miljøministeren.
D.O. Hessen, Titan, 14.10.21

•

Vippepunkter finnes
– men er det alltid krise?
D.O. Hessen, Titan, 15.11.21

•

Millionmangel kan stoppe
forskningsprosjekter. D.O.
Hessen, Aftenposten 28.10.21.

•

The threat from the tundra.
What happens when the
world's largest carbon stor
age starts leaking? Dagens
Næringsliv feature paper
November 20, 2021 featuring
several CBA researchers such
as Sebastian Westermann,
Hanna Lee and Inge Althuizen

Interviews

Texts
•
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Klimakrisen og naturkrisen
må løses sammen.
Sverdrup-Thygeson, A., Hessen,
D.O., Teien, K.K. & Vandvik, K.
NRK Ytring. 09.04.21.

•

Generasjonen som stjal fra den
neste. Hessen, D.O. & Hylland
Eriksen, T. Aftenposten, 11.07.21.

•

Bærekraft er mer enn grønt
skifte. Eriksen, Annelin &
Hessen, D.O. Khrono 18.08.21.

•

Hvilke partier vil ødelegge
naturen mest. Hessen, D.O.
m. fl. Aftenposten 18.08.21

•

Klimavalgkampen 2021 – vi
trenger en politikk for de neste
1000 år. Hessen, D.O. Agenda
Magasin 19.08.21.
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•

Klimastrategien, akademisk
frihet og fanden. D.O. Hessen,
Uniforum, 15.10.21

•

Bærekraftssenteret: Hvor skal
ellers tverrfagligheten skje?
Hessen, D.O. & Sjåfjell, B.
Uniforum 06.12.21

•

•

Kallenborn, Roland; Thomassen,
Yngvar; Vogt, Rolf David; Becher,
Georg; Røyset, Oddvar;
Skipperud, Lindis; Gjengedal,
Elin Lovise Folven; Berlinger,
Balasz. Nye utfordringer innen
Miljøkjemi. Kjemi 2021 ;Volum 4.
s. 10-14
Narayanappa, Devaraju; Nilsen,
Irene Brox & Falk, Stefanie
(2021). Avskoging og den
indiske monsunen ("Deforestation and the indian monsoon").
blogg.forskning.no- søkelys på
skogplantning.

•

Avskoging og den indiske
monsunen ("Deforestation and
the indian monsoon"). blogg.
forskning.no- søkelys på
skogplantning 2021

•

Parmentier, Frans-Jan W. regular
contributions to the column
Naturligvis in Klassekampen:
•

Tre ulike løsninger.
03.12.2021

•

Komplekst kaos.
15.10.2021

•

Norske oljemyter.
10.09.2021

•

Ingen unnskyldninger.
06.08.2021

•

Zombier i skogen.
25.06.2021

•

Negativ tenkning.
21.05.2021

•

Helt på jordet.
09.04.2021

•

Ko-ko-klima!
26.02.2021

•

Flytende Jord.
08.01.2021
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• Climate Change at the Poles,
webinar series for the Spanish
National Research Council.
Nicolas Valiente Parra, March 23.
• Arctic “Shit” Matters. Science
Tapas 03 organized by Spanske
Forskere i Norge. Nicolas Valiente
Parra, November 15.
• Panel discussion «Grønn Morgen,
Norge!» at the Climate house,
Natural History Museum, UiO.
Participants: Torkjell Leira,
Halvor Høen Hval, Christina
Nadeau, Susanne Normann and
Christian Palacios Haugestad,
September 31.
• Climate change and the Northern
areas. The 10th Barents Palimentary Conference, The House
of Parliament. Dag O. Hessen,
June 22.
• Global risk related to climate
change, nature loss and pandemics.
Leader course at the Ministry of
Defence. Dag O. Hessen, June 23.
• The oceans; garbage dump
or food source? The Directorate
of Fisheries, Arendalsuka.
Dag O. Hessen, August 17.
• Trust and democracy, panel
discussion with FN-sambandet,
Arendalsuka. Dag O. Hessen,
August 17.

Economy

Talks
and panel
discussions

• On nutrient limitation of algal
growth. Norsk vannforening.
Dag O. Hessen, August 23.
• Klimabrølet, Appeal and discus
sion. Dag O. Hessen, August 27.
• Climate and rhetorics, panel
discussion at the Climate house,
Natural History Museum, UiO.
Dag O. Hessen, August 31.
• How to achieve the UN SDGs by
2030. Conference central Norway.
Dag O. Hessen, September 2.
• The world at a tipping point.
Public talk, Lillehammer.
Dag O. Hessen, September 9.
• The Trade Unions role in the
green shift. Negotia Conference.
Dag O. Hessen September 12.
• Red Code for humanity.
ZEN-conference. Dag O. Hessen,
October 19.
• How to deal with poverty, climate
and nature loss integrated. Panel
Discussion, Norad. Dag O. Hesse,
October 26.
• Climate- and nature crisis.
Will the oceans save us?
Marine conference West.
Dag O. Hessen, October 26.

