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Scientific Progress Report 2018 for the Flagship program “Ocean 
acidification and ecosystems effects in Northern waters”-FRAM- High North 
Research Centre for Climate and the Environment. 
 
Ocean Acidification - Drivers and Effects on Arctic Marine organisms and 
ecosystems (OA-DREAM) 
 
Flagship Leader: Haakon Hop, Norwegian Polar Institute, Tromsø, Norway  
Co-Lead: Melissa Chierici, Institute of Marine Research, Tromsø, Norway  
 

WP1: Ocean acidification state and drivers in Arctic waters (OA-State/OA-
Drivers) 

• Project leader(s)/institutions Agneta Fransson (NPI) and Melissa Chierici (IMR) 

• Project participants/institutions: Kai Sørensen; Andrew King, Marit Norli 
(NIVA), Helene Hodal Lødemel (IMR), Elizabeth Jones (IMR), Mats Granskog 
(NPI) 

Research activities and results: 

Time-series of chemistry data 2011-2018 from Arctic outflow waters in the Fram Strait 
clearly show integrated changes in the chemistry, pH and ocean acidification state in the 
Arctic Ocean due to climate change. Eight years of carbonate chemistry data (IMR/NPI) in 
Fram Strait has revealed seasonal and inter-annual variability of pH, pCO2 and OA state in the 
Arctic outflow water in East Greenland Current. These data show increased temperature, 
salinity, total dissolved inorganic carbon and total alkalinity, and decreased pH (Chierici et 
al., in prep.). The lowest pH and aragonite saturation in Fram Strait were found in the upper 
halocline (20 to 200 m) outflow waters (to the west), coinciding with high brine content 
(negative sea-ice melt) and high pCO2. Possible mechanisms for the origins of the low pH 
layer could be due brine transport of CO2 because of sea-ice dynamics in the Arctic Ocean. 
These data confirm the spread of low pH water within the Arctic Ocean and also that it has 
reached the main exit of the Arctic outflow waters. 
 
Continued water column sampling and chemical analyses by IMR and NPI from several parts 
of the Arctic, 2011-2018, have resulted in a unique data set covering ocean acidification data 
and tracers for studies on the effect of freshwater on OA state, using the Fram Strait annual 
cruises, MOSJ cruises, A-TWAIN section, SI Arctic, N-ICE 2015 and AeN cruises.  
 
Several Svalbard fjords are affected by glacial water runoff, which affects the fjord chemistry, 
decreasing pH and the calcium carbonate saturation state (NPI/IMR).  
 
Combined modelling (BGC and physics) and carbonate chemistry resulted in seasonal data 
for extended data set on the variability in air-sea CO2 exchange and OA state with changes in 
freshwater (collaboration with KongCarbon). 
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Unique automatic surface water pCO2 measurements in 2018 from new pCO2 instrument 
installed onboard RV Kronprins Haakon (NPI/IMR) for use in the Arctic Ocean, Fram Strait 
and around Svalbard. Results are quality controlled and will be used in 2019. 
 
New preliminary results from the unique winter-to-spring data of the sea-ice and under-ice 
water carbonate chemistry (NPI/IMR) from north of Svalbard (80 to 83°N) from January to 
June 2015 during the N-ICE 2015 expedition, show that ikaite (CaCO2 mineral) precipitation 
in the ice affects the underlying water and partly mitigate the effects of ocean acidification. 
New manuscript is in progress.  
 
Storms in winter affects vertical mixing, gas and heat exchange, resulting in open leads in the 
ice cover and large ocean CO2 uptake in winter (Fransson et al., 2018). New storm synthesis 
paper submitted (Graham, Itkin, Fransson, Granskog et al.). 
  
NIVA has continued development of shipboard pH and pCO2 sensors on MS Norbjørn as part 
of the underway FerryBox system that makes observations in the Barents Sea opening 
between Tromsø and Longyearbyen. The sensor data have been compared to DIC and AT 
measured on discrete samples taken on the FerryBox system (4× per year). This year, a sensor 
measuring coloured dissolved organic matter (cDOM) fluorescence has been installed, in 
addition to discrete samples for lab-based spectrophotometric analysis. This new data will 
help to constrain non-carbonate contributions to measured AT. 
 
Management implications: 
 
•Time-series of chemistry data 2011-2018 from Arctic outflow waters in the Fram Strait 
clearly show integrated changes in the chemistry, pH and ocean acidification state in the 
Arctic Ocean due to climate change.  
 
•In 2018, unique automatic surface fCO2 measurements using new CO2 instrument onboard 
RV Kronprins Haakon (NPI in collaboration with IMR) in the Arctic Ocean, Fram Strait and 
around Svalbard.  
 
•Variability of the carbonate chemistry due to freshwater such as glacial drainage water in 
Svalbard fjords. Data showed that calcium carbonate saturation, pH and OA state decreased 
near the glacier front due to freshwater.  
 
•Unique seasonal data of the carbonate chemistry in the sea ice and water, from winter to 
spring, north of Svalbard (between 80 and 83°N) obtained during the N-ICE 2015, new results 
in progress 2018. 
 
•Large and successful sampling campaign in several parts of the Arctic, resulting in a unique 
data sets and time series (2011-2018) covering ocean acidification data and tracers for studies 
on the effect of freshwater on OA state. The clear seasonal changes in the seawater carbonate 
chemistry from the Tromsø-Svalbard transect (MS Norbjørn FerryBox) emphasizes the need 
for long time series in order to separate a climate trend from the seasonal variation. 
 
•Investigations of OA state in Svalbard fjords in winter and summer and the relation to 
abundance and shell structure of the aragonite forming pteropod Limacina.helicina motivate 
further investigations of methods and the use as indicator for ocean acidification. 
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Field activities: 
 
Nansen Legacy (AeN) joint cruise August 2018 
Fram Strait expedition with RV Kronprins Haakon, August-September 2018 
MOSJ/KF, RV Lance, July 2018 
AeN/UiT/CAGE calcifiers and OA and paleo 2018. NPI, IMR collaboration 
Kongsfjorden field work in May 2018 
MS Norbjørn March, June, August, November 2018 
 
 
WP2: Sensitivity of Marine Biota to the Acidification of northern waters 
and its effects on marine ecosystems 
 
Task 1a: The effect of OA on DNA damage and repair in arctic copepods 
  

 Project leader:  Claudia Halsband (Apn) 
 

 Participants : Helena Reinardy (UNIS), Pierre de Wit (U Gothenburg, SE), Iris 
Hendriks (IMEDEA, ES)  

 

Research activities and results: 
 
Zooplankton was collected near Håkøybotn/Tromsø and adult female Acartia longiremis 
sorted for experimental exposure to pH 7.1 for 4 weeks, in addition to controls at ambient pH 
(8.1). Experiments were run in a total of 24 × 0.5L Schott bottles attached to a plankton wheel 
rotating in seawater at ambient temperature (approx. 8 degrees C). The copepods (20 ind. per 
bottle) were fed cultured Rhodomonas sp. and mortality was checked weekly. Individual 
copepods were removed consecutively from the experiments and preserved in RNA later for 
later analysis of potential DNA damage over time. Faecal pellet production was also recorded 
in a semi-quantitative fashion. The data (pH, mortality, faecal pellet production) are currently 
being processed, to be continued in year 2, and followed by a second exposure at milder pH 
stress (7.6) in spring/summer 2019, including reproductive success. The preserved samples 
will be analysed for DNA damage in 2019/20.  
 
