" N

-

- o~ -

p< L =

<

- -

s

P

A
= w
- T -
“ -
-
it I - -
- . -~ § .
EY - e A =
T L= -
< 4'. Bl ) :
-

- '-‘ - ! - ~
- -
» L] - . *, e R


https://www.mn.uio.no/cba/
https://www.mn.uio.no/cba/
https://www.uio.no
https://www.uio.no
https://www.mn.uio.no/cba/

Photo: Getty Images

4



https://www.mn.uio.no/cba/
https://www.mn.uio.no/cba/

Contents

6

Introduction

Mission, vision and values
CBA research topics
Management structure

CBA status and highlights 2022

41 (&

10
12

15 &

Special focus

Permafrost Fact Sheet

Taking nature into account:
Do we grossly underestimate the
Norwegian GHG emissions?

BioGov: Biogeochemical processes
governing boreal C cycling

Forecasting organic carbon
concentration in boreal lakes in 2100

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

Disentangling effects of natural and
anthropogenic drivers on forest net
ecosystem production

Tree-line expansion — A threat to

hydropower resources? TREX-HYDRO.

New project starting 2023.

16

22

26

28

30

34

38

Research

What DNA can tell us about
greenhouse gas emission

Waiting for the Tipping Point:
The People vs. The Climate

VOC measurements at a closed
landfill by Proton-Transfer-Reaction
Mass Spectrometry (PTR-MS)
using a mobile laboratory

Meromictic lakes as hot spots
for methane and CO,

Coastal darkening: From Baltic
forests to the Barents Sea

CBA annual report
4 2022

42

46

48

52

56

Catchment properties to
predict greenhouse gas
concentrations in boreal lakes

A tale of thousand lakes:
expected and unexpected change

Too much snow or too little snow:
Why Warmer Winters Have a
Worrisome Impact on The Arctic

The microbiome in the plastisphere

The «Hurdal platform»

58

62

66

68
71

5 £
73 81 .
Outreach CBA events
Chronicles and popular science 74
Media 76
Report 77
Books and award 78
87 - 93E
Education Publications

98 =

CBA’s economy
in short

CBA annual report
2022 5



Mission

We study interactions and feedbacks between climate, carbon cycling and
ecosystem in northern latitudes. We assess and predict links from atmos-
phere 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 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.

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.

Values

We want to achieve excellence through
Scientific rigorousness and openness
Ethical practices in all areas of our endeavor
Scientific accountability
Respect, professionalism and dedication

Sense of responsibility to transfer knowledge
to the public

Sharing of best practices and working as a team

sebeuw; AleD :0l0ug




Introduction Special focus Research Outreach CBA events Education Publications

Climatic change Permafrost dynamics,
C BA researCh FaCUIty Staﬁ’ and feedbacks thaw, age, fate and

topics

postdocs
and PhDs

Weathering processes
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Baptiste Languille

Sabrina Schultze
Alexander Eiler
Franck Lejzerowicz

Freshwater and
coastal ecosystem
responses
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Management The leader group

structure

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 | Kristoffer Aalstad

gathered for the Elin Ristorp Aas
annual meeting Esteban Alonso-Gonzalez
in Hurdal.

Tom Andersen
Michael Bekken

Participants Aleksandr Berezovski

in alphabetic

order: Terje Berntsen
Anders Bryn
—
Eira Carlsen

1 CBA annual report
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Francois Clayer
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Peter Dérsch

Alexander Eiler

Cathrine Brecke Gundersen
William Hagopian
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Mats Ippach

Jacqueline Knutson

Kari Kveseth
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Siyan Li

Erik Marthinsen
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Kamran Shalchian-Tabrizi

Silje Solevag

Lena M. Tallaksen
Astrid Vatne

Femke Vianen

Rolf David Vogt

Ane Vollsnes

Jing Wei

Sebastian Westermann
Yu Yu

Terje Koren Berntsen
Professor in geosciences

Armin Wisthaler
Professor of atmospheric
chemistry, Department of
Chemistry

The board

Bjorn Jamtveit

Vice Dean (Prodekan)
of Research

”

Einar Uggerud

Head of Department
of Chemistry

Eira Carlsen
ECR representant

Dag O. Hessen

Professor in biology
and centre leader

Yeliz Yilmaz
Centre coordinator

Arne Klungland

Head of Department
of Biosciences

Bernd Etzelmuiller

Head of Department
of Geosciences

The scientific advisory group

Tim Lenton

University of Exeter,
Global Systems Institute

Vigdis Vandvik
Bjerknes Centre for

Climate Research,
University of Bergen

Marten Scheffer

Wageningen University
& Research

CBA annual report
2022

11




Introduction Special focus Research Outreach CBA events Education Publications

“It is also finally recognized how tightly inter-
twined these two climate and nature "crises"
are, and how they are mutually reinforcing.
Such climate-nature interactions and feed-
backs are to the core of most CBA-activities.”

CBA status and
highlights 2022

Dag O. Hessen

Professor in Biology
and leader of CBA

CBA can trace its origin to
an SFF-proposal and collab-
orative efforts between the
institutes of Biosciences,
Chemistry and Geoscience
back in 2010, yet has been
in operation as a centre for 5
years, and this is the 4" an-
nual report. It can safely be
concluded that the relevance
of biogeoscience in the con-
text of carbon cycling, climate
change and nature degrada-
tion has not decreased over
these years, and also that
CBA provides continuously
new insights in this field as
this report will testify.

1 2 CBA annual report
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The unique feature of CBA is (among
other things) that it has its base in the
institutes; Biosciences, Geosciences
and Chemistry, and it thus make sense
to circulate the leadership of the Cen-
tre. Given the number of activities and
commitments of CBA it also makes
sense to have a lead and a co-lead.
Given the strong involvement of geo-
sciences in the Centre, | thus proposed
Sebastian Westermann (GEO) and
Alexander Eiler (IBV) as lead and
co-lead from 2023 on. This was
approved by the leader group and
board. | am personally very pleased
with this, and | will still continue as an
active member of CBA and head of the
BioGov project (Felleslgftet). It has
indeed been rewarding and inspiring
to be head of CBA for these 5 years,
and the topics we are working on has
become ever more relevant given that
our focus is on the two current crisis
(the term crisis seems appropriate
now), namely the climate crisis and the
nature crisis. Thanks to all for inspiring
cooperation so far, and it will continue
for the years to come. This is the 4"
annual report from CBA, and it testifies
that we can be proud of our achieve-
ments.

This also offer a good opportunity for
a brief glimpse on the background and
development of CBA, which in fact
extends at least back to 2010. By then
there already was an extensive coop-
eration between the three institutes on
issues related to climate and carbon
cycling on the land-water interface, and
this was manifested as a proposal for
a Centre of Excellence (SFF) named
“Oslo Water and Life (OWL) Research
Centre” with the overarching vision to
“Exploring boundaries between and
within biology, geosciences and chem-
istry to understand and predict the cur-
rent and future role of water in relation
to biogeochemical cycles essential to
life on Earth”. Sounds familiar? The
proposed leader group was Frode
Stordal (first 5 years) and Dag Hessen
(last 5 years) with Rolf Vogt as co-lead
for both periods. A number of the pro-
posed key members are currently
involved in CBA. The proposal was
however not funded, but over the next
years the cooperation continued to
joint projects, and in spring 2015
(involving active correspondence on
May 171), there was an agreement to
apply for “leading centre” grants close
to current CBA, headed by Dag Hessen.

CBA was de facto in operation from
2017, and it was officially opened as a
faculty Centre which was with a semi-
nar in June 2018. All contractual issues
were however first settled in 2019,
meaning that the 5-year evaluation will
not take place until 2024.

In fall 2021, the UN secretary general
Anténio Guterres stated in response
the alarming news from the recent
IPCC that this represented “code red
for humanity”. Hence it was instrumen-
tal that the international ambitions to
reduce climate gas emissions were
followed up and strengthened by the
COP27 meeting in Sharm e-Sheikh in
late fall 2022. To some extent it did, but
it is also clear that we are heading
towards somewhere near 2,5 °C global
warming by 2100, unless we do even
more. Shortly after, the UN Biodiversity
Conference and (COP 15) was held in
Montreal, and also stated that there is
some kind of “code red” also for loss
of nature and biodiversity. It is also
finally recognized how tightly inter-
twined these two “crises” are, and how
they are mutually reinforcing. Such
climate-nature interactions and feed-
backs are to the core of most CBA-

activities, notably the large BioGov pro-
ject that was started in 2022 — and
properly presented in this report. The
role of nature as a buffer against climate
change both globally and locally was
actually also the title and topic of one
of the CBA-papers from 2022.

CBA has been represented in a num-
ber of activities, a very large number of
presentations, meetings and lectures
as well as a number of scientific pres-
entations and papers. CBA has also
been involved in the work with the UiO
climate strategy, involving plans for an
“Oslo sustainability Centre” (Baerekraft-
shuset) as well as the plans for “Oslo
Science City” and the Lancet Count-
down Report on climate as the major
threat to global health. Other engage-
ments 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, includ-
ing media.

CBA has also been deeply involved in
the SFF-application ACT — Centre for
Arctic Climate Transitions. The appli-
cation made it to the second round,
and the final application was submitted
fall 2021. ACT was among the 11 pro-
posals that was recommended for SFF
by the international panel, but when it
was decided to withdraw two from
budgetary reasons, alas ACT was one
of these.

The CBA the leader group in 2022 has
been Dag Hessen (lead), Terje Berntsen
and Armin Whisthaler, and was also
supplemented by Eira Catharine
Ladrup Carlsen, PhD-student affiliated
with the BioGov project. The board has
been research dean of the faculty,
Bjorn Jamtveit, plus the heads of the
respective institutes; Einar Uggerud
(Chemistry), Bernd Etzelmdller (Geo)
and Arne Klungland (IBV). The scientific
board is Tim Lenton, Marten Scheffer
and Vigdis Vandvik.

We look forward to 2023, and hope you
enjoy this glimpse of the CBA activities
in 2022.

CBA annual report
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- Figure 1: Permafrost distribution in the Northern hemisphere?.
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What does permafrost look like?
Permafrost can occur under forests,
tundra, deserts, and wetlands. In most
areas, it is not possible to see its pres-
ence at the surface, but in some areas
characteristic “permafrost landforms”
are found, which signal the presence
of ice in the ground. Well-known exam-
ples are rock glaciers (A), ice-rich
Yedoma permafrost (B), and peat pla-
teaus (C). Rock glaciers occur in many
cold mountain regions, including Nor-
way’ while Yedoma permafrost is found
in Siberia, Alaska and North-west Can-
ada. It is characterized by extremely
ice-rich ground, which was formed in
the last glacial period when these areas
were not covered by ice sheets®. Peat
plateaus consist of peat mounds with
an ice-rich core. They are typically 1 to
5 meter high and occur in peatlands of
the sub-Arctic, including Norway®. Both
Yedoma permafrost and permafrost
peatlands are “carbon hotspots” which
are strongly affected by climate
change®.
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How much carbon is contained
in permafrost ground?

The total amount of organic carbon in
the permafrost region is estimated to
1200 Gt (1 gigaton = 1 billion tons)
carbon (C). As a comparison, the
atmosphere at present contains 870
GtC, mostly in the form of carbon diox-
ide, and about 10 GtC are added from
fossil fuel burning each year''. Perma-
frost carbon is the result of slow accu-
mulation of organic material over thou-
sands or even tens of thousands of
years. Although "carbon hotspots"
cover only a small part of the perma-
frost region, they contain about two
thirds of the permafrost carbon'.

Permafrost thaw in a warming
climate

The majority of the permafrost has
warmed in the last decades', and per-
mafrost has already disappeared in
many areas, including in Norway. In the
arctic and thus in most permafrost
areas, the observed warming trend is

1961-1990 M +2°c I +4°c I +6°C

higher than the global average'. If
warming is limited to 1.5 or 2 °C, per-
mafrost will persist in most of its pres-
ent range's. However, it will likely dis-
appear from many areas where
permafrost temperatures are already
now close to 0°C, e.g. permafrost peat-
lands in Norway?®. In high emission,
“business as usual” scenarios, the
largest part of today’s permafrost will
thaw'. In this case, permafrost may
only survive in high-arctic regions of
Canada, Greenland and Siberia.

How could permafrost affect
global warming?

When carbon-rich permafrost thaws,
microbes can decompose the previ-
ously frozen organic material. This
produces greenhouse gas emissions,
in particular carbon dioxide and meth-
ane. As an example, the release of only
5% of the permafrost carbon pool cor-
responds to around six years of current
global fossil fuel emissions. This makes
it more challenging to reach climate

Figure 2: Remaining permafrost
area under future global warming
scenarios, with the 19961-1990
permafrost area derived from
observations as reference'®

(0 °C warming corresponds to
pre-industrial climate). The study
suggests that several million km?
of permafrost can disappear even if
global warming is restricted to 2 °C.
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‘ Ice-rich ground near Utgiagvik (Barrow), Alaska.

