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The year 2020 turned out to be an annus horribilis for 
the world society. The COVID-19 pandemic affected us 
all – every single day since the 12th of March 2020. Nev-
ertheless, we all tried our best to cope with the situation 
by means of Skype, Teams, and Zoom. Our collective 
digital competence increased immensely, and we had to 
develop new ways to get our work done from our home 
offices. We have observed a great willingness at all our 
partners to be flexible and seek practical solutions to 
many of the unexpected problems that have emerged. 
It is therefore with great pride I have observed all the 
hard work the ARCEx personnel has put into their dai-
ly lives in this period. This has led to great results: we 
have continued to produce high-quality research, and 
published the results in the best possible international 
journals. Five PhD students earned their well-deserved 
PhD degrees, and we provided industry, authorities and 
academia with highly skilled personnel.

Since 2020 was the second to last year in operation, 
we have strived to focus on consolidation and contin-
ued production. Even though our mobility decreased 
dramatically of well-known reasons, we managed to 
maintain our collaboration within the consortium. 
Therefore, we have big hopes that 2021, our final year 
in operation, will also be our most productive year ever, 
and that the successful triple-helix (industry, academia, 
authorities) will continue to spin.

In this annual report for 2020, we present a selection 
of our vast array of results, and we hope the reader gets 
an impression of our high activity level. Enjoy the little 
peek into our world, and don’t hesitate to get in touch 
with any of us in ARCEx should you need further infor-
mation or details.

Alfred Hanssen
Director ARCEx

Prof. Alfred Hanssen | ARCEx Director

Foreword

Photo: Priv.
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Vision and goals
The Research Centre for Arctic Petroleum Exploration 
(ARCEx) addresses key cross- and multi-disciplinary 
challenges in petroleum research and development in 
the Arctic. The overarching research goal for ARCEx 
is to reduce risk. This can be further broken down for 
the three main pillars (geology, environment, technol-
ogy) as follows: the geological research activity aims to 
reduce the risk for not finding petroleum, the environ-
mental research activity aims to reduce the operation-
al risk, and the technological research activity aims to 
reduce the risk for inaccurate and incorrect measure-
ments and analysis. Thus, the research activities in the 
three research pillars are highly intertwined and inter-
connected, providing a collective, coordinated and co-
herent approach to solve the overarching research goal 
of ARCEx in a holistic manner. 

Critical knowledge gaps
We have identified a set of critical knowledge gaps that 
the scientific activity of ARCEx contribute significant-
ly to. These are: (i) When and how did the sedimen-
tary basins of this region form and how did this link 
to deeper structures, (ii) When and how deep was the 
maximum burial for the different organic rich intervals 
of the Barents Sea sedimentary succession?, (iii) How 
do Arctic key species respond to anthropogenic activi-
ty, (v) What is the baseline ecology in the Barents Sea?, 
and (vi) Which explorational constraints maximize data 
quality and minimize environmental impact?  

Scientific approach
The main goal of ARCEx is to create new knowledge 
about the petroleum resources in the Arctic and to 
provide essential knowledge and methodology for 
eco-safe exploration.  

This will be achieved through the following secondary 
objectives:

• Enhance the understanding of large-scale processes 
of sedimentary basin formation and evolution of the 
Barents Sea and Arctic, and their impacts on petro-
leum systems

• Secure correlation of geological events over large  
distances  in  diverse  geological environments of the 
Arctic

• Establish petroleum systems and play concepts for 
the different basins

• Assimilate new ecosystem knowledge for the different 
basins into advanced impact and risk analysis meth-
odologies

• Develop technology for eco-safe exploration in the 
Arctic

• Create a research-based education and training pro-
gram based on the scientific themes of the Centre

• Communicate results from the Centre to scientists, 
decision makers and the general public

Work package structure
ARCEx consists of a complex research program cover-
ing complementary subject fields such as geology, envi-
ronmental risk and technology. Education and training 
is an integrated part of ARCEx.
ARCEx is sub-divided into the following work packages 
addressing these research objectives.

WP1 & 2 
Geology:
to provide a better basis to assess the petroleum po-
tential and reduce exploration risk in the Barents Sea. 
Linking scales (both vertically and laterally), geological 
processes and offshore-onshore tectonostratigraphic 
relationships. Integrating and synthesizing results from 
ARCEx and complementary projects with focus on 
timing, causes and implications of basin development 
and petroleum systems. WP1 and WP2 were merged in 
2018.  

WP3 
Environmental risk management:
to develop new environmental risk management ap-
proaches tailored to the unique exploration and future 
operational challenges for Arctic areas.

WP4 
Technology for eco-safe exploration in 
the Arctic:
to develop the best possible geophysical data acquisition 
strategies to use – both with respect to the environment 
and data quality.

Summary
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WP5 
Education and outreach:
to offer international top-level petroleum geology, geo-
physics, biology and ecotoxicology education and to 
ensure that highly competent candidates will provide a 
pool of experts for the industry and academia.

The consortium
ARCEx has a national role as a coordinator for Arctic 
petroleum research, and it serves as an integrator be-
tween academia (six universities and three research 
institutes), industry (six petroleum and energy compa-
nies), and authorities. 
Host institution: Department of Geosciences, UiT the 
Arctic University of Norway, Tromsø

Academic partners: 
• Department of Arctic Marine Biology, UiT the Arctic 

University of Norway, Tromsø
• Department of Electronic Systems, NTNU Norwe-

gian University of Science and Technology, Trond-
heim

• Department of Geosciences, University of Bergen
• Department of Geosciences, University of Oslo
• Natural History Museum, University of Oslo
• Department of Arctic Geology, UNIS The University 

Centre in Svalbard
• Department of Safety, Economics and Planning, 

University of Stavanger
• Akvaplan-niva AS, Tromsø
• NORCE Norwegian Research Centre AS, Tromsø and 

Stavanger
• NGU Geological Survey of Norway, Trondheim

User partners: 
• Equinor ASA
• Vår Energi AS
• Aker BP ASA
• Lundin Norway AS
• OMV (Norge) AS
• Wintershall Dea Norge AS

Doctoral and MSc education
ARCEx educates and trains highly competent Master, 
PhD, and postdoctoral candidates for the industry and 
academia within petroleum geology, geophysics and 
environmental sciences. The centre has established a 
Master’s specialization in petroleum geology at UiT The 
Arctic University of Norway. 

• # PhD:  20 active (10 directly funded by ARCEx, 10 
associated PhD candidates with funding from other 
sources)

• # Postdoc:  11 active (9 directly funded by ARCEx, 2 
associated Postdocs with funding from other sources)

5 PhDs completed in 2020 (of 13 in total) 
• Isabel (Izzy) Edmundson, UiB, WP1&2
• Aleksandra Smyrak-Sikora, UNIS/UiB, WP1&2
• Morgan Bender, UiT, WP3
• Helene Meling Stemland, UiB, WP4
• Terje Solbakk, NTNU, WP4

7 Master graduates in 2020 (and 87 in the period 
2014-2020)

Research results
35 publications in 2020
• 26% of publications with co-authors from industry 
• 42% with international collaborators

Governance and organization
The ARCEx Consortium Board is the main deci-
sion-making body in ARCEx. The ARCEx Board has 
seven members, four from the industry and three from 
the academic partners. 

