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Mission	  of	  IMR

• Vision	  
Knowledge	  and	  advice	  for	  rich	  and	  clean	  
marine	  and	  coastal	  regions.	  

• Ambition	  
We	  aim	  to	  be	  international	  leaders	  in	  marine	  
research	  and	  management	  advice.



Physical	  Oceanography
• Hydrographic	  monitoring	  (CTD	  stations)	  
	   -‐	  standard	  sections	  
	  	  	  -‐	  regional	  surveys	  
• Fixed	  coastal	  stations	  (hydrography)	  
• Current	  meter	  moorings	  
• On	  survey	  vessels	  (ship	  mounted	  ADCPs	  

and	  termosalinograph)

X



Long-‐term	  variability	  and	  trends	  in	  the	  
AtlanNc	  Water	  inflow	  region	  (A-‐TWAIN)

Lance Cruise report September 13 – 25, 2015 
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Fig.1 CTD/LADCP stations, recovered and deployed mooring station positions,  
and ship track (black line). 

 
The A-TWAIN Lance cruise was started in Longyearbyen on 13 September, and Lance arrived to the 
upstream IOPAS mooring station (IOPAS6) on 14 September after lunch. The station was deployed in 
August 2014. We released Polish mooring and did first CTD station there (NB1), and started steaming to 
the FRAM mooring station ATWAIN200-2 deployed in September 2013. 15 September 2015 this station 
was successfully recovered. The same day the Fram mooring station ATWAIN800-2, deployed in 
September 2013, was also successfully recovered. After that we did the four CTD/LADCP stations (M5-
M8). 
 
In the morning of 16 September we have reached the position of the Fram mooring station 
ATWAIN1100, deployed in September 2013, and recovered it. The same day the IOPAS mooring station 
IOPAS6, deployed in September 2013, was also recovered. 
After the release of each mooring station the CTD/LADCP stations were done and biological samples were 
taken. 
 
After that we undertake a CTD and LDCP survey of this region in order to map out the general location of 
the Atlantic Waters: transect M (M09-M15, M23 and M24) and transects AT1 and AT3, and transect 
along the shelf zone AT2. 
In the morning of 19 September we have reached the position of the first FRAM mooring station, did 
CTD station with biological samples and deployed station ATWAIN200-3. After that we have continued 
the CTD/LADCP stations at the transect M (M25-M29). 
 

2012

2013

2014

2015



ExisNng	  and	  new	  internaNonal	  partners
IOPAS,	  Poland	  
-‐	  two	  moorings	  2012-‐present	  
-‐	  cruise	  parNcipaNon	  every	  year

h"p://www.whoi.edu/warmingarc3c/4 WHOI,	  USA	  
-‐	  four	  moorings	  2012-‐13	  
-‐	  cruise	  parNcipaNon	  2012+13

Planned	  collaboraNon	  on	  data	  analysis	  
and	  possible	  joint	  cruises	  in	  the	  future

New	  projects	  &	  collaboraNons	  
underway	  to	  team	  up	  with	  A-‐TWAIN:	  
ArcNcPrize,	  SIOS,	  Nansen	  Legacy,	  AWI

ScoZsh	  AssociaNon	  for	  Marine	  
Science,	  Oban	  ,	  Scotland University	  of	  Wales	  in	  Bangor
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Seasonal variability and fluxes of nitrate in the surface
waters over the Arctic shelf slope
Achim Randelhoff1,2, Arild Sundfjord2, and Marit Reigstad1

1Institute for Arctic and Marine Biology, University of Tromsø, Tromsø, Norway, 2Norwegian Polar Institute, Tromsø, Norway

Abstract Understanding the present state and possible future scenarios of Arctic Ocean primary
productivity has been hampered by the scarcity of year-round nutrient measurements. Here the first
yearlong moored time series of near-surface nitrate concentrations in the Eastern Arctic, together with
hydrography, currents, and chlorophyll a fluorescence, is reported from the shelf slope northeast of
Svalbard. Variability was dominated by the inflow of Atlantic Water (AW). Nitrate was near depleted during
July–September and reached a maximum concentration of 10 μM in March. Vertical nitrate gradients
were eroded by mid-December, demonstrating the importance of the AW in breaking down upper ocean
stratification during fall. Upward nitrate fluxes through the nitracline in the AW inflow region during fall
were 2.5 ± 0.5 mmol m−2 d−1. The spring bloom triggered extensive nitrate drawdown from June, from
which an annual new production of 31 g C m−2 was estimated.