Credits: Sebastian Westermann.

"Future projections on perma-
frost greenhouse gas emis-
sions are highly uncertain
and more research is urgently
needed to improve the climate
models."
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stabilization, especially the 1.5and 2°C
targets'®. As permafrost contains such
large amounts of carbon, these emis-
sions must be accounted for in climate
projections. However, future projec-
tions on permafrost greenhouse gas
emissions are highly uncertain and
more research is urgently needed to
improve the climate models. Field
observations and atmospheric meas-
urements show that the permafrost
regions are currently a small sink of
CO, (-0.7 to -1.4 Gt CO, /year), but a
net source of methane (0.03 Gt CH,/
year, corresponding to 0.8 Gt CO,
equivalent /year on a 100-year time
horizon)'”. While vegetation growth at
the moment compensates for perma-

CBA events

Education Publications

frost carbon loss'”'8, this is likely not
the case if permafrost thawing intensi-
fies in the future™. The thaw behavior
of the "carbon hotspot" regions is par-
ticularly important. They not only contain
large amounts of carbon, but are also
rich in ground ice which can lead to
rapid collapse of the ground and the
formation of lakes and ponds once a
site-specific warming level is exceeded®.
While model projections for the hotspot
areas are especially uncertain, the
greenhouse gas emissions from these
relatively small regions could be of
similar magnitude as emissions from
all other permafrost areas combined?'.
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the Norwegian GHG emissions?
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Professor,
of Biology

Department
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The Norwegian emission of greenhouse gases (GHGs,
primarily CO,, CH4 and N20) has for the past 30 years ranged
between 50-55 million tonnes (Mt) CO,e (CO, equivalents,
where the warming potential of all gases is converted to
CO, units). For 2021 the emissions were down to 48,9 Mt
CO,e, but the emissions from oil and gas industry have in
fact increased from 8,2 Mt in 1990 to 12,1 Mt in 2021, and
relative to the Norwegian goals of emission cuts by at least
55% relative to 1990, the development is not very promising.

An important premise both for Norway
and globally is that over time we need
to have negative emissions, meaning
that uptake must exceed emissions.
This can be achieved by strong cut in
emissions combined with an increas-
ing net uptake of CO, in ecosystems,
first and foremost by CO,-uptake in
forests. Photosynthesis is by far the
largest ecosystem service today, and
currently the only means of globally
significant C-sequestration from the
atmosphere. It comes also without
costs and energy use. Globally ecosys-
tems on land and oceans take up more
than 50 % of human CO, emissions, in
itself a key argument for preserving

forests and provide afforestation. Due
to increased forest volume, mainly
thanks to massive forest planting cam-
paigns some decades ago, the net
uptake of CO, by forest has actually
increased. This has motivated political
incentives towards intensified forest
planting, eventually also boosted by
nitrogen fertilization. To estimate net
CO,-uptake by forest is quite straight
forward, yet the net climate effect is
disputed due to reduced albedo effect
of coniferous forests, plus that N-ferti-
lization could in fact also promote
release of N20 as an intermediate
product in the denitrification process.

Boreal forest and lakes or wetlands may play opposite role for the greenhouse gas
balance. While forests generally have net uptake of CO,, boreal lakes are typically

major conduits of CO, and CH,. For this reason, and others, we should reconsider
the Norwegian GHG-budget. Credits: Dag O. Hessen.

These estimates on the national GHG-
budget are important, but how accu-
rate are they, and do we miss some-
thing? Unlike most terrestrial and
marine ecosystems, lakes, and notably
boreal lakes, are net emitters of CO,,
and also significant sources of CH,, in
some cases also N20. This is also evi-
dent from the general supersaturation
in boreal lakes (cf. the CBA-studies by
Valiente et al. 2022), confirming previ-
ous studies from Norwegian lakes
(Yang et al. 2015). Since dissolved

organic carbon (DOC) generally stim-
ulate microbial production and degas-
sing of CO, and CH,, this implies that
increased runoff of DOC to lakes,
which may be boosted by more forests,
will increase the GHG emissions.

In Sweden, it has been argued that
there is a major flaw in the national
GHG-budget since the significant
release of GHG from lakes and wet-
lands are hardly accounted for (Lin-
droth and Tranvik 2021). They argue

that “... Sweden’s land sink, which is
critical in order to achieve zero net
emissions by 2045 and negative emis-
sions thereafter, is reduced to less than
half when accounting for emissions
from wetlands, lakes and running
waters. This should have implications
for the development of Sweden’s miti-
gation policy.” Tranvik presented these
findings in a CBA-seminar in fall 2022.
In Norway, all major landscape ele-
ments are included in the GHG budget.
It is estimated that forest in Norway has
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"We only report emissions on Norwegian terri-
tory, meaning that CO, released from all
exported oil and gas is not accounted for,
neither is our contribution to international
flights or other transport of goods. "

an annually net uptake of ca 25 Mt
CO,e, while release, mainly from
drained bogs, is estimated to ca 4 Mt
CO,e (Miljgdirektoratet; https://miljos-
tatus.miljodirektoratet.no/tema/klima/
norske-utslipp-av-klimagasser/). Since
release of CO, and from lakes and riv-
ers are hardly accounted for, and given
that 17000 km2, or > 5 % of the land
area are lakes, is seems highly likely
that we also in Norway grossly under-
estimate their role in the national GHG
budget, and that the ongoing work at
CBA with measurements of GHG-con-
centrations, and estimates on GHG
production, could help improving
these estimates.

There is another, well recognized, and
official reason while the national con-
tribution to the global GHG emissions
is underestimated. We only report
emissions on Norwegian territory,
meaning that CO, released from all
exported oil and gas is not accounted
for, nether is our contribution to inter-
national flights or other transport of
goods. Since Norway imports a wide
range of products, this major part of
our consumption-related GHG-emis-
sions are not accounted for in the

CBA annual report
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national budget. While the total emis-
sions of GHGs from the Norwegian
mainland are almost negligible com-
pared with larger nations, another pic-
ture emerge if we look at per capita
emissions where we are quite high
despite our hydropower energy (7,7
tonnes per individual annually). If, how-
ever, we also include emissions of Nor-
wegian fossil sources abroad, the
emissions increase from 41 Mt CO,
annually, to 507 Mt.

In another recent study where CBA was
involved, we looked into Chinas” trans-
port related CO, emissions (Cui et al.
2023). Globally, the transport sector
accounts for 20 % of the total GHG
emissions globally, and some 90 % of
nature loss, and 50 % of global GHG
emissions is related to production,
transport and consumption of goods
according to a WWF-report release
before the Montreal meeting on nature
conservation. Our study revealed thar
only 8 % of Chinas enormous trans-
port-related GHG emissions is for the
domestic marked, the rest is for export
to other nations, among them Norway.
China is by far the dominant nations
when it comes to Norwegian import of

CBA events

Education Publications

consumables. Given the increased
internet-based commerce, and that IEA
predicts of up to 80% increase in road
transport by 2050, it is time to recon-
sider the Norwegian contribution to
global warming and nature loss.
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BioGov:
Biogeochemical processes
governing boreal C cycling

Dag Olav Hessen
Professor, Department
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BioGov is a large (25 mill NOK)
“fellesloftet project”, cofounded by the
Resarch Council of Norway and UiO,
granted to CBA in 2022. It will represent
a core activity for CBA in the years to
come (until 2027). Biogov focuses on
the boreal biome, including southern,
alpine and permafrost regions of Norway.
Here we will obtain parameterizations
of the changes in boreal C stores
(organic matter pools) due to alteration
to ecosystem metabolism. These met-
abolic changes are direct or indirect
results of (i) growing forest biomass,
(i) warming and changes in precipita-
tion, and (iii) the activation of huge
stores of organic C through thawing of
permafrost. These changes in flux and
fates of C-stores are prone to boost
emissions of greenhouse gases (GHG)
and volatile organic compounds, as
well as transport of dissolved organic
matter from land into lakes, rivers, and

coastal areas. In particular boreal lakes
are globally significant sources of CO,
and CH* to the atmosphere by micro-
bial conversion of organic matter orig-
inating from the terrestrial part of the
catchment.

The biogeochemical mechanisms gov-
erning NOM quality and lateral fluxes,
as well as its subsequent microbial
transformation into GHGs in lakes and
rivers, are poorly understood and con-
strained in models. Climate feedbacks
might be overlooked or exaggerated
without an in-depth understanding of
how ecosystem metabolism varies
over terrestrial landscapes and how
metabolic process are intertwined. This
understanding is currently fragmentary,
causing uncertainties in climate predic-
tions and thereby ineffective climate
mitigation. Moreover, soil carbon mod-
ules of ESMs cannot be improved with-

CLm

Finse
alpine tundra, ponds,
streams

i Existing regional
# datasets and surveys

3 data -intensive field sites with

Information &
Data exchange

Langtjern

common sampling for WP1,2,3,4

out high-quality data on decomposition
rates and pool sizes.

Biogov will advance the current 1-D
representation in LSMs by investigat-
ing the linkages with lateral fluxes, from
micro- to regional scale, between
decomposition of SOM, lateral trans-
port of NOM, and vertical flux of GHG
at three sites, in combination with lab-
oratory experiments and synoptic
water chemistry studies, thereby cov-
ering the Norwegian boreal ecosystem
gradient. It consists of 5 integrated
work packages (Fig. 1). Despite their

importance, the processes governing
lateral and vertical C fluxes are cur-
rently poorly represented in ESMs. This
is mainly due to the small-scale varia-
tion in soil bio-physicochemical factors
governing the fluxes, size distribution,
photo- and bio- degradability of NOM
on its way from mobilization in soils,
transport through soil water flow-paths,
until entering rivers and coast.

During 2022 4 PhD were hired, the first
start-up meeting was held, but the full
range of fieldwork, experiments and
modelling will begin in 2023.

boreal forest, peat, lakes

External data input

LATICE @
EMERALD A

ARCTICBIODIVERS @

Iskoras

subarctic permafrost and
peat, ponds, streams

Figure 1: Project graphical abstract
with WP tasks and deliverables.

The project has a tightly integrated
field and laboratory part that both
aims at understanding basic coupling
between physicochemical and biotic
(microbial) responses as well as input
for parameterization and optimization
of predictive models. Finally, this will
be important inputs to more general
models like NorESM.
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Estimation of future TOC flux from freshwater to coastal water

Modelling of TOC concentration in lakes based on catchment parameters

TON
+ 1% Peatland
70°N = +1% TOC

+ 1% Biomass
= 42,5 % TOC sl

B5°N

Forecasting organic
carbon concentration s SRR
in boreal lakes in 2100 B e e

deposition + 1% Arable land

In the Nordic countries, a widespread
browning of surface waters has been
recorded since the 1980s. It is due to
an increase of organic matter and iron
concentration, following the reduction
of acid deposition, which increases the
solubility of organic matter. In addition,
catchment processes play a major role
in explaining this browning. Climate
and land-use changes also contributed
to an increased flux of total organic
carbon (TOC) from catchments to
water bodies. Warmer temperatures
lead to a longer growing season and
more biomass production on the
catchment, increasing the carbon pool
in soils and the potential leaching
towards rivers and lakes. Progressive
abandon of outfield grazing and volun-
tarist policies in afforestation and forest
management participated in the phe-
nomenon.

Camille Crapart

PhD student, Department
of chemistry

In an article published at the beginning
of 2023, we assessed the major gov-
erning factors for increased TOC levels
among several catchment characteris-

28 CBA annual report
2022

tics in almost 5000 Fennoscandian
lakes and catchments. We identified
the proportion of biomass (estimated
by the Normalized Difference Vegeta-
tion Index, NDVI), peatland and arable
land, as well as the surface runoff and
the nitrogen deposition, as the main
predictors. Then, we calculated the
theoretical effect that an increase of 1%
of each of the characteristics would
have on the concentration of TOC in
lakes, everything being equal otherwise.

We then used these results to simulate
future TOC concentration in lakes in
2050 and 2100 in Fennoscandia, as
well as the subsequent export of TOC
towards coastal waters.

We followed the forecasts of climatic
variables in two of the Shared Socio-
economic Pathways (SSP): 1-2.6 (+2
°C) and 3-7.0 (+4,5 °C). These scenar-
ios yield contrasting effects. SSP 1-2.6
predicts an overall decrease of TOC
export to coastal waters, while SSP
3-7.0 in contrast leads to an increase

> +0,6% TOC gl

5556
Sweden|

10°E 20°E

= -0,1% TOC

Observed TOC ‘ b | G

concentration 1995 (mg/L) 5 10 15

Figure 1: Increases in TOC consentration

(%) and TOC export (Tg) in 2100, for the
SSP 1-2.6 and SSP 3-7.0

in TOC export. These changes are
regionally contrasted. On the Norwe-
gian west coast, a mountainous region,
where the increase of surface runoff
drives the changes in TOC concentra-
tion. In the south of Sweden and Fin-
land, increases in temperature and
biomass productivity and a slight
decrease in runoff will result in two- to
three-fold increases in TOC concentra-
tion. In both scenarios, northern
regions will experience a drastic
increases of TOC concentration.