Management implications: 
 
DNA is vulnerable to ocean acidification-induced damage, and repair mechanisms may be 
induced or impacted to different extents. The susceptibility for DNA damage and capacity for 
repair in important Arctic copepods is unknown, but important to predict 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.  
 
Task 1b: The effect of OA on gametes and vulnerable life stages of cold-water corals. 

 Project leader: Johanna Järnegren (NINA) 
 
Research activities and results: 
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Corals were collected in the spring and maintained in the laboratory for spawning in 
October/November. These corals (gorgonians) are difficult to maintain in the lab and more 
than half of the collected number died the first two months. Remaining corals look viable and 
in good shape but has not produced any gametes. Thus, there has been no spawning and hence 
no larvae to work with. Working with these corals is challenging, which is one of the main 
reason so little is known about them. Essential knowledge has been gained and we are 
positive that we will succeed in getting larvae next year. Collection for next year’s spawning 
will be done during the autumn instead, closer to spawning event. This should ensure access 
to larvae in 2019. With no experiments, time was reallocated to writing publications, based on 
previous research results:  
 
Järnegren J., Pedersen S. The cold-water coral associated squat lobster Munidopsis serricornis in a future ocean. 
 
Järnegren J., Brooke S. Effects of ocean acidification and climate change on the embryological development of 

the cold-water coral Lophelia pertusa. 

 
Task 2: Natural Analogues of an Arctic in Rapid Transition (AnalogueART); 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 

 Project leaders: Sam Rastrick (IMR), Haakon Hop (NPI) 
 

 Participants/collaborators: Agneta Fransson (NPI), Melissa Chierici (IMR), Piotr 
Kuklinski (IOPAN), Allison Bailey (NPI), Whiteley (Bangor University) N. Harada 
(JAMSTEC), Andrew King, Marit Norli (NIVA) 

 
Research activities and results: 
 
Successfully completed field work in Kongsfjorden involved collecting metabolic rate, 
Na+K+ATPase activity and cellular energy budgets from four populations of amphipods 
naturally inhabiting different salinities from 23.6 to 30.9. Four populations (3 of Gammarus 
setosus and 1 of G. oceanicus) were transported to IMR-Austevoll and incubated at 4 different 
salinity/ pCO2 treatments (400 uatm pCO2/30 salinity, 1000 uatm pCO2/31 salinity, 400 uatm 
pCO2/23 salinity, and 1000 uatm pCO2/23 salinity) for 4 weeks to test acclamatory capacity. 
Experiments were successfully completed as planned despite the very late arrival of funding 
that delayed the start date of the post-doc.  
 

Coxal gill Na+/K+-ATPase Activity did not vary significantly between the four different 
populations of Gammarus setosus or the single population of Gammarus oceanicus 
(F(4,25)=1.0198, p = 0.4162; Fig. 1). However, the cellular energy budgets (CEA) differed 
significantly between the populations of G. setosus and G. oceanicus (F (4,35) = 5.2612, p = 
0.002; Fig. 2). Tukey post-hoc tests indicated that G. setosus individuals from the 
Krossfjorden population had significantly higher cellular energy budgets than individuals 
from Blomstrand (p = 0.008) and near glacier populations (p = 0.003). There were no 
significant differences between the other populations (p > 0.05). 
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Figure 1. Coxal gill Na+/K+-ATPase Activity in four populations of Gammarus setosus and a single population 
of Gammarus oceanicus. 

 

 

 

Figure 2. Cellular Energy Budgets in four populations of Gammarus setosus and a single population of 
Gammarus oceanicus. Different letters denote significant differences (p < 0.05) between populations based upon 
Tukey post-hoc tests.  

Salinity was the only factor that significantly affected coxal gill Na+/K+-ATPase Activity and 
Cellular Energy Budgets. Na+/K+-ATPase Activity was higher in the coxal gills of individuals 
reared in the low salinity treatment (Salinity = 23) than in individuals reared in the control 
salinity treatment (Salinity = 30; Figure 3). Cellular Energy Budgets were higher in 
individuals reared in the control salinity treatment (Salinity = 30) than individuals reared in 
the low salinity treatment (Salinity = 23; Fig. 4).  
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Figure 3. Coxal gill Na+/K+-ATPase Activity in 2 different populations of Gammarus setosus (Blomstrand and 
Krossfjorden) reared at two different salinities (Low = 23 and Control = 30) for 4 weeks.  

  

Figure 4. Cellular Energy Budgets in two populations of Gammarus setosus (Blomstrand and Krossfjorden) reared 
at two different salinities (Low = 23 and Control = 30) for 4 weeks. 
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Salinity was the only factor that significantly affected coxal gill Na+/K+-ATPase Activity and 
Cellular Energy Budgets (Table 1 and Table 2). Na+/K+-ATPase Activity was higher in the 
coxal gills of individuals reared in the low salinity treatment (Salinity = 23) than in 
individuals reared in the control salinity treatment (Salinity = 30; Figure 3). Cellular Energy 
Budgets were higher in individuals reared in the control salinity treatment (Salinity = 30) than 
individuals reared in the low salinity treatment (Salinity = 23; Figure 4). 
 
Piotr Kuklinski, (Institute of Oceanology Polish Academy of Sciences (IOPAN), Sopot, 
Poland) has collected data to start assembling database using literature and own data. Planned 
paper: Will Arctic calcifiers survive ongoing changes in the ocean? Samples have also been 
prepared for planned paper: Biological versus environmental control of skeletal chemical 
composition in Arctic bryozoans. Discussions within IOPAN about set up long-term 
monitoring of carbonate system starting in 2019. 
 
Setup an international working group through ESSAS “Natural Analogues of an Arctic in 
Rapid Transition (AnalogueART)” to investigate the establishment of natural analogues to 
investigate the effects of climate change and OA in subarctic and arctic ecosystems. This 
resulted in the publication of a paper in ICES Journal of Marine Science and the working 
group will also hold a 2nd workshop at IMBeR in Brest in 2019. 
 
Agneta Fransson and Melissa Chierici have continued the work from 2016/2017 OApteropod 
ocean acidification project on the aragonite-forming pteropod Limacina helicina, with 
collection of L. helicina with multinet and WP2 net (64µm) in the Barents Sea region during 
two Nansen Legacy (AeN) cruises in July-August and September-October 2018. This work is 
partly in collaboration with Trine Rasmussen at UiT within the Nansen Legacy project, which 
also involves sampling of calcifying foraminifers. They also collected samples in the Fram 
Strait in the East Greenland Current in August-September. In parallel to zooplankton 
sampling, they sampled seawater for analyses of the carbonate chemistry (pH, pCO2, 
dissolved inorganic carbon, total alkalinity) and physical variables (salinity, temperature) to 
investigate the status of the environment for the production of aragonite shell. Shell condition, 
involving thickness and density, will be analysed using MXCT scan at JAMSTEC (Japan), in 
collaboration with the scientists N. Harada and K. Kimoto and with SEM in collaboration 
with UiT (Rasmussen). 
 
