Flaggskipet Havforsuring og
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Fram – Nordområdesenter for klima- og miljøforskning
Tromsø, 12.01.2020

Ocean CO2 changes

Flaggskipet Havforsuring og økosystemeffekter i nordlige farvann har hatt aktiviteter i syv år. Det er
nå vel etablert i Framsenteret, og har produsert nye forskningsresultater innen havforsuring og
biologiske effekter på marine organismer (se vedlagte sluttrapport). Flaggskipet har hatt en høy
produksjon av vitenskapelige artikler og presentasjoner og har fått betydelig anseelse både nasjonalt
og internasjonalt. Både faglig og strukturelt har samarbeidet fungert bra, med involvering fra mange
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institutter med til dels tverrfaglige prosjekter. Flaggskipet har utviklet seg til et sterkt fagmiljø med
stor merverdi for fremtidige søknader innenfor økosystem, klima, karbonfangst og matsikkerhet.
Dette blir det siste året i det nye 3-års programmet til Flaggskipet. Havforsuringsflaggskipet har
vært ledet av HI med NPI som nestleder siden januar 2019. Søknaden inkluderer deltakere fra seks
norske institusjoner med nasjonale og internasjonale partnere. Den har tittel: Havforsuring –
Drivere og effekter på arktiske marine organismer og økosystemer (Ocean Acidification - Drivers
and Effects on Arctic Marine organisms and ecosystems (OA-DREAM)).
Programmet består av fire arbeidspakker:
WP-1: Havforsuringstilstand og drivere i arktiske havområder.
WP-2: Sensitivitet hos marin fauna overfor havforsuring i nordlige havområder og effekter på
marine økosystemer.
WP-3: Forståelse og predikering av havforsuring i nordlige havområder og påvirkninger på marine
økosystemer og biogeokjemi.
WP-4: Risk evaluering og havforsuring: forståelse av usikkerhet angående havforsuring.
Det vitenskapelige programmet beskriver på et overordnet nivå planlagte aktiviteter for de
resterende året av 3-års perioden (Ocean Acidification - Drivers and Effects on Arctic Marine
organisms and ecosystems: OA-DREAM; Vedlegg 1). De respektive arbeidspakkene (WP1-WP4) er
beskrevet mer detaljert i respektive vedlegg, og sammenhengen mellom dem fremgår av Figur 1.

WP2:
CurW
renPt2and
BfuiotuloregiOcaAl
steaftfeeactnsd
variability

WP1:
Current and
future OA
state and
variability

WP3:
Ecosystem
and coupled
climate-OA
models

WP4: Socioeconomics
of OA

Ecosystem vulnerability and societal consequences of OA

Figur 1: Konseptuelt skjema for sammenhengen mellom søkt og eksisterende aktivitet.
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Arbeidspakkene i OA-DREAM prosjektet, med involvert personell:
WP1: Ocean acidification state and drivers in Arctic waters (OA-State/OA-Drivers)
PI: Agneta Fransson (NPI) and Melissa Chierici (IMR)
Project participants/institutions: Andrew King (NIVA), Kai Sørensen (NIVA), Laura de Steur (NPI), Mats Granskog
(NPI), Elizabeth Jones (IMR), Helene Hodal Lødemel (IMR).
•
•

Task 1: Times-series of carbonate chemistry, indicator parameters (OA-State). PI: Fransson (NPI), Chierici (IMR);
Researchers: King, Sørensen (NIVA), de Steur, Granskog (NPI), Jones, Hodal Lødemel (IMR).
Task 2: Climate drivers: impact of OA and other climate stressors (OA-Drivers). PI: Fransson (NPI), Chierici (IMR);
Researchers: King (NIVA), Jones, Hodal Lødemel (IMR), collaborators: Rasmussen (UiT), Damm (AWI).

WP2: Sensitivity of Marine Biota to the Acidification of northern waters and its effects on marine
ecosystems
PI: Samuel Rastrick (IMR), Piotr Kuklinski (IOPAN), Haakon Hop (NPI). Tasks/Project leaders: Claudia Halsband (Akvaplan-niva),
Johanna Järnegren (NINA), Howard Browman (IMR), Agneta Fransson (NPI), Melissa Chierici (IMR), Andrew King (NIVA).
•

•

•

Task 1: The effect of OA on gametes and vulnerable life stages. PI: Järnegren (NINA), Halsband (Akvaplan-niva),
Browman (IMR). Researchers: Hop, Post doc Allison Bailey (NPI), Fields, Countway (Bigelow Labs), Brooke (Florida
State University), Reinardy (UNIS), de Wit, Hendriks (IMEDEA, ES).
Task 2: The effect of natural temporal and spatial variations in multiple OA drivers (pCO2 , salinity and
temperature) on the physiology and skeletal properties of benthic and planktonic organisms. PI: Hop (NPI),
Rastrick (IMR). Researchers/ Co-PI: Fransson (NPI), Chierici (IMR), Kuklinski (IOPAN), Bailey (NPI), Whiteley
(Bangor University) Brown (Univ. Chester), Harada (JAMSTEC), King, Norli (NIVA).
Task 3: Capacity for adaptation in Arctic invertebrates to multiple OA drivers (pCO2 , salinity and temperature).
PI: Browman, Rastrick (IMR). Researchers: Hop, Bailey (NPI), Skiftesvik, (IMR), Fields (Bigelow Labs), Aluru
(Woods Hole Oceanographic Institute).

WP3: UndersTanding and PRedicting the acidification of northern waters and its iMpacts on
marine ecosystems and biogeochemistry (TRUMP)
PI: Philip Wallhead (NIVA), Solfrid Hjøllo (IMR); Participants: Trond Kristiansen, Andre Staalstrøm, Evgeniy Yakushev,
Elizaveta Protsenko, Richard Bellerby (NIVA); Morten Skogen, Cecilie Hansen, Erik Mousing (IMR), Gary Griffith (NPI).
Administrative responsible: Henny Knudsen (NIVA).
•
•
•
•

Task 1: Understanding regional OA using models. PI: Wallhead (NIVA). Researchers: Kristiansen, Staalstrøm,
Bellerby (NIVA); Skogen, Hjøllo, Hansen (IMR).
Task 2: Projecting ecosystem response and feedbacks to OA. PI: Hansen (IMR). Researchers: Wallhead,
Kristiansen, Staalstrøm, Bellerby (NIVA); Skogen, Mousing (IMR).
Task 3: Local OA impacts from benthic drivers. PI: Yakushev (NIVA). Researchers: Protsenko, Bellerby (NIVA).
Collaborator: Granskog (NPI).
Task 4: Tracking and forecasting OA impacts on complex multi-species interactions. PI: Griffith (NPI).
Researchers: Wallhead, Protsenko (NIVA); Skogen, Hjøllo (IMR). Collaborators: Sugihara (Scripps), Fulton
(CSIRO).

WP4: Risk governance and ocean acidification: understanding the role of uncertainty
PI: Marianne Karlsson (NIVA) Participants/institutions: Jannike Falk-Andersson (SALT), Anne Katrine Norman
(NORUT), Michael Bernstein (GIOS-the Arizona State University). Administrative responsible: Tor-Petter Johnsen
(NIVA).
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•
•
•

Task 1. Expert elicitation to identify key uncertainties. Lead: Falk-Andersson (SALT)
Task 2. Decision-makers understanding of uncertainties. Lead: Karlsson (NIVA)
Task 3. Synthesis: risk governance and management options. Lead: Norman (NORUT) Bernstein
(Arizona State Univ., US)

Sluttrapporten for 2019 oppsummerer resultatene fra prosjekter som har pågått i 2019.
Publikasjoner og presentasjoner er listet på slutten av rapporten.

Forslag til budsjett
På bakgrunn av dette, foreslås budsjett for Flaggskipet i 2020, som spesifisert nedenfor. Det søkes
om NOK 7.047.000 NOK dekket av KLD, mens totalt budsjett er på 12.031.000 inklusive egenandel
(Tabell 1). Fordelingen mellom institusjonene blir ca. som angitt i tabellen. For å kunne
gjennomføre dette prosjektet søkes det om fortsatt finansiering for 2 post docs, i WP-1 og WP-2,
som administrativt legges til NP, men som forventes å kunne fungere som noder i prosjektet ved at
de involveres i flere tasks på tvers av arbeidspakkene. Forskning på havforsuring er krevende både
mannskapsmessig og logistisk, spesielt hvis det skal jobbes tverrfaglig for å løse respektive
problemstillinger på et høyt vitenskapelig nivå. Disse kostnadene øker årlig, mens finansieringen til
Flaggskipet har stått stabilt de siste årene (6.5 MNOK). Det er derfor nå sterkt ønsket at det
kommer en økning i bevilgningen til Havforsurings Flaggskipet i 2020.
Med vennlig hilsen

Melissa Chierici
Flaggskipsleder
Havforskningsinstituttet

Haakon Hop
Flaggskipsnesleder
Norsk Polarinstitutt

Tabell 1: Omsøkt budsjett med institusjonell fordeling for Havforsuringsflaggkipet 2019 (x1000 NOK)
2020
Flagship admin.
WP1
WP2-task1
WP2-task2
Piotr Kuklinski (IOPAN)
WP2-task3
Neel Aluru (WHOI)
David Fields (Biglow)
Stephen Shema (tech.)
WP3-task1
WP3-task2
WP3-task3
WP3-task4
WP4
total

NPI
90
1192
1009
120

NPI ik
90
566

IMR
180
914

IMR ik
126
902

131

348

370

135
360
90
135
135
216

805

150
207

200

180

60

60

2611

966

2573

2620

NIVA

NIVA ik

90

90

90

167

180
144
180
54
432

180
144
180
54

1170

815

Apn

4

Apn ik

NINA

NINA ik

360

221

333

279

360

221

333

279

total applied total ik WP-Sums ik-Sums
270
216
300
2195
1558
2195
1558
693
500
1447
667
120
0
135
805
360
0
90
0
135
0
2980
1972
315
330
360
351
180
180
314
294
1169
1155
432
0
432
0
7047