The browning of freshwater raises con-
cerns about the resilience of boreal
ecosystems: it impacts the light avail-
ability and the temperature in situ,
impacting primary production and
fishes’ behaviour in lakes and in coastal
waters. It also affects the quality of
drinking water. Finally, changes in TOC

(TOC) in 2100 in SSP 3- a
7.0 AR %
Biomass (NDVI) +32%
Peatland +09%
Nitrogen deposition +05%
Arable land + 0.1 %
Surface runoff -0.3%

Table 1: Theoretical increases in TOC concentration
for a 1% change of the 5 main predictors

fluxes can be reflected in greenhouse
gases emissions from inland waters.
Therefore, modelling these fluxes con-
tributes to foreseeing the respective
evolution of the related ecosystems,
and potentially to adapt anthropic
activities that impact them.

Source

Crapart, Camille, Anders G. Finstad,
Dag O. Hessen, Rolf D. Vogt, and

Tom Andersen. 2023. “Spatial Predictors
and Temporal Forecast of Total Organic
Carbon Levels in Boreal Lakes.” Science
of The Total Environment 870 (April):
161676. https://doi.org/10.1016/J.
SCITOTENV.2023.161676
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Evaluating global and regional land
warming trends in the past decades
with both MODIS and ERA5-Land

land surface temperature data

Highlights

* Decadal warming rates were analyzed

You-Ren Wang in global, continental, and pixel scales.

Postdoctoral Fellow,

Department of Biosci
R LU LA e L * Land temperature from MODIS and from

ERA5-Land were analyzed and found
consistent.

» Continents were warming at substantially
different rates in the past decades.

* Arctic permafrost areas were the fastest
warming land on Earth during 2001-2020.

* ERA5-Land data reveal that warming was
accelerating in the 40-yr period 1981-2020.
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Figure 1: Temperature trends in the Arctic obtained by two 30-yr periods
and one 40-yr period in ERA5-Land. Error bars indicate +2 standard error
for 95% confidence interval from the regression for the rate of change

of each month.

Abstract

Global surface temperature has been
setting new record highs in the recent
decades, imposing increasing environ-
mental challenges for societies and
ecosystems worldwide.

Global warming rates of the 20" cen-
tury have been documented by a num-
ber of studies, nevertheless, the warm-
ing rates in the most recent decades in
the 21 century are of particular interest
for understanding the ongoing climate
change. Analyzing temperature trends
demands data with high spatial reso-
lution and broad geographical cover-

age to allow for analyzing trends and
changes on a regional scale. Land
Surface Temperature data from NASA
MODIS with global resolution of 0.05
degree and Skin Temperature data
from European Centre for Medium-
Range Weather Forecasts (ECMWF)
ERA5-Land reanalysis with global reso-
lution of 0.1 degree fulfill these demands.

In this study, we analyze the remote-
sensing-based MODIS data to estimate
land surface temperature change rates
over the period 2001-2020 in global,
continental, and pixel-wise scales with
statistical significance indicated. The

@@ ERA5-Land 1981-2010
©-© ERA5-Land 1991-2020
@@ ERA5-Land 1981-2010

model-based ERA5-Land data are also
analyzed in parallel, extending the
period of analysis back to 1981. These
two independently-sourced datasets,
one from satellites above the atmos-
phere and one from combining surface
modelling and observations, are shown
to produce highly consistent results. It
is revealed that the trends in the shorter
period 2001-2020 are spatially con-
forming to the trends in the longer
period 1981-2020 despite the shorter
time length.

For the period 2001-2020, we show
that the global average land surface

CBA annual report ‘
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Figure 2: Areas with significant
temperature rate of change,
permafrost, and land cover in the
circumpolar region. (a) From MODIS
LST. (b) From ERA5-Land SKT. (c)
Map of circumpolar permafrost areas
made by UNEP/GRID-Arendal using
data from International Permafrost
Association (1998). (d) Map of land
cover types made by UNEP/
GRID-Arendal using data from GEO3
Global Environment Outlook (2002).
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temperature rate of change was
0.26°C-0.34°C per decade, with sub-
stantially different warming rates in
different regions. The Arctic, Europe,
and Russia show statistically significant
warming in both datasets. The Arctic,
in particular, warmed at a rate 2.5-2.8
times the global average, and data in
the 40-year period 1981-2020 suggest
that warming is accelerating in almost
all the continents or large regions. Most
noticeably, the two independent data-
sets both indicate that Arctic perma-
frost regions had the world’s highest
warming rate at the onset of the 21+
century, reaching more than 2°C per
decade in some areas.

Conclusions

Evaluating global and regional temper-
ature rate of change for the 21st century
is crucial in forming the scientific basis
for the study of recent development of
climate change. In this work, land sur-
face temperature data from remote
sensing-based MODIS and from mod-
el-based ERA5-Land were analyzed for
the period 2001-2020, yielding consist-
ent results. To explore beyond the
limited 20-yr period, additional trend
analyses were performed for data in
the 40-yr period 1981-2020, which are
available only with ERA5-Land. The
results indicate that temperature trends
obtained from the relatively short 20-yr

Near the Northern treeline, Junjik River valley, Brooks Range, Alaska.
Credits: Sebastian Westermann.

period are conforming to the general
trends in the 40-yr period.

Warming trends were examined in
global, continental, and pixel scales
with p-values for significance. Conti-
nents and large regions were found to
be warming at substantially different
rates, with the Arctic, Europe, and Rus-
sia being the fastest warming regions
around the globe. In addition, with
ERAS5-Land data, comparison between
temperature change rates of different
time periods reveals that warming in
the Arctic and in most of the continents
is accelerating during the 40-yr period
1981-2020.

Geographically, the fastest warming
land on Earth during 2001-2020 was
found to coincide with the tundra biota
in circumpolar regions in general. This
suggests that the biota has been under
rapid warming for decades, and the
biological and climatic consequences
are profound even if the warming can
be due to internal climate variability on
top of the GHG-forced climate change.
Specifically, the rapid warming of the
Arctic permafrost signals the acceler-
ation of Arctic permafrost thaw and
thus the deterioration of climate
change in the onset of the 21 century.

"Arctic permafrost regions had
the world’s highest warming
rate at the onset of the 21t
century, reaching more than
20C per decade in some areas"
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Disentangling effects of natural and
anthropogenic drivers on forest net
ecosystem production

You-Ren Wang

Postdoctoral Fellow,
Department of Biosciences
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Highlights
* Impacts of environmental drivers on forest

CO2 fluxes are often mixed.

* We analyzed 231 site-year forest data and
7 natural and anthropogenic driver data.

* We disentangled driver impacts on CO,
fluxes by GAM regression analysis.

* Thresholds of S and N deposition for substantial
impact on NEP were determined.

* We developed novel empirical models
for estimating forest net CO, fluxes.

&

Nitrogen

baseline

Sulphur

contribution te net CO, absorptian (gC m? yr

atmospheric deposition (kg ha®yr')

net CO, uptake by forest

Figure 1: Impact curves of atmospheric Sulphur
and Nitrogen deposition on net CO, uptake by forest.

Abstract

Net Ecosystem Production (NEP) of
forests is the net carbon dioxide (CO,)
fluxes between land and the atmos-
phere due to forests’ biogeochemical
processes. NEP varies with natural
drivers such as precipitation, air tem-
perature, solar radiation, plant func-
tional type (PFT), and soil texture,
which affect the gross primary produc-
tion and ecosystem respiration, and
thus the net C sequestration.

It is also known that deposition of sul-
phur (S) and nitrogen (N) influences
NEP in forest ecosystems. These driv-
ers’ respective, unique effects on NEP,
however, are often difficult to be indi-
vidually identified by conventional

bivariate analysis. Here we show that
by analyzing 22 forest sites with 231
site-year data acquired from FLUXNET
database across Europe for the years
2000-2014, the individual, unique
effects of these drivers on annual forest
CO, fluxes can be disentangled using
Generalized Additive Models (GAM) for
nonlinear regression analysis. We
show that S and N deposition have
substantial impacts on NEP, where S
deposition above 5 kg S ha' yr' can
significantly reduce NEP, and N depo-
sition around 22 kg N ha' yr-' has the
highest positive effect on NEP.

Our results suggest that air quality
management of S and N is crucial for
maintaining healthy biogeochemical

30 40 50

functions of forests to mitigate climate
change. Furthermore, the empirical
models we developed for estimating
NEP of forests can serve as a forest
management tool in the context of cli-
mate change mitigation. Potential
applications include the assessment of
forest carbon fluxes in the REDD+
framework of the UNFCCC.

Conclusions

Our study reveals that while S deposi-
tion shows a clear impact to reduce
NEP at elevated levels, the impact of
excessively high N deposition is less
clear. To prevent the loss of CO, uptake
and to improve air quality and biodiver-
sity, it is important that actions be taken
to further control S and N depositions.

CBA annual report
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Figure 2: GAM regression analysis results
for NEP partial dependence on the seven
environmental drivers at all strength levels.
The Y axis shows driver contributions to
NEP relative to the modelled baseline.
Contributions from (a) S deposition;

(b) N deposition; (c) precipitation;

(d) air temperature; (e) incoming
shortwave radiation; (f) soil texture;

and (g) PFT. All the gray bands show

10 uncertainty. The modelled baseline
NEP level is 478.0 gC m-2 yr-1. Except
for soil texture, the p-values of the other
six drivers are all below 0.05, showing
statistical significance in impacting NEP.
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Potential mitigation measures include,
but are not limited to, the review of
the policy for coal-fired power plants,
vehicles using fossil fuels, fertilizer use,
and agricultural production, to echo
the appeal in the Paris Agreement that
“Parties should take action to conserve
and enhance, as appropriate, sinks
and reservoirs of greenhouse gases as
referred to in Article 4, paragraph 1(d),
of the Convention, including forests”.

There have been various attempts on
estimating forest CO, fluxes in recent
years, globally or regionally. It is par-
ticularly noticeable that in those forest
CO,-predicting models, including the
bookkeeping, DGVM, Ecosystem Demo-

Clay Loam Sand Silt
Soil texture

graphy, CBM, and EFISCEN models, the
effect of S deposition is not consid-
ered. This may cause an underestima-
tion of the detrimental effects of air
pollution and thus an overestimation of
forest NEP, depending on the level of
S deposition.

In parallel with these recent attempts,
the empirical NEP, GPP and RECO
models that we developed in this work
provide a convenient way for estimat-
ing forest CO, fluxes with seven drivers
considered. Potential applications of
these models include the assessment
of carbon fluxes for REDD+. REDD +
is a framework created by the United
Nations Framework Convention on

Climate Change (UNFCCC) Conference
of the Parties (COP) to guide activities
in the forest sector that Reduces Emis-
sions from Deforestation and forest
Degradation, as well as the sustainable
management of forests and the con-
servation and enhancement of forest
carbon stocks in developing countries.
Central to the REDD+ framework is the
forest carbon accounting, which
requires a monitoring, reporting and
verifying (MRV) system that tracks
changes in forest carbon stocks.
Therefore, establishing functional MRV
systems is one of the major goals of
the so called ‘REDD Readiness’. Failure
to account for net ecosystem carbon
balance in REDD+ activities will lead

to large uncertainty in estimating car-
bon emissions by forested landscapes.

As the current MRV methodologies
mainly rely on forest inventory and
remote sensing approaches, which
primarily determine aboveground net
primary production, there is a lack of
information of carbon losses due to
ecosystem respiration from soil and
belowground carbon. Our empirical
models for NEP, GPP, and RECO
assessments, potentially, can fill the
gap in REDD+ carbon accounting.

"To prevent the loss of CO,
uptake and to improve air
quality and biodiversity, it
is important that actions
be taken to further control
sulfur and nitrogen depo-
sitions"
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Tree-line expansion — A threat to
hydropower resources? TREX-
HYDRO. New project starting 2023.

Terje Koren Berntsen

professor Department
of Geosciences

The UN has established 17 sustainable
development goals (SDGs). IPCC has
evaluated the potential synergies and
trade-offs between the sectoral portfo-
lio of climate change mitigation options
and the Sustainable Development
Goals (SDGs) (IPCC, 2018, cf. figure 4
SPM). SDG 7, Affordable and clean
energy, was identified as the single
SDG with the strongest synergies and
with only minor unwanted trade-offs.
With the need for more renewable
energy sources to reduce greenhouse
gas emissions and improve energy
security, it is important to improve our
understanding of how the water
resources for hydropower can be
affected by climate change and land
use change.