1. Introduction
The Arctic Ocean (AO) primary production (PP) is subject to two major constraints: Light limitation result-
ing both from the thick, perennial ice cover and the total absence of sunlight during the polar night and
nutrient limitation by nitrate depletion due to the strong stratification in large parts of the deep basins and
the Western Arctic [Codispoti et al., 2013]. With the currently retreating ice cover [e.g., Comiso, 2012], primary
production could be expected to increase as more light becomes available [Arrigo et al., 2008; Arrigo and
van Dijken, 2011]. However, the associated changes in stratification and thus upward mixing of nutrients are
not well understood, such that the reliability of large-scale modeling of future AO PP largely depends on
current constraints of nitrate concentrations in the ice-covered areas [Vancoppenolle et al., 2013].

Since river runoff draining into the AO contains little nutrients [Codispoti et al., 2013], the inflows of Atlantic
Water (AW) via Fram Strait and the Barents Sea and of Pacific Water via Bering Strait are the dominant sources of
nutrients for the AO [Torres-Valdés et al., 2013; Codispoti et al., 2013]. Because of its high salinity and successive
cooling, the AW that enters the AO sinks down to intermediate depths, from where it provides nutrients to
the surface waters through turbulent diapycnal mixing.

Without light limitation, the spring bloom rapidly depletes the nitrate pool in the euphotic zone, and nitrate
concentrations ( ) remain low throughout summer by a combination of continued nitrate consumption
and suppression of vertical mixing caused by the developing stratification [e.g., Carmack et al., 2006]. In this
respect, two quantities are of interest, dominated by the physical setting rather than the biological fluxes: The
vertical flux of nitrate that supplies the productive surface layer during summer and the replenishment of the
nitrate pool during fall and winter, which in turn determines the prebloom state for the next season. However,
few observations of vertical nutrient fluxes exist in the AO [Bourgault et al., 2011]. During fall, primary produc-
tion ceases, stratification weakens, and surface nutrient concentrations start to increase again, and more so
on the shelf [e.g., Aagaard and Carmack, 1994] than in the central AO. The upper part of the continental slope
is an interesting region at the boundary between the deep basin and the shelf seas, with possibly elevated
mixing from strong boundary current shear and possible upwelling during ice-free conditions [Carmack and
Chapman, 2003].

Data on nutrient concentrations in the AO are sparse not only due to ice restricting access to the region
but also the need for time-consuming wet chemistry to analyze water samples, which limits temporal
and spatial coverage. In situ ultraviolet spectrophotometry is a tool for real-time, in situ measurements of
nitrate [Johnson and Coletti, 2002] which allows for continuous and autonomous long-term deployments
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Figure 3: Vertical sections of (a) potential temperature, (b) salinity, and (c) absolute geostrophic velocity

(positive values indicate northeastward flow) along the mooring transect marked in Figure 1. The expendable

CTD section was occupied over 6 hours on 16 September. The gray lines are contours of potential density (the

27.70 and 27.97 kg/m3 isopycnals, taken to be the density limits of the Atlantic Water, are highlighted). The

inverted triangles indicate the station locations, and the locations of the boundary current and the core of the

Atlantic Water eddy are marked.
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Submi]ed:	  The	  AtlanNc	  Water	  boundary	  current	  
north	  of	  Svalbard.	  M.	  D.	  Pérez-‐Hernández	  et	  al.,	  JGR	  

In	  prep:	  Oceanic	  influence	  on	  the	  sea	  ice	  
cover	  over	  the	  AtlanNc	  Water	  boundary	  
current	  in	  the	  ArcNc	  Ocean	  northeast	  of	  
Svalbard.	  A.	  H.	  H.	  Renner	  et	  al.



future	  plans:	  
-‐ ongoing	  data	  analysis	  &	  work	  on	  manuscripts	  
-‐ mooring	  recovery	  &	  redeployment	  cruise	  in	  2017	  
-‐ site	  north	  of	  Svalbard	  =	  one	  of	  the	  focus	  sites	  in	  INTAROS	  
-‐ contribuNons	  to	  SIOS,	  Nansen	  Legacy	  
-‐ further	  collaboraNons	  with	  NABOS,	  IOPAS,	  WHOI,	  AWI,	  

SAMS/U	  Bangor,	  ...



Long	  term	  biological	  measurements

Spring	  and	  autumn	  bloom	  dynamics	  -‐	  initiation,	  maximum	  
and	  culmination	  (Chl	  concentration,	  ordinate	  day)	  
!
Pelagic	  production	  (phytoplankton	  and	  zooplankton)	  -‐
spatial	  and	  temporal	  dynamics	  
!
Processes	  governing	  the	  lower	  trophic	  levels	  
!
How	  does	  different	  trophic	  levels	  respond	  to	  climate	  
warming	  
!
Trophic	  transfer	  efficiencies	  
!
carrying	  capacity	  	  of	  the	  key	  planktivorous	  fish	  –	  e.g.	  
based	  on	  net	  community	  primary	  production



Jørgensen et al 2014. Distribution of benthic megafauna in the Barents Sea: baseline for an ecosystem approach to management. 
ICES  Jour of Mar Science