4900

4984

Application to the Ocean Acidification and effects Fram Centre flagship in 2020
1. General information
1.1
Project title
Ocean Acidification - Drivers and Effects on Arctic Marine organisms and ecosystems (OA-DREAM)
1.2
Placement within the Fram Centre
This project with multiple work packages will be placed within the Fram Centre Flagship “Ocean
acidification and ecosystems effects in Northern waters”. The project collaborates and shares
infrastructure with the flagship programmes for “Sea ice and technology” and “Coast and Fjord”.
The proposal involves scientific expertise within ocean acidification (OA) chemistry,
biogeochemistry, biological effect studies, biogeochemical and marine ecosystem modeling, and
marine observational techniques and socio-economy. This interdisciplinary project involves
chemical and physical oceanography, sea-ice, biology and physiology, chemistry and
biogeochemistry, modelling, socioeconomics, in a framework of changing climate with expected
increases carbon dioxide emissions and uptake to Arctic and sub-Arctic marine environments and
their key organisms.
1.3
Applicant(s)
• Project leader(s)/institutions: Institute of Marine Research (IMR) and Norwegian Polar Institute
(NPI)
• Project participants/institutions
Coordinators: Melissa Chierici (IMR/OA-Flagship Leader), Haakon Hop (NPI/OA-Flagship Co-lead),
Project participants: Melissa Chierici, Morten Skogen, Howard Browman, Samuel Rastrick,
Solfrid Hjøllo, Cecilie Hansen, Elizabeth Jones, and Helene Hodal Lødemel (IMR); Agneta
Fransson, Allison Bailey, Gary Griffith, Laura de Steur, Mats Granskog, and Haakon Hop (NPI);
Andrew King, Kai Sørensen, Philip Wallhead, Trond Kristiansen, Evgeniy Yakushev, André
Staalstrøm, Elizaveta Protsenko, Richard Bellerby (Norwegian Institute for Water Research;
NIVA), Claudia Halsband (Akvaplan-niva; APN), Piotr Kuklinski (Institute of Oceanology, IOPAN),
Johanna Järnegren (Norwegian Institute for Nature Research, NINA), Marianna Karlsson (NIVA),
Jannike Falk-Anderson (Northern Research Institute; NORUT David Fields, Peter Countway
(Bigelow Labs ), Sandra Brooke (Florida State University), Neel Aluru (Woods Hole
Oceanographic Institute), Helena Reinardy (UNIS), Pierre de Wit, Peter Thor (U Gothenburg),
Iris Hendriks (IMEDEA), Nia Whiteley (Bangor University), James Brown (University of Chester),
Naomi Harada (JAMSTEC).
• Administrative responsible for lead institution (name and e-mail):
Frode Vikebø, Program Leader Marine processes, Institute of Marine Research
(frode.vikeboe@hi.no).
1.4
Project summary
We propose a multidisciplinary project to determine the variability in carbonate chemistry in
Arctic and sub-Arctic areas, and to study the resulting physiological and evolutionary effects in
marine organisms and their populations abundant in these waters. The knowledge on the major
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drivers of change in pH and CO2 uptake in northern waters is scarce, and we have insufficient
knowledge to predict ecological effects and subsequent socio-economic impacts within a time
frame of decades. As identified in different IPCC scenarios, models predict a variable reduction of
pH by year 2100 based on different emissions of CO2. The Arctic is recognized as the region where
the earliest and strongest decreases in pH are expected. Indeed, recent studies reveal the spread
and increased volume of low pH water in the western Arctic Ocean (Qi et al. 2017). The project will
provide unique and new data in a data-poor region, in a changing climate. Predictions of future
changes in the marine environment will be based on studies of regional variability in CO2chemistry and anthropogenic perturbations combined with output from model simulations. Using
laboratory incubations with relevant environmental and predicted levels of pCO2/pH, and in-situ
experimentation, across natural gradients in carbonate chemistry that are analogues with
predicted OA, we will determine physiological effects, impacts on calcification, and molecular
responses of key ecosystem species (phytoplankton, copepods, cladocerans, pteropods, coldwater corals, echinoderms and bivalves). Studies on individuals and populations will form a basis
for estimates of future biological effects, and will be used to provide a stakeholder-friendly
synthesis on biological effects. Using existing and new modelling tools, we will estimate
subsequent impacts on ecosystem and fish stocks in the area, and socio-economic consequences
of OA. We will assess how scientists in the project and decision-makers view and handle
uncertainties related to OA and compare enabling factors and difficulties in developing
management strategies in face of uncertainty. The knowledge obtained will contribute to
management options and inform policy makers involved in marine resource management on
future effects of OA and Arctic change.
Geographical localization of the fieldwork/work (in decimal degrees)
69.671°N, 18.788°E, 70°N-90°N; 20°W to 35°E, Arctic Ocean/Nansen Basin, Fram Strait,
Kongsfjorden/Svalbard fjords, Barents Sea, Antarctica (Dronning Maud Land (DML), Atlantic
Sector)
2. Relevance
2.1 Relevance for the Fram Centre and the society in general
Polar seas are changing rapidly. The consequences of the uptake of anthropogenic CO2 is
becoming more obvious as pH decrease and ocean CO2 increase (IPCC 2019). The temperatures
are increasing and surface waters are freshening due to increased run-off from land, melting sea
ice and glaciers. These changes contribute to a general change of the chemical state of the ocean
with consequences for the marine ecosystem effects. However, too few data on seasonal and
inter-annual scales are available to assess the precise nature and extent of Arctic OA and the
ecosystem vulnerability. Despite their importance for assessment of future ocean CO2 uptake and
OA, we still lack baseline and seasonal studies of biogeochemistry and CO2 chemistry in large parts
of these regions. While information on ecological OA effects is increasing at lower latitudes,
information on such effects in the Arctic is scarce and insufficient to predict OA effects on the
sensitive Arctic ecosystems and its Arctic and boreal inhabitants. Arctic-specific studies, such as
those proposed here, are therefore urgently needed to maintain sound management of the Arctic
(AMAP 2013;2018).
In the IPCC AR5 report (2013) it was concluded that future global food production will
change to an increasing dependence on resources from the sea. At the same time, we see a
general movement of fish stocks to the north with a potential for increased fishery in high
northern regions such as Barents Sea and on the Arctic shelves (Eriksen et al. 2017; Haug et al.
2017). However, while fish stocks in these areas are at present relatively well managed, we do not
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fully understand how future environmental changes may hamper their continued exploitation.
Moreover, future changes will constitute a similar threat to cultured fish and shellfish in these
areas. One prominent and possibly severe environmental change is ocean acidification (OA).
With this study, we apply a multi-stressor approach to investigate effects of decreasing
pH, warming, and surface-water freshening. The complex interplay between the main drivers of
OA in the Arctic (excess CO2, freshening, warming, land inputs) and their sensitivity to atmospheric
CO2, with associated climate change, require a combination of modelling, observational and
experimental studies. Experiments on potential responses in key marine organisms need to be
performed against a backdrop of future OA-scenarios with regard to natural variability in
carbonate chemistry, and results interpreted within an ecosystem framework. Field studies
involving biological, physical and chemical drivers across gradients and marine analogues will also
be used to provide complementary information with regard to climate-induced changes and
effects on marine organisms (Rastrick et al. 2018).
Information on changing CO2 uptake and ensuing OA are required to develop targeted
mitigation and adaptation policies, to encourage ecosystem sustainability and to develop
socioeconomic management. Uncertainties affect human choices at multiple levels (March 1982)
also in relation to management options for OA. The high complexity and uncertainty that
characterize OA, and related drivers of global change, necessitate new approaches to handle risk
(van der Sluijs 2012). We use the principles of risk governance (van Asselt and Renn 2011) to
evaluate how management decisions on OA can be taken in face of uncertainties. This will
enhance the understanding of how different actors view and handle uncertainties in relation to OA
in order to inform research efforts and support communication and risk governance.
2.2 Relevance and placement in flagship(s)
The goals and objectives of the project fit well into the overall scientific strategies of the FRAM
Centre flagships. The proposed project is a collaboration between Norwegian institutions which
will strengthen the outcome of the OA-Flagship, and it is further strengthened by inclusions of
international partners that have ongoing collaboration with the participating institution’s. The
proposed project focuses on research aspects of OA but aims for long-term monitoring of both
climatic and ecosystem-related parameters. The project also fits well with the involved institutions
mandate of research, monitoring and management of Norwegian Arctic and sub-Arctic areas, as
well as Antarctic seas of the Dronning Maud Land (DML).
3. Scientific part and budget
3.1. Background and status of knowledge
Absorption of anthropogenic CO2 is lowering the pH of the world’s oceans. There are growing
concerns that ocean acidification will perturb marine populations in a currently unpredictable
manner. The Arctic Monitoring and Assessment Program report highlighted the Arctic as a region
where the earliest and strongest impacts of OA are expected (AMAP 2013). The Arctic Ocean and
Nordic Seas are predicted to experience some of the greatest climatic changes in ocean
acidification (Bellerby et al. 2005, 2013; Steinacher et al. 2009; Ciais et al. 2013) and the Arctic
marine ecosystem is considered more vulnerable to these changes than lower latitude
ecosystems. The Arctic Ocean is already under-saturated with respect to aragonite on parts of the
freshwater-influenced shelves (Chierici and Fransson 2009; Anderson et al. 2011; Semiletov et al.
2016) and in regions strongly influenced by seasonal remineralization of organic matter (Bates et
al. 2009; Bates and Mathis 2009). Future changes in Arctic OA are expected to occur due to
changes in physical conditions (heat, freshwater content), changing advection and riverine inputs,
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and changes in biological processes (CO2 uptake, organic matter remineralization), in turn also
driven by changes in sea ice cover, vertical mixing, horizontal transport, and riverine input (e.g.,
Steinacher et al. 2009; Chierici et al. 2011; Manizza et al. 2011; Fransson et al. 2013, 2017; Popova
et al. 2014; Skogen et al. 2014; Steiner et al. 2014; Wallhead et al., 2017). In the western part of
Fram Strait, the outflow water from the Arctic Ocean carries the integrated signal of the physicalchemical processes within the Arctic. In addition to increased sea-ice melt, glaciers are melting and
retreating (Svalbard), and Atlantic-water intrusions at the fronts of marine glaciers around
Greenland result in increased sub-glacial melt (Straneo et al. 2013) with the potential for further
freshening of the water and acceleration of OA (Fransson et al. 2015, 2016; Meire et al. 2015).
Moreover, increasing Atlantic water inflow through the Fram Strait carries large amounts of heat
and anthropogenic CO2, which ultimately accelerates OA in these regions (Fransson et al. 2001;
Jeansson et al. 2011). The waters around Antarctica are also vulnerable for OA, but less is known
about their current OA state and the contributing driving processes. However, increased loss of
the ice shelf and melting result in increased meltwater, which will have the same consequences as
in the Arctic Ocean.
Arctic marine ecosystems are generally characterized by simple food webs, with energy
channelled in just a few steps from phytoplankton to large predators such as fish and seabirds
Copepods and pteropods are important components of Arctic food webs. They comprise 80% of
the global zooplankton biomass, and constitute the primary food source for larvae of > 90% of all
fish species (Mauchline 1998) also in the Arctic. Only three species of Calanus copepods dominate
secondary producers in the Arctic pelagic ecosystem, and the entire food web depends on these
key elements. This makes the Arctic marine ecosystem particularly vulnerable to environmental
changes in comparison to other marine ecosystems. Cold-water corals create one of the most
three-dimensionally complex habitats in the deep-ocean, providing habitat and shelter for many
invertebrate and fish species. In northern waters, the stony coral Lophelia pertusa comprises a key
component for benthic biodiversity and productivity in the deep-sea (Roberts et al. 2006; van
Oevelen et al. 2009; White et al. 2012). Many benthic species include marine calcifiers, such as
bivalves, gastropods, barnacles, and echinoderms. The life cycles of these often include waterreleased gametes and pelagic larvae, which may be particularly susceptible to OA (Havenhand et
al. 2008; Byrne and Przeslaeski 2013).
The phenomenon of OA is not an isolated process, but is happening in the context of
global environmental change. Existing studies on interactive effects of OA and other stressors have
mainly considered elevated temperatures (Weydman et al. 2011; Hildebrandt 2014). Decreased
salinity will also exacerbate physiological stress from OA and, thus, represents an additional
selective force. Because salinity is a driver of OA, it is not possible to investigate the effects of
salinity and OA, but it should be possible to study combined effects on marine organisms.
OA can cause detrimental effects on egg production, growth and larval development of
many invertebrate species, including copepods (e.g. Fitzer et al 2012; Thor and Dupont 2016),
pteropods (Lischka et al. 2010), corals (e.g. Cohen et al. 2009; Morita et al. 2010) and other marine
invertebrates (Kurihara 2008; Kroecker et al. 2013). On the other hand, some whole-organism
studies failed to show significant physiological effects of OA on Arctic marine copepods
(Hildebrandt et al. 2014, 2016; Bailey et al. 2017). Despite this apparent resilience, OA effects may
act at the cellular and/or molecular level, making it difficult to detect them in traditional rearing
experiments. Thor et al. (2016) concluded, from OA experiments, that an increase in metabolic
rates was a reaction to increased metabolic costs per unit of biosynthesis in some stages of
Calanus glacialis.
DNA damage and costs for repair are another potential physiological OA effect.
Protecting DNA from damaging environmental stressors is vital to maintain genomic integrity and
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organism survival (Wurgler and Kramers 1992; El-Bibany et al. 2014). Sublethal DNA damage has
the additional potential for transmission of compromised DNA via gametes to subsequent
generations (Dubrova 2003; Reinardy et al. 2013). Environmental stress involving OA can cause
DNA damage in marine invertebrates (e.g. Campbell et al. 2014), and transcriptional changes in
DNA repair mechanisms have been reported (Kaniewska et al., 2015) also for Arctic zooplankton
(Bailey et al. 2017). However, the susceptibility for DNA damage and capacity for repair in Arctic
marine organisms is unknown, but important to predict with regard to impacts of future ocean
changes on Arctic ecosystems.
Although teleost fishes show relatively higher resilience towards OA, fish populations
within the Arctic ecosystem will be at higher risk of severe effects from OA due to indirect effects
on their invertebrate prey. Even subtle differences in average resilience among key prey species
may favour some over others, with resulting shifts in the prey field and in prey quality. For
example, the abundance of the copepod Pseudocalanus elongatus in the Baltic Sea have declined
due to decreased salinity. This species was the preferred prey for herring, which have been forced
to revert to less favourable food sources, which has resulted in poor growth and decreasing
catches (Mollmann et al. 2003). Such changes are more probable in simple Arctic food webs.
Arctic humans depend on the ocean for the provision of food, and commercial fisheries
constitute important parts of the Arctic economy as well as in Northern Norway (Mikkelsen and
Hoel 2011). Fish stocks are also moving northwards in response to higher ocean temperatures, less
ice and more accessible open water, and about half of the Atlantic cod stock is currently situated
close to Svalbard (Eriksen et al. 2017), which was previously considered an Arctic domain not
available for cod. The area around Svalbard supports a substantial commercial fishery and the
future will see increased fisheries there, particularly on the shallow shelves. Knowledge on effects
of OA will be important for an efficient management of these populations.
3.2 Objectives/goals/hypotheses of the project
The main objectives of the study are: 1) to determine present OA variability, main drivers, and
future changes of pH and CO2 chemistry in the Barents Sea, Arctic Ocean, shelf and fjords due to
OA, 2) determine how temporal and spatial variability in OA drivers affects the physiology,
mineralogical processes, egg microbiomes, and possible adaptive responses of key ecosystem
species of phytoplankton, copepods, pteropods, other invertebrates and cold water corals at
different life stages including gametes, juveniles and adult organisms, and 3) using a multi-model
approach to study the acidification of northern waters and its impacts on marine ecosystems in
combination with other stressors, and 4) to examine uncertainties and knowledge gaps in relation
to OA impacts held by experts and decision-makers for the development of adaptive management
options.
3.3 Approaches and methods
We target the Barents Sea, Arctic Ocean, Svalbard shelf and fjords and adjacent waters. The
Antarctic (DML, Atlantic Sector) was included in 2019 and data will be used in 2020 in
collaboration with the SANOCEAN SOPHY-CO2 project lead by Agneta Fransson (NPI) and Sandy
Thomalla (CSIRO, SA).
The OADREAM project is divided into four work packages involving an interdisciplinary consortium
of experts. In WP1, we propose to investigate the chemical and physical environment and
variability in the OA state by field observations. WP2 will centre on laboratory and in-situ studies
(natural analogues) on the physiological challenges of OA, calcification and the transgenerational
and adaptive effects in exposed populations. In WP3, multi-modelling tools will be used to predict
future OA and biological and ecosystem effects synthesizing information from WP1 and WP2, and
5