The ARCEx General Assembly (GA) is composed of one 
representative from each of the partners. The GA is an 
arena for information exchange between the academic 
and industry partners and for election of the board. 

The day-to-day management is handled by the Manage-
ment Team - a multi-disciplinary group of experts from 
several of the participating academic institutions. The 
responsibility is to ensure an efficient day-to-day coor-
dination and supervision of the project with respect to 
scientific and technical matters, as well as administra-
tive and financial issues. 

The User Forum is an arena for technical interaction 
and discussions between the academic and industry 
partners, and is important to make sure that the activi-
ties and results are relevant for the industry partners as 
well as for the scientific community. 

Fig. 1: Cumulative number of publications in refereed journals
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General 
Assembly
All Partners

Industry
Partners

Academic
Partners

User
Forum

ARCEx
Management Team

Director

Administrative Leader

Work Package
Leaders 1–5

ARCEx
Consortium 

Board

3 members 4 members

Management Team: 
Centre Director: Alfred Hanssen, UiT
Deputy Director: Sten-Andreas Grundvåg, UiT

Work Package leaders:
WP1 & 2 – Assoc. Prof. Sten-Andreas Grundvåg, UiT , Assoc. Prof. Kim Senger, UNIS
WP3 - Adj. Prof. JoLynn Carroll, Akvaplan-niva
WP4 - Prof. Tor Arne Johansen, UiB 
WP5 - Prof. Jan Sverre Laberg & Assoc. Prof. Jasmine Nahrang, UiT

ARCEx Board members in 2020
Arne O. Smalås, UiT (Chair)
Salve Dahle, Akvaplan-niva 
Martin Landrø, NTNU
Finn Roar Aamodt, Equinor AS
Terje Solheim, Aker BP ASA
Balazs Badics, Wintershall Dea AS
Heidi Rydningen, OMV (Norge) AS 
Erik Bjørnbom, Vår Energi AS (alternate)
Geir Birger Larssen, Lundin Norway AS (alternate) 
Ingrid Anne Munz, The Research Council of Norway (observer)
Torgeir Stordal, Norwegian Petroleum Directorate (observer)
Matthias Forwick, Dept. of Geosciences, UiT (observer)

Basic facts about ARCEx
• Project leader: Prof. Alfred Hanssen
• RCN project number: 228107
• Project type: Kompetanseprosjekt for næringslivet 
• Project period: 2013 - 2021
• Funding: 75 MNOK from The Research Council of Norway, 70.65 MNOK from in-

dustry partners, 9.8 MNOK from Troms fylkeskommune, 77.86 MNOK in-kind from 
academic partners
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Can you handle the pressure? 
Between 2007 and 2015, eight wells were drilled as part 
of the Longyearbyen CO2 Lab project in Svalbard. The 
study aimed at determining the feasibility of injecting 
and storing liquid carbon dioxide (captured from the 
local coal power station). It was something of a surprise 
when pressures of 60 bar (870 psi) below the hydrostat-
ic pressure were encountered in the targeted reservoir 
at approximately 700 m depth (Figure 2). Mild under-
pressure had previously been encountered in the same 
stratigraphic interval offshore in the northernmost ex-
ploration licenses of the Barents Shelf during drilling in 
the 1980s. The results from the Longyearbyen CO2 Lab 
and later exploration drilling in the northern Barents 
Sea demonstrate that underpressure is widespread, thus 
representing a potential risk during drilling campaigns. 

Scientific key results 

Fig. 2: Isotope and pressure data from the Longyearbyen CO2 Lab showing severe underpressure and fluid flow into the caprock (location map to the right). 
Modified from Birchall et al. (2020).

PhD student Tom Birchall and his co-workers report 
geological observations, isotope data and model-
ling, which all indicate that underpressure most likely 
formed in the recent geological past (i.e., the past few 
thousand years) and probably within the fine-grained 
caprock interval (see Fig. 2). The recent formation of 
underpressure and fluid flow from reservoir sandstones 
into the caprock shale mean that using pressure data in 
this region should be carried out with care. Further-
more, such severe underpressure precludes the possibil-
ity of injecting CO2 in a liquid phase.
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Faults, fractures and fluids
Postdoc Eric Salomon and his co-workers investigated 
fluid flow properties and fault-controlled diagenesis 
along the Dombjerg Fault in NE Greenland, which is 
a basin-bounding border fault that defines the western 
margin of an exhumed deep-marine rift basin. The fault 
juxtapose Caledonian metamorphic basement in the 
footwall against syn-rift sediments of Late Jurassic to 
Early Cretaceous age in the hanging wall. Based on U–
Pb calcite dating, Salomon et al. provide age constraints 
on the timing of pore-filling calcite cementation previ-
ously documented along the fault in a ca. 1 km wide 
zone within the footwall sediments. Clumped isotope 
analysis indicate relatively low formation temperatures 
for the cement, thus pointing to cementation already at 
shallow burial depths during rift climax. Calcite veins, 
which cross cut and thus post-date the cemented sed-

iments, formed at similar temperatures and burial 
depths during the post-rift stage. Similar concentrations 
of certain trace elements in the calcite veins and in the 
pore-filling cement indicate diffusional mass transfer 
into fractures, suggesting restricted fluid flow and lim-
ited fracture connectivity. The cementation zone seems 
therefore to have formed a near-impermeable barrier 
soon after sediment deposition, and low effective per-
meabilities were maintained even after fracture forma-
tion due to poor fracture connectivity. The existence 
of such zones should therefore carefully be considered 
during the assessment of hydrocarbon plays related to 
rift basins and basin-bounding faults. See Figs. 3 and 4 
for conceptual model and aerial photo of the field site, 
respectively.

Fig 3.: Conceptual model of fluid circulation and cementation zone along the Dombjerg Fault. (A) Onset of Dombjerg Fault activity with formation  
of marine hanging wall basin and syn-rift sedimentation. Fault activity maintains a well-connected fracture network in the fault core allowing for  
thermal-driven in-fault circulation of surficial fluids and upward metamorphic fluid migration. (B) Syn-rift sedimentation continues and initiation of 
calcite cementation. (C) Continued syn-rift sedimentation and basinward growth of cementation zone due to thermally driven marine fluid circulation. 
(D) Eocene basalt extrusion and rift shoulder uplift in response to continental breakup drains the marine basin and allows meteoric fluids to intrude the 
hanging wall sediments. Modified from Salomon et al. (2020).
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Fig. 4: ‘Getting out into the field is voluntary, getting back safe and publish your paper is mandatory’. After a couple of years with hard work, our first paper from the field campaign 
to NE Greenland in 2018 was finally published (Salomon et al., see separate scientific highlight). View from the flight over to the field site at Wollaston Forland. (Photo: Sten-Andreas 
Grundvåg).