Marit Norli and Andrew King (NIVA) began collecting samples in 2018 to assess the 
response of phytoplankton to carbonate system chemistry variability across the Barents Sea 
Opening. Samples were collected at seven stations in the oceanic Barents Sea using the M/S 
Norbjørn FerryBox system during June 2018, as well as in two fjord stations in Svalbard 
(Adventfjorden and Isfjorden). Sampling consisted of Lugol’s-preserved samples for 
taxonomic analysis by microscopy and filtered samples for chlorophyll a and carotenoid 
pigment analysis by high performance liquid chromatography (HPLC). Discrete samples for 
nutrient and carbonate system chemistry (total dissolved inorganic carbon and total alkalinity) 
were collected as part of WP1 activities. An integrated cavity spectrophotometer (PSICAM; 
co-financed by H2020 INTAROS and NFR NorSOOP) for in situ characterization of 
phytoplankton community structure via pigment absorption was acquired and adapted to 
operate autonomously on a FerryBox system. Continued sample collection, sample analysis, 
and PSICAM deployment on the M/S Norbjørn FerryBox is planned for 2019. 
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Task 3: Capacity for adaptation in arctic invertebrates to multiple OA drivers (pCO2, 
salinity and temperature) 
 

 Project leader: Howard Browman (IMR) 
 

 Participants: Howard Browman (IMR), Haakon Hop (NPI), David Fields 
(Bigelow Labs, USA), Steve Shema (Grotti, Iceland), Neel Aluru (Woods Hole 
Oceanographic Institute, USA). 

 
 
Research activities and results: 
Three species of Cladoceran – none of which have been successfully cultured anywhere in the 
world (Podon spp., Evadne spp. and Penilia avirostris) – were targeted as possible model 
species. After several months of trials, we succeeded in culturing Penilia avirostris through 
several generations. Therefore, the multigeneration study to be conducted in 2019 will use 
Penilia avirostris. 
 
We conducted a pilot experiment with Cladocerans (Evadne sp.), rotifers (Brachionus sp.), 
and copepods (Acartia sp.) in short-term (3-4 days) experiments to assess whether an 
epigenetic response can be observed. The experiments were conducted at 12 and 16 C and at 
500 and 1000 pCO2. In addition, the metabolic rates of Penilia avirostris were measured 
across a temperature range of 8-16 C. 
 
Interdisciplinary cooperation: 
 
David Fields - Bigelow Laboratory for Ocean Sciences, USA 
Neel Aluru – Woods Hole Oceanographic Institute, USA 
Grotti (Steven Shema) – Iceland 
 
 
WP3: UndersTanding and PRedicting the acidification of northern waters 
and its iMpacts on marine ecosystems and biogeochemistry (TRUMP) 
 

 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) 
 
Task 1: Understanding regional OA using models 
 
D1.1: Report on model validation and OA drivers in Barents/Nordic seas (M12) 

Modelling ocean acidification in the Arctic: effects of going regional (Skogen, Hjollø, IMR) 

Global coupled climate models (GCM) are generally capable of reproducing the observed trends in, 
e.g. the globally averaged atmospheric temperature. However, the global models do not have the 
horizontal resolution, which is needed in order to properly resolve the relevant features on regional 
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scales, and the GCM outputs will contain biases relative to the observational data, which preclude its 
direct use. Therefore, dynamical downscaling using so-called Regional Climate Models (RCM) is 
necessary to translate coarse global scale information into fine regional and local grids in order to 
obtain climate information on scales that are relevant to society. We have performed a study to 
quantify whether an ocean RCM produce different projections than its driving GCM, based on climate 
change projections for the Barents and adjacent Seas (Skogen et al., 2018). The study should be 
regarded as a direct comparison between a regional and driving global model to investigate at what 
extent a global climate model can be used for regional studies, and a study of the future climate change 
in the Barents and adjacent Seas (defined in Fig. 5).  

The biogeochemistry from the global climate model (Norwegian Earth System Model) has been 
compared with results from the regional model (NORWECOM.E2E), where the regional model is 
forced by downscaled physics from the global model. In the regional model, ocean acidification is 
modelled using an implementation of the Haltafall speciation code, as described under D.1.2, with the 
exception that TA=66.96*S – 36.803 have been used for the calculation of TA. 

The global and regional model compare well on trends, but many details are lost when a coarse 
resolution global model is used to assess climate impact on regional scale. The global model has a cold 
(in summer) and saline bias compared with climatology (Fig. 6). It is clear that the temperature 
increases from the first to the last10 year periods. Comparing the global and regional models, the 
spring warming starts earlier in the regional model than in the global one. Summer maximum occurs 
in both models in August, and the summer maximum is higher in the regional model. The figure also 
show that the seasonal amplitude is larger in the regional model than in the global one, and that this 
amplitude is higher in the last decade than in the first. This increase in amplitude is up to 0.87°C for 
the regional model in the Greenland Sea. 

 

Figure 5. Model domain and area used for Barents Sea, Greenland Sea and Norwegian Sea, respectively. 
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Figure 6. Upper panels: Annual mean sea surface temperature (SST, left) and salinity (SSS, right) for Barents 
Sea (black), the Greenland Sea (red), and the Norwegian Sea (green), for NorESM1-ME (solid line) and 
ROMS/NORWECOM.E2E (dashed line). X is observed values from literature. Lower panels: Annual cycle of 
sea surface temperature (SST) for the first (thin line) and last decades (thick line) for Barents Sea (black—left 
panel), the Greenland Sea (red—mid panel), and the Norwegian Sea (green—right panel), for NorESM1-ME 
(solid line) and ROMS/NORWECOM.E2E (dashed line). The X-es are the monthly means from the World 
Ocean Atlas for the period 2005–2012. 

The main difference between the two models is the timing of the spring bloom, and a non-exhaustive 
nutrient consumption in the global model in summer (Fig. 7). Through the downscaling, the regional 
model is to some extent able to alleviate the bias in the physical fields, and the timing of the spring 
bloom is close to observations. The summer nutrient minimum is one month early. There is no trend in 
future primary production in any of the models. The largest discrepancy in the future projection is in 
the development of the CO2 uptake, where the regional suggests a slightly reduced uptake in the 
future. 

 

 

Figure 7. Annual cycle (0–10 m) of inorganic nitrogen for the first 10 years (thin line) and last 10 years (thick 
line) for Barents Sea (black— left panel), the Greenland Sea (red—mid panel), and the Norwegian Sea (green—
right panel), for NorESM1-ME (solid line) and NORWECOM (dashed line). The X-es are the monthly means 



11 
 

from World Ocean Atlas. 

Maps of annual mean pH in the upper 10m for observations and both models and averaged over the 
first decade of the simulation (2006–2015) are given in Fig. 8. The magnitude is generally higher in 
NorESM1-ME (mean value 8.13 compared with 8.08), and thus closer to observations (mean value 
8.16) while the regional differences is more pronounced for NORWECOM.E2E, especially with lower 
pH levels along the Norwegian and the Greenland coast. From Fig. 9, right panel, there is a steady 
decline in pH in both models, with a negative trend between -0.0021 and -0.0025 year-1 for both 
models and all three seas. The pH is slightly higher in the global model than in the regional one by a 
mean of 0.03 in Barents and Greenland seas and 0.05 in the Norwegian Sea. The results are similar for 
the saturation level of aragonite, ΩAr (not shown). Over the last 25 years, pH has been observed to be 
decrease by a rate of ~0.0018 yr-1 at several open-ocean time-series sites, and the IPCC reports the 
global mean surface pH to have declined by 0.14–0.15 compared with the level in 1986–2005. The 
modelled future change in pH over the 65-year long period is ~0.12/0.13, with higher regional 
variability seen from the regional model (Fig. 9 left panels). Using the modelled rate over a 75-year 
period (1995–2070) the models suggest a decrease in surface pH of 0.18. As the increase in 
atmospheric CO2 is low after 2070 under RCP4.5, and the decline in pH is believed to be even 
stronger in the Arctic, the modelled rate of future change in surface pH is in accordance with the IPCC 
prediction. 