previous studies. WP4 will focus on how management options can be developed in the light of
uncertainties associated with OA effects drawing upon scientific competence from WP1-WP3.
More detailed approaches and methods are presented in the WP descriptions “ Detailed science
projects in WP’s” file.

3.4 Project plan, project period, leadership, organization and cooperation
The project is divided into four work packages (WP1 to WP4), which are linked and have extended
collaboration with regard to the stated objectives. The project is organized through regular
meetings, workshops and science days for the proceeding of each WP’s and collaboration between
WP’s. The flagship leader (M. Chierici, IMR in 2019) coordinates the regular meetings where WP
leaders and PI’s present the progress and plans of each project/WP. Presentations of data,
experimental results and model results are deliverables for 2019-2020 in addition to peerreviewed publications in scientific journals (see scientific publications in WP’s). Data as deliverable
will be used in all WP’s and available in national and international data bases such as NPI, IMR, and
SOCAT.
• The collaboration between flagships and between the WPs will increase the quality of the
project. In addition, national collaboration with scientists at UNIS and UiB, and international
scientists and institutes in Japan, USA, Sweden, Poland, UK and Canada will further contribute to
the quality and for successful outcome of the project.
• Resources and infrastructure at the participating institutes such as research vessels, field
stations, laboratory, analytical instrument and moorings will be available and contribute to the
success of the project. There are several cross links between the WP’s; data from WP1 will be used
for relevant pCO2/pH levels for effect studies in WP2 and models in WP3 and WP4. The outcome
from the models in WP3 and data from WP4 will be used in the other WPs (WP1 and WP2) for
guidelines of sampling strategy and biological effects of OA. WP-2 informs on sensitivity indices for
key Arctic species for the parameterisation of models in WP-3. WP1-WP3 will contribute to WP4 in
identifying key uncertainties and potential management strategies, and data from WP4 on
stakeholder views will be provided as fed back to WP1-WP3.
• In order to fulfil all plans and objectives presented in the application, a three-year duration of
the project is needed to assure success of the project. A shorter duration would assure only parts
of the suggested goals of the project, and would decrease the outcome such as planned data
sampling, experiments and models, resulting in less spatiotemporal data, shorter and less
laboratory experiments, less model output, and more uncertain advices to stakeholders and
government.
3.5 Budget
This is the third year out of the 3-year period for OADREAM. After internal and external evaluation
of the OADREAM in 2020, we anticipate applying for a new 3-yr period with a new science
program. For 2020, we apply for 7.047 MNOK from the Ministry of Climate and the Environment,
and contribute 4.984 MNOK as in-kind. This will fund 4 WPs spread across participating
institutions. This level of funding is needed for such a large and interdisciplinary project as outlined
in the WPs. Post docs in WP1 and WP2-task 2 will be nodes in the project and will work across
some of the WPs and tasks. Budgets and in-kind contributions for each WP and institute are
presented below.
Table 1: Applied for by Fram Centre Ocean Acidification Flagship 2020 (x 1000 NOK)
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2020
Flagship admin.
WP1
WP2-task1
WP2-task2
Piotr Kuklinski (IOPAN)
WP2-task3
Neel Aluru (WHOI)
David Fields (Biglow)
Stephen Shema (tech.)
WP3-task1
WP3-task2
WP3-task3
WP3-task4
WP4
total