Changes in benthic ecosystems
Former ARCEx postdoc Nathalie Morata has published 
her work looking into changes in benthic ecosystems 
from the Barents Sea and Svalbard fjords based on an 
analysis of ecological data collected as part of the 2016 
ARCEx cruise (see Fig. 5). The classic pattern of bio-
logical production in Arctic marine ecosystems begins 
with an intense pulse of biological productivity around 
the spring bloom in ocean surface waters. This pulse of 
fresh organic matter into the Arctic ecosystem gradual-
ly declines in autumn remains low throughout winter. 
Nathalie’s research reveals a new facet of the changes 
underway in the Arctic. Kongsfjorden, located along the 
western margin of Svalbard, has been experiencing rap-
id change because of global warming and has lost much 
of its seasonal ice-cover.  As a result, Kongsfjorden now 
experiences limited seasonality in the cycles of carbon 
and nutrient cycling. Nathalie’s research revealed a rich 
pool of organic matter produced by the decomposition 
of organisms at the seafloor that is available for other 
organisms to consume during periods of low food input 
(Morata et al. 2020). This is an example of how ecosys-
tems may function in a future, more ice-free Arctic.

Fig. 5: Postdoc Nathalie Morata in the field (Photo: Yvan Gromicho)
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Effects of oil spills on shrimp
The risk of oil spills in Arctic areas is real. More sci-
ence-based knowledge of the consequences to the envi-
ronment is needed. A series of experiments at realistic 
spill concentrations and exposure times was complet-
ed in 2020 investigating the effects of different oil spill 
response options on various life stages of Northern 
shrimp (Pandalus borealis) (see Figs. 6–8). Compared 
to chemical dispersant that increased adverse effects of 
oil on larvae fitness parameters (Arnberg et al., 2019, 
Keitel-Gröner et al., 2020), residue of in situ burned 
oil did not cause any negative effect in adult nor lar-
vae stages (Manuscript #1 submitted to Marine Envi-
ronmental Research and manuscript #2 in progress). 
Overall, this new knowledge provides information rele-
vant to oil spill scenarios and response that can be used 
by responders to support Net Environmental Benefit 
Analysis (NEBA) and Spill Impact Mitigation Assess-
ment (SIMA) for choosing the least harmful mitigation 
response.

Fig 7.: Postdoc Frederike Keitel-Gröner during sampling of adult 
shrimp (Photo: Emily Lyng).

Fig 8.: Postdoc Frederike Keitel-Gröner preparing oiled gravel for 
experiments (Photo: Emily Lyng).

Fig. 6: Adult shrimp (Pandaus borealis) in the lab (Photo: Frederike Keitel-Gröner).
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WP1&2 Geology
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O b j e c t i v e s

Reduce exploration risk and improve 
resource potential estimates.
The overarching goal of WP1&2 Geology is to contrib-
ute with new data and concepts that may aid in reduc-
ing exploration risk and improve resource potential 
estimates of the frontier province of the Barents Shelf.

Thus, onshore investigations of structural elements and 
stratigraphic units which correspond to important pe-
troleum system elements in the offshore basins are of 
major interest to WP Geology. On the larger-scale, WP 
Geology investigate how basin architecture and evolu-
tion are linked to deep structures and processes with 
emphasis on tectonic inversion and the effects of Ce-
nozoic uplift and erosion. Important methods in these 
studies include, amongst others, detailed seismic-well 
correlations and interpretations, source-to-sink analy-
ses, as well as numerical and analogue modeling.

Key research tasks
Task 1: Basin analysis
• Tectonic/basin modelling 
• Contraction/inversion structures: timing and causes 
• Marginal basins (controls on their evolution and 

basin fill stratigraphy) 
• Cenozoic uplift and erosion: quantification and mod-

elling 

Task 2: Petroleum system elements
• Geology of shallow reservoirs and overlying cap 

rocks 
• Source rock evaluation
• Trap/seal analysis 

◆ onshore-offshore stratigraphy and tectonic links 
◆ subsurface pressure (well data, Svalbard– Barents 

Sea)
◆ comparative studies of selected cases in the Barents 

Sea. 

Task 3: Quantitative analysis of petroleum systems 
and plays 
• Burial history – petroleum system modelling (Sval-

bard and the Barents Sea) 
• Identification of key input parameters, quantification 

of uncertainties, and sensitivity analysis. 

Task 4: Integration and synthesis
• Basin evolution (mainly Barents Sea – links to Sval-

bard and NE Greenland).
• Regional tectonostratigraphy, paleogeography and 

source-to-sink considerations.
• Barents Sea petroleum systems – a review of geologi-

cal exploration risks.

Achievements and highlights from 2020
Near 20 peer-reviewed publications originated from WP Geology 
in 2020, testifying to the current “production mode” of ARCEx. The 
papers are published in a multitude of international peer-reviewed 
journals ( e.g. Nature, Tectonics, Basin Research, AAPG Bulletin, Sed-
imentoloy) and cover topics such as the Paleogene foreland succession 
in central Spitsbergen (Helland-Hansen & Grundvåg), Paleogene de-
formation on the Barents Shelf (Gac et al.), Upper Jurassic organic-rich 
mudstones on the SW Barents Shelf (Marin et al.), Lower Cretaceous 
shallow marine to shelf strata in Svalbard (Jelby et al.; Grundvåg et al.), 
and seismic investigations of Neogene to early Quaternary deposition-
al systems along the Norwegian Continental Shelf margin (Bellwald et 
al.; Rydningen et al.).

The renowned Festningen section located at the mouth of Isfjorden, 
westernmost Spitsbergen, finally received its sought-after complete 
field guide (Mørk & Grundvåg). The section, which is a law-protected 
geotope, exposes a sedimentary rock succession of Carboniferous to 
Paleogene age, spanning nearly 300 million years of geological histo-
ry. The interested visitor may here gain insights into the tectono-sedi-
mentary development of Svalbard and the northern Barents Shelf, the 
effects of sea-level fluctuations and changing paleo-climate, as well as 
evolution of Life itself. No wonder that the section is a mandatory stop 
for many of the geology field-courses at UNIS and during our pre-
vious company tours. At the end of the field season, Senger and his 
co-workers managed to collect drone images/videos of the ca. 7 km 
long section. The resulting digital outcrop model, which will be made 
publically available at the Svalbox portal, will be an important asset in 
future education and outreach activities.  

Digitalization is here to stay and certainly have changed from being a 
buzzword to become an important part of our daily work life within 
geosciences. WP Geology thus wishes to be in the front line of this de-
velopment, and we have several ongoing projects dealing with various 
aspects of digitalization. A detailed workflow on how to collect and use 
digital outcrop data to build a geology-driven model that can be up-
scaled and directly used in reservoir modelling is presented in Larssen 
et al. Although several of our digitalization projects have led to pub-
lished papers (e.g. Betlem et al.; Larssen et al.; Senger et al.), we foresee 
the potential for several more such papers in the year(s) to come.   