Publications

• The intertwined nature- and
climate crisis, aspects before
the Glasgow-meeting. Ministry
of Foreign affairs. Dag O. Hessen,
October 26.
• Keynote on climate and public
health. One Health in the 21st
Century. Dag O. Hessen,
November 3.
• Saving the climate on expense
of nature? Biokonferansen.
Dag O. Hessen, November 21

New exhibition
about climate
change

Exhibition
Natur i endring/
A changing nature
CBA is one of the partners behind a new exhibition about changes in climate and nature
at the Mountain Center in Lom.
Our lives depend on nature and what it produces. However,
nature all around the world is changing at a rapid speed.
Which changes are caused by climate change, and what
effects do human land use have? What can we do about it?
The new exhibition Natur i endring/ A changing nature aims to
provide new knowledge to its visitors. It tells about the red fox
moving into the mountains, the tree line moving upwards, and
people who continuously build new cabins and infrastructure.
Visitors will learn how climate scientists measure the amount

of snow and the soil temperature in alpine areas, and how
studies of plant communities are executed.
The Mountain Center in Lom is one of the most important sites in Norway for communicating knowledge about
mountain areas. The exhibition is a cooperation between
the Mountain Center and EMERALD, LATICE, CBA and
Natur i endring. At the Mountain Center, Thea Grobstok
Dalen and Kjersti Frackmann Strass, as well as Bolt design
have worked to make the exhibition a reality. It is supported
through grants from Sparebankstiftelsen DNB, the Norwegian Research Council and the Norwegian Environment
Agency.

• On sustainability and the role
of Universities. Forskerforbundet.
Dag O. Hessen, November 15.
•

Contributors
Bryn, Anders; Dalen, Thea Grobstok; Finne,
Eirik Aasmo; Heiberg, Hanne; Keetz, Lasse
Torben; Nilsen, Irene Brox; Parmentier,
Frans-Jan W.; Snekkenes, Christine;
Stordal, Frode; Aas, Kjetil Schanke; Hessen,
Dag Olav; Althuizen, Inge; Andreassen,
Liss Marie; Bakke, Dag-Inge; Berntsen,
Terje Koren; Bjerke, Jarle W.; Bright, Ryan
M.; Dyrrdal, Anita Verpe; Geange, Sonya
Rita; Horvath, Peter; Opel, Thomas; Pirk,
Norbert; Puschmann, Oskar; Strass, Kjersti;
Tallaksen, Lena M.; Tang, Hui; Torma,
Michal; Vollsnes, Ane Victoria; Westermann,
Sebastian; Yilmaz, Yeliz A.

•

Natur i endring – samspillet mellom klima
og økosystemene. [Kunstnerisk og museal
presentasjon] Museumsutstilling. Norsk
Fjellsenter (Lom) og Naturhistorisk museum
(UiO); Lom. 2021-07-24 - 2023-01-02

• The world at the tipping point –
and the value of the future.
Environmental Risk Seminar,
Norsk Veritas. Dag O. Hessen,
November 15.
• Climate risk and the digital future.
Kunnskapskonferansen, Høgskolen
i Kongsvinger. Dag O. Hessen,
November 18.
• More climate and less nature
– on connections and drivers.
Økokrim seminar. Dag O. Hessen
November 19.
• Climate and health. Health
conference. Dag O. Hessen,
February 1.
Contact person, University of Oslo: Anders Bryn
Contact person, the Mountain Center in Lom, Thea G. Dalen
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Books and
award

Thawing permafrost in Siberia: Shore of a thermokarst lake in
Northeast Siberia, where the permafrost has been exposed due
to erosion. A layer of thawed soil can be observed on top of the
permafrost. Picture from the award-winning article by Frans-Jan
Parmentier.

2021
13 10 2 15
Newspaper
pieces

Talks &
Presentations

Books

Active layer

Interviews

Permafrost

Books
One of the strengths
in the book is the
author’s ability to
place the different
species in a context.

Hold on tight.
This is funny,
demanding
and instructive.
Guri Hjeltnes, VG
Ukas bok –
“Book of the week”

Tom Egil Hverven,
Klassekampen
Ukas bok –
“Book of the week”

BRENNMANETEFFEKTEN,
Lene Liebe Delsett Spartacus
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Award
•

The Fægri award 2021 was given
to researcher Frans-Jan Parmentier
from CBA and the Institute of Geosciences for his popular science article Permafrost: The sleeping climate
giant in the CBA special issue of the
journal Naturen.