 

 

Figure 8. Left panel: present day pH from GLODAPv2 (Lauvset et al., 2017; Olsen et al., 2016) and right 
panels: annual mean pH for the period 2006-2015 in the upper 10m for NorESM1-ME (left) and NORWECOM 
(right) model. 
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Figure 9. Annual mean change in pH (last decade – first decade of simulation) for the NorESM1-ME (left panel) 
and NORWECOM (middle panel) model. Right panel: Annual mean (0–10 m) pH for Barents Sea (black), the 
Greenland Sea (red), and the Norwegian Sea (green), for NorESM1-ME (solid line) and NORWECOM (dashed 
line). 

 

Validating a new, spectrally-resolved biogeochemical model for simulating Arctic Ocean 
acidification and multi-stressors (Wallhead, Staalstrom, Kristensen, Bellerby, NIVA) 

We have developed a new physical-biogeochemical model for the Arctic Ocean by combining a 
ROMS model (Shchepetkin and McWilliams, 2005; pan-Arctic configuration originally developed by 
Met. No.) with the European Seas Regional Ecosystem Model (ERSEM, Butenschon et al., 2016) 
using the FABM coupling framework (Bruggeman and Bolding, 2014). The “A20” model domain 
covers the Arctic Ocean and Nordic Seas at 20-km horizontal resolution (Fig. 10) and uses 40 terrain-
following vertical levels (s-levels).  Forcings and initial/boundary conditions for a 35-year hindcast 
(1980-2014) were derived from: SODA 3.0 (Carton et al., 2000; Carton and Giese, 2008) for physical 
initial/boundary conditions, ERA-INTERIM (Uppala et al., 2005; Reigstad et al., 2011) for 
atmospheric physical forcing, the NOAA Greenhouse Gas Marine Boundary Layer Reference 

  

Figure 10. A20 model domain and bathymetry.  Pink dots show locations of daily data time series stored for 
comparison with observational time series. 

(Dlugokency et al., 2015) for atmospheric dry air molar fraction (xCO2), and from NorESM-OC1.2  
(Schwinger et al., 2016) for biogeochemical initial/boundary conditions. 

During 2018, the NorESM-OC1.2  initial/boundary conditions for nutrients, oxygen, and carbonate 
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chemistry were bias corrected using data collated from: the World Ocean Database (Boyer et al., 
2013), the International Council for the Exploration of the Sea Dataset on Ocean Hydrography (ICES, 
Copenhagen, 2013), the Global Ocean Data Analysis Project, version 2 (GLODAPv2, Key et al., 
2015; Olsen et al., 2016), the CARINA Iceland and Irminger Sea Time Series version 2 (Olafsson et 
al., 2009a, 2009b), and various cruise datasets provided by the Shirshov Institute on Oceanology and 
the Norwegian Environment Agency.  The resulting 4D bias-corrections, resolved on the A20 
horizontal grid at NorESM depth levels and for each month of the year, have been shared with IMR.  
We also adapted the optical and biogeochemical model components for high northern latitudes as 
follows: 1) the ROMS Jerlov water type was increased; 2) dissolved organic matter was split into 
coloured and non-coloured classes; 3) a spectral treatment of light propagation was implemented; 4) 
the light/temperature response parameters for phytoplankton growth were refitted to experimental 
incubation data for northern species; 5) the zooplankton grazing/ingestion parameters were adjusted 
based on experimental data meta-analysis.  We call the adapted biogeochemical model “Artic 
ERSEM” (AERSEM) to distinguish from the default “global” ERSEM configuration and parameters 
set (Butenschon et al., 2016) that was used in 2017. 

Figures 11 and 12 compare the 0-50 m average output from the previous model version (A20v1, left 
columns, blue lines) with the output from the present model version (A20v2, right columns, blue lines) 
and the observational data at the Irminger Sea time series station (black dots). We see that the 
observed surface heat and salt content is quite well reproduced by both model versions (Fig. 11, top 
two rows) and that both versions show a small (~10%) negative bias in surface oxygen (Fig. 11, third 
row).  Both versions have approximately correct seasonal drawdown for phosphate, nitrate, and 
silicate (Fig. 11, bottom row and Fig. 12 top-two rows).  However, the previous version shows a 
seasonal drawdown of dissolved inorganic carbon (and associated decrease in partial pressure of CO2) 
that is roughly twice as large as in the observational data, while this error appears to be largely fixed in 
the new version (Fig. 12, bottom two rows). These initial analyses are encouraging with respect the 
applicability of AERSEM because they suggest that that an adjustment of model parameters based on 
experimental incubation data has led to improved agreement with independent data from in situ field 
measurements. 

 

 

Figure 11. A20 model 0-50 m average output (blue lines) vs. observational data from the Irminger Sea time 
series station (black dots) for the previous model version (A20v1, left columns) and the present revised version 
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(A20v2, right columns).  Rows show comparisons for temperature (T), salinity (S), dissolved oxygen (O2), and 
phosphate (PO4). 

 

 

Figure 12. A20 model 0-50 m average output (blue lines) vs. observational data from the Irminger Sea time 
series station (black dots) for the previous model version (A20v1, left columns) and the present revised version 
(A20v2, right columns).  Rows show comparisons for nitrate (NO3), silicate (Si), dissolved inorganic carbon 
(DIC), and partial pressure of carbon dioxide (pCO2). 

 

D1.2: Validation of a high resolution OA model for Kongsfjorden (M24) (Skogen, Hjollø, IMR) 

A high-resolution (160m) numerical ocean circulation model has earlier been set up for the 
Kongsfjorden area (Sundfjord et al., 2017). Physical fields (currents, salinity, temperature, water level 
and ice) has been used as forcing for the NORWECOM.E2E ecosystem model (Hjøllo et al., 2012; 
Skogen et al., 2014), where an ocean acidification (OA) module has been coupled to an NPZD 
biogeochemical model. The model system is using a submodule (Blackford and Gilbert, 2007; Skogen 
et al., 2014) for the carbonate system. This module is an implementation of the Haltafall speciation 
code (Ingri et al., 1967), and calculates the carbonate system at any given point in space and time, 
using constants from Mehrbach et al. (1973) refitted by Dickson and Millero (1987). The inputs are 
temperature, salinity, dissolved inorganic carbon (DIC), total alkalinity (TA), and depth (pressure), 
whereas the outputs are pH, partial pressure of CO2 in seawater, carbonate and bicarbonate ion 
concentrations, and calcite and aragonite calcification states. In addition, the module calculates the air 
sea exchange of CO2 taking into account wind speed and atmospheric pCO2. The latter one uses the 
(Nightingale et al., 2000) parameterization for gas transfer velocity. TA is not a prognostic variable in 
the model. As TA is conservative, we have used a relationship between salinity and TA taken from 
Fransson et al. (2016) (TA = 40.6*S + 890).   