Fig. 9: Digital outcrop model of the Festningen section.
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Relation to users, stakeholders and 
research communities
The research activity conducted in WP Geology involves 
both national and international research partners, includ-
ing our industry collaborators. New results are always 
disseminated in peer-reviewed journals and at relevant 
international and national conferences. The majority of 
the international conferences that we planned for in 2020 
was either cancelled or postponed to 2021/2022. How-
ever, we have presented our work at amongst others the 
Nordic Geological Winter Meeting in Oslo (Hagset et al.; 
Hassaan et al.; Lasabuda et al.; Olsen et al.; Olaussen et al.; 
Wesenlund et al.) and at the virtual edition of the EGU 
general assembly (Hegstad et al.; Salomon et al.). Some 
of our PhD fellows have also been invited to present 
their results to our industry collaborators, while others 
have attended various local events (NGF and NPF local 
chapter meetings, research school meetings, department 
seminars etc.). At the first meeting of the Geoscience 
Research Academy of Tromsø, one of our PhD fellows 
(Fredrik Wesenlund, UiT) won the best oral presentation 
award. Furthermore, all our PhD fellows and postdocs 
presented their latest findings at the virtual edition of the 
annual ARCEx conference. 

Two ARCEx associated PhD students successfully de-
fended their dissertations in 2020, Aleksandra Smy-
rak-Sikora (UNIS) and Isabel Svea Edmundson (UiB), 
and we extend our congratulations! 

We also hired two new PhD fellows in 2020. Julian Jano-
cha (UiT) will work with the Upper Paleozoic succession 
on Bjørnøya and southern Spitsbergen. Julian’s project 
is complementary to ongoing activities and he cooper-
ates closely with our ARCEx-postdoc Aleksandra Smy-
rak-Sikora (UNIS) and Anders Dahlin (UNIS), who is 
affiliated to the NRC-funded Suprabasin project. 

Maximilian Weber (UiT), will work on the Cenozoic evo-
lution of the West Spitsbergen margin. Apart from senior 
staff at UiT, personnel from the Norwegian Petroleum 
Directorate and the Alfred Wegener Institute (Germa-
ny) is involved in his project. Fieldwork will hopefully be 
conducted at Prins Karls Forland in 2021 in close coop-
eration with researchers from UNIS, NTNU and NGU.   

Because of the many restrictions during summer of 2020, 
only a limited number of persons from the Norwegian 
mainland universities managed to attend our planned 
fieldwork campaigns in Svalbard. However, our UNIS-af-
filiated personnel had a busy and successful field season 
with campaigns to amongst others Hornsund, Pyra-
miden, Festningen and northern Isfjorden.

Team
WP leaders:
Associate Prof. Sten-Andreas Grundvåg, UiT 
Associate Prof. Kim Senger, UNIS

Team members: 
UiT Department of Geosciences
• Assoc. Prof. Sten-Andreas Grundvåg
• Prof. Steffen Bergh
• Prof. Jan Sverre Laberg
• Researcher Dr. Amando Lasabuda (associated researcher)
• PhD candidate Fredrik Wesenlund
• PhD candidate Renate Paulsen
• PhD candidate Andreas Hagset (associated PhD)
• PhD candidate Sigrun Kvendbø Hegstad (associated PhD)
• PhD candidate Stine B. Olsen (associated PhD)
• PhD candidate Maximilian Weber 

UNIS Department of Arctic Geology
• Assoc. Prof. Kim Senger
• Prof. Snorre Olaussen (emeritus during fall 2020)
• PhD candidate Thomas Birchall
• PhD candidate Malte Jochmann (associated PhD)
• PhD candidate Peter Betlem (associated PhD)
• Postdoc Aleksandra Smyrak-Sikora (received PhD degree 

in Feb. 2020)
• Postdoc Gareth Lord
• Assoc. Prof. Maria Jensen 
• Adjunct Prof. Alvar Braathen

UiO Department of Geosciences
• Prof. Jan Inge Faleide
• Adj. Prof. Sverre Planke 
• PhD candidate Muhammad Hassan
• Postdoc Mansour Abdelmalak

UiO NHM (Natural History Museum)
• Assoc. Prof. Øyvind Hammer
• PhD candidate Victoria Sjøholt Engelschiøn

UiB Department of Geosciences
• Prof. Atle Rotevatn
• PhD candidate Vilde Dimmen (associated PhD)
• PhD candidate Isabel Edmundson (associated PhD)
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WP3 Environment 
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O b j e c t i v e s

To develop new environmental risk management ap-
proaches tailored to the unique exploration and future 
operational challenges for Arctic areas. For the three 
main topics within WP3, the following research goals 
have been defined: 
• Ecosystems: to determine food web linkages and 

the processes that regulate energy transfer through 
northern ecosystems 

• Ecotoxicology: to assess the sensitivity of key species 
to petroleum compounds in northern ecosystems 

• Impact and Risk Assessment methods: to improve 
monitoring, impact, and risk assessment tools and 
methods for applications in northern areas.

WP3 produces critical new insight for industry:
• New knowledge and data on Arctic ecosystems and 

food webs 
• New knowledge and data on the sensitivity of key 

species to petroleum discharges within northern 
ecosystems 

• Priority areas and time periods for exploration activi-
ties in the north 

• A theoretical risk uncertainty framework for the 
Arctic 

• Recommended geophysical data acquisition strategies 
minimizing the impact on living organisms

Key research tasks
Task 1: What is the impact of pelagic productivity on the benthic 
ecosystem? 
• Comparative analysis of benthic biomass, community structure and 

pelagic biomass and material composition gathered through ARCEx 
field investigations

• Analysis of benthic community structure from the northern Sval-
bard shelf 

• Decadal retrospective of changes in benthic communities in north-
ern Svalbard. 

Task 2: What are the main drivers of the flux of marine biomass 
from surface to seafloor? 
• Analysis of composition and biomass of material collected in vertical 

traps during the 2016 ARCEx cruise 
• Comparison of material composition and biomass with historical 

baseline information (fjords of Svalbard and Marginal Ice Zone). 

Task 3: What are the toxic effects of petroleum compounds on key 
species in the Barents Sea? 
• Develop protocols for ecotoxicology experiments 
• Develop more biologically relevant analysis methods to assess lethal 

and sub-lethal effects of petroleum compounds on key Arctic and 
sub-arctic species

• Conduct experimental studies with oil exposure and dispersants on 
key Arctic and sub-arctic species 

• Review current understanding of petroleum toxicity to fish early life 
stages and highlight essential knowledge gaps

Task 4: What are the risk-uncertainty relationships for the Arctic?
• Development of methods to identify health and safety events based 

on historical practices 
• Application of an Arctic risk-uncertainty framework for operations 

under harsh environmental conditions (weather, ice, darkness). 