LIV,
Dag O. Hessen
Frans-Jan Parmentier

The jury says:
Frans-Jan Parmentier communi
cates in a great way what perma
frost is, and discusses the impacts the possible thawing of
permafrost might have on the
climate. The article gives the
reader an interesting and useful
overview, and teaches us something new. His writing is good and
easy to understand, and thus invites the reader into the secrets
of the permafrost.
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Internal
CBA
events

CBA
events

Tipping points

Tuesday talks 2021

CIENS breakfast seminar
January 27, 2021

At this digital seminar, the topic was tipping points in the climate system
and biodiversity. In order to avoid positive feedbacks leading to these
tipping points, societal tipping points within behavior, technology and
economy are needed. A cross-disciplinary panel of experts gave their
view on the topic:

Every second Tuesday, CBA staff
gather for lunch and a talk. In
2021, these talks were digital and
provided an important meeting
place for the researchers.

March 2
•

Stefano Bonaglia: Anaerobic
nitrogen cycling processes in
oxic waters: a geochemical
and molecular perspective.

May 18
•

March 16
•

•

•

Dag O. Hessen, professor in biology and leader of CBA- Tipping
points in nature and society, and
CBAs reseach
Manjana Milkoreit, Assistant
Professor at Purdue University in
the US and postdoctoral fellow
at the Department of Sociology
and Human Geography – Tipping
points in society
Karine Nyborg, professor at the
Institute of economy – Economy
and tipping points

•

Terje K. Berntsen, professor
Department of geosciences and
CBA – Climate models, IPCC and
the unknown

•

Trude Storelvmo, professor,
Department of geosciences and
CBA – Clouds, climate and rapid
changes

•

Sebastian Westermann, associate
professor, Department of geosciences and CBA – Permafrost
thaw and possible feedbacks to
the global climate

•

January 19

The seminar can
still be viewed
online:
CIENS frokostwebinar
– Vippepunkter –
CIENS

•

Sara Marie Blichner: From trees
to cloud seeds: Modelling the
climate influence of biogenic
volatile organic compounds with
the Norwegian Earth System
Model

February 2
•

Armin Wisthaler: Observing
the Chemistry of the Earth's
Atmosphere from Space and
from the Air

February 16
•
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Anders Bryn: Wetlands and
carbon in Norway

Katrine Borgå: Trophic ecotoxicology - using stable isotopes
of nitrogen and carbon to understand pollutants in food webs

April 6
•

•

September 14
•

Christina Nadeau: Tipping
Points: Climate Change and
Society

Cathrine Gundersen: Dirt
and light - describing dissolved
organic matter with fluorescence
EEM PARAFAC

October 26

April 20

•

Frode Stordal: Complex
changes in vegetation in the
Arctic: Greening and browning.

•

Manjana Milkoreit: Time is of
the Essence - Investigating beliefs
about the future among climate
change negotiators

Trude Storelvmo:
The IPCC report

October 12
•

Ilaria Baneschi

November 23

May 4
•

Andrea Popp: Tracing surface
water-groundwater interactions
in alpine and subarctic environments

Robin Zweigel: Untangling
permafrost-ecosystems
in Mongolia

December 7
•

Nicolas Valiente Parra: The
role of lakes in a changing Arctic
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Introduction

CBA annual meeting
The CBA annual meeting was held in
Drøbak October 20-21 2021

Wednesday 20th October
•

Dag Olav Hessen CBA: status,
highlights and future

•

Elin Aas: Modelling carbon
stocks in Norwegian forest soils a first look

•

•

•

Manjana Milkoreit: Gaming
Climate Futures: Providing
Climate Policy Support with
the Tipping Point Negotiations

•

Camille Crapart: Space-for-time
modelling of TOC concentration
trends in Fennoscandia

•

Heleen de Wit: The thousand-lake survey: detection
of climate change signals?

•

Sigrid T Kjær: Carbon degradation in thawing permafrost

•

•

Marius Lambert: Modelling
insights in to the effect of hardening during extreme winter root
water release

Frans Jan Parmentier: Snow
cover as a control on carbon loss
in the permafrost region

•

Nicolas Valiente Parra:
The role of Arctic and boreal
lakes in Climate Change

•

You-Ren Weng: Evaluating global
and regional land warming trends
in the past decades with both
MODIS and ERA5-Land land
surface temperature data

•

Francois Clayer Boreal: head
water catchment (Langtjern) as
hot spot of carbon processing
from headwater to fjord

•

Kjetil Schanke Aas: Snow representation in NorESM and how
it might be improved through the
use of sub-grid tiles

•

Norbert Pirk: Updates on our carbon flux measurements at Finse,
Iskoras and the Hedmark mires

•

Aleksandr Berezovski: Fluxes
of dissolved

•

Laurent Fontaine: Multiple
thresholds and trajectories of
microbial biodiversity predicted
across browning gradients by
neural networks and decision
tree learning

•

Ane Vollsnes: Model parameterisation of subarctic vegetation in
climate models, an example from
an ozone effect study.