The long term water balance of the
land surface is governed by the bal-
ance between the input through pre-
cipitation and the loss through evapo-
transpiration and runoff. Over the
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recent decades we have got more
robust estimates of regional changes
in precipitation, which is also now
being reproduced with global climate
models (IPCC, 2021). The latter is a
breakthrough since these regional dif-
ferences are much more pronounced
(and bi-directional) than for tempera-
tures.

Until now, the main focus in relation to
hydropower has been on the source of
water through precipitation, which in
many regions (and in particular in Nor-
way) is believed to increase under cli-
mate change (Hanssen-Bauer et al.,
2017). However, a significant amount
of water is lost before it reaches the
hydropower reservoirs through evap-
otranspiration (ET). Recent studies
using models and in situ measure-
ments (Liahjell, 2022; Nicholls and
Carey, 2021) have shown that ET is
enhanced when vegetation change
from shrubs to forests (figure 1). Pre-
liminary results (Liahjell, 2022) indi-
cates that the reduction in runoff for the
mountainous regions of southern Nor-
way (cf. figure 2) could be as high as
15% due to the rise in tree-lines since
the late 19th century.

In Norway, the observed increase in
precipitation over the recent decades
has only partly been matched by a sim-
ilar increase in runoff (Hanssen-Bauer
et al.,, 2017). As water storage is
believed to have decreased (through

glacier melt) rather than increased dur-
ing this period, it seems likely that more
water is being lost through evapotran-
spiration, in response to the increase
in vegetation and temperature. How-
ever, the underlying causes for this is
complex, as the response of ET to
climate change is not merely a function
of temperature and includes several
non-linear components. First, direct
evaporation depends on both available
energy, atmospheric turbulence, air
humidity, the presence of surface water
bodies, canopy water, soil and ground-
water. Secondly, the transpiration com-
ponent depends both on biological
factors (type and amount of vegetation)
and on physical factors, such as pho-
tosynthetically active radiation, soil
water, CO2 concentration. Land cover
has changed substantially in Norway
in response both to climate change
(resulting in elevated tree and forest
line), reduced grazing (leading to
afforestation) and forest management
(cf. figure 1 and 2).

In a new project (TREX-HYDRO) start-
ing in 2023 the objective is to provide
arobust estimate of how ET and runoff
will change due to advancing tree-lines
caused by climate and land use
change, and how this will affect hydro-
power potential in the boreal regions.
The project will use ecological distribu-
tion models to project vegetation
changes, a regional climate model
(WRF with the land module CLM-
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Changes in treeline distribution 3 no change
S W decline Change in latent heat flux - yearly average
- R i 43 e S T

L

1

Northing
0 6850000 6900000 635000

v

|

6750000 68000

e G
‘LA,“TL‘?;.\:S-

R A *“" %

W o

%

100000 150000 200000 250000

Easting

FATES) which includes dynamical veg-
etation, and finally advanced measure-
ment technics established in the
LATICE and Spot-On projects to vali-
date ET estimates (Pirk et al., 2022).
The project is a collaboration between
UiO and the Natural History Museum.
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Figure 1: Newly established birch trees
growing through a patch of salix shrubs
at 1200 meter altitude in southern
Norway. In the background the Stolsvat-
net hydropower reservoir (1090 masl.).
Credits: Terje K. Berntsen.

Figure 2: Estimated change in tree-lines
since early 20th century (Naas, 2021).
Corresponding simulated change in
latent heat flux from the surface to the
atmosphere (Liahjell, 2022). 1 Wm-2
increase in the latent heat flux corre-
sponds to an increase in ET of 14 mm/yr.
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Microbial regulation of
greenhouse gas emissions
Thawing permafrost due to climate
change is known to release previously
frozen organic matter as methane and
carbon dioxide into the atmosphere.
However, less known is the role that
microbes play in these greenhouse
gas emissions. Microbes inhabiting
permafrost peat use carbon as an
energy source, and these peats are
rich in biodegradable carbon. In their
hunt for energy, microbes can degrade
carbon into CO, and methane, but they
can also consume these very potent
greenhouse gases. Which of these
processes are active depend on the
microbial community present, and the
environmental conditions surrounding
them. In this way, microbes act as
important regulators of GHG concen-
trations in their surrounding environ-
ment.

Changing permafrost
landscapes

Far up north, close to the Finish border
in Norway, we find I18koras. This is one
of few places in Norway with perma-
frost. The permafrost landscape here
is to a large extent dominated by pal-
sas and thermokarst ponds. The pal-
sas, consisting of a mineral core cov-
ered with a permanently frozen peat
layer beneath the non-frozen “active”
peat, are protruding in the otherwise
flat mirelandscape.

Picture: Permafrost samples were
collected from a discontinuous
permafrost area in ISkoras, Finnmark,
Northern Norway (69°20°27” N,
25°17°44” E). A square hole (around
1m2) was dug on the surface. The
active layer (0-0.6m from the surface)
was put aside when permafrost cores
(0.6-1.67m) were taken with a steel
pipe (30mm inner diameter).

Credits: Jing Wei.
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"In their hunt for energy, microbes can de-
grade carbon into CO, and methane, but they
can also consume these very potent green-

house gases."

Scattered around the palsas are
ponds, acting as time witnesses of the
disappearing permafrost. When the
permafrost thaws, the hard cores sta-
bilizing the mounds disappear, leading
to a collapse of previously frozen peat
forming indents in the mire landscape.
These pits will gradually be filled with
water, creating thermokarst ponds.
Once the ponds are formed, remaining
palsas may fall into the ponds, leaving
the previously frozen peat submerged.
The microbial community inhabiting
the now thawing peat may in this sce-
nario experience changes in redox
potential in the environment according
to the redox tower, that is — they will
experience a shift from an aerobic envi-
ronment towards more anoxic sur-
roundings. But how will such a shift in
redox potential affect the GHG produc-
tion and consumption in the thawing
permafrost?

Role of redox

Central to the fate of the biodegraded
carbon are the redox conditions sur-
rounding the microbes. Redox condi-
tions are tightly linked with redox reac-
tions, which are important to basic
functions of life, such as the metabo-
lism of microbes. Both the rate and
extent of biodegradation is affected by
the redox conditions. For instance, for
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many organic compounds the degra-
dation rates are higher in aerobic than
anaerobic conditions. The final product
of the biodegradation also depends on
the redox conditions. In aerobic condi-
tions, microbial heterotrophic respira-
tion uses O, to alter carbon rich glu-
cose into inorganic C in the form of
CO,. Biological production of methane,
on the other hand, is facilitated through
methanogenesis, a type of anaerobic
respiration, where CO, is reduced to
methane. Redox conditions may there-
fore be an important determining factor
for both which GHG the microbes pro-
duce, and to what extent.

The wonders of metagenomics
By peeking into the genomes in micro-
bial communities we can discover their
functional potential — that is, which
genes are present, to what extent, and
in which metabolic pathways are they
involved, or simply: what can the
microbes do? Through metagenomic
tools applied on DNA sequences
from the microbes, we can focus our
analysis on known carbon processing
genes, such as those involved in het-
erotrophic respiration and methano-
genesis, and in this way understand
how microbial carbon processing is
affected by environmental conditions.

Research Outreach CBA events Education Publications

The experiment

To understand the effects of redox con-
ditions on GHG emission in thawing
permafrost, Wei and coworkers con-
ducted an incubation experiment
where thawing permafrost cores were
incubated under different redox condi-
tions, simulated by different concentra-
tions of oxygen. In this way, we were
able to mimic redox gradients like
those thawing permafrost may experi-
ence as palsas collapse and become
submerged in thermokarst ponds. The
carbon processing rates were meas-
ured as methane and CO, concentra-
tions throughout the duration of the
experiment. After the incubation period
ended, DNA was extracted for meta-
genomic analysis. The metagenomic
analysis allows us to reveal the meta-
bolic pathways present, and their rela-
tive abundance, which can further be
linked with the measured concentra-
tions and production rates of GHGs
under different concentrations of oxy-
gen. The knowledge of which meta-
bolic processes are being favored by
microorganisms under different redox
conditions will improve our under-
standing of future GHG emissions
under climate forcing.

The main questions we address in this
experiment are:

1.) How will redox conditions affect
GHG emission rates of thawing
permafrost?

2.) How will redox conditions affect
microbial functional community
assembly in thawing permafrost,
measured through biodegrada-
tion of C into CO, and methane?

3.)  Which microbial metabolic path-
ways are most associated with
the measured GHG emission
rates under changing redox con-
ditions?

The incubation experiment was conducted in an
automated incubator with a temperature-controlled
water bath at 10°C. Headspace gas was sampled

by a robotic arm of an autosampler and measured
with a gas chromatograph in the laboratory of the
Faculty of Environmental Sciences and Natural
Resource Management, Norwegian University of Life
Sciences, NMBU, As, Norway. Credits: Jing Wei.
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In the year 1992, the IPCC published
its first report which concluded that
human activities were causing changes
to the Earth’s climate system, with the
burning of fossil fuels being the main
contributor. More than 3 decades, 6
IPCC report cycles, and 1.1°C of
anthropogenic warming later, the core
of the scientific message remains
much the same, but the urgency this
message carries has increased expo-
nentially. The latest round of the IPCC
assessment reports, ARG, published in
2021 and 2022 warn of a closing win-
dow of opportunity to reduce emis-
sions and avoid a harrowing future,
concluding that nations are not doing
nearly enough to protect existing soci-
eties and future generations from the
climate disasters. The impacts of cli-
mate change are happening much
faster than previously expected, and
AR6 warns of “tipping points” in the
climate system that become more and
more likely to be reached with ever
degree of warming. This is probably
familiar to researchers working in the
natural sciences, yet it remains, to some
degree, a point of contention amongst
decision makers and the public.

The type of non-linear responses to
climate change (or other stressors) in
ecosystems have been described in
many cases, some local, some
regional. In essence it is the stage at
which there is a systemic shift from one
stable state to another, and where it is
hard to “climb back” due to systemic
constraints known as hysteresis. A tip-
ping point may result from escalating
feedbacks of the type that many
CBA-activities focus on, and sudden
changes like dieback of the Amazon,
irreversible melting of glaciers, change
in ocean circulation patterns, to some
extent also permafrost thaw and others
qualify as large-scale tipping points.
What we must hope for is that societal
tipping points in technology, economy,
consumption and life style can coun-
teract the risk of tipping point in nature.

Even in my few short years studying
the concept of “tipping points” in my
PhD project, | have observed the con-
versation around climate tipping points
develop greatly both in the scientific
community and beyond. My research
covers the history of climate tipping
points in scientific literature, beginning
with articles in which climate tipping

CONDITION

Figure: The concept of tipping point.
Credits: Jan David Heuschle.

points were presented as low risk high
impact events. However, the most
recent report reviewing our current
state of knowledge of climate tipping
points was published in September
2022, in which it was concluded that
not only are climate tipping points now
considered high risk events, but that
some climate tipping points are already
possible at 1 degree of warming. Only
a week after this report was published,
| attended a conference hosted by the
University of Exeter dedicated solely to
Tipping Points Research, the headline
message of the conference stating
clearly: “we have left it too late to tackle
climate change incrementally, it now
requires transformational change, and
a dramatic acceleration of progress”.
After 3 days of worst-case scenario
climate science and exploring trans-
formative pathways of mitigative action,
| left the conference with renewed vig-
our to continue my research in Norway,

DEGREE OF CHANGE

ready to launch my survey investigat-
ing the state of knowledge and level of
concern for non-linear climate change
amongst the Norwegian public.

Through this research on public per-
ceptions of climate change, it has
become obvious that Norway is a
unique setting for my project. Multiple
research studies over the last few years
have uncovered Norway as the nation
with the highest prevalence of climate
scepticism in Europe. This information
may surprise some and not others, but
the reason for this result remains
unclear. However, this highlights many
reasons for why radical action has yet
to be taken to slow carbon emissions.
Climate change is complex, multifac-
eted, and interlinked with numerous
other social, economic, and environ-
mental issues. There is no one single
solution that can effectively address all
the challenges posed by climate

change, yet the decisions we make
today will have profound impacts on
future generations. AR6 not only out-
lines dangerous climate tipping point
in the Earth system, but the need to
behaviour changes and social tipping
points needed for transformative
change, and it is this intersection in
which my research lies. Are the public
ready to accept large scale system
change within their lifetime in order to
lessen the future impacts of dangerous
climate breakdown on future genera-
tions? We are told there is still time,
however in 2022, emissions from fossil
fuel burning rose yet again to reach a
new record high. The question remains:
who will hit a tipping point first, the peo-
ple, or the climate?

I look forward to sharing my results and

continuing my research alongside my
CBA colleagues into 2023.
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Emission of gases from landfills constitutes a growing
issue in the context of global anthropogenic emis-

sions.