The simulation period is March 1 to September 30, 2009 (see Fig. 13). The time step used is 1 minute, 
and nutrients and DIC is initiated from observed winter values (Fransson et al., 2016), together with 
some small initial amounts of phytoplankton and zooplankton.  
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Figure 13: Time series of modelled flux of CO2 (mmol/m2/day) and the aragonite calcification state (Ωarag) at the 
station KB3 in the central part of the Kongsfjorden, 2009. 

 
Task 2: Projecting ecosystem response and feedbacks to OA 

D2.1: Comparative analyses of projected changes in primary productivity and acidification in 
Barents/Nordic seas models (M12) (Mousing, Skogen, IMR; Wallhead, NIVA) 

Inflow of warm and saline water into the Barents Sea and fluxes between the ocean and the 
atmosphere are of significant importance to the regional climate and ecosystem productivity. 
Regionally downscaled physical models with high spatial resolution and a good representation of the 
heat flux are thus essential to predict future changes in productivity and ecosystem structure. Here we 
compare future changes in productivity following climate change as predicted by three ecosystem 
models (NORWECOM, NORWECOM.E2E and SINMOD) driven by three regionally downscaled 
ocean circulation models (see Fig. 14). The predicted production differs between the models and 
ranges from a modest decrease to a large increase. In order to explain these differences, we apply 
structural equation modeling to deduce direct and indirect effects of the environment. Despite large 
differences between the underlying forcing, we found that the direction of impacts of the environment 
variables were relatively consistent for all models. Overall, we found that future changes in 
productivity in all models are primarily correlated to changes in temperature, ice-cover and light which 
works directly or indirectly by modifying nutrient and mixed layer dynamics. Thus, the discrepancy 
between model predictions are to a large extent caused by the choice of the underlying physical 
forcing. In addition, we compare changes in pH and discuss implications for the secondary production. 
By comparing the outcome of these models under a common framework, we can draw general 
conclusions regarding the circumstances under which these contrasting outcomes may apply.  
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Figure 14. Comparison of Gross Primary Production (top row, GPP, gC m-2 yr-1) and 50-year climatic changes 
(bottom row, gC m-2 yr-1) for three downscaling ocean biogeochemical models. 

D2.2: Parameterization of feedbacks from higher trophic levels on biogeochemistry (M24) (Hansen, 
IMR; Wallhead, NIVA)  

Diet of cod and whales are updated together with numerous other parameters, new version of NoBa 
model has produced the output on zooplankton rates/values that will be sent to NIVA by late 
November. Ina Nilsen will continue to work on this over the next weeks. She has run the NoBa model 
for the period 1981-2030 and printed biomass and production on a daily basis, while mortality rates 
are printed on a yearly basis (Fig. 15). There will be more cooperation between IMR and NIVA on this 
matter for the months to come, before the M24 deadline. 

 

Figure 15. NoBa model domain and topography (left) and daily normalized mesozooplankton biomass for the 
period 1981-2030. The biomass output will be used to calcluate the mortality from higher trophic levels on the 
mesozooplankton component in NoBa.   

10000 15000 20000 25000

1
2

3
4

Time (day from start)

N
o
rm

a
liz

e
d
 b

io
m

a
ss



17 
 

D2.3: Report on projected ecosystem impacts of OA in combination with other climatic 
stressors  

Ina Nilsen is currently going through literature (AMAP reports, papers), with the aim of 
finding components where we might have enough information to add functional responses to 
pH and test these within various modelling frameworks.  

Task 3: Local OA impacts from benthic drivers 

D3.1: Report on local OA impact of supply of carbon/nutrient supply from thawing 
permafrost and CO2/methane seeps (M12) (Protsenko, Yakushev, NIVA) 

The main purpose of the work is to better understand the consequences of methane seepage 
caused by permafrost thawing for Arctic marine environments, to estimate the fraction of the 
methane dissolving on the way to the atmosphere and to study the biogeochemical changes in 
the water column resulting from methane seepage. The outer shelf of Laptev Sea (Fig. 16) is a 
part of Eastern Siberian Arctic Shelf suggested as the area of active methane seepage with 
many single vents spread throughout the area. The chosen region represents an area where 
methane fluxes are very high, and could indicate the potential for methane flux increase if the 
permafrost thawing progresses.  

To reproduce the high latitude environment of East Siberian Arctic Shelf (Fig. 16), we 
implemented a 1-dimensional transport-reaction modelling set consisting of Sympagic - 
Pelagic - Benthic transport model (SPBM) (Yakubov et al., 2017) coupled with 
BROM_biogeochemistry (Yakushev et al., 2017).  

For the model forcing we used modelling predictions from the Regional Ocean Modeling 
System – ROMS (Shchepetkin and McWilliams, 2005) applied to "pan-Arctic" domain with 
20 km horizontal resolution (A20 version 1, see Task 1).  

Estimations of methane inflow from the bubbles were provided by the Single Bubble Model, 
written for this study based on the published concepts (Leifer et al., 2002; McGinnis et al., 
2006). It simulates the evolution of dynamic features of methane bubbles by solving the ideal 
gas equation of state that is suitable for the shallow areas (depth < 600 m). 

The results of simulations for the Single Bubble Model showed that for the Laptev Sea with 
the release depth 80 m, the bubbles with initial radii 2 mm and more reach water surface, 
smaller bubbles dissolve entirely at different depths in the water column (Fig. 17). 

This approach allows us to simulate the transport and biogeochemical processes in the ice, 
water, sediments and reproduce the Arctic marine environment. Parameterizing the model and 
understating the influence of methane seepage on the local scale gives an opportunity to apply 
the result of this work on a bigger scale. 

The field data for nutrients for this region of Laptev Sea is available from the World Ocean 
Database (Boyer et al., 2013), but almost only for September, which is usually the month with 
open water. The new field data from this region was collected in 2018 for both sediment and 
water and planned to be analysed during 2018/2019.  

The model baseline run was validated by confirming the reproducibility of the vertical 
structure and temporal dynamics of the ecosystem through a comparison between the field 
data and the model output. The September values from the baseline run were extracted and 
compared to the available field data (Fig. 18) and demonstrated reasonable behaviour. 
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BROM coupled with 2-dimensional vertical model 2DBP was used in 2018 for test 
calculations of spreading of a substance without formation of bubbles. 

In 2019, we plan to continue analysing in more detail the biogeochemical transformations 
near methane seeps, using 1D and 2D versions of the Transport block of the modeling set.  

 

Figure 16. East Siberian Arctic Shelf, red polygon - study area. 

 

 

Figure 17. a) Evolution of bubble radii during the uplifting, b) fraction of methane dissolved in the water and transported to 
the atmosphere with bubbles. 
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Figure 18. Comparison of field data from World Ocean Database (grey circles) with modelled data (red circles), mean 
modelled data (black dotted line) and data from AMK_2015 (black circles) for (a)dissolved oxygen, (b) phosphate, 
(c)silicate, (d) nitrate. 

Task 4: Tracking and forecasting Ocean Acidification (OA) impacts on complex multi-
species interactions 

D4.1: Report on workshop (M10) to test the new methodology with provisional model output 
(M12) (Griffith, NPI) 

During 2018, we developed and then employed two new equation free (non-parametric) 
approaches to investigate the effect of OA combined with other environmental factors on the 
complex multi-species interactions (structure & function) of Arctic marine food webs. 