•

Niels Højmark Andersen:
Vibrational Spectroscopy with
emphasis on Raman

Anne Hope Jahren: News
from the CLIPT lab: Analysis
of isotopes in water samples

•

Rolf D. Vogt: CBA into the future:
presentation of new projects

•

Sabrina Schultze: Organic matter
and nutrients dynamics in two
contrasting northern river-to-fjord
systems.

•
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Armin Wisthaler: Amine-based
CO2 Capture and its Risk for the
Atmosphere

Thursday 21th October

Alexander Håland: Atmospheric
chemistry
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Education
KJM1700

Environmental and
climate challenges

Courses
at CBA
CBA's researchers
teach several courses
on topics related to
biogeochemistry.
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The course provides a basic scientific
introduction to the environmental challenges and several of the UN's sustainability goals, and how environmental
authorities use scientific insights. A
group project assignment provides
an in-depth look at a chosen environmental theme and training in scientific
publishing. The course has an interdisciplinary approach that makes it suitable for students from other disciplines
who need basic knowledge of the environment and climate in the academic
community.

BIOS3070/KJM3070

Biogeochemistry
The global environment is tightly linked
to the global cycles of carbon and other
key elements like nitrogen, phosphorus and iron. These elements are also
closely related to the hydrological cycle
as well as biological production, diversity and ecosystem services, and chemical properties of the environment. The
course will focus on couplings between
biological, geological and chemical processes, on the interactions between climate and the environment, and human
impacts on these processes.
The lectures are common for the
courses KJM3070 and KJM4070 while
most of the colloquia, workshops and
labs are being held separately.

TFF3219

Cross-disciplinary
ecology in the
Anthropocene
Anthropocene, the age of humans, is
suggested as the name for the geological epoch that we are currently in.
Humans are seen as the most important
force in the large changes that can be
observed in climatic patterns, atmosphere, biodiversity, cryosphere, seas
and lakes. IPCC has stated that the
climate change is caused by anthropogenic activity, indicating a new link
between humans and nature.
This implies a cross-disciplinary challenge for any scientific discipline,
from humanities and social sciences
to biology, geology and other natural
sciences. With the cross-disciplinary
research project ECODISTURB as our
starting point, this course provides an
opportunity to understand and discuss
the cross-disciplinary challenges arising in the Anthropocene.

GEO4161

Contaminants in the
geoenvironment
Contaminants in soils and ground water
pose a threat to our society and the
limited land and water resources. The
course will cover:
• Types of contaminants, both
organic and inorganic
• Physical/chemical distribution
among phases/media
• Biogeochemical processes in soils
and groundwater

BIOS4500

General Toxicology
The course will cover basic toxicology
and ecotoxicology, including how toxic
substances are taken up in the organisms, distributed, biotransformed and
excreted, how toxic substances react
with biomolecules and downstream
consequenses for the organism, as well
as knowledge about toxic substances,
e.g. metals, organic contaminants and
pesticides. The course aims to provide
a holistic view of the topic by bridging
human toxicology and ecotoxicology.

• Transport of contaminants
• Risk assessment
• Natural attenuation
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GEO4904

Atmospheric Chemistry
The course deals with the basic processes that govern the composition of
chemically active species in the atmosphere (gases and aerosols). This is crucial in understanding trends in shortlived greenhouse gases, aerosols,
ozone depletion in the stratosphere,
acidification and regional air pollution.
The course gives an introduction to
modelling of atmospheric chemistry in
e.g. Earth System Models.

KJM5700

Environmental
Chemistry
The course provides an integrated
description of the chemical processes
and equilibrium systems that determine
mobility, transport, turnover and effects
of chemical contaminants in air, soil and
water. It also provides an introduction
to natural chemical processes in the
environment. The lectures are given
by external and internal researchers
with examples from our own current
research.
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GEO5900

BIOS5411

Chemical processes in
soil and ground water

Toxicants in ecosystems
and humans: effects

The main geochemical reactions controling the chemical composition of soil
and ground water are treated in detail,
and how these can be quantified and
used in interpreting different processes
effecting the water quality. Equilibria
and kinetics in water-mineral-gas systems are covered, with special emphasis on CO2 - carbonate reactions, mineral weathering, redox-reactions, ion
exchange, sorption, and pollution of
organic chemicals. An understanding of
these procecces and a corresponding
quantification is required to predict the
effect of contaminant spill and human
influence. Lectures and home works are
accompanied by training in computer
modeling of geochemical reactions and
transport of solutes in groundwater.

The course gives insight into how toxicants affects humans and the environment, with a particular focus on individual effects. Toxicants affect many of the
same processes in different organisms
and the course will discuss similarities
and differences between different species, using mammalian toxicology as
a starting point. The course includes
aspects of both ecotoxicology and
human toxicology.