NPI
90
1192
1009
120

NPI ik
90
566

IMR
180
914

IMR ik
126
902

131

348

370

135
360
90
135
135
216

805

150
207

200

180

60

60

2611

966

2573

2620

NIVA

NIVA ik

90

90

90

167

180
144
180
54
432

180
144
180
54

1170

815

Apn

Apn ik

NINA

NINA ik

360

221

333

279

360

221

333

279

total applied total ik WP-Sums ik-Sums
270
216
300
2195
1558
2195
1558
693
500
1447
667
120
0
135
805
360
0
90
0
135
0
2980
1972
315
330
360
351
180
180
314
294
1169
1155
432
0
432
0
7047

4900

4984

4. Ethical perspectives/data sharing
The project will provide only positive impact by making available new knowledge on the Arctic
marine ecosystem, physiology and vulnerability to global changes. The project has no ethical
issues. Open data sharing will be done within the OA Flagship. Further data sharing will be
available on NPI and IMR data (NMDC) bases as well as on SOCAT, ICOS and other international
data bases.
5. Education
We plan to include several master students across all WPs in collaboration with UiT, UNIS, and UiB,
and intend to apply for additional funding to involve PhD students. They will be part of the
ARCTOS network and contribute to the ARCTOS PhD School and the ARCTOS colloquium at UiTThe Arctic University of Norway. Field work is an excellent opportunity to engage MSc and PhD
students to inspire and educate the future generation of polar marine scientists, emphasized in
understanding of the ocean chemical change that we are now facing. The project also supports the
career development of early/mid-career scientists in leadership roles with mentorship from senior
scientists. Opportunities for fieldwork in the Arctic Ocean will be provided by collaboration with
the Nansen Legacy project (https://arvenetternansen.com), in which many PIs are involved as well
as the NRC-funded EvoCal project (Arctic Marine Evolution: using local adaptation to infer future
evolutionary responses of Calanus copepods to a changing environment). Students will be
involved in all types of scientific research work (field, data, interpretation). The project also
contributes to teaching at several UNIS and UiT courses, where many of the participants are
affiliated or guest lecturers. Demonstrations of OA and results will be presented in classrooms, at
Fram Science days and other similar venues.
6. Dissemination
Results will be published in scientific peer-reviewed journals pertaining to the field of OA. At the
end of each year, a report on proceedings and outcomes for each WP is compiled and published
on iFRAM (http://www.ifram.no). In addition, all WPs include institutions that report to the
government, which implies a direct link to national decision makers. We therefore plan to direct
our communication also towards international stakeholders. To this end, the project will
disseminate findings through the OA International Coordination Centre (OA-ICC), AMAP AOA, and
GOA-ON, Ocean in a high CO2 world conference series, and within the ICES OSPAR study group of
OA. Popular dissemination will be through major news outlets domestic and abroad. Fram Forum
will be used or popular science articles; an article on the OA-Flagship will be published in 2020 (A
warming, more acidic ocean – future challenges for Arctic marine organisms).
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6.1 Scientific deliverables
Scientific papers are deliverables from all WPs, although some also contain other scientific
deliverables, such as model components (parametrization and validation), reports and
presentations. Expected outcomes are 5-8 scientific peer-reviewed publications from each WP
during the project period (see each WP). Some projects will also publish from the current and
ongoing research in OA, with several publications in preparation.
6.2 Communication with users and outreach plan
We will use existing platform for outreach and web sites at the Fram Centre and participating
institute’s communication with the media, the public, research councils and government
departments. We will contribute to the iFRAM web site and Fram Science days, annual reports,
Fram Forum, blogs on scientific expeditions, and social media. Presentations will be given at
scientific conferences, schools, public science festivals and workshops.
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OA-Flagship-application proposed 2020
2020
Flagship admin.
WP1
WP2-task1
WP2-task2
Piotr Kuklinski (IOPAN)
WP2-task3
Neel Aluru (WHOI)
David Fields (Biglow)
Stephen Shema (tech.)
WP3-task1
WP3-task2
WP3-task3
WP3-task4
WP4
total