Landfill gas primarily consists of 50-60 %
CH, and 40 - 50 % CO,." Alongside
these major components, roughly 1 %
of landfill gas is made up of a mixture
of gases present in lower concentra-
tions referred to as trace gases. The
term ‘trace gases’ predominantly refers
to volatile organic compounds (VOCs)
but may also include some inorganic
compounds such as NH, and H,S." In
this research, we utilized a mobile lab-
oratory equipped with a Proton-
Transfer-Reaction Mass Spectrometer
(PTR-MS) to investigate the VOCs emit-

ted from Brénasdalen nedlagte avfalls-
deponi (BNA), a closed landfill located
in Lillestram, Norway.

BNA was operational from 1970-1990/
1991. The deposited waste consisted
of municipal solid waste, industrial
waste, chemical waste and sewage
sludge, however the exact composition
of the waste is unknown. In 2010,
inhabitants of houses surrounding BNA
raised concerns about emissions from
the landfill. Investigations revealed sig-
nificant methane leaks into houses,

| Mabile laboratory set-up showing the
PTR-MS instrument in the trunk of the car.
Credits: Alexander Haland.
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Map of study site showing the area of Branasdalen landfill in red.
Screenshot from Grunnforurensning by Miljgdirektoratet.

which resulted in one house being
demolished and 22 ruled inhabitable.
2Based on the history of the site, BNA
makes an interesting and valuable
study site for investigating the compo-
sition of trace gases in landfill gas.

An important part of the research was
the use and validation of our mobile
laboratory — a PTR-MS instrument
installed inside of a car. This allowed
for in-situ mass spectrometry measure-

O ‘ CBA annual report
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ments sampled directly from the emis-
sion points, thereby circumventing
many of the additional sources of error
generated from conventional sample
collection followed by ex-situ measure-
ments. To compare the results from the
mobile laboratory to conventional sam-
pling we also collected selected sam-
ples in a canister and analyzed them
ex-situ by PTR-MS. Landfill gas was
sampled from three vents connected
to the underground gas collection sys-

tem on seven days in the time period
November — December 2022.

Although the data analysis is still
underway, our preliminary findings
indicate clear enhancements of VOC
signals in the PTR-MS spectra of land-
fill gas compared to the ambient air. We
have identified signals that correspond
to compounds reported to be present
in landfill gas in previous studies, such
as methanol, acetone, or dimethyl

sulfide.®4% Furthermore, we found nota-
ble variation in which VOC signals that
were observed and their intensity both
between sampling sites and sampling
days. Finally, the mobile laboratory was
found to be highly useful as ex-situ
sampling by canister was more prone
to sampling error. Even so, the
observed signals in PTR-MS spectra
from canister sampling matched well
with corresponding spectra from in-situ
sampling.
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A study of 4 meromictic (never-mixing, permanently stratified
lakes with salty deep-waters) reveal an intriguing biogeo-
chemistry along the depth profile, and that such lakes are
hot spot for greenhouse gas emissions. Climate change and
extensive road salting in the catchment can promote these
conditions. 4 master students address various aspects of
these lakes by microbial studies (eDNA), lake chemistry, gas
concentrations and production plus how this supplies also
phyto- and zooplankton communities.

A meromictic lake has chemically
different water that remains partly or
wholly unmixed with the rest of the
water mass during circulations. The
lake's deep water is anoxic and called
monimolimnion. This water is sepa-
rated from the upper water, mixol-
imnion by the chemocline. The short
water layer making up the chemocline
has a steep gradient in chemical prop-
erties such as dissolved oxygen, den-
sity, and conductivity. lon rich waters
are heavier and thus accumulate in
deep layers and cause resistance
towards mixing. These layers become

permanently anoxic, providing a vigor-
ous production of CH, and CO,. The
studies lakes are naturally meromictic
due to accumulation of various ions.
Still, for some lakes the condition have
worsened due to extensive road-salt-
ing within their catchments, and glob-
ally there are several examples of lakes
with induced meromixis due to road
salt. As most of the limnology focuses
on holomictic lakes, which are by far
the most common, meromictic lakes
and their unique properties, remain
understudied. Since the mixing regime
of lakes may be affected by climate

Late season sampling.
Credits: Christine Riis-Pedersen.
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change and anthropogenic effects like
road salting, getting a greater under-
standing of meromictic lakes is increas-
ingly important. Biological processes
could also contribute to the meromixis
by the microbial production green-
house gases from the chemocline and
below. In certain meromictic lakes, like
one of the studied lakes with iron-in-
duced meromixis, the methane con-
centration is at a level that in principle
could be exploited industrially. Levels
above 150 000 ppm for methane are
generally recorded in the deep, anoxic

layers. The meromixis in another of the
lakes is at least partially caused by the
road salt from the highway just beside
the lake. This lake also has an N,O peak
at the chemocline at several seasons.

My master project is affiliated with the
large BioGov project at CBA. Four mer-
omictic lakes outside Oslo, affected by
road salt to a different extent, will be
sampled seasonally. Gas samples
using a headspace method, environ-
mental DNA (eDNA), vertical profiles,
and water to analyze for nutrients and

Winter sampling at one of the meromictic lakes.
Credits: Dag O. Hessen.

cations will be collected. The data give
insight into the microbial community
composition and activity at different
depths, water chemistry, and seasons.
Where historical data exist, the results
will be compared to historical data to
see how anoxia have developed over
the years and relate this to the potential
runoff of salts that previously have
been assessed in these lakes.

Another master projects look more into
the gene expression of the microbial
communities, and two other master

projects look into how the chemical
conditions and the dense microbial
communities and the boundary layer
between anoxic and oxygenated layers
(the chemocline) interact with phyto-
plankton and zooplankton communi-
ties. Also, a guest researcher at CBA
run incubations with sediment and
water of the lakes to assess the rates
of CH, and CO, production. Also,
Armin Wisthalers group at the chemis-
try department supplement these stud-
ies by their mobile lab that analyse CH,
in the atmosphere around these lakes.

Together this can hopefully give better
insights into the unique properties of
such lakes and their role as hotspots
for greenhouse gas production.
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One of the trends that has received
much attention over the past couple of
decades is the phenomenon of “brown-
ing” (or “brownification”), notably in
northern lakes and rivers. The proxi-
mate cause of this browning is increased
concentrations of highly colored dis-
solved organic matter (DOM) originating
from vegetation, soils and bogs, gener-
ally large, complex molecules known as
humic acids (Fig. 1). The consequences
of this browning are first and foremost
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increased light attenuation, lowering
the depth of photosynthesis. Secondly
the organic molecules, yet quite recal-
citrant, also form substratum for heter-
otrophic bacteria. Together this drives
aquatic systems to a larger degree of
net heterotrophy; less uptake of O, and
increased emissions of CO,. These
changes are not trivial in in a global
climate change perspective either
since northers freshwater are major
conduits of terrestrially fixed carbon
to the atmosphere. To this add that in-
creased browning also promotes deep
water anoxia and methane emissions.

The impacts are manifold and so are
the drivers, yet more disputed. There
is evidence that changes in land use,
reduced acidification and climate
(including changed hydrology) all may
contribute substantially to browning.
Also increased concentrations of iron
(Fe), typically accompanying the organic
carbon, add to this browning effect. Fe
has strong chromophoric properties in
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itself with a strong absorption towards
lower wavelengths and adds to the light
attenuation caused by organic carbon.
Sooner or later the brown freshwater
reaches coastal areas, and while a sig-
nificant fraction of the terrestrial C is lost
(mostly oxidized by bacteria, some by
solar photooxidation) on its way to sea,
but also a significant portion remains.
The question is then the fate of this
DOM in the marine systems; is it floc-
culated and enters the sediments, is it
diluted to nearly homeopathic and thus
insignificant concentrations, or may it
also pose relevant impacts on the
marine recipient waters by increasing
the light attenuation? There are also
other impacts that affect coastal waters
at high latitudes. Progressing perma-
frost thaw and glacier melt also pro-
motes increased fluxes of dissolved
and particulate matter of terrestrial
origin to coastal areas with major
impact on the underwater light regime,
primary production and ecosystem
processes (Fig. 2).

Figure 1

Figure 2

Humic acids: These cause a distinctive brownish color on many waterfalls
in boreal areas (Figs. 1 and 2). Credits: Dag O. Hessen.

Forest planting and afforestation, nota-
bly of coniferous forests, are known to
promote carbon export and thus browner
or darker waters. The CBA-project
A green-blue link made browner: how
terrestrial climate change affects marine
ecology, a cooperative NFR-project
with University of Bergen, links increased
forest volume, representing increased
terrestrial net primary production, to
ecosystem responses in distant, marine
ecosystems. More specifically we
relate an observed reduced transpar-
ency in Norwegian coastal waters over
the past 100 years, where the causes
are primarily ascribed the increased
forest volume in the Baltic Sea catch-
ment, and the effects are delayed
blooming of phytoplankton along the
Norwegian coast (Opdal et al. 2019;

Opdal et al. 2023). Subsequently this
also cause delayed copepod repro-
duction, thus explaining the delayed
period in cod spawning observed over
the past decades. This chain of events
is a striking example on connectivity
between distant ecosystems.

A related work by PhD-student Camille
Crapart addressed the spatial and tem-
poral drivers of DOM to surface waters
of Fennoscandia, and also made pre-
dictions of current and future (2100)
export of DOM to coastal waters,
showing that low emission scenarios
may cause reduced darkening, while
vice versa for high emission scenarios
(Crapart et al. 2023).
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——in boreal lakes

Boreal ecosystems are ex-
pected to be among the most
affected biomes by climate
change.

There, changing climate will result in
increased precipitation and runoff
(Tranvik et al., 2009), and recent stud-
ies showed that the proportion of forest
cover in Fennoscandia has increased,
leading to larger biomass pools. Con-
cerning inland waters, boreal lakes are
the most abundant lakes on Earth.
These lakes receive high loading of
allochthonous dissolved organic matter
(DOM) from the catchment (“brown-
ing”). The increase in terrestrial bio-

mass (“greening”) has boosted the
amount of allochthonous DOM that
may be entering into surface waters,
with increased rainfall and runoff fur-
ther enhancing DOM catchment
export. Moreover, browning strongly
affects light attenuation, nutrient
dynamics, and thus also primary pro-
ductivity. Therefore, boreal lakes play
a crucial biogeochemical role: on the
one hand, they sequester DOM by burial
into lake sediments, while on the other
hand, they are generally net hetero-
trophic and act as major conduits for
greenhouse gas (GHGs) emissions.
The combined effect of increased DOM
and increased light attenuation implies
a decrease in photosynthesis, thus

One of the lakes sampled in October
2019 in the region of Telemark.
Credits: Nicolas Valiente Parra

promoting the heterotrophy of these
systems and the net emissions of
GHGs derived from microbial mineral-
ization of DOM (Allesson et al., 2021).

CBA researchers led a study on how
browning affects the aqueous commu-
nities and ecosystem processes, boost-
ing GHG emissions along a gradient of
boreal lakes (Valiente et al., 2022).

Figure 1:
Lakes included in CBA (n = 73)
and COMSAT (n = 46) surveys.
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Figure 2: Surface water gas concentrations (A) and gas saturations (B) for CBA (blue) and
COMSAT (red) datasets. Vertical axis are on a 10-base logarithmic scale. Data labels show
median values for gas concentrations and saturations.
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Figure 4: Sample processing in the field, including filtering water
for further analyses and dissolved gas equilibration in situ.
Credits: Shaista Hassan

Such survey, conducted in autumn
2019 (known as “100 Lakes survey”)
helped to predict biotic saturation of
CH,, CO, and N,O by using a set of
chemical, hydrological, climate, and
land use parameters. For this purpose,
concentrations of GHGs and nutrients
(organic C, -P, and -N) were deter-
mined in surface water samples from
73 lakes in south-eastern Norway cov-
ering a wide range in DOM and nutrient
concentrations, as well as catchment
properties and land use. The spatial
variation in saturation of each GHG
was related to explanatory variables.

Catchment characteristics (hydrologi-
cal and climate parameters) such as
lake size and summer precipitation, as
well as NDVI were key determinants

when fitting GAM models for CH4 and
CO, saturation (explaining 71% and
54%, respectively), while summer pre-
cipitation and land use data were the
best predictors for the N,O saturation,
explaining almost 50% of deviance.
The main results suggested that lake
size, precipitation, and terrestrial pri-
mary production in the watershed con-
trol the saturation of GHG in boreal
lakes. These predictions based on the
73-lake dataset were validated against
an independent dataset from 46 lakes
in the same region performed in 2011
(COMSAT survey). Together, this pro-
vides an improved understanding of
drivers and spatial variation in GHG
saturation in boreal lakes across wide
gradients of lake and catchment prop-
erties.
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A short historical background:
acid deposition

A growing awareness of acid deposi-
tion’s detrimental effects on fish popu-
lations inspired wide-scale collection
of lake water data in the 1970s. This
was an era of research where relations
between acid rain, soil and soil water
chemistry, water quality in rivers and
lakes, and causes for fish mortality
were discovered through experimental
field manipulations, monitoring and
modelling. New scientific knowledge
was generated, resulting in science-
based policy to reduce effects of acid
rain. International collaboration, much
akin to current collaboration on climate,
resulted in the Convention for Longe-
Range Transported Air Pollution and its
associated Gothenburg Protocol (to
Abate Acidification, Eutrophication and
Ground-level Ozone; adopted in 1999,
ratified in 2019). This is a success story
for environmental research and protec-
tion: emissions of sulfur and nitrogen
were reduced, deposition followed and
damaging conditions for nature im-
proved. So is this story over?