1. Ecological resilience of Arctic marine food webs to climate change 

We developed a new conceptual and analytical framework (Fig. 19) to investigate the changes in 
ecosystem-wide and local resilience of the Kongsfjorden marine food web (2004 to 2016) to the 
cumulative effects of OA, temperature and loss of sea ice. Our premise has been to investigate OA 
with temperature as this is the most realistic scenario. That is, OA will not have an independent 
impact on natural marine food webs. We first developed a food web model for each year between 
2004 and 2016 of up to 161 species using data from the Norwegian BarEcoRe project and the 
Norwegian Government Environmental Monitoring of Svalbard and Jan Mayen (MOSJ). We then 
applied our new analytical Bayesian approach to identify the compartments of core species 
(feeding) interactions in each food web. We then examined the changes in the ecosystem-wide 
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structural resilience (Fig. 20) and the changes in the resilience within each compartment of core 
species interactions (Fig. 21). The following abstract of a paper submitted and in review 
(08/11/2018) to Nature Climate Change summarizes the main findings: 

“Food webs tend to be organised in compartments of species that interact more frequently with 
each other than with other species. Compartmentalization is considered to confer ecological 
resilience (namely, the capacity of the ecosystem to absorb environmental stress and continue 
functioning). The stabilizing effect of such compartments within large marine food webs to 
mitigate stress induced by climate change is poorly known. Here, we apply a new complex 
adaptive systems approach to identify changes in resilience and potential regime shifts between 
2004 and 2016 of a highly observed Arctic marine food web considered a harbinger of future 
Arctic change. We show that while resilience declined to year 2011 with significant 
environmental changes, the compartments of core ecological processes have been maintained.  
Despite on-going climate change effects, we demonstrate a recent emergent pattern of improving 
resilience that can be explained by the continuing subsidiary inputs of Atlantic species. Our 
findings demonstrate that Arctic marine food webs can absorb, recover and begin to adapt to on-
going climate change effects rather than being subjected to deleterious regime shifts.” 

 

 

Figure 19. Conceptual framework. Two major features from the complex adaptive systems (CAS) perspective 
for the resilience of the structure of food webs responding to climate change: (a) System-wide resilience. Low or 
incomplete connectivity between the compartments may allow the system as a whole to respond gradually to 
perturbations, (b) Local resilience. High connectivity of species within a compartment may contain perturbations 
within the compartment.  

 



21 
 

 

Figure 20 System-wide resilience. We estimated the overall system-wide resilience of the food web as the sum 
of the exponential random graph modelling (ERGM) parameter estimates of the seven compartments of species 
interaction processes. The food webs are Arctic (Ar) Atlantic (At) and the Kongsfjorden annual food webs (04–
16). The error bar indicates standard error for parameter estimate.   

 

 

Figure 21. Local resilience. Changes in the local resilience of core species interaction processes within each 
compartment of the Kongsfjorden food web (2004-16) and the representative Arctic (Ar) and Atlantic (At) food 
webs. The changes in local resilience represent the magnitude and significance of the ERGM parameter 
estimates of each compartment. A decrease in local resilience indicates a reduction in the ability of the species 
interactions in that compartment to make local repairs to buffer perturbations. The error bar indicates standard 
error for parameter estimate.   
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2. Tracking and forecasting OA effects on ecosystem interactions 

Our task here has been to develop a practical method, using available time-series and modelling 
data to measure and forecast changing state dependent nonlinear predator-prey interactions with 
OA (Fig. 22). The aim is to elucidate the causal relationships between changes in prey availability 
within a complex Arctic marine food web that has been subject to significant climate change 
effects. Working with statistical physicists at the International Centre for Theoretical Physics 
(ICTP) in Italy in May 2018, we developed a new analytical approach where we can use time 
series data on only a single or few variables to reconstruct, characterize and model the nonlinear 
dynamics of the real-world Kongsfjorden marine system. Our approach is based on the firm 
theoretical foundations of phase space reconstruction. The advantage of this approach is that it 
does not involve correlational evidence and in particular ‘mirage correlations’. If we can create an 
unfolded manifold from real-world time series data as shown in Figure 23, we can then use that 
manifold to detect the causal effect of changes on OA and other environmental factors on the 
interactions (i.e. predator-prey) within the food web. Potentially this allows us to study the effect 
of OA on dynamically changing and interconnected species interactions. Importantly for 
management we should be able to forecast expected changes in interactions. To date (November 
2018) we have successfully applied the approach to the phase state reconstruction (manifold) of 
time series data for 53 species (macro algae from Kongsfjorden (1996 – 2016) and the Arctic 
portion of the Barents Sea (1986-2017). We have examined data for 53 species from macro algae 
to seals. Fourty-one of the species showed nonlinear dynamics that make them suitable for 
reconstructing real-system effects of environmental drivers including OA on a single species or 
multiple causally related variables (e.g. pCO2, temperature, dissolved O2). To date, we have 
tracked the nonlinear dynamic interactions between predator and prey for 12 higher-trophic 
species. We have tracked the causal nonlinear linkages for changes in temperature with ocean 
acidification (2004-2014) for these species. An example is shown in Figure 24 that shows the 
causal effect on the direct and indirect feeding interactions between a ringed seal (Phoca hispida-
predator) and prey species. In 2019, we will extend this analysis to cover the period 1996-2016). 
A paper is in draft for submission (January 2019) to the ICES Journal of Marine Science Theme 
Series entitled “Unravelling the ripple effect of Ocean Acidification on species interactions in 
Arctic marine food webs” 

 

Figure 22. Strategy to uncover real world nonlinear effects of OA and other environmental factors from 
observed time series data. 
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Figure 23. Example of phase space reconstruction of polar cod abundance from one year’s time series data. 

 

  

Figure 24. Causal interactions network of the effect of temperature with ocean acidification on the mean 
abundance (2004-2014) of ringed seal (Phoca hispida) on the west coast of Svalbard. The linkages between 
species are the mean of the interaction coefficients quantifying the changing effects of temperature with ocean 
acidification derived from the phase state reconstructions (manifolds) of species.   
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WP4: Project Title: Risk governance and ocean acidification: 
understanding the role of uncertainty 

 Project leader: Marianne Karlsson 

 Partisipants: Marianne Karlsson (NIVA), Jannike Falk-Andersson (Salt.nu), 
Anne-Katrine Norrman (NORUT), Michael Bernstein (Arizona State University) 

Research activities and results: 

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 
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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, and modelling and known 
knowledge gaps) and means of managing and communicating these. Due to a delay 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 eight out of the planned 14 interviews with scientists. The remaining interviews 
will be carried out and analysed 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, analysing and 
communicating their research. They also have some knowledge on what types and how this 
uncertainty is and is not 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 science-policy 
sphere. The students furthermore participated at the workshop and a podcast from the meeting 
has been produced and is currently available (https://salt.nu/podcast-havforsuring-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 analyse 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 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.   
 
References 
Cvitanovic C, et al. (2015) Improving knowledge exchange among scientists and decision-makers to facilitate 

the adaptive governance of marine resources: a review of knowledge and research needs." Ocean Coast 
Managet 112:25-35 

 
Kelly RP, Caldwell MR (2013) Ten ways states can combat ocean acidification (and why they should). Harv 

Envtl L Rev. 37: 57 
 
Van Asselt MB, Renn O (2011) Risk governance. J Risk Res 14:431-449 
 
 
 



27 
 

OA-DREAM Publications-2018 
 
AMAP. 2018. AMAP Assessment 2018: Arctic Ocean Acidification. Arctic Monitoring and Assessment 

Programme (AMAP), Tromsø, Norway. vi+187pp R. Bellerby, P. Wallhead, M. Chierici, A. Fransson, 
H.I. Browman contributing authors. 