NPI
90
1192

NPI ik
90
566

IMR
180
914

IMR ik
126
902

NIVA

NIVA ik

90

90

1009
120

131

348

370

90

166

135
360
90
135
135
216

805

150
207

200

180

60

60

2611

967

2573

2620

180
144
180
54
432

180
144
180
54

1170

814

Apn

Apn ik

NINA

NINA ik

360

221

333

279

360

221

333

279

total applied
270
2195
693
1447
120
135
360
90
135
315
360
180
314
432

total ik
216
1558
500
667

7046

4901

805
0
0
0
330
351
180
294
0

WP-Sums ik-Sums
300
2195
1558

2080

1973

1169
432

1155
0
4986

1.1 WP1-title/OA-title
Ocean acidification state and drivers in Arctic waters (OA-State/OA-Drivers)
1.2 Placement within the Fram Centre
Fram Centre Ocean Acidification flagship in collaboration with Coast and Fjord flagship and
Sea ice and Technology flagship.
1.3 Applicant(s)
• Project leader(s)/institutions Agneta Fransson (NPI) and Melissa Chierici (IMR)
• Project participants/institutions: Andrew King (NIVA), Kai Sørensen (NIVA), Laura de
Steur (NPI), Mats Granskog (NPI), Ylva Ericson (NPI), Elizabeth Jones (IMR), Helene
Hodal Lødemel (IMR), Claire Mourgues (IMR)
• Administrative responsible for lead institution: Frode Vikebø, Program Leader for
Marine Processes, Institute of Marine Research (frode.vikeboe@hi.no)
1.4 Project summary (max. 250 words)
Polar oceans and marginal seas are currently changing because of alternations in climate and
CO2 emissions/uptake, and there is an urgent need for increased knowledge on the spatial,
seasonal and interannual variability of the ocean acidification (OA) state and the drivers of
the carbonate chemistry in the Arctic. Using field observations of established ocean
acidification indicators, in combination with previously obtained data and input from other
WP’s, we will gain essential information and new data on the physical and chemical
environment, which have impact on the marine organisms, ecosystem and food sources.
1.5 Geographical localization of the fieldwork/work (in decimal degrees, max 5 per project)
70°N-90°N; 20°W to 35°E, Arctic Ocean/Nansen Basin, Svalbard fjords, Fram Strait, East
Greenland Current, Barents Sea, and Antarctic Atlantic Sector (Kong Håkon VII Hav, Dronning
Maud Land).
2. Relevance for the Fram Centre and the society in general See main application
3. Scientific part and budget
3.1 Background and status of knowledge
The effect of climate change, such as increased warming and more freshwater, has been
shown to increase ocean acidification in the Arctic Ocean and Arctic fjords (e.g. Chierici and
Fransson 2009; Fransson et al. 2009, 2015, 2016, 2017; Yamamoto-Kawaii et al. 2009; Meire
et al. 2015; Ericson et al. 2018, 2019). Increased warming of shallow shelves and in fjords
may lead to increased methane and CO2 release to the water column (e.g., Westbrook et al.
2009; Ferré et al. 2012; Myhre et al. 2016). Oxidation of methane to CO2 affects the redox
state, pH and CO2 concentration (Biastoch et al. 2011). Increased river runoff will add more
organic matter resulting in increased release of CO2 via microbial respiration (e.g. Anderson
et al. 2017). There is evidence of low pH and high OA state in the East Greenland Current
(i.e., Arctic outflow water; Fransson et al. 2013). Water of low pH and high OA state show
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larger extension and larger volume in the Arctic (e.g., Qi et al. 2017). With thinning and
younger sea ice, the seasonal and interannual variability in the physical-chemical
environment and drivers will change. Large oceanic CO2 uptake has been observed in winter
due to thinner ice, large storms and openings in the ice cover (Fransson et al. 2017). Similar
changes are observed also in Antarctic waters but are less clear. However, increased
breakoff and melting of marine outflowing glaciers and ice sheet and potentially increased
wind-induced upwelling will affect the oceans CO2 uptake potential and OA state. There is a
need for increased knowledge on the spatial, seasonal and interannual variability of the OA
state in the Arctic and Antarctic Oceans and its marginal seas, to improve and combine our
knowledge of the marine system to predict changes in the future. The processes affecting
the CO2 chemistry and its short and long-term variability at different spatial scales need to
be better assessed.
3.2 Objectives/goals/hypotheses of the project
Hypothesis: changes due to climate factors and increased ocean CO2 have changed the
physical-chemical environment, OA state and biogeochemical drivers in the Arctic- and
Antarctic seas and their marginal seas, as well as the conditions for marine organisms.
Objective/goals: 1) Improve the data coverage in time and space, estimate drivers due to
natural, climate and geological changes (Task 1), 2) Investigate the impact of OA and other
climate stressors such as freshening and warming (Task 2), 3) Assess chemical gradients and
baselines for natural analogues and realistic effect studies (WP2), 4) Contribute to modeling
(WP3) and the study of natural analogues (WP2), to resolve future changes in the complex
marine system. In 2019, we also explored the OA state and physical and chemical
environment in the waters off the Dronning Maud Land (DML) sector, in Kong Håkon VII Hav,
in Antarctica as a contribution to the Commission for the Conservation of Antarctic Marine
Living Resources (CCAMLR).
3.3 Approaches and methods
The data and information in the applied project will be obtained through field observations
in existing projects such as Environmental Monitoring in Svalbard and Jan Mayen (MOSJ),
Fram Strait (FS), Nansen Legacy (AeN), SI-Arctic, Integrated Carbon Observation System
(ICOS), Ecosystem in Barents Sea and includes research vessels (water column and sea ice)
and measurements of carbonate chemistry and hydrography, chemical sensors on moorings
and landers, continuously measured surface-water pCO2 and pH using continuous surfacewater measurements, research vessels with see details in Task 1 and 2 below:
Task 1: Times-series of carbonate chemistry, indicator parameters (OA-State), PI: Fransson
(NPI), Chierici (IMR); Researchers: King, Sørensen (NIVA), de Steur, Granskog, Ericson (NPI),
Jones, Hodal Lødemel, Mourgues (IMR).
Shipboard observations will continue and be performed from research vessels to study Arctic
outflow water in the Fram Strait and to study trends and variability in the integrated signal
from the physical-chemical oceanographic conditions in the Arctic Ocean, and Svalbard
fjords. Automated continuous surface-water measurements on ships were applied in 20182019 and will continue to monitor spatial and temporal variability in surface water in the
Barents Sea, Arctic Ocean and fjords in 2019-2021.
CO2/pH/O2 sensors were deployed in the northern Barents Sea and in Antarctica in 2019,
and new sensors will presumably be placed on moorings in the Arctic outflow water at 50 m
below the surface (mooring, collaboration with other NFR infrastructure project).
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Task 2: Climate drivers: impact of OA and other climate stressors (OA-Drivers), PI: Fransson
(NPI), Chierici (IMR); Researchers: King (NIVA), Jones, Hodal Lødemel (IMR), collaborators:
Rasmussen (UiT), Damm (AWI), Nansen Legacy.
Continuated studies and estimates will be made on effects of glacial water, sea-ice melt and
river runoff, sea-ice cover thinning, storm events and increased leads on CO2 fluxes and OA
state. The major drivers and magnitude will be derived using calculations and previously
published formulations on biogeochemical relations (e.g., Chierici et al. 2011; Fransson et al.
2015, 2016, 2017). Effects of biological driver on CO2 chemistry and methane in Arctic fjords
and sea ice will be made in collaboration with AWI, and effects of geological driver on
methane/CO2 in seeps areas (UiT).
3.4 Project plan, project period, leadership, organization and cooperation
Organization. The project WP1 is organized into two sub-projects Task 1 (OA-State) and Task
2 (OA-Drivers) lead by NPI (A. Fransson) and IMR (M. Chierici). The tasks involve; 1) use of
field observations and multi-platform measurements; 2) estimating the effects of climatic,
natural drivers, and geological drivers.
Infrastructure. The project benefits from existing resources and infrastructure (“in
kind”) at the institutions; new ice-breaking vessel R/V Kronprins Haakon (NPI/IMR/UiT) and
R/V Helmer Hanssen (UiT) for ship observations including continuous surface-water
measurements (NPI), the Sverdrup station at Ny-Ålesund/Kongsfjorden (NPI), moorings in
the Fram Strait/Arctic outflow waters and Antarctic waters/Kong Håkon VII Hav (NPI),
bottom lander on Svalbard shelf (UiT), M/S Norbjørn FerryBox system in the Barents Sea
opening (NIVA), M/S Trollfjord (Hurtigruten) FerryBox system along coastal Norway (NIVA).
State-of the Art laboratory and skilled technicians for carbonate chemistry and OA indicators
(IMR/NIVA), which will all contribute to the success of the project.
Cooperation. To increase the quality and success, NPI/IMR/UiT/NIVA will collaborate
nationally with Coast and Fjord and Sea ice and Technology flagships for modeling and
moorings, with WP2 for sampling of pteropods, natural analogues, mineralogy composition
of calcareous shells, WP3 and WP4 for modeling, UiT (T. Rasmussen) for pteropod Limacina
helicina studies (related to WP2) in seep areas, ICOS on pCO2 data, and UNIS (E. Falck) for
fjord work, and, internationally with AWI (E. Damm, GE) for methane biological driver
(isotopes), Japan Agency for Marine-Earth Science and Technology-JAMSTEC (N. Harada and
K. Kimoto, JPN) for density and porosity of aragonite shells. The project will assure partial
success after one and two years but needs 3 years for completion.
Links to other WP’s. WP1 will provide relevant environmental data and knowledge for
the biological effect studies in WP2, for the ecosystem and climate models in WP3 and socioeconomic model studies in WP4. WP1 will also use information and outcomes from the
other WP’s in the explanation of drivers, biological effects of OA and advice to stakeholders.
3.5 Budget
Detailed overview of the total budget for each year listing costs, see attachment. Salary for a
scientist (NPI/NIVA), sensor deployment/recovering/maintenance (NPI), chemical analyses
(IMR/NPI) and field work are the main costs for a successful project. All participating
institutes/universities have large “in-kind” contributions in the form of ship-time, moorings,
laboratory, instrumentations, field station and salary. Communication/outreach will be “inkind” and not be financed here.
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NPI in-kind includes ship time (RV Kronprins Haakon) and automated continuous pCO2
instrumentation, moorings and technician in Fram Strait, Antarctic and Svalbard fjord, 2-3
months’ salary for research scientist, IMR in-kind includes salary for project leadership,
technician and scientific support, see budget table in attachment, K-Lander bottom
observatory, salary research scientist (ca 2 months), NIVA in kind includes FerryBox system
and ship time (M/S Norbjørn and Trollfjord) and 1 month scientist salary.
4. Ethical perspectives/data sharing
No ethical questions.
Data is continuously shared and available at the NPI and IMR data (NMDC) bases as well as
on SOCAT, ICOS and other international data bases. See main application.
5. Education
Students will be involved in all types of scientific research work (field, data, interpretation).
The project leaders are both involved/lead courses at UiT and UNIS. See main application.
6. Dissemination
The research results will be communicated both scientifically in peer-review journals and in
popular outreach and communication to key users and stakeholders. See main application.
6.1 Scientific deliverables (2-3 manuscripts each year)
1) Chierici, Fransson, Granskog, de Steur et al. Drastic changes in the Arctic outflow waters Interannual variability in the. 2)
Fransson, Chierici, Ericson et al. Spatial variability in surface-water pCO2 and pH in the Arctic Ocean. 3) Fransson, Chierici et
al. Effects of glacial water, river runoff and sea-ice melt on OA chemistry in Arctic fjords. 4) Chierici, Fransson, de Steur et al.
Antarctic ice shelf meltwater influences on the marine carbonate chemistry and OA state. 5) Fransson, Chierici, Granskog et
al. Influence of glacial water and carbonate minerals on wintertime sea-ice biogeochemistry and CO2 system in an Arctic
fjord in Svalbard.