BIOS5412

Toxicants in Ecosystems
and Humans: Exposure
and Accumulation
The course gives insight into how toxicants are distributed in the environment
and accumulated by humans and other
organisms. The course focuses on
mechanisms and processes that are
important to understand distribution
and accumulation of toxicants and how
these processes are affected by other
stressors, physiological and ecological
adaptations, life history traits and the
phylogenetic history of the organism.
The course encompasses both different
ecosystems, including organisms, and
humans.

GEO9915

Ecological Climatology
The course provides an overview of
the relationships between climate and
ecology, with focus on climate related
feedbacks within boreal, alpine and arctic terrestrial ecosystems. Through the
program, students will understand the
connections and interactions between
land and atmosphere, with an emphasis on terrestrial vegetation ecology
and dynamic vegetation modeling.
The main focus will be on processes at
northern latitudes.
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papers
B

Blichner S. M., M. K. Sporre,
R. Makkonen and T. K. Berntsen.
2021. Implementing a sectional
scheme for early aerosol growth
from new particle formation in the
Norwegian Earth System Model v2:
comparison to observations and
climate impacts, Geosci. Model Dev.,
14, 3335–3359, doi.org/10.5194/
gmd-14-3335-2021
Blichner S. M., M. K. Sporre,
and T. K. Berntsen. 2021. Reduced
effective radiative forcing from
cloud-aerosol interactions (ERFaci)
with improved treatment of early
aerosol growth in an Earth System
Model, Atmos. Chem. Phys., 21,
17243–17265. doi.org/10.5194/
acp-2021-151
Bruhwiler, B., F.J.W. Parmentier,
P. Crill, M. Leonard, and P.I. Palmer.
2021. The arctic carbon cycle and
its response to changing climate,
Current Climate Change Reports 7,
14-34, doi:10.1007/s40641-02000169-5
C

Cassagnes, L.-E., L. Zaira, A. Håland,
D. Bell, L. Zhu, A. Bertrand,
U. Baltensperger, I. El Haddad,
A. Wisthaler, M. Geiser, J. Dommen.
2021. Online monitoring of volatile
organic compounds emitted from
human bronchial epithelial cells as
markers for oxidative stress, J. Breath
Res. 15(1), 016015, doi.
org/10.1088/1752-7163/abc055
Eunbin, C. and M. Milkoreit. 2021.
Who are your people? –The effect of
political ideology and social identity
on climate-related beliefs and risk
perceptions. Politics, Groups, and
Identities: 1-21.
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Clayer, F., Thrane, J.-E., Brandt, U.,
Dörsch, P., & de Wit, H. A. 2021.
Boreal headwater catchment as
hot spot of carbon processing from
headwater to fjord. Journal of
Geophysical Research: Biogeosciences, 126, e2021JG006359,
doi.org/10.1029/2021JG006359
Crapart, C. M., T. Andersen, D. O.
Hessen, N. Valiente, R. D. Vogt.
2021. Factors Governing Biodegradability of Dissolved Natural Organic
Matter in Lake Water. Water: 13 (16).
Croft, B., R. V. Martin, R. H. Moore,
L. D. Ziemba, E. C. Crosbie, H. Liu,
L. M. Russell, G. Saliba, A. Wisthaler,
M. Müller, A. Schiller, M. Galí,
R. Y.-W. Chang, E. E. McDuffie,
K. R. Bilsback, J. R. Pierce. 2021.
Factors controlling marine aerosol
size distributions and their climate
effects over the Northwest Atlantic
Ocean region, Atmos. Chem. Phys.
21, 1889–1916, doi:10.5194/acp-211889-2021.
D