Trends in lakes chemistry

Let’s have a look at the repeated Thou-
sand Lake survey (1995 and 2019), set
up to give regionally representative
information on lake water quality status
in Norway. Only natural, unlimed lakes
were included. In a new paper pub-
lished in Global Biogeochemical Cyles
(de Wit et al. 2023), a comparison of
the 1995 and the 2019 ThousandLake
survey is presented. Comparison of
two single years is tricky: it is always
possible that observed change comes
from interannual variation rather than
as response to long-term change.
Therefore, we tested if the direction of
change between 1995 and 2019 was
consistent with trends found in a much
smaller lake survey, but with annual
data (and a smaller set of chemical
variables), e.g. the TrendLake survey
— focused on 78 lakes from acid-sen-
sitive regions exposed to significant
levels of air pollution. Both surveys
show consistent directional change,
and we conclude that change found in
the ThousandLake survey in pH, sulfate,
base cations, alkalinity, aluminium,

dissolved organic matter quantity and
quality, nitrate and silica demonstrate
long-term trends.

Some expectations confirmed,
and some surprises

What did we see? An enormous reduc-
tion in sulfate, most conspicuous in
south Norway (-65%) but also clear in
North Norway (-17%), furthest away
from the main sources of air pollution.
This suggests less acid deposition,
confirmed by air monitoring data, lead-
ing to water chemical recovery. Indeed,
pH and alkalinity (mostly bicarbonates)
increased while toxic aluminium (labile
aluminium) decreased - indicating that
conditions for aquatic life have much
improved.

We expected that the strong decrease
in acid anions (the equivalent sum of
sulfate, chloride and nitrate) would be
associated with a decline in counter-
balancing base cations (calcium and
magnesium) (following the principle of
electroneutrality). To our surprise, we
found both decreases and increases

in calcium. Further prying into the data
showed that these calcium increases
were mostly in catchments with lower
acid-sensitivity, that is, with higher base
cation stores in soils for buffering
atmospheric inputs of acidity. The
decreases in calcium were limited to
the most acidified catchments, in
agreement with change shown else-
where (Weyhenmeyer et al. 2019).
A statistical analysis indicated that
upward changes in calcium were
closely associated with changes in
alkalinity, suggesting that the car-
bonate system is more closely linked
to calcium than so far assumed.

Atmosphere, soils and waters:
it’s all connected

Carbonates and calcium? Let’s take
one step back to look at factors that
potentially affect change in calcium in
soils and surface waters. First out is
deposition of calcium, such as Saharan
dust - which is usually very low in Nor-
way, and cannot explain local variation
that we observe. Second, there is a
sink for calcium in vegetation, since

One of the lake sampled.
Credits: Liv Lang Ree-(NIVA)

vegetation requires base cations to
grow. If anything, the need for base
cations by vegetation should have
increased since forest biomass in Nor-
way has doubled since the 1970s,
implying that the vegetation growth
would lead to a reduced calcium in
lakes. Third, soil stores of exchangea-
ble calcium determine levels of calcium
in lakes. These soil stores are quite low
in Norway because of its acidic gneissic
bedrock and removal of soils during
glaciation. This is different in for instance
Mediterranean countries with calcare-
ous bedrock or in regions with new
inputs of minerals, such as in catch-
ments with retreating glaciers or thaw-
ing permafrost. These conditions are
largely absent in the ThousandLake
catchments. Worse, the calcium stores
in soils have been depleted in large
parts of Norway because of decades
of acid deposition, soil acidification,
mobilization, and increased export
from soils to surface waters. Is it possi-
ble that these stores have been replen-
ished more quickly than anticipated?
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That would be by the least well-known
of the processes that control calcium,
i.e. mineral weathering. However, min-
eral weathering rates of the acidic bed-
rock of Norway have been considered
to be so low that a few decades are not
enough to replenish soils with calcium
(and other base cations). Weathering
rates under field conditions are difficult
to measure and here data availability is
low. Since there is so little data here, we
have to turn to process understanding.

Weathering

Process-based models used to simu-
late effects of acid deposition on sur-
face waters, such as the MAGIC model
(Cosby et al. 1985), usually assume
that weathering rates are constant.
MAGIC has been successful in predict-
ing surface water recovery in acid-sen-
sitive regions in Europe and includes
all key processes and element cycles
that are important for acidification.
MAGIC should be considered as that
state of the art model that encom-
passes current understanding of acid-
ification and chemical recovery.
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Liv Lang Ree (NIVA) is distributing the
water into bottles. Credits: Frida Eklund
(Helitrans)®

A recent MAGIC-model test on the
ThousandLakes from 1995 and 2019
(Kaste et al. 2022) showed that MAGIC
underestimated chemical recovery
somewhat, which was in particular
related to underestimation of calcium.
The model description of the 2019 lake
chemical status was improved if soil
base saturation and weathering rates
were increased (by adapting model
parameters), but this reduced model
performance for the 1995 data. This
suggests that the current understand-
ing of surface water acidification, as
embodied in MAGIC, is incomplete.

Weathering rates could be higher than
state-of-the art models assume. Min-
eral weathering rates are known to
increase with decreasing pH, and with
increasing temperature and biological
activity in the rhizosphere - where roots
meet the soil. Soil acidification has
been reduced, similar to surface water
acidification, and thus cannot logically
explain and increase in weathering
rates. Soil warming is far slower than
atmospheric warming, and no long-
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term trends in soil temperature are
reported, to our knowledge. A large-
scale change so far hardly mentioned
is the increase in terrestrial productivity
from lengthening of the growing sea-
son, warming, land use and possibly
CO,fertilization. Whatever the driver,
terrestrial productivity in Norway has
increased as demonstrated by the
increase in forest biomass, mentioned
above. Weathering rates in forests are
documented to be larger than in
unvegetated areas, because of release
of organic acids in the rhizosphere and
through the ‘collaboration’ between
funghi and roots, i.e. mycorrhiza.
Funghi can actively mine the soil for
nutrients — leading to increased weath-
ering- but need carbohydrates as
energy source, which they obtain from
photosynthesizing vegetation.

A recent acceleration of

the silicate-carbon cycle?

On a geological timescale, we know
that silicate weathering has been
important in reducing levels of atmos-
pheric CO,. Recent estimates of role in

Pictures from the laboratory and water
sample analyses. Credits: NIVA.

the global carbon cycle indicate that it
is a net carbon sink of 1.1 Gt CO, year
(Ciais et al., 2013), where granite rocks,
affected by acidiity from dissolved CO,
result in mobilization of base cations,
in particular Ca, which are leached
from soils to surface waters and into
the sea where it precipitates as CaCO,.
A simple representation of bedrock
weathering can be written as follows,
considering the weathering of wollas-
tonite (CaSiO3) for stoichiometric sim-

plicity:

CaSiO,, + 2 GO, + 3H,0->
H,Si0,, +2HCO,-, + Ca®*

4(aq)

Thus, we speculate that the unexpected
increase in Ca is related to a recent
acceleration of the carbonate-silicate
cycle. The mechanism would be that
higher vegetation productivity is asso-
ciated with increased production of
root exudates and root respiration,
leading to higher CO, pressure in the
soil, contributing to higher concentra-
tions of carbonic acid. This is substan-
tiated by the strong increase in silicates

(+40%) that we see in the Thousand-
Lake data, which is especially clear in
East and Middle Norway, where forest
is most abundant.

It must be said that the increase in sil-
icates may be explained in several
ways: for instance from changes in
hydrological flow paths, or lower
uptake by diatoms in lakes. Additional
evidence is needed to unravel these
complex relationships. Better knowl-
edge on variation in weathering rates
across Norway would help, as would
improved understanding on in-lake
controls on SiO, through uptake in dia-
toms.

Conclusion

The ThousandLake survey has supplied
important documentation of chemical
lake recovery upon reduced acid
deposition. The increase in lake cal-
cium in catchments of lower acid-
sensitivity may be linked to higher ter-
restrial productivity, suggesting a link
between carbon cycling and geochem-
istry that is worthy of more attention.
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The Arctic is warming rapidly, more
than three times as fast as the rest of
the world. This warming is most intense
in winter when extreme weather events,
such as rain-on-snow and frost
droughts, have led to wide-spread
damage to vegetation. The ongoing
warming of the cold season also raises
soil temperatures and affects snow
cover, which increases the thaw of per-
mafrost and the loss of soil carbon.
Despite this profound transformation
of the cold season, land surface mod-
els have lacked the ability to accurately
model wintertime impacts, and green-
house gas emissions during the cold
season, since they tended to prema-
turely switch off at the onset of winter.

The WINTERPROOF project aimed to
fix this oversight by focusing on two
themes: the vulnerability of vegetation
to frost, and the impact of snow cover
change on permafrost carbon loss. The
first theme was explored by PhD stu-
dent Marius Lambert at the CBA, and
the second by PhD student Alexandra

Pongracz at project partner Lund Uni-
versity in Sweden. Both of them suc-
cessfully defended their PhD thesis in
the winter of 2022/23. Marius worked
with CLM-FATES, and Alexandra
worked with LPJ-GUESS, which are
two state-of-the-art dynamic vegetation
models. The project further collabo-
rated with Jarle Bjerke at NINA in
Tromsg and Rosie Fisher at CICERO in
Oslo.

Marius’ work focused on introducing
cold hardiness into CLM-FATES. Cold
hardiness is the tolerance of vegetation
to freezing, which follows from a num-
ber of physiological changes at the
molecular level that arctic and boreal
plants go through during autumn. With-
out a cold hardening scheme, the mod-
eled vegetation would not survive the
winter since it would dry out and die.
Marius did not only fix this obvious
issue, but also introduced the ability of
the model to simulate realistic frost
damage during extreme weather
events. This occurs when temperature

WINTERPROOF project members enjoying a well-deserved lunch break
during a field visit to Svalbard in 2019. Credits: Frans-Jan Parmentier.

changes happen too fast for vegetation
to adjust to, leaving them vulnerable to
cold temperatures. For example, if a
warm spell is followed by a sudden
drop in temperature.

This is precisely what happened along
the coast of northern Norway in early
2014, and we tested the model to see
whether it could recreate the plant
damage observed at the time. Our sim-
ulations showed a divergent impact
between deciduous and evergreen
species, where the latter incurred
strong damage while deciduous spe-
cies stayed hardened and remained
undamaged. This contrasting response
among species agrees with observa-
tions, and it suggests that an increas-
ing frequency of extreme winter events
may become a more important driver
of species composition in the future.

Alexandra focused on how snow cover
will affect the permafrost carbon feed-
back in the future. To do so, she first
introduced a new snow scheme in LPJ-

GUESS that more realistically simu-
lated the internal dynamics of the
snowpack, which strongly improved
the thermal insulation of the snow. This
led to a much more realistic simulation
of soil temperature and permafrost
extent when compared to observa-
tions. This model improvement gives
confidence to our model projections of
future snow change, which showed a
contrasting response: while the Arctic
will see a strong reduction in snow
cover duration with climate warming,
this same warming will also lead to
more atmospheric moisture, which
increases snowfall in areas where tem-
peratures remain below zero. This is
especially pronounced in regions close
to the Arctic Ocean, where the loss of
sea ice leads to more open water that
can act a moisture source.

Our results show a strong increase in
snow thickness in the coldest regions
of the Arctic by the end of the century,
even under the highest warming sce-
nario. These increases in snow cover

better shield the soil from cold winter
temperatures, which causes an ampli-
fied warming of the soil and a stronger
loss of permafrost carbon. This loss
may be stronger than the amount of
carbon taken up by vegetation. In other
words: the thick snow cover acts as a
blanket that accelerates permafrost
thaw, and this may lead to a net release
of greenhouse gases to the atmos-
phere.

WINTERPROOF has shown that cli-
matic changes in winter act as a strong
control on arctic carbon feedbacks.
Not only because of the demanding
conditions for vegetation survival, but
also by being a highly important con-
trol on permafrost carbon loss. These
outcomes have a high societal rele-
vance, to inform the public and policy-
makers about the consequences of
climate change on northern vegetation,
and the potential for climate feedbacks
from the release of greenhouse gases
from permafrost soils.
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The Marmib project which started in
2022 is funded by the Norwegian
research council and will run until
2026. Here we aim to investigate the
impact of microplastics (MP) on the
spread of antimicrobial-resistant bac-
teria in marine environments. The pro-
ject design includes incubations of
known microplastic polymers world-
wide including Vietham, Norway, Bal-
tic sea (Germany/Estonia), Costa
Rica, and South Africa to follow biofilm
formation and antimicrobial resistance
spread.