Task 5: How can we improve research and monitoring of animals in 
remote marine areas? 
• Analysis and synthesis of biological and ecological information on 

marine mammals to for the development of methods to minimize 
the impact of seismic activities (WP4) 

• Optimize the detection uncertainty when using unmanned aerial 
vehicles for monitoring marine mammals 

• Review and recommendations of autonomous vehicles for the detec-
tion and monitoring of marine fauna 
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Achievements and highlights from 2020 
In 2020, findings from the ARCEx cruise 2016 were pub-
lished in the prestigious Geophysical Research Letters 
journal (Wiedmann et al., 2020). The study identifies a 
key group of phytoplankton (diatoms) that may be an 
essential driver of the attenuation of the vertical carbon 
flux from the ocean’s surface waters. This is an import-
ant finding for both local and global organic carbon flux 
modelling. In addition, members of the ARCEx pelag-
ic ecosystem team published work trying to answer the 
question “Who feeds the benthos in the Arctic Ocean?” 
(Wiedmann et al. 2020, Frontiers in Marine Science). This 
literature study suggests that organisms living at the sea 
floor of the central Arctic Ocean basin may not be able to 
survive solely from carbon originating from the ocean’s 
surface. The demand for carbon by these organisms must 
therefore be derived from other sources, that are poorly 
understood. We have also completed the analysis of data 
gathered from a field campaign in Young Sound, Green-
land in 2019. These data will provide insights into pelagic 
– benthic coupling in a high latitude coastal environment 
that is influenced by a land-terminating glacier. To ad-
dress the investigation of Arctic marine ecosystems and to 
prepare knowledge-based ecosystem and resource man-
agement a tool kit in support of conceptual models has 
been worked out (Wassmann et al. 2020). New insights 
on the state of the Arctic are revealed through synthetic 
analysis of multi-decadal data on primary production in 
the Arctic. These data sets provide insights into the future 
needs for sustainable management of the changing Arc-
tic (Wassmann, 2021). The benthic ecosystem research 
team has been applying sclerochronological techniques 
(the analysis of calcified structures of marine organisms), 
providing multidecadal to millennial histories of envi-
ronmental variability and change. These researchers have 
identified local breeding populations of Atlantic cod in 
Svalbard from a chemical analysis of otoliths (ear bones) 
(Andrade et al. 2020), the influence of sea temperature 
and sea ice on bivalve growth near Bjørnøya over half 
a century (Carroll et al. 2020) and the construction of a 
500-year sea temperature record from Ingøya (northern 
Finnmark) (Mette et al. 2021). These marine chronologies 
provide new insights into the mechanisms and feedbacks 
between the atmosphere and marine systems of relevance 
for ecosystem-based management.

Data collected from the seafloor during both the 2016 
ARCEx research cruise and the 2018 ARCEx-AMGG-
CAGE teaching and research cruise provide new contem-
porary knowledge on seafloor food webs in the Barents 
Sea for comparison with historical data sets. Benthic 
communities from the northern Svalbard shelf exhibit 
lower biomass but higher species abundance compared 
to historical data sets. This, along with changes in species 
composition of communities, suggests that community 
structure is shifting to smaller, more opportunistic species 
as food supplies to the seabed are becoming less predict-
able (Carroll et al. in prep). The benthic ecosystem team 

has also published a review paper on benthic communi-
ties associated with methane seeps around Svalbard and 
the northern Barents Sea (Åström et al. 2020). These 
chemosynthetic-fueled systems support species and 
food webs that are distinct from adjacent conventional 
benthic habitats in the Arctic, but also from methane 
seeps outside the Arctic.

Our marine mammal experts continue to analyse data 
collected by autonomous underwater vehicles. The ef-
forts are leading to new insights into spatial and tem-
poral patterns of marine mammal vocalizations. Vocal-
ization patterns have been used to track the presence of 
humpback whales in the Norwegian Sea. These patterns 
reveal that the Norwegian Sea is more than a passage 
route for these whales, also serving as an area of high 
feeding and social importance for the whales (Aniceto 
et al., 2020; Martin et al., in prep). A new sperm whale 
foraging site was found south of the Lofoten archipelago 
(Aniceto et al., 2020), indicating that this specie’s feed-
ing habitat extends beyond previously reported regions. 
These results help to expand the application of under-
water systems for the detection of key species in harsh, 
difficult to access environments such as the Arctic. 

Ecotoxicology experts have obtained new oil toxici-
ty data for several Arctic and sub-Arctic key species 
through controlled laboratory experiments. One set of 
experiments investigates the effects of the water accom-
modated fraction of crude oil on the reproductive suc-
cess and development of cod embryos (Gadus morhua). 
The study highlights the impact of parental exposure to 
early life stage fitness and survival, in particular mater-
nal effects. Mechanisms of toxicity may involve endo-
crine disruption to the reproducing adult fish, contam-
inant transfer and potential transgenerational genetic 
effects. The data suggest that these effects may play a 
more important role than previously assumed. 

Laboratory exposure studies were also carried out on 
the pelagic (larvae) and epi-benthic (adult) life stages 
of Northern shrimp (Pandalus borealis) in cooperation 
with NOFO (Norwegian Clean Sea Association for Op-
erating Companies). This study addresses the potential 
toxic effects of different oil spill response residues for 
the shrimp. The outcome from these experiments indi-
cates that in situ burning results in the removal of large 
oil volumes by combustion, which reduces the oil load 
with potential lethal effects. A publication on the effects 
of crude oil and field-generated burned oil residue on 
Northern shrimp larvae is currently under revision for 
the journal Marine Environmental Research. An addi-
tional publication (in preparation) will address the ef-
fects of chronic exposure to the water-soluble fraction 
of crude oil and the field-generated burned oil residue 
on egg-bearing shrimp. 
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  In 2020, our risk assessment team developed and pub-
lished a paper that presents a formal set-up for concep-
tualising risk assessment assumptions. Using the example 
of an offshore oil and gas platform, the set-up is applied 
to illustrate the role of uncertain quantities and underly-
ing assumptions in risk assessments (Flage & Askeland, 
2020). Marine geohazards are a major source of risk to 
environments and infrastructure. One of the objectives of 
WP3 is to improve on currently available geohazard risk 
analysis frameworks. Managing these geohazards involves 
identifying and addressing many different types of uncer-
tainties, that includes uncertainties specific to Arctic envi-
ronments and related to changes linked to global warming 
as the available information about the current and future 
environmental conditions of these areas is limited. By con-
ducting an exhaustive review of geohazard literature from 
different places in the world, the team hopes to identify and 
characterize potential uncertainties and, by doing so, op-
portunities to optimise risk analysis tools. This undertak-
ing commenced in late 2020. The research is supported by 
Dr. Ibsen Cardenas, a post-doctoral candidate who started 
working in the risk assessment group in mid-December. 

Relation to users, stakeholders  
and research communities 
We develop and disseminate to users, stakeholders and 
research communities: 
• Contemporary data on food webs and ecosystem pro-

cesses for comparison with historical baseline knowl-
edge. 

• Ecotoxicology data for a selection of key species from 
northern areas exposed to petroleum compounds with 
evaluation of species sensitivities

• Effects of petroleum compounds on individual organ-
isms and populations

• Methods to assess safety and environmental risks asso-
ciated with exploration and development activities in 
northern areas with applications

• Methods and assessment of autonomous technology for 
monitoring marine mammals during seismic operations 

• Technology improvements for seismic recording equip-
ment to reduce the impact on marine mammals (WP3/
WP4) 

• Peer-reviewed articles with analysis and synthesis of 
research findings with applications. 