6.2 Communication with users and outreach plan. See main application
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1.1 WP2-title/OA-title
Sensitivity of Marine Biota to the Acidification of northern waters and its effects on marine
ecosystems
1.2 Placement within the Fram Centre: Ocean acidification Flagship.
1.3 Applicant(s): PI Samuel Rastrick (IMR), Piotr Kuklinski (IOPAN), Haakon Hop (NPI).
Task/Project leaders: Claudia Halsband (Akvaplan-niva; APN) Johanna Järnegren (NINA),
Howard Browman (IMR), Agneta Fransson (NPI), Melissa Chierici (IMR), Andrew King
(NIVA).
1.4 Administrative responsible for lead institutions: Nalan Koc, Research Director, Norwegian
Polar Institute (Nalan.Koc@npolar.no), Frode Vikebø, Program Leader for Marine
Processes, Institute of Marine Research (frode.vikeboe@hi.no).
1.5 Project summary: WP-2 will use experimental incubations and field experiments to study
the effect of temporal and spatial variations in several OA drivers (e.g. pCO2, salinity and
temperature) on vulnerable life stages, physiology, and skeletal properties of Arctic
invertebrates. The capacity for adaptation to OA in Arctic biota will also be assessed.
1.4 Geographical localization of the fieldwork/work: See main application
2. Relevance for the Fram Centre and the society in general
WP-2 will contribute to our understanding of how natural spatial and temporal gradients in
multiple OA drivers influence the physiology and biomineralization of marine biota at
different life stages. WP-2 will also inform about the adaptation capacity of Arctic biota to
changing OA drivers. This WP will provide valuable data that will complement the knowledge
base of OA effects in key arctic marine species, with one objective being to parameterise
ecosystem models that predict possible impacts and resilience of the population and
ecosystem-level impacts of OA in Arctic marine systems in the coming decades.
3. Scientific part and budget
3.1. Background and status of knowledge: OA and warming directly impact a wide range of
marine organisms. Many studies report potentially dramatic responses from larva to adults,
both in terms of defects in exoskeletons of calcifiers and physiological responses (e.g.,
Barton et al. 2012; Harvey et al. 2013; Koch et al. 2013; Smith 2014; Waldbusser et al. 2014).
These responses are simultaneously driven by environmental factors including salinity,
temperature and pH, physiological processes and genetics. Some marine organisms are
resilient to OA, and may be able to adapt or acclimatise to changing conditions over just a
few generations (Ishimatsu et al. 2008; Thor and Dupont 2015; Bailey et al. 2017a, b) as well
as across natural gradients in carbonate chemistry (e.g. Calosi et al. 2013a). Some life stages
(e.g., larvae) are more vulnerable than others, and effects can manifest at physiological,
behavioural and/or genetic levels (Stiasny et al. 2016; Bailey et al. 2017a, b). However, the
sensitivity and capacity for adaptation/acclimatization to multiple OA drivers are still poorly
known, particularly for species that inhabit northern and Arctic waters.
3.2. Objectives/goals/hypotheses of the project: WP-2 will generate knowledge about: 1)
The effect of OA on vulnerable life stages including gametes, eggs and larvae of benthic and
planktonic species. 2) The effect of natural temporal and spatial variation in combined OA
drivers (e.g., pCO2, salinity and temperature) on the physiology and skeletal properties of
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benthic and planktonic organisms. In addition to using fully-crossed laboratory incubations
to determine the primary OA drivers affecting these physiological responses. 3) Capacity for
adaptation/acclimatisation in Arctic invertebrates to multiple OA drivers.
3.3. Approaches and methods: Experiments will mimic several CO2, temperature and salinity
levels that correspond to current and future scenarios of OA. These will build on previous
work in the Flagship (e.g., Runge et al. 2016; Bailey et al. 2017a, b). In addition, responses
observed under laboratory conditions will be validated in the field using natural analogues of
OA drivers (Fransson et al. 2016) that will be selected based on well-established knowledge
of environmental gradients (e.g., Kongsfjorden, Kongsfjorden vs Rijpfjorden in Svalbard).
Both lab experiments and field studies will be designed to assess the relative contributions
of phenotypic vs. genotypic variability in a manner analogous to the approach applied by
Andrewartha and Burggren (2012). The WP is structured under specific tasks planned for
2019-2020 (see below).
3.4 Project plan, project period, leadership, organization and cooperation
Task 1: The effect of OA on gametes and vulnerable life stages. PI: Järnegren (NINA),
Halsband (Akvaplan-niva). Researchers: Hop (NPI), PostDoc Allison Bailey (NPI), Brooke
(Florida State University), Reinardy (UNIS), de Wit, Thor (U Gothenburg, SE), Hendriks
(IMEDEA, ES).
Task 1a: Ocean acidification has the potential to affect sexual reproduction and
several early life history stages, which are critical to the persistence and resilience of many
species. The stony coral Lophelia pertusa and the gorgonians Primnoa resedaeformis and
Paragorgia arborea are three key species with different life histories in the ecologically
important coral reefs in deep northern waters (Cairns and Bayer 2005; Mortensen and BuhlMortensen 2005; Roberts et al. 2006). Increased pCO2 slows down embryonic development
rate of L. pertusa while higher temperature increases it. A combination of the two stressors
seemingly cancel out the effects (Järnegren et al., in prep.). To understand how a
combination of increased OA and temperature affects the early development of the two
gorgonians and how different reproductive strategies may be successful, embryos and larvae
will be investigated under relevant climate change scenarios. Development rate, mortality
and metabolism will be characterized. If possible, the effects on late larvae and spat of L.
pertusa will be characterized using the same endpoints.
Task 1b: DNA is vulnerable to ocean acidification-induced damage, and repair
mechanisms may be induced or impacted to different extents (Campbell et al. 2014). The
susceptibility for DNA damage and capacity for repair in Arctic copepods are unknown, but
important to predict with regard to impacts of future ocean changes on Arctic ecosystems.
Consequently, this study aims to further develop these understudied areas of OA research
and understand the underlying mechanisms for species vulnerabilities and adaptabilities
among Arctic marine invertebrates. We used Arctic copepods from a study area outside
Tromsø (Håkøybotn) for OA-exposure experiments. Acartia longiremis and Calanus spp. are
common species in Arctic coastal systems, but are difficult to rear in the laboratory. We have
therefore focused on adult stages (females and males). Individuals collected in the field have
been incubated in 0.5L bottles under ambient (pH 8.1) and low pH conditions (7.6 after
acclimation). Part of the population has been preserved in RNAlater in discrete replicates of
10-100 individuals separated by developmental stage. New methods will be developed to
detect DNA damage in these species and compare the results to available information from
temperate taxa. DNA will be extracted for measurements of DNA strand breaks (fast
micromethod, El-Bibany et al. 2014) in OA-exposed and unexposed individuals, as well as
positive controls exposed to H2O2.
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Task 2: The effect of natural temporal and spatial variations in multiple OA drivers
(pCO2, salinity and temperature) on the physiology and skeletal properties of benthic and
planktonic organisms. PI: Hop (NPI), Rastrick (IMR). Researchers/ Co-PI: Fransson (NPI),
Chierici (IMR), Kuklinski (IOPAN) PostDoc Allison Bailey (NPI) Whiteley (Bangor University)
Harada (JAMSTEC), King (NIVA), Norli (NIVA).
Our current understanding of key processes driving the responses of Arctic species
and ecosystems to climate change is limited since the majority of studies conducted so far
have been in vitro, short-term, rapid perturbation experiments on isolated elements of the
ecosystem. It is difficult to extrapolate from such studies to larger scales, as these are
generally too short-term to reveal how organisms may adapt/acclimatize. Experiments have
often been performed with set constant pCO2 levels (which are unrealistic) and use
organisms that are separated from their natural suite of competitors, predators, parasites
and facilitators. In reality, OA itself is a multi-stressor dependent on a number of drivers
(e.g., pCO2, salinity, total alkalinity, temperature) that form a mosaic of natural temporal and
spatial gradients, particularly in coastal areas (e.g., Arctic fjords). Temporal and spatial
gradients with regard to OA variability will be investigated in WP-1 and WP-3. Consequently,
Task 2 will directly link to WP-1 (Tasks 2, 3), WP-3 (Task 1) and previous flagship activities by
investigating how these natural temporal and spatial gradients in multiple OA drivers (pCO2,
salinity and temperature) affect the physiological and skeletal responses of key benthic and
planktonic species. Experiments will be preformed within naturally assembled systems,
where organisms have been exposed to a natural suite of energetic modulators and
stressors, possibly across multiple generations of selection. Benthic invertebrates (bivalves,
urchins and amphipods) and zooplankton (Limacina helicina) will be collected from across
carbonate chemistry gradients previously identified in Kongsfjorden and Rijpfjorden. In
addition, phytoplankton samples will be collected to evaluate effects of OA on primary
production, using variability in water masses and seasons as natural analogues. All organism
will be collected in parallel with water chemistry sampling in WP-1 (Tasks 1, 2).
To determine the primary OA drivers affecting physiological and skeletal responses
across natural gradients that involve multiple OA drivers, laboratory acclimation studies (4-6
weeks) with a fully-crossed design (pCO2 x salinity x temperature) will be used. These will
determine the relative physiological effects of pCO2, salinity and temperature at ecologicaly
relevant levels on selected field populations (determined in WP-1 (Tasks 1, 2) and modelled
in WP-3 (Task 1)). This will allow us to disentangle the effects of separate OA drivers that
may co-vary across natural gradients. These incubations will be completed using established
aquarium facilities with a track recored of investigating the combined effects of pCO2,
salinity and temperature at IMR (Austevoll) and Bangor University, at no additional cost to
the Flagship.
To assess physiological/energetic responses that underpin life-history trade-offs
determining growth and reproduction, whole animal oxygen uptake, aerobic scopes and
thermal sensitivity’s (Q10 / Ea) will be determined (after Calosi et al. 2013a; Rastrick and
Whiteley 2011). In addition, acid-base balance (pH, pCO2, [HCO3-], [lactate]; after, Calosi et
al. 2013b; Rastrick et al. 2014; Small et al. 2015) will be measured where possible. In urchins
and bivalves, feeding rates and absorption efficiencies (after, Larson et al. 1980; Strohmeier
et al. 2009) will also be determined to parameterize energetic models (scope for growth;
Widdows, and Johnson 1988). Gonad index and body mass will also be determined.
Another cost in marine calcifiers is the maintenance of skeletal structures. These
structures occur in a crystal lattice form of calcite or aragonite, or mixtures of the two, in
proportions with varying properties (i.e., more soluble aragonite versus less soluble calcite).
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Their chemical elements will be analysed to determine levels of environmental influence on
carbonate skeleton properties. In addition, aquarium-based experiments at (IOPAN, Poland)
will investigate skeleton dissolution. Selected Invertebrates will also be preserved and sent
for Micro X CT scan analyses at JAMSTEC to determine changes in the crystalline structure at
no additional cost to the Flagship. Phytoplankton account for >90% of oceanic primary
production and provide specific nutritional compounds (e.g., polyunsaturated fatty acids) to
the benthic filter feeders and pelagic grazers investigated in Task-2 (Geider et al. 2001; Kainz
et al. 2004). Consequently, the physiology and community structure of phytoplankton from
selected sites will be examined.
Collectively Task-2 will give a better understanding of how the physiology of key
Arctic species are currently affected by natural fluctuations and gradients in carbonate
chemistry analogous to those predicted under OA, determined in WP-1 (Tasks 1,2) and
modelled in WP-3 (Task 1). In addition, we will use fully-crossed laboratory incubations to
determine the primary OA drivers (pCO2, salinity and temperature) affecting these
physiological responses. These findings will inform sensitivity indices for key Arctic species
critical for the parameterisation of ecosystem models in WP-3 Tasks 2 and 4
Task 3: Capacity for adaptation in Arctic invertebrates to multiple OA drivers (pCO2,
salinity and temperature). PI: Browman, Rastrick (IMR). Researchers: Hop (NPI), PostDoc
(NPI, unnamed), Skiftesvik, (IMR), Fields (Bigelow Labs), Aluru (Woods Hole Oceanographic
Institute).
Task 3 will investigate the possibility for rapid adaptive responses of marine
organisms to climate change, which has been identified as a priority research topic (e.g.,
Browman 2016; Torda et al. 2017). The capacity for local physiological adaptation or
acclimatization of benthic invertebrates (urchins and bivalves) studied in Task-2 will be
investigated using reciprocal transplantation studies between sites of varying carbonate
chemistry identified in Kongsfjorden, using carbonate chemistry data collected in WP-1
(Tasks 1, 2) and high-resolution OA models validated in WP-3 (Task 1). Such studies have
previously been used to assess the possibility of evolutionary rescue from OA using other
natural gradients in carbonate chemistry e.g. at volcanic CO2 vent sites (Calosi et al. 2013a).
Following 1 (urchins and bivalves) to 12-month (bivalves) transplantations, physiological
parameters will be determined as described in Task 2.
In addition, marine cladocerans (Podon spp. and/or Evadne spp.) will be used as a
model to investigate the relative roles of genetic and epigenetic mechanisms in determining
the adaptation capacity of marine populations to pCO2 and temperature. Cladocerans are
widely used as models to study the evolutionary basis of phenotypic plasticity (e.g.,
Andrewartha and Burggren 2012; Harris et al. 2012) because they reproduce clonally
(asexually) and sexually (see Figure 1 in Harris et al. 2012), which offers a unique opportunity
to assess the relative contributions of the epigenetic (in clonal populations) and genetic (in
sexually reproducing populations) mechanisms underlying adaption to environmental drivers
(see Aluru 2017), and their molecular basis (Harris et al. 2012; Burggren 2014).
Leadership, organization and cooperation: WP 2 will be coordinated by Rastrick
with support from Kuklinski and Hop. Task 1a will be coordinated by Järnegren. Task 1b will
be coordinated by Halsband. Task 2 will be coordinated by Hop and Rastrick. Field collection
of benthic invertebrates will be coordinated by Rastrick with support from PostDoc
(unnamed) and Hop. Field collection of zooplankton and phytoplankton will be coordinated by
Fransson/Chierici and King/Norli respectively. Lab incubations at IMR Austevoll and all
physiological measurements will be conducted by Rastrick and PostDoc (unnamed). Lab
incubations at Bangor University will be coordinated by Whiteley. Skeletal properties will be
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analysed at IOPAN by Kuklinski and Micro X CT scan analyses at JAMSTEC by Harada. Task 3
will be coordinated by Browman and Rastrick. Field experiments and physiological
measurements will be coordinated as in Task 2.
Adaptation experiments at IMR Austevoll will be coordinated by Browman, Skiftesvik and
Fields. Genetic/epigenetic analysis will be conducted at Woods Hole Oceanographic Institute
by Aluru.
3.5 Budget. See main application and detailed budget attachment.
4. Ethical perspectives/data sharing.
No ethical issues, open data sharing within Flagship. See main application.
5. Education: See main application.
6. Dissemination: See main application.
6.1. Scientific deliverables.
12 papers or manuscripts for peer review (3-4 papers per year):