Carstensen J., Chierici M., Gustafsson B.G. & Gustafsson E. 2018. Long-term and seasonal trends in 
estuarine and coastal carbonate systems, Global Biogeochemical Cycles, GBC20639, 
DOI:10.1002/2017GB005781.   

Charrieau L.M., Filipsson H.L., Ljung K., Chierici M., Knudsen K.L. & Kritzberg E. 2018. The effects of 
multiple stressors on the distribution of coastal benthic foraminifera: a case study from the Skagerrak-
Baltic Sea region, Marine Micropaleontology 139:42-56. 

Ericson Y, Falck E., Chierici M., Fransson A., Kristiansen S., Platt S.M., Hermansen O., Myhre CL. 
2018. Temporal variability in surface water pCO2 in Adventfjorden (West Spitsbergen) with emphasis on 
physical and biogeochemical drivers. Journal of Geophysical Research-Oceans. 
https://data.npolar.no/publication/bcdb12d4-2dae-4c4b-b197-18c8b449bb32 

Griffith G.P., Hop H., Vihtakari M., Wold A & Kalhagen K. Ecological resilience of Arctic marine food 
webs to climate change. Nature Climate Change (In review) 

Hendry K.R., Kimberley M., Pyle M., Butler G., Cooper A., Fransson A. & Chierici M. et al. 2018 
Spatiotemporal variability of barium in Arctic sea-ice and seawater. Journal of Geophysical Research-
Oceans 123: 3507–3522, doi: 10.1029/2017JC013668. 

Nomura D., Granskog M. A., Fransson A., Chierici M., Silyakova A., Ohshima K. I. & Dieckmann 
G.S. 2018. CO2 flux over young and snow-covered Arctic pack ice in winter and spring. Copernicus 
GmbH. Biogeosciences. https://doi.org/10.5194/bg-15-3331-2018 

Olofsson M., Torstensson A., Karlberg M., Steinhoff F.S., Dinasquet J., Riemann L., Chierici M. & Wulff 
A. 2018 Limited response of a spring bloom community and inoculated filamentous cyanobacteria to 
elevated temperature and pCO2. Botanica Marina (accepted). 

Opstad I., Mangor Jensen A., Sperfeld E., Semb Johansen I., Fransson A., Chierici M. & Dalpadado P. 
2018. Effects of high pCO2 on the northern krill Thysanoessa inermis in relation to carbonate 
chemistry of its collection area, Rijpfjorden. Marine Biology 165:116 https://doi.org/10.1007/s00227-
018-3370-7. 

Randelhoff A., Reigstad M., Chierici M., Sundfjord A., Ivanov V., Cape M.R., Vernet M., Tremblay J.-E., 
Bratbak G. & Kristiansen S. 2018. Seasonality of the physical and biogeochemical hydrography in the 
inflow to the Arctic Ocean through Fram Strait. Frontiers in Marine Science, doi: 
10.3389/fmars.2018.00224  

Rastrick S.S.P., Graham H.E., Azetsu-Scott K., Calosi P., Chierici M., Fransson A., Hop H., Hall-Spencer 
J., Milazzo M., Thor P. & Kutti T. 2018. Using natural analogues to investigate the effects of climate 
change and ocean acidification on Northern ecosystems. ICES Journal of Marine Science, doi: 
10.1093/icesjms/fsy128. 

Sanz-Martín M., Chierici M., Mesa C.E., Carrillo-de-Albornoz P., Delgado-Huertas A., Agusti S., 
Reigstad M., Kristiansen S., Wassmann P.F.J. & Duarte C.M. 2018. Episodic Arctic CO2 limitation in 
the west Svalbard shelf. Frontiers in Marine Science, ID:347348  

Skogen M.D., Hjøllo S.S., Sandø A.B. & Tjiputra J. 2018. Future ecosystem changes in the Northeast 
Atlantic: A comparison between a global and a regional model system. ICES Journal of Marine Science, 
doi:10.1093/icesjms/fsy088 

State of the Polar Oceans. 2018. Francis J. & Misund O.A. (Eds.)., British Antarctic Survey, M. Chierici 
contributing author. 

Thompson C., Runge J.A., Fields D.M., Shema S., Bjelland R.M., Durif C.M.F., Skiftesvik A.B., Arts M., 
Mount A., Chan V. & Browman H.I. Vital rates of the salmon louse, Lepeophtheirus salmonis, are 
unaffected by high CO2 but are affected by temperature. Marine Biology (submitted). 

Torstensson A., Fransson A., Currie K., Wulff A. & Chierici M. 2018. Microalgal photophysiology and 
macronutrient distribution in summer sea ice in the Amundsen and Ross Seas, Antarctica. PLoS ONE 
13(4): e0195587. https://doi.org/10.1371/journal.pone.0195587 
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Wallhead P.J., Chen W., Falkenberg L., Norling M., Bellerby R., Dupont S., Fagerli C., Dale T., Hancke 
K., Christie H. 2018. Annex 2: Urchin harvesting and kelp regrowth in northern Norway under ocean 
acidification and warming. In: AMAP Assessment 2018: Arctic Ocean Acidification. pp. 79-90 Arctic 
Monitoring and Assessment Programme (AMAP), Tromsø, Norway.  

Wulff A., Karlberg M., Olsson M., Torstensson A., Riemann L., Steinhoff F.S., Mohlin M., Ekstrand N. & 
Chierici M. 2018. Ocean acidification and desalination - Climate-driven change in a Baltic Sea summer 
microplanktonic community. Marine Biology 165:63, doi.org/10.1007/s00227-018-3321-3. 

Yasunaka S., Siswanto E., Olsen A., Hoppema M., Watanabe E., Fransson A., Chierici M., Murata A., 
Lauvset S.K., Wanninkhof R., Takahashi T., Kosugi N., Omar A.M., van Heuven S. & Mathis 
J.T. 2018. Arctic Ocean CO2 uptake: an improved multiyear estimate of the air–sea CO2 flux 
incorporating chlorophyll a concentrations. Biogeosciences 15: 1–18, https://doi.org/10.5194/bg-15-
1-2018. 

Yakubov S., Wallhead P., Protsenko E. & Yakushev E. 2018. A 1-Dimensional Ice-Pelagic-Benthic transport 
model (IPBM) v0.1: Coupled simulation of ice, water column, and sediment biogeochemistry, 
Geosciences Model Development Discussion, https://doi.org/10.5194/gmd-2017-299. 

 
OA-DREAM Presentations-2018 

Chierici, M., A. Fransson, Y. Ericsson, E. Falck, & S. Kristiansen. Influence of glacial water on carbonate 
chemistry and biogeochemical processes in Svalbard fjords with different characteristics. Arctic Frontier 
Conference, Tromsø, Norway January 2018. 

Chierici, M., A. Fransson, Y. Ericsson, E. Falck, & S. Kristiansen. 2018. Influence of glacial water on 
carbonate chemistry and biogeochemical processes in Svalbard fjords with different characteristics, 
Poster Abstract AGU Ocean Science Meeting, 11-16 February 2018, Portland, USA 

Chierici, M., & A. Fransson. Changes in a 7-year timeseries in Arctic Outflow waters, Polar2018, 19-23 
June 2018, Davos, Switzerland 

Fransson, A., M. Chierici, I. Skjelvan, A. Olsen, P. Assmy, A.K. Peterson, G. Spreen, & B. Ward. Effects of 
sea-ice and biogeochemical processes and storms on under-ice water fCO2 from winter to spring in the high 
Arctic Ocean: Implications for sea-air CO2 fluxes. Abstract, Arctic Frontier Conference, Tromsø, Norway 
2018. 