The work in WP3 ties together several of the topics with-
in ARCEx: 
• Biological and ecological information on marine 

mammals to WP4 to minimize the impact of seismic 
activities (WP4)

• Continuous updating of university courses with the lat-
est information on ecosystems, ecotoxicology, and risk/
impact methodologies for petroleum exploration and 
future resource development (WP5)

• Training of early career-scientists through WP3 research 
and exchanges with industry (WP5).

Team
WP leader
Professor JoLynn Carroll, Akvaplan-niva & UiT

Team members: 

Akvaplan-niva
• Prof. JoLynn Carroll
• Prof. Paul Renaud (also at UNIS)
• Adj. Prof. Jonas Juselius
• Researcher Starrlight Augustine
• Researcher Marianne Frantzen

UiS
• Prof. Roger Flage
• Prof. Terje Aven, UiS
• Postdoc Ibsen Cardenas

UiT
• Assoc. Prof. Jasmine Nahrgang
• Prof. Paul Wassmann
• Adj. Prof. Anita Evenseth 
• Postdoc Ingrid Wiedmann
• Postdoc Mathias Bockwoldt (associated postdoc)
• PhD candidate Claudia Erhart (associated PhD)
• PhD candidate Morgan Bender (associated PhD)

NORCE
• Researcher Thierry Baussant
• Postdoc Frederike Keitel-Gröner
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WP4 Technology 



ANNUAL REPORT ARCEX 2020 //  21

O b j e c t i v e s

The aim of WP4 Technology is to provide best possible 
geophysical data acquisition strategies – both with re-
spect to the environment and the data quality.

Geoscientific exploration of the Arctic encounter chal-
lenges partly different from those we know from explo-
ration of the North Sea and the Norwegian Sea. Our 
focus is to develop the best possible geophysical data 
acquisition strategies to use – both with respect to the 
environment and the data quality – during initial ex-
ploration, and, subsequent static and dynamic reservoir 
characterization.

Key research tasks
Task 1: Constraints (technology and timing) for geo-
physical exploration in ecological vulnerable areas
• Understand the mechanisms for unwanted high-fre-

quency excitation of sound from marine airguns, and 
possible ways to reduce such effects

• Understand how passive seismics can be used to 
image the subsurface.

Task 2: Strategies for best possible seismic acquisition 
within and close to ice

Task 3: Acquisition and processing of seismic data from 
ice, snow and ice-covered land
• How to remove unwanted vibrations in sea ice (flexural 

waves) from seismic data
• Find the best ways to acquire seismic data in the transi-

tion from land onto ice-covered sea
• How to separate wave modes propagating within and 

below ice using 4C-data
• Understand how temperature (and melting) of frozen 

sediments affect their seismic properties.

Task 4: Remote sensing technology in support of seismic 
operations within and close to sea ice
• Automatization of detection of ice-drift in the Arctic 

using unmanned aircrafts
• Combined use of resistivity and acoustic data for en-

hanced reservoir prediction – rock physics models
• Combined use of CSEM and seismic for enhanced reser-

voir prediction – case study.

Task 5: Geophysical imaging of prospects and reservoirs 
from field analogues on Svalbard and Greenland
• How seismic signatures of Barents Sea reservoirs can be 

related to burial and uplift
• How karst systems can be seen in seismic data.

Fig. 10: Loading ocean bottom nodes at Farm (left) and arriving the front of the glacier (right) (Photo: Tor Arne Johansen).
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Fig.11: Bringing seismic equipment on land north of Nordenskiöldbreen (left) and during the deployment of a 3C geophone (right) (Photo: Tor Arne Johansen).

Fig. 12: During air gun shootings for positioning of ocean bottom nodes. 
PhD-candidate Rowan Romeyn (back, right) and professor emeritus 
Yngve Kristoffersen (in front, right) (Photo: Tor Arne Johansen).

Achievements and highlights from 2020
The activities have been a continuation of the research questions of 
WP4 based on data acquired in 2019. Planned geophysical experiments 
at Svalbard during spring 2020 were cancelled due to the rapid evolv-
ing COVID-19 situation. At the time of the initiation of the COVID-19 
alarm more than 6 tons of seismic equipment had been brought out 
and displaced at Drønbreen 10 km North of Longyearbyen. The equip-
ment had to be returned to Longyearbyen in small steps and over time 
due to reduced personnel available for the operation. However, a field 
campaign was conducted in the period 6th to 22nd of October 2021 with 
the objective to acquire passive seismic data to monitor the dynam-
ics of the Nodenskiöldbreen. The experiment serves as an analogue to 
passive monitoring of fracturing reservoirs. 

The equipment was loaded on the boat Farm and shipped to Adolfbuk-
ta in front of the glacier. With the assistance of the UNIS-boat Polaris 
personnel and equipment were brought out to the field. Altogether, 
20 3C geophones and 40 1C geophones were planted at two locations, 
one north and one south of the glacier front. 40 ocean bottom nodes 
were deployed in front of the glacier. The receivers were recording 
continuously for 8 days. Data were successfully recorded and are now 
scrutinized. See Figs. 10-14 for photos from the field campaign, and 
preliminary calibration data.
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Fig. 13: Positions of seismic receivers on land and in the sea (Photo/Ill.: Tor Arne Johansen).

Fig. 14: Common seismic receiver data (vertical component) acquired on one ocean  
bottom node during air gun shooting (Ill.: Tor Arne Johansen).
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Two PhD candidates of WP4 Helene Meling Stemland and Terje 
Solbakk submitted and successfully defended their theses in 2020. 
Several papers were published within the various topics related 
to WP4. PhD-candidate Vemund Thorkildsen at UiO has made 
progress as planned regarding studying combined use of CSEM 
and seismic data in reservoir characterization. 

The PhD-work of Helene Stemland produced two papers empha-
sizing possibility to use seismic data in arctic climate monitoring. 
This shows the generic nature also of data analysis used in hydro-
carbon exploration. PhD-candidate Rowan Romeyn has shown 
how passive seismic data from Adventdalen can be used to detect 
and locate frost quakes as the soil freezes, expands and ruptures 
subsequent to periods of cold weather.

The two postdocs Hannah Kriesell and Léa Bouffaut have studied 
possible effects of increase in ambient noise on inter-communica-
tion over large distances between large whales.

Relation to users, stakeholders and research 
communities
Scientists from WP4 are active in collaboration that directly in-
volves industry and international research partners. The research 
is disseminated at top international conferences and workshops, 
and the publication rates in international peer reviewed journals 
has experienced a substantial rise since 2018.