Task 1: 1) Järnegren et al. Effects of ocean acidification and ocean warming on the early reproduction of two cold-water
gorgonians, Paragorgia arborea and Primnoa resedaeformis. 2) Järnegren et al. How important is reproduction strategy for
cold-water coral to succeed in a changing future ocean? 3) Halsband et al. Expression of DNA damage and repair genes in
arctic Acartia longiremis and Calanus glacialis under ocean acidification 4) Halsband et al. Generational transmission of OAinduced DNA damage and genomic instability in an Arctic copepod. Task 2: 5) Rastrick et al. The effect of natural temporal
and spatial gradients in multiple OA drivers (pCO2, salinity and temperature) on the energetics and productivity of Arctic
marine invertebrates. 6) Variability of chemical elements in skeleton of Arctic invertebrates as a function of water chemistry
parameters. 7) Whiteley et al. Capacity for physiological acclimatisation to natural fluctuations in carbonate chemistry in
Arctic amphipods. 8) Chierici, Fransson, Kimoto, Harada et al. Distribution and shell thickness of the pteropod Limacina
Helicina related to the environmental gradients of carbonate chemistry and ocean acidification state in the Arctic Ocean. 9)
King et al. The effect of natural fluctuations in carbonate chemistry on the physiology and community structure of Arctic
phytoplankton. Task 3: 10) Fields, Aluru, Hop, Skiftesvik, Durif, Browman. Capacity for genetic and epigenetic adaptation to
multiple climate change drivers in sub-Arctic invertebrates. 11) Rastrick et al. Capacity for local physiological adaptation to
carbonate drivers in Arctic invertebrates.

6.2 Communication with users and outreach plan: See main application.
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1.1 WP3-title/OA-title
UndersTanding and PRedicting the acidification of northern waters and its iMpacts on
marine ecosystems and biogeochemistry (TRUMP)
1.2 Placement within the Fram Centre: Ocean acidification Flagship.
1.3 Applicant(s):
• Project leaders: Philip Wallhead (NIVA), Solfrid Hjøllo (IMR); Participants: Trond
Kristiansen, Andre Staalstrøm, Evgeniy Yakushev, Elizaveta Protsenko, Richard
Bellerby (NIVA); Morten Skogen, Cecilie Hansen, Erik Mousing (IMR); Gary Griffith
(NPI);
• Administrative responsible: Henny Knudsen (NIVA) (henny.jokiel.knudsen@niva.no)
1.4 Project summary: TRUMP will use a multi-model approach to study the acidification of
northern waters and its impacts on marine ecosystems in combination with other stressors.
The models will be forced by IPCC atmospheric CO2 scenarios to determine basin-wide,
regional and local (site-specific) scenarios of biogeochemical and ecosystem change.
1.4 Geographical localization of the fieldwork/work: pan-Arctic
2. Relevance for the Fram Centre and the society in general
TRUMP will help to inform: field sampling strategies for investigating and monitoring OA
(OA-WP1), the design of sensitivity experiments (OA-WP2), socioeconomic impact studies
(OA-WP4), and sustainable ocean management in society in general.
3. Scientific part and budget
3.1 Background and status of knowledge
The Arctic Ocean and Nordic Seas will experience some of the greatest climatic changes in
acidity (Bellerby et al. 2005, 2013; Steinacher et al., 2009; Ciais et al. 2013) as well as in
productivity and heat/oxygen content (Bopp et al. 2013; Henson et al. 2017). Existing model
projections are subject to large uncertainties related to spatial resolution (Holt et al. 2014;
Popova et al. 2014; Steiner et al. 2014) and ecosystem processes (Skogen et al. 2014;
Wallhead et al, 2017) including the physiological and adaptive response of species and food
webs to OA and other stressors (Pörtner et al. 2014).
3.2 Objectives/goals/hypotheses of the project
TRUMP will: 1) improve the understanding of OA and OA impacts by combining data from
ocean observations and sensitivity experiments with cutting-edge models; 2) project ocean
physico-chemical and ecological states relevant for informing experimental design and
sustainable ocean management; 3) investigate and develop a new paradigm for integrating
observational and modelled OA effects.
3.3 Approaches and methods
We will employ a multi-model downscaling approach, using output from: AERSEM, a new
ocean biogeochemical model combining ROMS (Shchepetkin and McWilliams 2005) with
ERSEM (Butenschon et al. 2016); NORWECOM, a well-established biogeochemical model
coupled to ROMS (Skogen et al, 1995, 2014; Hjøllo et al. 2012); high-resolution ROMSsimulations for Kongsfjorden, Svalbard (Sundfjord et al. 2017); NoBa, an end-to-end Atlantis
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model developed for the Barents/Nordic Seas (Hansen et al. 2016); BROM, a coupled benthic
pelagic model for local-scale biogeochemical effects (Yakushev et al. 2014, 2017), M2PG1,
marine 2-phase gas model in 1 dimension (Jansson and Ferre 2017). The output from the
multi-scale model ensemble will be synthesized by employing a complex systems approach
with a new non-parametric modelling paradigm (Ye and Sugihara 2016; Griffith et al. 2017).
3.4 Project plan, project period, leadership, organization and cooperation
Task 1: Understanding regional OA using models. PI: Wallhead (NIVA). Researchers:
Kristiansen, Staalstrøm, Bellerby (NIVA); Skogen, Hjøllo, Hansen (IMR). Budget 315 kNOK/yr:
IMR 135 kNOK/yr, NIVA 180 kNOK/yr. Task 1 will test model output against historical and
recent field data (inc. WP1) to understand the drivers of change and to reconstruct past
variability, including the environmental history of organisms used in WP2 Tasks 2, 3. D1.1:
Validation of a high-resolution OA model for Kongsfjorden (development in Coast & Fjord
project 2017-2018) (M12). D1.2: Reconstructing past variability by optimal synthesis of
observations and model output (M12).
Task 2: Projecting ecosystem response and feedbacks to OA. PI: Hansen (IMR).
Researchers: Wallhead, Kristiansen, Staalstrøm, Bellerby (NIVA); Skogen, Mousing (IMR).
Budget 360 kNOK/yr: IMR 216 kNOK/yr, NIVA 144 kNOK/yr. Task 2 will project the impacts of
OA and climate change on Arctic ecosystems, combining data from sensitivity studies (inc.
WP2, Task 2) with ecosystem models (AERSEM, NORWECOM, NoBa) and correcting for
biases assessed in Task 1. D2.1: Projected ecosystem impacts of OA in combination other
climatic stressors (M12).
Task 3: Local OA impacts from benthic drivers. PI: Yakushev (NIVA). Researchers: Protsenko,
Bellerby (NIVA). Collaborator: Granskog (NPI). Budget NIVA 180 kNOK/yr. Task 3 will study
the effects of permafrost thawing and benthic methane/alkalinity emissions on local
biogeochemistry using the BROM model forced by data and model output from OA-WP1 and
Tasks 1, 2. D3.1: Small-scale (10-1000 m) spatial variability in Arctic Ocean benthic
biogeochemistry (M12).
Task 4: Tracking and forecasting OA impacts on complex multi-species interactions. PI:
Griffith (NPI). Researchers: Wallhead, Protsenko (NIVA); Skogen, Hjøllo (IMR). Collaborators:
Sugihara (Scripps), Fulton (CSIRO). Budget 314 kNOK/yr: NPI 200 kNOK/yr, NIVA 54 kNOK/yr,
IMR 60 kNOK/yr. Task 4 will investigate the effect of OA on complex non-linear multi-species
interactions (structure & function), employing a novel equation-free approach combining
historical and new observational data (WP1, WP2) with model data from Tasks 1-3. D4.1:
Tracking and forecasting OA effects on Arctic trophic interactions (M12).
3.5 Budget. See 3.4. In-kind at least 100% of KLD funding in form of work hours.
4. Ethical perspectives/data sharing: No ethical questions, open data sharing within Flagship
5. Education: Model output will be made available for classroom demonstrations and results
will be presented at Fram Science days.
6. Dissemination
6.1 Scientific publications: 3 papers or manuscripts for peer review during 2020