Microplastics and antimicrobial resist-
ance genes (including antibiotic prod-
ucts) are classified as types of pollu-
tion of concern. These two are
suspected to be acting together and
worsening a major problem facing the
world today, the antimicrobial resist-
ance crisis. Evidence has been accu-
mulating which indicates that
microplastics not only provide a sur-
face for biofilm formation (the plasti-
sphere), but they also enhance hori-
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zontal gene transfer and provide a
physical vessel for spreading resist-
ance genes across the globe, even to
the low human impacted Arctic Ocean.

Project objectives:

1.) Characterize the predominant
MP profiles in the marine environ-
ment associated with high and
low human impact.

2.) Identify human and animal rele-
vant microbial pathogens asso-
ciated with the different MP pro-
files. In particular, what is the
abundance and composition of
fish pathogens close to Norwe-
gian fish farms.

3.) Compare AMR (Antimicrobial
resistance) -profiles across differ-
ent sampling areas and levels of
human impact and characterize
the resistome of the plasmidome
in mariculture and urban waters.

Figure 1: Current version of incubation
device attached at Tjuvholmen. Made
up of a box frame with 5 fishing lines
attached horizontally. The fishing lines
have polyvinyl chloride (PVC) and
polystyrene (PS) plastic pieces and
control rocks attached to the frame. In
this frame, there are 36 pieces of PVC
and PS, where each piece has 2 pads
resulting in 72 samples per plastic-type,
and 12 control rocks. Credits: Kristian
Have Furnes and Franck Lejzerowicz.

Figure 2: The prototype incubation
device consisted of a long fishing line
with polystyrene pieces. It was attached
near the Munch museum. The figure
shows one of the leftover pieces that
were not sampled, hence the gloveless
handling. As seen it is covered in a
brownish color which is the biofilm.
Credits: Anoushka Nordby, Oslo Fjord
CleanUP.

4.) Gain insights into the role of the
MP microbiome for marine ele-
mental cycles and ecological
functions across different sam-
pling areas and levels of human
impact

5.) Provide recommendations to be
undertaken by the general public
and policy making authorities to
prevent AMR spread.

We carried out the first incubation along
the Oslo docks in February 2023 using
a prototype of what would eventually
become a robust sampling device (fig-
ure 1A). A month later we would return
to the prototype to find a thick biofilm
had grown on it (figure 1B).
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Figure 3. Master students Kristian Have
Furnes and Kathleen Helleland preparing
the material (left) and the Fjord CleanUP
team (right) with Kristian Have Furnes, Dr.

Research

Franck Lejzerowicz, Anoushka Nordby and
Tomas Hansson. Credits: Anoushka Nordby,

Oslo Fjord CleanUP.
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The "Hurdal platform”

View over the Hurdal Lake with sur-
rounding, boreal forest from the plat-
form on top of the tower at the ICOS
project. Here net fluxes of CO, and CH,
from the surrounding forests are mon-
itored. The site was visited during the
annual CBA meeting which in 2022
was held at the Hurdalsjoen Hotel This
site is renowned for hosting govern-
mental budget meetings and not the
least by serving as the site for negoti-
ations and formation of the current

government in Norway through a more
recognized “platform”. The Govern-
ment's political platform known as “The
Hurdal Platform” states the importance
of climate in this way; Addressing the
climate crisis is the greatest challenge
of our time. Climate and environmental
considerations will be at the core of all
government policy. Norway’s ambi-
tious climate targets apply to the entire
Government and all sectors of society.
These targets must be met. Put forward

a proposal for international climate
cooperation between the countries that
have boreal forests. Even more impor-
tant, the platform states that “Climate
and environmental considerations will
be at the core of all government policy”
(In Norwegian: “Klima og natur skal
veere en ramme rundt all politikk”). The
climate-nature interaction is actually to
the core of CBAs activities.

CBA annual report
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Chronicles
and interviews

Selected talks
and presentations

¢ Presentation at The Norwegian
Parliment (Stortinget) of climate
and IPCC

D. O. Hessen, January 13

¢ Panelist and presenter at
the UNESCO conference
on Universities and the SDGs

D. O. Hessen, January 13.

* Presentation at the SDG-
conference at University
of Bergen

D. O. Hessen, January 26.

* Presentation at the Conference
“Let us talk about tomorrow...,
The Grieg Hall, Bergen

D. O. Hessen, January 31.

* Climate presentation for
the Aker company

D. O. Hessen, March 30.

* The origin of life, House
of Literature, Trondheim

D. O. Hessen, April 6.
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Talks and
presentations

podcasts
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and videos

Education Publications

Chronicles
and popular
science

Climate presentation and discus-
sions at «Industriuka», Porsgrunn

D. O. Hessen, April 21.

Climate and nature,
Finance Norway

D. O. Hessen, April 27.

Climate and nature, NITO, Oslo
D. O. Hessen, May 12.

Presentation of the UNESCO-
report on SDG and higher
education

eds. D. Hessen and S. Schmelkes,
Barcelona , May 18.

On Nature loss and climate,
Olavsuka, Trondheim

D. O. Hessen, August 3.

Three discussions and
presentations at Arendalsuka

D. O. Hessen, August 18.

Lecture on permafrost carbon
cycle, Miljadirektorat,

S. Westermann, September 2.

Hvorfor har urgrt natur egen-
verdi? Om i morgen.

D. O. Hessen, September 7.

Lecture on green technology
conference, SINTEF:

D. O. Hessen, October 2.

Lecture on climate and nature
loss, House of Climate.

D. O. Hessen, October 3.

Lecture on climate and nature,

the directorate for constructions.

D. O. Hessen, October 9.

Panel discussion on nature loss,
Directorate of the Environment
and the Norwegian Research
Council.

D. O. Hessen, November 23.

Christmas lecture on permafrost
carbon cycle, Klima- og miljode-
partementet

S. Westermann, December 2.

Chronicles
and interviews

* Forestry, water quality and ecology
Skarbavik, E., Aroviita, J., Kaste, .,
Lepistd, A., Rajakallio, M., de Wit, H.
BIOWATER Policy Brief No. 1 2022.

* Fotosyntesen redder ikke klimaet

Vollsnes, A.V., Stordal, F. & Bryn, A.
Nationen, January 25.

* En neer uutholdelig tanke
— tilbakekoblinger og vippe-
punkter i Antropocen.

D. O. Hessen, Morgenbladet, Janu-
ary 27.

Vil ha baerekraft inn i all utdanning

D. O. Hessen, interview, Khrono,
February 7.

* Hijelp fra vulkanen?

F.J.W. Parmentier, Klassekampen,
February 18.

* Problemet med intelligent design

J. Giske, D. Hessen, G.P. Seetre,
Vart Land, Mars 1.

» Skogen utfordres i nytt klima

Bryn, A., Vollsnes, A.V. & Stordal, F.
Nationen, April 2.

e Byggestopp i naturen er et
ngdvendig klimatiltak

C. Aal, D. Hessen, V. Vandvik,
Nationen, April 20.

* Universities as catalysts of
transition to sustainability

D. O. Hessen, University World
News, April 20.

Vi ma ta naturens reelle verdi inn
i beregningene
D. O. Hessen, V. Vandvik, Dagens
Neeringsliv, April 23.

( — )
Innlegg: Ekstremoppvarmingen
av Arktis gir ekte CO2-utslipp
stalipp v
mmw forskrungsgrogeicnr
i s e e
Lo gl
\ J

Biologiprofessor utfordrer LO til
a ta diskusjonen om hvilket sam-
funn vi skal leve i framover

D. O. Hessen, interview,

Fri Fagbevegelse, April 25.

Skal universitetene redde verden?
D. O. Hessen, Morgenbladet May 4.

Langt, langt borte

F.J.W. Parmentier, Klassekampen,
May 13.

Bar vi snakke mer om hvor galt
det kan ga?

D. O. Hessen, B. Samset, interview,
Dagsavisen, August 8.

Ekstremoppvarmingen av Arktis
gir gkte CO,-utslipp

F.-J. Parmentier, D.O. Hessen, Y-R
Wang, Dagens Neeringsliv, August
23.

Klimaendringer: For & gjore det
som kreves, trenger vi kanskje a
bli litt skremt

Forskning.no. Dag O. Hessen. Sep-
tember 21.

Det burde vaere mulig & vise mer
respekt for forskere

D. O. Hessen, T. Storelvmo, A. Kaab,
Khrono, October 4.

Pa vippepunktet. Hva skjer hvis
karbonet som er lagret dypt i
permafrosten, slipper ut?

Klassekampen. Frans-Jan Par-
mentier. October, 14.

Kunnskap for en ny tid

Samset, B.H., Hessen, D.O., Sver-
drup-Thygeson, A., Einevoll, G., NRK
Ytring, October 31.

In vitro-fertilisering — nye metoder,
nye muligheter, nye mennesker

Hanevik, H.l., Hessen, D.O., Tids-
skriftet, November 7.

Klimaendring er ikke som
—a skru opp varmen med en grad

F.J.W. Parmentier, Klassekampen,
November 21.

Hvem har en politikk
for framtiden?

D. O. Hessen, Morgenbladet,
November 27.

Vil naturen rydde opp etter festen?

Hessen, D.O., Samset, B.H., Kvern-
dokk, S., NRK December 6.

Ma naturen vike for & redde
klimaet?

D. O. Hessen, Biolog 1/2022.
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Podcast #60:

Om hvordan livet oppstod

Einevoll, G., Hessen, D.O., 2022.
Vett og vitenskap.

https://vettogvitenskap.no/vov60/

Entrevista a Nicolas
Valiente Parra

Investigador espanol en el proyecto
Artic Biodiver. V. Parra.
Spanish ambassy in Norway.

https://www.youtube.com/watch?v=qFulL2WNnPIs N

Reports &=

» Case study on impacts of large-scale

re-/afforestation on ecosystem services

in Nordic regions. NEGEM project
Vogt, R.D., de Wit, H., Koponen, K., 2022a.

* Impacts of large-scale forest related

NETPs on climate and ecosystem
services in Nordic region. Impacts
of large-scale forest related NETPs
on climate and ecosystem services

in Nordic region
Vogt, R.D., de Wit, H., Koponen, K., 2022b.

l Other l

* Matproduksjon, mattrygghet og miljo
— innspill om kunnskapsbehov til
gjennomferingen av det gronne skiftet
— Uttalelse fra hovedkomiteen i
Vitenskapskomiteen for mat og miljo

(VKM). VKM Report 2022:30, 1-21

Alexander, J., Hemre, G.l., Hofshagen, M., Mathisen, G.H.,
Aasmo-Finne, M., Agdestein, A., Bodin, J.E., Bruzell, E.M.,
Elvevoll, E.O., Hessen, D.O., Husgy, T., Knutsen, H.K,,
Krogdahl, A., Nilsen, A.M., Rafoss, T, Skjerdal, O.T.,
Steffensen, |.-L.K., Strand, T.A., Vandvik, V., Velle, G.,
Wasteson, Y., 2022.

* Benefit and risk assessment of fish in

the Norwegian diet — Scientific Opinion
of the Steering Committee of the
Norwegian Scientific Committee for Food

and Environment. VKM Report 2022

Andersen, L.F, Berstad, P, Bukhvalova, B.A., Carlsen,
M.H., Dahl, L.J., Goksgyr, A., Jakobsen, L.S., Knutsen,
H.K., Kvestad, ., Lillegaard, I.T.L., Mangschou, B., Meyer,
H.E., Parr, C.L., Rakkestad, K.E., Rasinger, J., Sengupta,
S., Skeie, G., Starrfelt, J., Ulven, S.M., Agdestein, A.,
Bodin, J.E., Bruzell, E.M., Elvevoll, E.O., Hemre, G.I.,
Hessen, D.O., Husay, T., Krogdahl, A., Nilsen, A.M.,
Skjerdal, O.T., Steffensen, |.-L., Strand, T.A., Vandvik, V.,
Velle, G., Wasteson, Y., Alexander, J., 2022.
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BIOLOGI 2

MASUSME SLETIAKK 5 ASROOO G O s

HABNES + DA
R TEN LARTHIISEN » GAGRSI [ ESCELAND

Bios 2 Biologi 2
(LK20)

Cappelen Damm Akademisk.
Leerebok i biologi 2 realfaglig
utdanningsprogram

Marianne, S., Arnodd, H.,
Hessen, D.O., Kristin, M.,
Eskeland, R., 2022.

Bios 2 Biologi 2 (LK20),

Education is an important
component of the CBA
activities, and CBA has
been involved in this by
Dag Hessen as coauthor
of a series of textbooks
at the high-school levels,
like this latest from 2022.