!
1 Blue:  Arctic, North East	

2 Red:  Boreal, South West	

3 Yellow: Shallow cold banks	

4 Green: Deep cold, North West 	


Annual surveys idendified 
four regions:

Benthos in the Barents Sea

1

2

3

4

Repeated sampling shows shifts in 
distribution and invasive species	




Ecosystem	  survey	  Barents	  Sea	  
Institute	  of	  Marine	  Research/PINRO

Johan Hjort

G.O.Sars

Helmer Hansen
Vilnus

Fridjof Nansen



Vilnius

Hydrography

Plankton

0-group fish

Pelagic fish

Demersal fish

Benthos

Sea birds

Sea mammals

Interactions 
(diet)

Ecosystem	  survey	  Barents	  Sea	  
Institute	  of	  Marine	  Research/PINRO



WGIBAR Integrated Assessment – 
the future of ecosystem-based management

➢ Data from ecosystem cruise (previous slide) 
➢ Model transport data

BSO

SBSO

BSX

NBSO



WGIBAR Integrated Assessment – 
the future of ecosystem-based management

Abiotic Biotic

➢ Data from ecosystem cruise (previous slide) 
➢ Model transport data 
➢ Annual meeting between physicists and biologists from IMR and PINRO 
➢ Overview of ecosystem status 
➢ Principal Component analysis of biotic and abiotic data

Abiotic



WGICA	  -‐	  ICES/PAME	  Working	  Group	  on	  Integrated	  Ecosystem	  
Assessment	  for	  the	  Central	  ArcNc	  Ocean

ICES WGICA REPORT 2016 |  5 

 

 

Figure 5.1. Map of 18 Large Marine Ecosystems (LME) in the Arctic as adopted by the Arctic Council 

in 2013. The Central Arctic Ocean (CAO) LME is defined as the deep basins with their specific 

habitats and biota. Characteristics of this system include strongly stratified water columns, 

seasonal and multi-annual sea ice, and overall low primary and secondary production with very 

strong seasonality between winter darkness and a short summer season. The slope regions are 

included as part of the adjacent shelf LMEs (e.g. Barents, Kara, Laptev). This is also the case for the 

Chukchi Borderland region which is included as part of the northern Bering-Chukchi LME. The 

Beaufort Sea LME includes the southern part of the Canadian Basin (south of 76°N). The boundaries 

of the CAO LME do not follow political boundaries. The CAO LME includes parts of the Exclusive 

Economic Zones (EEZs) of Canada, Denmark/Greenland, Norway, and Russia. 

Term of Reference a: Approaches and methodologies to integrated 
ecosystem assessments  
Several groups have conducted integrated ecosystem assessments that may be relevant 

to WGICA’s assessment of the Central Arctic Ocean. The approaches and 

methodologies used by these groups were reviewed. 

ICES Working Groups for integrated ecosystem assessments of the Barents Sea (WGIBAR) and the 
Norwegian Sea (WGINOR)  

The International Council for Exploration of the Sea (ICES) puts emphasis on ecosystems 
in their current Strategic Plan and has established a number of regional working 

groups for doing Integrated Ecosystem Assessments. Two of these groups are 

WGINOR and WGIBAR that were established in 2013 and 2014 for the Norwegian Sea 

and Barents Sea ecosystems, respectively. Both groups have met three times and 

produced reports that are available at the ICES webpage (http://www.ices.dk/explore-

us/who-we-are/pages/expert-groups.aspx). WGINOR and WGIBAR have taken a 

similar approach and scope to doing IEA for the two LMEs. The scope has been to focus 

on the influence of climate variability and change on the (mostly) pelagic part of the 

ecosystems and on interactions with fisheries. The approach has been to assemble time-



Hydrography	  and	  plankton

Bottom	  and	  pelagic	  trawl

Cod	  in	  bottom	  trawl

Some	  results	  from	  the	  2016	  survey



Some	  results	  from	  the	  2016	  survey

• Not	  optimal	  coverage	  
• Low	  abundance	  of	  capelin	  
• God	  recruitment	  of	  capelin	  
• Low	  recruitment	  of	  other	  species	  
• Cod	  still	  located	  far	  north	  
• High	  level	  of	  biomass	  in	  general	  
• No	  ice	  in	  survey	  area
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• Cod	  still	  located	  far	  north	  
• High	  level	  of	  biomass	  in	  general	  
• No	  ice	  in	  survey	  area



CAPELIN	  –	  STOCK	  DEVELOPMENT
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Annex 5 WGIBAR State of the Barents Sea 2015 

Contributing Authors (Alphabetic): 