The Arctic Geophysical Laboratory at Svalbard has been consoli-
dated as a functional co-operation between ARCEx, University of 
Bergen, the CASE 2 consortium (which includes several industry 
partners), and UNIS. This modern and well-equipped large-scale 
laboratory is important for the scientific investigations in WP4, 
and it serves as the basis for the only field based geophysical uni-
versity course in Norway at the moment (AG-335/835 Arctic 
Seismic Exploration (UNIS)). Several of the senior scientists and 
professors from WP4 serve as instructors in the course.
Our research on the connection between seismic exploration and 
sea mammals is important for operations in the Arctic. For the 
first time, calibrated absolute measurements of sound levels in 
ice covered fjords have been measured. Research of this kind is 
valuable for the environmental authorities when issuing permits 
for seismic investigations in vulnerable areas. Furthermore, our 
research on high-frequency noise generated by ghost cavitation 
has been taken to the next level. The insight we have gained can 
be used by industry and authorities to regulate the operations in 
areas where whale populations are known to be present. The re-
search on active seismic has spurred a strong desire to develop 
passive seismic and electromagnetic as the ultimate eco-friendly 
exploration techniques. This task will be undertaken in close col-
laboration between industry partners and ARCEx scientists, and 
we envision results of great societal and industrial importance. In 
2019 and 2020 research on time-lapse and passive seismic for re-
vealing changes in the uppermost sediments due to freezing and 
thawing have resulted in new applications of geophysics in climate 
monitoring. The principles behind this approach are close to those 
used in seismic reservoir monitoring of hydrocarbon fields in pro-
duction. This is an example on how research related to improved 
hydrocarbon exploration and monitoring may be important for in 
climate research.

Team
WP leader
Prof. Tor Arne Johansen, UiB & UNIS

UiB
• Prof. Tor Arne Johansen
• PhD candidate Ronny Tømmerbakke
• PhD candidate Helene Meling Stemland

NTNU
• Prof. Martin Landrø
• PhD candidate Terje Solbakk
• Postdoc Hannah Kriesell
• Postdoc Léa Bouffaut

UiT
• Prof. Alfred Hanssen
• PhD candidate Rowan Romeyn (associated PhD)

UiO
• Prof. Leiv J. Gelius
• PhD candidate Vemund Thorkildsen

Norut
• Researcher Agnar Sivertsen
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WP5 Education 
and outreach
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O b j e c t i v e s

Due to the pandemic, 2020 has been an anomalous year also 
for the planned activities within WP5. Our outreach activities 
have been restricted, other activities including education of new 
Master- and PhD students, and the yearly Early Career Forum 
for the ARCEx PhD students was run as normal, although part-
ly over digital platforms. In addition, we were very pleased to 
see that our new internship course for our Bachelor and Master 
students was successfully funded. Another, long-lasting WP5 
project was finally up and running last year; the new seismic 
database for Master- and PhD-projects at the Department of 
Geosciences (IG), at UiT the Arctic University of Norway.

Achievements and highlights from 2020 
Early Career Forum (ECF)
The 2020 ECF was organized in September/October in Malan-
gen. The focus of this year’s ECF, with partcipitation from most 
of our PhD and Post. Docs. was digital communication skills, 
and the presenters were Magnus Nystrand and Øystein Lund. 
Magnus had a focus on presentation skills and practical use of 
PowerPoint. Øystein Lund had a discussion around the highly 
actual digital communication and teaching skills.

The event was initiated with an October party with 22 partici-
pants (including ARCEx leadership), barbecue and rope pulling 
competition. The rest of the program, for the ECFs had 16 par-
ticipants. We had a lovely time at both the Malangen Resort and 
Holemark gård (see Fig. 15) , where this event took place.

iEarth
ARCEx personnel is also involved in iEarth (https://iearth.no/
en/aboutiearth/), a new Centre for Integrated Earth Science 
Education led from the University of Bergen, also including 
the other Norwegian universities. The overall aim of iEarth is 
to connect excellence in research to excellence in student-ac-
tive learning by: 1) Creating a national competence centre for 
earth science education, 2) Developing a generic approach to 
cross-disciplinary earth science education within critical fields 
of societal relevance (geohazards, resources, energy, environ-
ment, climate), and 3) Establishing a coherent system of evalu-
ation to foster teaching excellence and identify best practice to 
disseminate worldwide. iEarth was awarded funding in Decem-
ber 2019 and started up with funding for five years in 2020. Sev-
eral new positions and projects will start up at the four partner 
universities. 
In ARCEx and iEarth, plans for industrial secondments have 

Fig. 15: Photo from the ECF at Malangen and Holemark Gård, Oct. 2020 (Photo: Iver Martens)

been developed. Through the iEarth initiative ARCEx staff has applied for 
and received funding to initiate and start up an internship course at geosci-
ence departments nationally. The first pilot run will be at UiT in the spring 
of 2021. Students will follow a curriculum of specially designed lectures, 
challenging the circumference between work-life and academia. In addition, 
they will also have industrial secondments with employers who are engaged 
as partners in this project. Partners from the ARCEx portfolio have been 
engaged as partners for the new internship program. In addition, teaching 
personnel from ARCEx and IG are active guest lecturers in the course. The 
course has received funding from the Faculty of Science and Technology, Re-
sult (Ressurssenter for undervisning, læring og teknologi) at UiT and DIKU 
(Norwegian Agency for International Cooperation and Quality Enhance-
ment in Higher Education).
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87 Master graduates
In 2020, seven MSc students graduated at the Depart-
ment of Geosciences, UiT. Since the establishment in 
2013, ARCEx has contributed to education at univer-
sities affiliated to the centre at all levels, from B.Sc. to 
PhD, including the supervision of 87 M.Sc. students. 
The theses of the M.Sc. students from the Department 
of Geosciences with affiliation to ARCEx addressed a 
large variety of scientific topics ranging from geolog-
ical fieldwork, processing and interpretation of seis-
mic data, to numerical modelling – all relevant for 
hydrocarbon exploration. The students worked both 
on more generic topics, as well as on specific onshore 
and offshore studies in geographic areas ranging from 
Mid-Norway to Svalbard, in particular the Barents Sea 
and Svalbard. The types of materials dealt with in the 
theses range from ice (both permafrost, sea ice and gas 
hydrates) to fluids, salt and rocks, the latter including 
both sedimentary and igneous rocks. Timeframes of the 
studies covered the present and geological intervals up 
several hundreds of millions of years back in time. The 
durations of processes studied vary from milliseconds 
– related to the migration of seismic waves – to tens of 
thousands and millions of years – due to the activities of 
ice sheets and tectonics.

At the Department of Arctic and Marine Biology (BFE 
Faculty), a specialization in Arctic marine ecotoxicolo-
gy will finally be implemented within the Departments´ 
Master program in Biology. This process started in Jan-
uary 2020 as part of the overall program revision and 
will be finalized until October 2021. The ecotoxicology 
specialization aims at combining existing courses taught 
at UiT and the University Centre in Svalbard (UNIS), in 
particular the ARCEx initiated course AT333/833 Arc-
tic Petroleum: Challenges for Society, Technology and 
Environment.

Communication and outreach
Our activity here in 2020 can be summarized as follow:
• During 2020 at total of 18 short educational videos 

were produced, these are now being used at universi-
ties all over Norway

• Teaching material produced by ARCEx has now been 
donated to Vitensenteret in Tromsø to increase this 
to a wider audience including high school students

• The web page of www.arcex.no distributes infor-
mation, news and publications from the centre. A 
newsletter is published whenever there is a new 
publication (weekly).

• The WP has a central role in outreach activities, 
among which the maintenance of the centre´s web 
page https:// arcex.no/, the organization of the annual 
ARCEx Conference and thematic workshops.