Decker, Z. C. J., M. A. Robinson,
K. C. Barsanti, I. Bourgeois, M. M.
Coggon, J. P. DiGangi, G. S. Diskin,
F. M. Flocke, A. Franchin, C. D.
Fredrickson, G. I. Gkatzelis, S. R.
Hall, H. Halliday, C. D. Holmes,
L. G. Huey, Y. R. Lee, J. Lindaas,
A. M. Middlebrook, D. D. Montzka,
R. Moore, J. A. Neuman, J. B.
Nowak, B. B. Palm, J. Peischl, F. Piel,
P. S. Rickly, A. W. Rollins, T. B.
Ryerson, R. H. Schwantes, K.
Sekimoto, L. Thornhill, J. A. Thornton, G. S. Tyndall, K. Ullmann, P. Van
Rooy, P. R. Veres, C. Warneke, R. A.
Washenfelder, A. J. Weinheimer, E.
Wiggins, E. Winstead, A. Wisthaler,
C. Womack, S. S. Brown. 2021.
Nighttime and daytime dark oxidation
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chemistry in wildfire plumes: an
observation and model analysis
of FIREX-AQ aircraft data, Atmos.
Chem. Phys. 21, 16293-16317, doi.
org/10.5194/acp-21-16293-2021.
Decker, Z. C. J., S. Wang, I. Bourgeois, P. Campuzano Jost, M. M.
Coggon, J. P. DiGangi, G. S. Diskin,
F. M. Flocke, A. Franchin, C. D.
Fredrickson, G. I. Gkatzelis, S. R.
Hall, H. Halliday, K. Hayden, C.D.
Holmes, L. G. Huey, J. L. Jimenez,
Y. R. Lee, J. Lindaas, A. M. Middlebrook, D. D. Montzka, J. A. Neuman,
J. B. Nowak, D. Pagonis, B. B. Palm,
J. Peischl, F. Piel, P. S. Rickly, M. A.
Robinson, A. W. Rollins, T. B.
Ryerson, K. Sekimoto, J. A. Thornton, G. S. Tyndall, K.Ullmann, P. R.
Veres, C. Warneke, R. A. Washenfelder, A. J. Weinheimer, A. Wisthal
er, C. Womack, S. S. Brown. 2021.
Novel Analysis to Quantify Plume
Crosswind Heterogeneity Applied to
Biomass Burning Smoke, Environ.
Sci. Technol. 55(23), doi.
org/10.1021/acs.est.1c03803,
15646-15657
de Wit, H.; J. L. Stoddard, D. T.
Monteith, J. E. Sample, K. Austnes,
S. Couture, J. Fölster, S. N. Higgins,
D. Houle, J. Hruška, P. Krám, J.
Kopáček, A. M. Paterson, S. Valinia,
H. Van Dam, J. Vuorenmaa, C. D.
Evans. 2021. Cleaner air reveals
growing influence of climate on
dissolved organic carbon trends in
northern headwaters. Environmental
Research Letters: 16 (10).
E

Eie, M., T. C. Jensen, B. Walseng,
J. A. Eie, D. O. Hessen. 2021.
Long-term resilience in microcrustacean communities despite environmental changes. Ecosphere: 12 (7)
s. 1-13
F

Fagerlund, J., R. Zevenhoven, J.
Thomassen, M. Tednes, F. Abdollahi,
L. Thomas, C. J. Nielsen, T. Mikoviny,

A. Wisthaler, L. Zhu, C. Biliyok, A.
Zhurkin. 2021. Performance of an
amine-based CO2 capture pilot plant
at the Klemetsrud waste incinerator
in Oslo, Norway, Int. J. Greenh. Gas
Con. 106, 103242, doi.org/10.1016/j.
ijggc.2020.103242
Falk, S., A. Vollsnes, A. B. Eriksen,
F. Stordal, T. K. Berntsen. 2021.
Technical note: Quality assessment
of ozone reanalysis products and
gap-filling over subarctic Europe for
vegetation risk mapping. Atmospheric Chemistry and Physics, 21 s.
15647-15661.
Figuerola, B., N. P. Valiente,
A. Barbosa, M. J. Brasier, R. Colominas-Ciuró, P. Convey, D. Liggett, M.
A. Fernandez-Martinez, S. Gonzalez,
H. J. Griffiths, S. D. Jawak, F. Merican,
D. Noll, J. Prudencio, F. Quaglio, and
L. R. Pertierra. 2021. Shifting
perspectives in polar research:
Global lessons on the barriers
and drivers for securing academic
careers in natural sciences. Frontiers
in Ecology and Evolution, 815.
Fontaine, L., M. Khomich, T. Anders
en, D. O. Hessen, S. Rasconi,
M. L. Davey, A. Eiler. 2021. Multiple
thresholds and trajectories of
microbial biodiversity predicted
across browning gradients by neural
networks and decision tree learning.
ISME Communications: 1.
G

Guo, X. L. Clarisse, R. Wang, M. Van
Damme, S. Whitburn, P.-.F Coheur,
C. Clerbaux, B. Franco, D. Pan, L. M.
Golston, L. Wendt, K. Sun, L. Tao, D.
Miller, T. Mikoviny, M. Müller, A.
Wisthaler, A. G. Tevlin, J. G. Murphy,
J. B. Nowak, J. R. Roscioli, R.
Volkamer, N. Kille, J. A. Neuman, S.
J. Eilerman, J. H. Crawford, T. I. Yacovitch, J. D. Barrick, A. J. Scarino, M.
A. Zondlo. 2021. Validation of IASI
satellite ammonia observations at the
pixel scale using in-situ vertical
profiles, J. Geophys. Res.,
e2020JD033475, doi:
10.1029/2020JD033475