Wallhead et al. AERSEM: An adaptation of the ERSEM marine biogeochemical model for a pan-Arctic domain.
Mousing et al. Projections of primary production in the Barents Sea in a future climate.
Protsenko et al. Modelling the local effects of methane seeping on Arctic water column biogeochemistry .
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6.2 Communication with users and outreach plan: We will contribute to the iFRAM and
Fram Science days. We will use institutional facilities to communicate with the media,
research councils and government departments. We will also use the communication offices
at the Fram Centre and the institutions for outreach to the public. Presentations will be
given at scientific conferences and workshops.
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1. General information
1.1 WP4-title
Risk governance and ocean acidification: understanding the role of uncertainty
1.2 Placement within the Fram Centre
Fram Centre Ocean acidification Flagship
1.3 Applicant(s)
• Project leader(s)/institutions: Marianne Karlsson (NIVA)
• Project Participants/institutions: Jannike Falk-Andersson (SALT), Anne Katrine
Normann (NORUT), Michael Bernstein (Arizona State University, USA).
• Administrative responsible: Tor-Petter Johnsen (NIVA) tor-petter.johnsen@niva.no
1.4 Project summary
WP4 will assess how scientific experts and decision-makers view and handle uncertainties
related to ocean acidification (OA) in order to identify possible management options in face
of uncertainty and to inform research and communication needs about OA.
2. Relevance to Fram Centre and to society in general
This proposal is highly relevant for the goals of the Fram Centre and the Norwegian Arctic
Strategy. WP4 will contribute knowledge on how different actors weigh and manage
uncertainties to inform research-, risk governance- and adaptation options. WP4 will
identify critical knowledge gaps, communication needs and adaptable management options
in the face of uncertainty to support sustainable ocean governance.
3. Scientific part and budget
3.1 Background and status of knowledge
Knowledge about ocean acidification impacts and management options is limited and
characterized by multiple uncertainties and compounded by the multiple stressor context in
which OA occur (Kelly and Caldwell 2013; Cvitanovic et al. 2015). Previous projects within
the Fram flagship have attempted to assess the socio-economic impacts of OA using cases of
cold water corals (Falk-Andersson et al. 2017) and indirect impacts on Atlantic cod through
impact on the keystone species Calanus spp. (Falk-Andersson et al. in prep). However, the
studies concluded that the existing knowledge gaps were too large to assess socio-economic
impacts in a meaningful way (Falk-Andersson 2017). For example, in the case of impact on
Calanus spp. key uncertainties relate to the evolutionary potential of adaptation, thus if
there will be population-level effects at all, and how any change in Calanus will affect entire
ecosystems.
The high complexity and uncertainty that characterize OA, and related drivers of global
change, necessitate new approaches to handle risk (van der Sluijs 2012). WP4 will apply a
post-normal science perspective (Funtowicz and Ravetz 1993) where uncertainty and
incomplete knowledge are taken as a given on which management decisions need to be
based, within a range of perspectives and values in addition to vital scientific findings. We
will use the principles of risk governance (van Asselt and Renn 2011), and emphasize the
inclusion of multiple actors and perspectives and enhanced communication within and
across groups, to evaluate how management decisions on OA can be taken in face of
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uncertainties. Uncertainties affect human choices at multiple levels (March 1982) also in
relation to management options for OA; the potential impacts of these options; and the
preferences of actors with regard to these impacts. Having to navigate these layered
uncertainties becomes especially difficult when communicating across scientific, other
stakeholder and decision-maker communities with different values, needs and interests.
WP4 will enhance the understanding of how different actors view and handle uncertainties
in relation to OA in order to inform research efforts and support communication and risk
governance. To do so, the WP will learn from and bring together knowledge from scientific
experts from the project and government officials to identify how main uncertainties, and
strengths and weaknesses in the existing knowledge base can be navigated through
additional research and innovative management strategies.
3.2 Objectives/goals/hypotheses of the project
WP4 will 1) examine the uncertainties and knowledge gaps in relation to OA impacts and
management options held by different scientific experts and government officials 2) identify
and compare how these uncertainties and knowledge gaps are handled 3) compare enabling
factors and difficulties in developing management options in face of uncertainties, and 4)
analyze how knowledge exchange across experts, stakeholders and policy actors can
generate knowledge about communication needs, research gaps and management options.
3.3 Approaches and methods
We will use key informant interviews, document analysis and workshops to capture expert
and government officials’ views and strategies in understanding and managing uncertainties
related to OA. WP4 will target scientific experts within the flagship project, government
officials at the national level (in the Environmental protection agency, Fisheries Directorate)
and at the regional level (county governor and county councils) with a focus on Troms,
Nordland and Finnmark.
3.4 Project plan, project period, leadership, organization and cooperation
Task 1. Expert elicitation to identify key uncertainties Lead: Falk-Andersson (SALT)
Knowledge regarding ocean acidification impacts (OA) and options to manage these are
characterized by significant uncertainties, compounded by the multiple stressors context in
which OA occur (Cvitanovic et al. 2015; Kelly and Caldwell 2013). Previous studies have
found that the knowledge gaps on OA effects on ecosystems and organisms and how these
then manifest in society are too large to assess socio-economic impacts of OA on keystone
species (Falk-Andersson et al. in prep). Our work has therefore used the analytical approach
of risk governance (Van Asselt and Renn 2011) that take uncertainty and incomplete
knowledge as a given and allows us to focus on how management decisions on OA can be
taken in the face of uncertainties. Our task here has been to identify and improve the
understanding of how scientists within the Flagship, engaged in different disciplines and
areas of OA research view, handle and communicate uncertainties they encounter in their
work. An initial workshop with flagship scientists was held in conjunction with the start-up
meeting in the OA-Flagship in June 2018. In the workshop, scientists reflected upon the
uncertainties they encounter and manage in their work, individually and in groups. Based on
the workshop and a literature review, we developed an interview protocol that allows us to
capture and categorize various uncertainties (relating to context, data, modelling and
known knowledge gaps) and means of managing and communicating these. Due to a delay
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in receiving the necessary approval for data collection (semi-structured interviews) and
storage of data from the Norwegian Centre for Research Data, to date (December 2018) we
have only conducted 8 out of the planned 14 interviews with scientists. The remaining
interviews will be carried out and analyzed during the course of January 2019. The initial
findings suggest that scientists have a clear understanding of how uncertainty is a part of
the science they do at different levels, from designing the research, conducting, analyzing
and communicating their research. They also have some knowledge on what types and how
this uncertainty is and isn’t communicated to the management level.
Two master students from Tromsø did an internship at SALT during summer 2018 and
helped compile a literature review of uncertainty and how it can be handled in the sciencepolicy sphere. The students furthermore participated at the workshop and a podcast from
the meeting has been produced and is currently available (https://salt.nu/podcasthavforsuring-i-nordlige-farvann/). Essential groundwork on uncertainty, how it can be
studied and how we will approach uncertainty has been undertaken, however, due to
unexpected challenges relating the permission of data collection and interviews the project
has been delayed. As the permission is now underway, we are confident that we will be able
to collect and analyze the remaining data in January 2019.
Management implications:
How scientific experts view, handle and communicate uncertainty will be compared to the
views of government officials (Task 2 to be carried out in 2019) that make use of knowledge
to make possible management decisions for OA. Bringing together knowledge from
scientific experts and government officials should enable us to assess how the existing
knowledge base, with its inherent uncertainties, can be navigated, identify communication
needs and strategies and reflect upon which management strategies that can be devised.
Task 2. Decision-makers understanding of uncertainties Lead: Karlsson (NIVA)
Task 2 will map and analyze the uncertainties and knowledge gaps identified and held by
national and regional government officials. The decision-makers will be interviewed in
person or over the phone to explore and analyze their current understandings of the
impacts of OA, their views on the uncertainties related to these impacts and preferences
regarding management and adaptation options in the light of other stressors will be
explored. This will illustrate differences between administrative levels and areas of
responsibility and the results will be communicated back to scientists in WP1-WP3. D.2.
Short-report on how decision-makers understand and handle uncertainties related to OA,
input to T.3 and part of scientific paper (M24).
Task 3. Synthesis: risk governance and management options Lead: Normann (NORUT)
Bernstein (Arizona State University, US). Task 3 will synthesize the findings from Task 1 and
Task 2 to compare how uncertainties are expressed and handled by scientific experts and
decision-makers. The analysis will identify different viewpoints on risk associated with ocean
acidification and contribute to reflections on how responses can be taken despite ongoing
knowledge gaps. Subject to additional funding (e.g., Fram Incentives, NFR outreach and
event funds) we will extend the analysis to include key stakeholders and conduct a
workshop with scientific experts, government officials and key stakeholders to exchange
knowledge, present results and discuss uncertainties about OA impacts and evaluate
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potential management options. D.3.1. Summary report of synthesized WP4 findings to be
distributed to relevant authorities, politicians and interest groups.D.3.2. Briefing with
relevant Northern-Norway authorities, politicians and interest groups on WP4 results and
potential governance implications.D.3.3 Workshop with experts, decision-makers and key
stakeholders (subject to funding; M30).
3.5 Budget
For detailed budget, see attachment WP budgets.
4. Ethical perspectives/data sharing
See main application
5. Education
We will apply for additional funding to hold a seminar on Ocean Acidification and risk
governance for Arctos students at UIT and create a short lecture on Uncertainty and Risk
Governance in the Arctic: the case of OA to distribute to UiT and other relevant universities.
6. Dissemination
See main application
6.1 Scientific deliverables
One peer-review paper: Karlsson et al. One on the nature and importance of uncertainties in
OA from the viewpoint of different stakeholders in Norway. A popular science summary of
results and important insights from the project will be distributed to stakeholders and
published on relevant blogs such as forskning.no. We will present our findings in relevant
scientific conferences such as Arctic Frontiers.
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Expert elicitation
Decision-makers
Risk governance and management options
Scientific publication
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Detailed WP budgets 2020 and inkind contribution and total for 2020
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Consumables
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Complaints procedure for rejected flagship proposals in the Fram Centre
Complaints procedures
A party is entitled to lodge a complaint if he or she contends the flagships` decision to deny
funding, wholly or in part, to an application for R&D funding. This is only possible if:
1. The rejection is due to a procedural error:
 No external evaluation of the proposal
 The proposal is wrongly judged to be out of scope for the call
2. The rejection is due to abuse of authority (partiality, both personal and institutionwise).
Complaints relating to the Fram Centre flagships` exercise of academic or expert discretion
are not permitted, but it is possible to submit a complaint contending that the academic or
expert discretion has been based on misinterpretation of important information (see point 1
above).
Only the project owner (institution of project leader) can file a complaint. A complaint must
be delivered within 2 weeks after the list of projects to be funded in the flagship for the budget
year is official.
All complaints must include information of the following:






Who is sending the complaint
Flagship(s) where the application was denied funding
Project application
Statement from the referees
Basis/reason for the complaint

The complaint must be sent by mail to the Research Coordinator at the Fram Centre.
The members of the appeal complaint committee:
1. Leader of FLG
2. Second leader of FLG
3. Research coordinator at the Fram Centre
The leader and the second leader of the flagship must be available to the committee for
information upon requests.

Deadline: The appeal committee must send a formal answer to the complainant, with a clear
founded decision, within 2 weeks after the complaint is received.

Complaints for rejected flagship proposals in the Fram Centre updated 2019 KAD