In February 2020, a few weeks before Norway´s complete lock-
down, ARCEx research activities were also promoted through 
UiT´s School Laboratory (https://uit.no/skolelab/elev/aktivi-
tet?p_document_id=658096). Three upper secondary school 
classes visited our Marine station in Kårvika and were introduced 
to the effects of petroleum compounds to Arctic ecosystems (see 
Fig. 16). The pupils discussed the impact for reproducing adults 
and sensitive early life stages, central themes of our ARCEx re-
search activities (WP3). They visited the research facilities, where 
they saw a number of relevant marine species, including cod and 
polar cod. The highlight of this educational activity was the dis-
section of juvenile cod to see the organs central to toxic mecha-
nisms.

 Fig. 16: Visit from an upper secondary school class at Kårvika marine station. (Photo: Vibeke Os.)

Team
WP leaders
Professor Jan Sverre Laberg, UiT 
Professor Jasmine Nahrgang, UiT

Team members:
UiT
• Adj. Prof. Stig-Morten Knutsen, NPD 
• University lecturer Iver Martens, UiT

https://uit.no/skolelab/elev/aktivitet?p_document_id=658096
https://uit.no/skolelab/elev/aktivitet?p_document_id=658096
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Congratulations  
to our new doctors
In 2020, five new doctorate degrees were awarded to ARCEx early career scientists. Aleksandra Smyrak-Sikora 
(UNIS/UiB), Morgan Bender (UiT), Izzy Edmundson (UiB), Helene Meling Stemland (UiB), and Terje Solbakk 
(NTNU) successfully defended their PhD degrees. We extend our heartfelt congratulations to the new doctors, and 
we wish them the best of luck with their careers in academia, industry, and authorities.

The collection of new PhD’s for 2020 are as follows:

Fig. 17: Dr. Aleksandra Smyrak-Sikora  
(Photo: Gareth Lord).

Fig. 19: Dr. Isabel (Izzy) Edmundson (Photo: Private). Fig. 12: Dr. Terje Solbakk (Photo: private).

Fig. 18: Dr. Morgan Bender (Photo: PRIMO20). Fig. 20: Dr. Helene Meling Stemland  
(Photo: Håkon Haugland).

Aleksandra Smyrak-Sikora: Development 
of extensional growth basins: A field based 
study, Svalbard, Norway, Feb. 2020, UNIS/
Univ. of Bergen

Isabel (Izzy) Edmundson: Elucidating key 
controls on top seal, lateral seal and fault 
seal capacity in hydrocarbon traps: insights 
from the Norwegian Continental Shelf, Sept. 
2020, University of Bergen

Terje Solbakk: Different aspects of detecting 
karst with geophysical methods - Tales from 
the underworld, Dec. 2020, NTNU

Morgan Bender: Polar cod in a changing 
Arctic: Toxicity of crude oil on sensitive life 
history stages of a key Arctic species, June 
2020, UiT The Arctic University of Norway

Helene Meling Stemland: Seismic acquisi-
tion and analysis in a changing Arctic, Dec. 
2020, Univ. of Bergen
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ARCEx Annual Conference 2020 
– The Virtual Edition

Fig. 22: Screenshot from ARCEx Annual Conference 2020 (Photo: Ellen Ingeborg Hætta).

The only way we could safely arrange a conference in 2020, 
was in a fully digital mode. We have good experiences with 
Zoom as a platform when many people participate, and we 
ran the conference without any technical glitches.

The ARCEx Annual Conference started Monday 19 Octo-
ber 2020, and we were happy to see a record large turnout 
from academia and industry (in excess of 100 registered 
participants). While the first conference day was devoted 
to technology for eco-safe exploration in the Arctic, we 
concentrated on petroleum geosciences on the second and 
fourth day. Day three was devoted to environmental risk 
management and analysis. See Fig. 22 for a group photo of 
a fraction of the virtual participants.

Our focus in this virtual edition of the conference was to 
allow our early career scientists to present their materi-
al to the consortium. We had a total of 23 very carefully 
prepared presentations, and we had interesting discussion 
and new ideas that came out of the conference. 
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1  Equinor, Vår Energi, Aker BP, Lundin Energy, OMV (Norge), Wintershall Dea 
2  UiB, UiO, NTNU, UNIS, UiS, ApN, NORCE, NGU

Accounts 

Funding source 20120 2019 

The Research Council 11 354 11 331

Industry partners 1 10 796 9 069

The host institution (UiT) 3 376 4 250

Research partners 2 5 057 4 727

Total 30 584 29 377 

Costs per activity 2020 2019 

MGT 2 406 2 426 

WP1/WP2 13 150 13 637 

WP3 5 363 5 140 

WP4 7 566 6 160 

WP5 2 099 2 013 

Total 30 584 29 377 

Costs per partner 2020 2019 

UiT 12 579 13 354

UiO 5 753 3 799

UNIS 3 349 2 271

NTNU 3 075 2 275

UiB 2 381 3 670

APN 1 766 1 765

NORCE (prev. IRIS) 1 773 1 534

UiS - 56

NGU - 94 652

Total 30 584 29 377

All figures in NOK 1 000
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Publications 

Peer reviewed articles 2020

Abdelmalak, M.M.; Polteau, S. (2020):  The 
thermal maturity of sedimentary basins as re-
vealed by magnetic mineralogy. Basin Research, 
32(6), 1510-1531. DOI: 10.1111/BRE.12439. 

Andrade, H.; van der Sleen, P.; Black, B.A.; 
Godiksen, J.A.; Locke V, W.L.; Carroll, M.L.; 
Ambrose Jr., W.G.; Geffen, A.  (2020):  Onto-
genetic movements of cod in Arctic fjords and 
the Barents Sea as revealed by otolith micro-
chemistry.  Polar Biology (2020).  https://doi.
org/10.1007/s00300-020-02642-1. 

Augusti, S.; Krause, J.W; Marquez, I.A.; 
Wassmann, P.; Kristiansen, S.; Duarte, C.M. 
(2020): Arctic (Svalbard islands) active and ex-
ported diatom stocks and cell health status. Bio-
geosciences, 17, 35–45, 2020. DOI: 10.5194/
bg-17-35-2020. 

Bellwald, B.; Planke, S.; Becker, L.W.M; 
Myklebust, R. (2020): Meltwater sediment 
transport as the dominating process in mid-lati-
tude trough mouth fan formation. Nature Com-
munications volume 11, Article number: 4645 
(2020). DOI: 10.1038/s41467-020-18337-4. 

Betlem, P.; Birchall T.; Ogata, K.; Park, J.; 
Skurtveit, E.; Senger, K. (2020): Digital Drill 
Core Models: Structure-from-Motion as a Tool 
for the Characterisation, Orientation, and 
Digital Archiving of Drill Core Samples. Re-
mote Sens.  2020,  12(2), 330; DOI: 10.3390/
rs12020330 

Birchall, Thomas; Senger, Kim; Hornum, 
M.; Olaussen, Snorre & Braathen, Alvar 
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