H

Haarr, A.; E. B. Mwakalapa, A. J.
Mmochi, J. L. Lyche, A. Ruus, H.
Othman, M. M. Larsen, K. Borgå.
2021. Seasonal rainfall affects
occurrence of organohalogen
contaminants in tropical marine
fishes and prawns from Zanzibar,
Tanzania. Science of the Total
Environment: 774.
Han, Xiaoxin; R. D. Vogt, J. Zhou,
B. Zheng, X. Yu, J. Feng, X. Lu. 2021.
Increased Cu(II) Adsorption Onto
UV-Aged Polyethylene, Polypropylene, and Polyethylene Terephthalate
Microplastic Particles in Seawater.
Frontiers in Marine Science: 8
Herrera, S. A., G. S. Diskin, C.
Harward, G. Sachse, S. F. J. De
Wekker, M. Yang, Y. Choi, A. Wisthal
er, D. V. Mallia, S. E. Pusede. 2021.
Wintertime nitrous oxide emissions in
the San Joaquin Valley of California
estimated from aircraft observations,
Environ. Sci. Tech. 55(8), 4462-4473,
doi.org/10.1021/acs.est.0c08418
Huangfu, Y., B. Yuan, S. Wang,
C. Wu, X. He, J. Qi, J. de Gouw, C.
Warneke, J. Gilman, A. Wisthaler,
T. Karl, M. Graus, B. Jobson, M. Shao.
2021. Revisiting acetonitrile as tracer
of biomass burning in anthropogenic-influenced environments, Geophys.
Res. Lett. 48(11), e2020GL092322,
doi: 10.1029/2020GL092322

A. Wisthaler, J. L. Jimenez. 2021.
Future changes in isoprene-epoxydiol-derived secondary organic
aerosol (IEPOX SOA) under the
Shared Socioeconomic Pathways:
the importance of physicochemical
dependency, Atmos. Chem. Phys. 21,
3395–3425, doi.org/10.5194/
acp-21-3395-2021.
K

Kim, S., R. Seco, D. Gu, D. Sanchez,
D. Jeong, A. B. Guenther, Y.-R. Lee,
J. E. Mak, L. Su, D. B. Kim, J. Ahn,
J. Sullivan, T. Mcgee, R. Long, W. H.
Brune, A. Thames, A. Wisthaler,
M. Müller, T. Mikoviny, A. Weinheimer,
T. Mikoviny, M. Yang, J.-H. Woo,
S.-Y. Kim, H. Park. 2021. The role of a
suburban forest in controlling vertical
trace gas and OH reactivity distributions – a case study for the Seoul
metropolitan area, Faraday Discuss.
226, 537, doi: 10.1039/D0FD00081G.
Kwon, H.-A., R. J. Park, Y. Oak,
C. R. Nowlan, S. J. Janz, M. G.
Kowalewski, A. Fried, J. Walega,
K. H. Bates, J. Choi, D. R. Blake,
A. Wisthaler, A, J.-H. Woo. 2021.
Top-down estimates of anthropogenic VOC emissions in South Korea
using formaldehyde vertical measurements from aircraft during the
KORUS-AQ campaign. Elem. Sci.
Anth. 9(1), doi: 10.1525/elementa.2021.00109
X

Horvath, P., Tang, H., Halvorsen, R.,
Stordal, F., Tallaksen, L. M.,
Berntsen, T. K. and Bryn, A. 2021.
Improving the representation of
high-latitude vegetation distribution
in dynamic global vegetation models,
Biogeosciences, 18, 95–112, https://
doi.org/10.5194/bg-18-95-2021.
J

Jo, D. S., A. Hodzic, L. K. Emmons,
S. Tilmes, R. H. Schwantes, M. Mills,
P. Campuzano-Jost, W. Hu, R. A.
Zaveri, R. C. Easter, B. Singh, Z. Lu,
C. Schulz, J. Schneider, J. E. Shilling,

Xue, L., X. Han, R. D. Vogt,
J. Zhou, B. Zheng, Y. Song, X. Lu.
2021. Distributions, temporal trends
and ecological risks of polyethylene
terephthalate (PET) and di-(2-ethylhexyl) phthalate (DEHP) in sediments
of Jiaozhou Bay, China. Marine
Pollution Bulletin: 165 (112176)
N

Nipen, M, R. D. Vogt, P. BohlinNizzetto, K. Borgå, E. B. Mwakalapa,
A. Borgen, S. J. Jørgensen,
S. M. Ntapanta, A. J. Mmochi,
M. Schlabach, K. Breivik. 2021.
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Spatial trends of chlorinated paraffins
and dechloranes in air and soil in a
tropical urban, suburban, and rural
environment. Environmental Pollution:
292.
O

Olefeldt, D., M. Hovemyr, M. A. Kuhn,
D. Bastviken, T. J. Bohn, J. Connolly,
P. Crill, E. S. Euskirchen, S. A.
Finkelstein, H. Genet, G. Grosse,
L. I. Harris, L. Heffernan, M. Helbig,
G. Hugelius, R. Hutchins, S. Juutinen, M. J. Lara, A. Malhotra, K.
Manies, A. D. McGuire, S. M. Natali,
J. A. O'Donnell, F-J. W. Parmentier,
A. Räsänen, C. Schädel, O. Sonnentag, M. Strack, S. E. Tank, C.
Treat, R. K. Varner, T. Virtanen,
R. K. Warren, J. D. Watts. 2021.
The Boreal–Arctic Wetland and Lake
Dataset (BAWLD). Earth System
Science Data: 13, s. 5127-5149
P