Fransson, A., M. Chierici, I. Skjelvan, A. Olsen, P. Assmy, A. K. Peterson, G. Spreen, & B. Ward.  Effects 
of sea-ice and biogeochemical processes and storms on under-ice water fCO2 from winter to spring in the 
high Arctic Ocean: Implications for sea-air CO2 fluxes. Abstract, to the Ocean Science Meeting, Portland, 
USA, 2018, invited. 

Fransson, A., M. Chierici, H. Hop, S. Kristiansen, & A. Wold. Seasonal variability of the carbonate 
chemistry and ocean acidification state in Kongsfjorden: Implications for calcifying organisms. Abstract, 
Svalbard Science Forum, Oslo, Norway 2018 

Hjøllo, S., M. Skogen, A.B. Sandø, & J. Tjiputra. Future ecosystem changes in the Northeast Atlantic: a 
comparison between a global and a regional model system. Bjerknes Days 07.11.2018 oral 

Järnegren, J. “The future of Coral reefs”. September 8th 2018. Klimafestivalen i Trondheim. oral, Invited 
Mittermayer, F.H., M.H. Stiasny, C. Clemmesen, T. Bayer, V. Puvanendran, M. Chierici, S. Jentoft, & 

T.B.H. Reusch. Ocean Acidification as a Stealth Stressor to Atlantic cod larvae. Abstract for Marine 
Ecology Conference, May, Strömstad, Sweden 

Mousing, E.A., A.B. Sandø, P. Wallhead, S.S. Hjøllo, & M.D. Skogen: "Primary drivers of changes in 
productivity in a future warmer Barents Sea - a comparison of 3 downscaled ecosystem models". 
Presentation at 4th International Symposium: The Effects of Climate Change in the World's Oceans 
(ECCWO4), Washington DC 2018.11.09 oral 

Protsenko, E., T. Kristiansen, P. Wallhead, Ø. Varpe, E. Yakushev, S. Yakubov, & A. Zagovenkova.  
Modeling the Local Effect of Subsea Permafrost Thawing on Arctic Biogeochemistry. Polar-2018 
SCAR/IASC Open Science Conference, Davos, Switzerland, 2018, oral 

Protsenko, E., T. Kristiansen, P. Wallhead, Ø. Varpe, E. Yakushev, S. Yakubov, & A. Zagovenkova.  
Modeling the local effects of sub-sea permafrost degradation on Arctic marine biogeochemistry. 
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Geophysical Research Abstracts Vol. 20, EGU2018-19072, EGU General Assembly, Vienna, Austria, 
2018  

Wallhead, P.J., W. Chen, W., L. Falkenberg, M. Norling, R. Bellerby, S. Dupont, C. Fagerli, T. Dale, K. 
Hancke, & H. Christie. Urchin harvesting and kelp regrowth in northern Norway under ocean 
acidification and warming. Arctic Biodiversity Congress, Rovaniemi, Finland, 2018. oral 

 

Reports (non peer-review, relevant) 

Faglig Forum: Polarfrontens fysiske beskaffenhet og biologiske implikasjoner En verdi- og sårbarhetsvurdering 
av polarfronten i Barentshavet, Ed: V. Lien, Institute of Marine Research and Norwegian Polar Institute, 
2018. M. Chierici contributing author 

Jones, E., M. Chierici,  I. Skjelvan, M. Norli, K.Y. Børsheim, S.K. Lauvset, H.H. Lødemel, K. Sørensen, 
A.L. King, & T. Johannessen. 2018. Monitoring Ocean Acidification in Norwegian waters/Overvåking 
av havforsuring i norske farvann i 2017 Report, Norwegian Environment Agency/Miljødirektoratet, M-
|2018. 

 

Teaching and Outreach (selection) 

Several of the OA Flagship members are either adjunct Professors at educational institutions such as 
the UiT- The Arctic University of Norway (H. Hop) and University Centre in Svalbard (UNIS, M. 
Chierici). Other members are also part of the education and teach at relevant courses at UiT and UNIS. 
M. Chierici is course leader for MSc/PhD course ”Chemical Oceanography in the Arctic Ocean” at 
UNIS (AGF352/852) and gives lectures on the chemistry of ocean acidification at UiT courses in 
Arctic Marine Ecology. 

1 PhD graduated directly through the OA Flagship 

4 students (both Bachelor and Master students have participated on cruises and projects 

4 PostDoc’s are part of the flagship as of 2018 

In addition, the OA Flagship is and has been involved in public presentations, school visits, 
interviews, radio, blogs, webinars and popular articles in newspapers and social media. The OA 
Flagship has contributed with photos, films and other material for the science days and other forums. 
The flagship members have also been interviewed and assisted students from Kongsbakken skole on 
the topic of ocean acidification 2 years in a row as part of the Science Days. 

NRK team followed Agneta Fransson for 3 weeks on the Nansen Legacy cruise for footage and 
interviews for a Nordic TV series (NRK, YLÄ and SVT) 

Ice Cores for the baptizing of KPH facilitated by A. Fransson and a small feature article 
www.npolar.no and fb (NPI) 

H. Hop Ocean acidification, a threat. Maritimt Magasin 12/2018, p. 6. 

M. Chierici gave 6-minute talk on ocean acidification for the Kings and Queens of HMK and HMQ of 
Norway and Sweden. 
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Budget 
 
The budget has been spent according to the allocation below and the final Faktura has been 
sent from project manager NPI to KLD.  
 

 
 
 
Tromsø, 15 January, 2019/Haakon Hop 

OA-Flagship-revised-2018 (KLD-funded)

NPI NPI ik IMR IMR ik NIVA NIVA ik UiT UiT ik Apn Apn ik NINA NINA ik Granted KLD total ik WP-Sums ik-Sums
Flagship 200 100 100 200 300 300 300
WP1 730 650 930 1000 50 100 0 0 1710 1750 1710 1750
WP2-task1 370 245 350 330 720 575
WP2-task2 1060 350 350 440 80 185 1490 975
WP2-task3 800 940 800 940 3010 2490
WP3-task1 130 200 170 170 300 370
WP3-task2 190 240 130 130 320 370
WP3-task3 170 170 0 0 170 170
WP3-task4 160 160 50 60 50 50 260 270 1050 1180
WP4 380 380 0 380 0

total 2150 1260 2550 3080 1030 805 0 0 370 245 350 330 6450 5720 5720

Activity Lead institution Granted Project Project leader

Lead, WP2-2, WP3-4 NP 1420 67040 Haakon Hop
Co-lead, WP1, WP2-2, WP3- 1, WP3-2, WP3-4 IMR 1750 67001 Melissa Chierici
WP1 NP 730 67030 Agneta Fransson
WP2-3 IMR 800 67001 Howard Browman
WP2-1 Apn 370 67004 Claudia Halsband
WP2-1 NINA 350 67006 Johanna Järnegren
WP1, WP2-2, WP3-1, WP3-2, WP3-3, WP3-4 NIVA 650 67007 Philip Wallhead
WP4 NIVA 380 67008 Marianne Karlsson

Total (KLD) 6450