Book chapter
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e Current knowledge and uncertainties associated with the Arctic
greenhouse gas budget, in: Balancing Greenhouse Gas Budgets.
Euskirchen, E.S., Bruhwiler, L.M., Commane, R., Parmentier, F.-J.W.,
Schédel, C., Schuur, E.A.G., Watts, J., 2022. Elsevier, pp. 159-201.
https://doi.org/10.1016/B978-0-12-814952-2.00007-1

2022 Titan award %

Research dean Bjgrn Jamtveit presented
this year's Titan award to Dag O. Hessen.
Photo: Elina Melteig.

The 2022 Titan award was given to biology professor Dag O. Hessen,
who has prioritized communication throughout his career.

The Titan prize is awarded annually to
aresearcher who has made an unusual
and outstanding effort to tell about the
research at the MN faculty.

Dag Olav Hessen is not just a professor.
He is also one of the few researchers who
is invited to Debatten or Nytt pa nytt, and
other TV and radio programmes. He is
someone that many people look up to
and listen to, and much of this is prob-
ably due to a long-term commitment to
communicating the subject of biology.
At the same time, he is also an active
researcher and head of the Center of

Biogeochemistry in the Anthropocene
(CBA). — This year's award winner has
distinguished himself as a steady com-
municator over a number of years, and
it is probably correct to call him the
MN faculty's only "celebrity". He has
achieved this status through being a
particularly active and clear voice and
conveys about evolution, climate, ecol-
ogy and the importance of biology for
the understanding of man, says Bjgrn
Jamtveit, who is research dean at the
Faculty of Mathematics and Natural
Sciences at the University of Oslo.

— Hessen has particularly promoted
the message of how important it is to
take care of nature there in the face of
the climate crisis. Here, we experience
you as a very clear voice. The climate
and nature crisis is now at the top of
the political agenda, which has led to
extra pressure on knowledge providers
in this area recently, says Jamtveit.

With this award, we would like to thank
you for your outstanding communica-
tion efforts. You are without a doubt
one of MN's absolute best communi-
cators, says Jamtveit.
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Introduction Special focus Research Outreach

CBA events Education Publications

Annual Lecture =

October

¢ Professor Lars Bakken
from Norwegian University
of Life Sciences.

* Title — The nitrogen cycle
— from gene to system

O

Workshop (¥

[ May30-31. ———

Norwegian coastal ecosystem
dynamics (ekoNOrd)

Hosted by CBA researcher Yeliz Yilmaz,

to foster collaboration between Oslo and
e kON Ol‘d Kiel universities on researching Norwegian
coastal ecosystem dynamics under a
changing climate.

Academic Exchange between Kiel and Oslo
universities to collaborate on researching
NORwegian coastal ecosystem Dynamics
(ekoNOrd).

2 CBA annual report
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October 11.
]

Nordic Climate Tipping Points:
How to Prepare for a Non-linear Future

— Science-Policy Workshop. Organized by
Manjan Milkoreit, Christina Nadeau and
Stephanie Schmélzer. The workshop brought
together natural and social scientist as well as
policy makers to explore specific climate risks
facing the Nordic region.

O
Guest lectures (=,

——— April29. ———

¢ Associate Professor Anna Maria ¢ Researcher Hannes Markus Peter, EPFL

Romani Cornet, University of Girona

(Ecole polytechnique fédérale de Lausanne)

» Title — Biofilm responses to stress * Title — Microbial Ecology of alpine streams

factors, drought and others...and
effects on biogeochemical processes

— from microdiverse bacterial to viral communities

[ November 3.

¢ Professor Lars Tranvik,
University of Uppsala University of Lund

* Title — Contributions of lakes * Title — Drivers of long-term
to the carbon cycle browning

* Professor Emma Kritzberg,

¢ Professor James B. Cotner,
University of Minnesota

* Title — What makes carbon recalcitrant
in lakes and oceans? The roles of
microbes, light and hydrology

CBA annual report
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events

PhD defense @EQ

June 16.
I

* Maja Nipen * Wen Tan

— The atmospheric fate of
selected amines emitted
from carbon capture
urban environment in facilities.

— Spatial and temporal
trends of anthropogenic
pollutants in a tropical,

East Africa.

Tuesday talks 2022

March 8
* Camille Crapart — Modelling of

TOC concentration in Fennoscandia

March 22

* Aleksandr Berezovski
— Green-blue link made browner:
how terrestrial climate change
affects marine ecology

April 5
* Elin Aas — A modeling approach
to belowground biogeochemistry

8 CBA annual report
4 2022

June 30.

Research Outreach CBA events

Education

Publications

CBA annual meeting

The CBA annual meeting was held
in Hurdal September 26-27 2022

! !

* Lina Allesson

* Devaraju Narayanappa
— Green-blue link made browner:
Modeling the lateral flow of
dissolved organic carbon

April 19

Mai 3
* Alexander Haaland - Trace Gas
Emission from Cattle Husbandry

November 4.

- CO0,:0,balance in
boreal freshwaters in a
changing climate

December 20.
I

Marius Lambert

— Modelling the critical
role of cold acclimation
for vegetation survival
during extreme winter
weather.

CBA internal seminar 2022

Dag Olav Hessen — CBA-status,
highlights, and future: Into the
BioGov

Holger Lange - The ICOS project
and terrestrial carbon fluxes

Alexander Eiler — BioGov WP1.
Biological decomposition of SOM
and NOM

Frans-Jan Parmentier — BioGov
WP2. Plant hydraulics and frost
damage in FATES

Heleen de Wit - BioGov WP3.
Repeated sampling of thousand
Norwegian lakes reveals widespread
changes in silica, aluminium and
DOC. Responses to cleaner air

or climate change?

Lena M. Tallaksen — LATICE
and EMERALD from a hydrological
perspective

Heleen de Wit and Jacqueline
Knutson - Investigating hydrology
and carbon cycling connections in
peatland permafrost, northern Norway

Astrid Vatne and Ane Vollsnes —
Drought through increased air VPD
or lowered soil water content have
different effects on Betula nana leaves

Michael A. Bekken — Characterizing
the water chemistry, soil properties,
and carbon balance of the Hisasen
site

New faces - Eira Carlsen,
Elisabeth Worner,
Mats Rouven Ippach

Monday 26™ September

Anders Bryn — Tree- and forest line
dynamics in Norway: causes and
consequences

Sabrina Schultze - Effect of terres-
trial and aquatic dissolved organic
matter on uptake of teflubenzuron
in mussels and ascidians

Sebastian Westermann - BioGov
WP4: Overview over BioGov study
sites in Finnmark

Terje Berntsen — BioGov WP5.
Climate modelling

Peter Dérsch: Studying metabolic
responses by gas chromatography

Francois Clayer — Lessons learned
from two method tests on dissolved
gases and dark incubations

Armin Wisthaler — Measurement
Capabilities of the Atmospheric
Chemistry Group

William Hagopian - Instrumental
Capabilities of CLIPT Lab

Christina Nadeau - Tipping Points:
From Climate Crisis to Positive
Transformation — A Summary

Tuesday 27" September

You-Ren Wang - Global trends of
diurnal temperature range by land
cover types with MODIS remote
sensing

Kristoffer Aalstad - Learning from
Earth observations using data
assimilation

Esteban Alonso-Gonzalez - Snow
and fire: Facilitating the study of
major surface modifiers by earth
observations

Yeliz Yilmaz - Evaluating modeled
snow cover dynamics over Fennos-
candia using Earth observations
and reanalyses

Camille Crapart — Pathways
for future TOC concentration in
boreal lakes

Elin Ristorp — Aas Nitrogen
limitations in a soil decomposition
model

Jing Wei - Trajectories in green-
house gas saturation and microbial
genomics upon glacial retreat

Cathrine Brecke Gundersen

— The quality of DOM using
fluorescence excitation emission
matrix (EEM) PARAFAC.
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Courses
at CBA

CBA's researchers
teach several courses
on topics related to
biogeochemistry.

88 CBA annual report
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Research Outreach CBA event

Environmental and
climate challenges

The course provides a basic scientific
introduction to the environmental chal-
lenges and several of the UN's sustain-
ability goals, and how environmental
authorities use scientific insights. A
group project assignment provides
an in-depth look at a chosen environ-
mental theme and training in scientific
publishing. The course has an inter-
disciplinary approach that makes it
suitable for students from other dis-
ciplines 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 hydro-
logical cycle as well as biological
production, diversity and ecosystem
services, and chemical properties of
the environment. The course will focus
on couplings between biological, geo-
logical and chemical processes, on the
interactions between climate and the
environment, and human impacts on
these processes.

The lectures are common for the
courses KUM3070 and KJM4070 while
most of the colloquia, workshops and
labs are being held separately.

Cross-disciplinary
ecology in the
Anthropocene

Anthropocene, the age of humans, is
suggested as the name for the geo-
logical epoch that we are currently in.
Humans are seen as the most impor-
tant 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 chal-
lenge 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 aris-
ing in the Anthropocene.

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

e Transport of contaminants
* Risk assessment

* Natural attenuation

General Toxicology

The course will cover basic toxicology
and ecotoxicology, including how toxic
substances are taken up in the organ-
isms, distributed, biotransformed and
excreted, how toxic substances react
with biomolecules and downstream
consequenses for the organism, as
well as knowledge about toxic sub-
stances, e.g. metals, organic contam-
inants and pesticides. The course aims
to provide a holistic view of the topic
by bridging human toxicology and eco-
toxicology.
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Atmospheric Chemistry

The course deals with the basic pro-
cesses that govern the composition
of chemically active species in the
atmosphere (gases and aerosols).
This is crucial in understanding trends
in short-lived greenhouse gases, aer-
osols, ozone depletion in the strato-
sphere, acidification and regional air
pollution. The course gives an intro-
duction to modelling of atmospheric
chemistry in e.g. Earth System Models.

Environmental
Chemistry

The course provides an integrated
description of the chemical processes
and equilibrium systems that deter-
mine mobility, transport, turnover and
effects of chemical contaminants in
air, soil and water. It also provides an
introduction to natural chemical pro-
cesses in the environment. The lec-
tures are given by external and internal
researchers with examples from our
own current research.

Chemical processes in
soil and ground water

The main geochemical reactions con-
troling 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 sys-
tems are covered, with special empha-
sis on CO2 - carbonate reactions, min-
eral weathering, redox-reactions, ion
exchange, sorption, and pollution of
organic chemicals. An understanding
of these procecces and a correspond-
ing quantification is required to pre-
dict 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.

Toxicants in ecosystems
and humans: effects

The course gives insight into how toxi-
cants affects humans and the environ-
ment, with a particular focus on individ-
ual effects. Toxicants affect many of the
same processes in different organisms
and the course will discuss similarities
and differences between different spe-
cies, using mammalian toxicology as
a starting point. The course includes
aspects of both ecotoxicology and
human toxicology.

Toxicants in Ecosys-
tems and Humans:
Exposure and Accumu-
lation

The course gives insight into how tox-
icants are distributed in the environ-
ment and accumulated by humans and
other organisms. The course focuses
on mechanisms and processes that
are important to understand distribu-
tion and accumulation of toxicants and
how these processes are affected by
other stressors, physiological and eco-
logical adaptations, life history traits
and the phylogenetic history of the
organism. The course encompasses
both different ecosystems, including
organisms, and humans.

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 ecosys-
tems. Through the program, students
will understand the connections and
interactions between land and atmos-
phere, with an emphasis on terrestrial
vegetation ecology and dynamic veg-
etation modeling. The main focus will
be on processes at northern latitudes.
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Allesson, L., Valiente, N., Dérsch, P,
Andersen, T, Eiler, A., Hessen, D.O.,
2022. Drivers and variability of CO2:02
saturation along a gradient from boreal
to Arctic lakes. Sci Rep 12, 18989.
https://doi.org/10.1038/s41598-022-

23705-9

Anderson, T.R., Hessen, D.O., Gentle-
man, W.C., Yool, A., Mayor, D.J., 2022.
Quantifying the roles of food intake and
stored lipid for growth and development
throughout the life cycle of a high-latitude
copepod, and consequences for ocean
carbon sequestration. Front. Mar. Sci. 9,
928209. https://doi.org/10.3389/
fmars.2022.928209

Banet, C., Serensen, A., Bjgrndal, M.H.,
Fuhrman, J., Hessen, D.O., Sebastian,
H.M., Skjermo, J., Fabian, L., Merk, C.,
Mistry, M., Moss, P, Ramos, F.,
Roussanaly, S., Torvanger, A., Weber, K.,
Tomasgard, A., 2022. Negative emissions
and carbon dioxide removal (CDR)
including ocean scenarios: Drivers,
uncertainties, and deployment potential.,
Negative emissions and carbon dioxide

removal (CDR) including ocean scenarios:

Drivers, uncertainties, and deployment
potential. Norges teknisk-naturvitenskape-
lige universitet.

Beigaité, R., Tang, H., Bryn, A., Skarpaas,
0., Stordal, F., Bjerke, J.W., Zliobaité, I.,
2022. Identifying climate thresholds
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