Pagonis, D. P. Campuzano-Jost, H.
Guo, D. A. Day, M. K. Schueneman,
W. L. Brown, B. A. Nault, H. Stark,
K. Siemens, A. Laskin, F. Piel, L.
Tomsche, A. Wisthaler, M. M.
Coggon, G. I. Gkatzelis, H. S.
Halliday, J. E. Krechmer, R. H. Moore,
D. S. Thomson, C. Warneke, E. B.
Wiggins, J. L. Jimenez. 2021.
Airborne extractive electrospray
mass spectrometry measurements of
the chemical composition of organic
aerosol, Atmos. Meas. Tech. 14,
1545–1559, doi.org/10.5194/
amt-14-1545-2021
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Parmentier, F-J. W., L. Nilsen,
H. Tømmervik, E. J. Cooper. 2021.
A distributed time-lapse camera
network to track vegetation phenology with high temporal detail and at
varying scales. Earth System Science
Data: 13 (7), s. 3593-3606
Patterson, J., C. Wyborn, L. Westman, M. C. Brisbois, M. Milkoreit
and D. Jayaram. 2021. The political
effects of emergency frames in
sustainability. Nature Sustainability,
1-10
Piel, F., M. Müller, K. Winkler, J.
Skytte af Sätra, A. Wisthaler. 2021.
Introducing the Extended Volatility
Range Proton-Transfer-Reaction
Mass Spectrometer (EVR PTR-MS),
Atmos. Meas. Tech. 14, 1355–1363,
doi:10.5194/amt-14-1355-2021
Pin, L., A. Eiler, S. Fazi, N. Friberg.
2021. Two different approaches of
microbial community structure
characterization in riverine epilithic
biofilms under multiple stressors
conditions: Developing molecular
indicators. Molecular Ecology
Resources: 21 (4) s. 1200-1215
Pongracz, P., D. Wårlind, P.A. Miller
and F.J.W. Parmentier. 2021. Model
simulations of arctic biogeochemistry
and permafrost extent are highly
sensitive to the implemented snow
scheme in LPJ-GUESS, Biogeosciences 18, 5767-5787, doi:10.5194/
bg-18-5767-2021
S

Pan, D., K. B. Benedict, L. M.
Golston, R. Wang, J. L. Collett Jr, L.
Tao, K. Sun, X. Guo, J. Ham, A. J.
Prenni, B. A. Schichtel, T. Mikoviny,
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Zondlo. 2021. Ammonia dry deposition in an Alpine ecosystem traced to
agricultural emission hotpots,
Environ. Sci. Tech. 55(12), 77767785, doi.org/10.1021/acs.
est.0c05749
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of a pasture in Norway did not result
in higher soil carbon, 50 years after
planting. Landscape and Urban
Planning: 207. sciencedirect.com/
science/article/pii/
S0169204620314912
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Experimental and theoretical study
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Statistical upscaling of ecosystem
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patterns and uncertainties. Global
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Returning from field-work
at Ny-Ålesund, Svalbard.
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CBA’s economy
in short
•

CBA is a centre directly under
the Faculty of Mathematics and
Natural Sciences, and financially supported by the Faculty
via the three involved institutes; Biosciences, Chemistry
and Geosciences, initially for a
period of five years from 2018.
This amounts to 500 000 NOK
per institute and covers the
salary costs of a centre coordinator, a PhD student and a
postdoctoral researcher directly employed by CBA, in addition to some running costs.
Other CBA researchers are
employed at the departments
of biosciences, geosciences
and chemistry.

•

The economic model of CBA is
based on a shared division of
overhead from external projects, where 60% of overhead is
assigned to the respective institutes and 40% is allocated to
CBA. Thus over time the direct
faculty support will be replaced
by such overhead costs. CBA
runs, or is part of, several externally funded research projects
financed by the Norwegian Research Council and others by
EU. Some of them are shown
on the figure on page 8–9.

•

Starting from September 2022,
CBA has received funding
from the Norwegian Research
Council for the project Biogeochemical processes Governing boreal C cycling (BioGov), with a total budget of 25
mill NOK. This project will run
until 2027, and include a major fraction of the permanent
staff at CBA in all three institutes. Also several students
and postdoctoral researchers
will be hired under this project. Several other project proposals are submitted and is
under consideration, including
personal ERC-grants. CBA is
also in the second round for
funding a Centre of Excellence, named ACT – Arctic Climate transitions.
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