Espen Bagøien1, Bjarte Bogstad1, Anatoly Chetyrkin2, Padmini Dalpadado1, Andrey 
Dolgov2, Elena Eriksen1, Anatoly Filin2, Harald Gjøsæter1, Randi Ingvaldsen1, Edda 
Johannesen1, Lis Lindal Jørgensen1, Dmitri Prozorkevich2, Francisco Rey1, Alexey 
Russkikh2, Georg Skaret1, Hein Rune Skjoldal1, Alexander Trofimov2, Gro I. van der 
Meeren1 

1Intitute of Marine Research (IMR), Norway 

2Knipovich Institute of Polar Research of Marine Fisheries and Oceanography (PIN-
RO), Russia 

Acknowledgement: 

The remote sensing data to WGIBAR (Chapter 3.2) is a contribution from the TIBIA 
project at IMR, Bergen, Norway. The work done here is in collaboration with Profes-
sor Kevin Arrigo and Gert van Dijken from Stanford University, USA. 
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CAPELIN	  –	  STOCK	  DEVELOPMENT

Capelin - zero group index
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CAPELIN	  –	  STOCK	  DEVELOPMENT
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SURVIVAL	  FROM	  0-‐GROUP	  (JUVENILES)	  TO	  1	  GROUP
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Consumption	  of	  Capelin	  by	  Cod	  in	  the	  Barents	  Sea
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Overall	  obectives:	  
!
To	   develop	   a	   knowledge	   base	   on	   the	   state	   and	   variability	   of	   the	  
present	  and	  future	  Arctic	  Ocean	  ecosystem.	  	  
!
To	   explore	   potential	   options	   for	   providing	  ecosystem-‐based	   advice	  
in	  a	  changing	  climate	  context.

Strategic	  Initiative	  −	  The	  Arctic	  Ocean	  Ecosystem	  (SI_ARCTIC)	  
	  	  	  	  -‐	  5-‐yr	  project	  (2014-‐2018)	  funded	  by	  the	  Norwegian	  Ministry	  of	  Trade,	  
Industry	  and	  Fisheries	  (channeled	  through	  the	  Norwegian	  Research	  Council)



Observations of: 
- Physical and chemical oceanography 
- Phyto- and zooplankton 
- Fish (pelagic and demersal) 
- Benthos 
- Marine mammals and birds

Cruise track and sea ice conditions

http://siarctic.imr.no/

2014-2016 Surveys
!

• Aim of surveys: Conduct baseline studies of the marine ecosystem in the Arctic 
Ocean/the region north of Svalbard



Possible activities in the future: 
!
Nansen Legacy  
-large research program with 8 Norwegian 
governmental institutions involved 
- focus area in the northern Barents Sea and adjacent 
Arctic Ocean



*Disclaimer: none of the ships have been allocated or promised to the SAS

àSAS: An international, coordinated 
field campaign in the Arctic in 2020 
àEach nation covers respective 
zones of  interest with already 
planned or dedicated cruises 
àMutual sampling strategies and 
measurement protocols 
à H y d r o g r a p h y , C O 2 a n d 
biogeochemistry, ecosystems 
àShare data 
àMakes the whole much bigger than 
the individual parts.  
àMilestone in Arctic Observing



SVIM	  Nordic	  Sea	  4km	  
- Nordic	  and	  Barents	  seas	  at	  4	  km	  resolution	  for	  the	  period	  1960-‐2015	  
- «Semi-‐operational»	  -‐	  updated	  seasonally	  to	  annually	  
- Daily	  and	  monthly	  fields	  
- Well	  documented	  (Lien	  et	  al.,	  2013,	  2014,	  2016a,b)	  and	  used	  in	  risk	  

assessment	  (Vikebø	  et	  al.,	  2014,	  2015)



NorKyst800 • Model	  over	  entire	  NorKyst800-‐domain	  is	  now	  run	  from	  Jan	  2005	  	  
• Uses	  SVIM-‐4km	  for	  boundary	  conditions	  &	  at	  open	  boundaries	  	  
• Used	  operationally	  by	  MET

NorFjords160 • Sub	  domains	  with	  160	  m	  horizontal	  grid	  resolution	  
• Run	  for	  parts	  of	  the	  NorKyst800	  domain	  
• Can	  be	  run	  for	  new	  sub	  domains	  at	  short	  notice



Svalbard	  models
• Svalbard800-‐model	  nested	  in	  Arctic-‐4km	  (Hattermann	  et	  al.,	  2016,	  GRL)	  
• output	  from	  different	  runs	  available	  
• Kongsfjorden-‐160m	  up	  and	  running	  as	  wel



GISS-‐R

Change	  in	  ice-‐concentration,	  March	  (2046	  –	  2061)	  -‐	  (1981	  –	  1999)

Sandø et al., 2014

Downscaling	  global	  climate	  scenarios
NCAR-‐R



Change	  in	  sea	  surface	  temperature,	  March	  (2046	  –	  61)	  -‐	  (1981	  –	  99)	  

Sandø et al., 2014

Downscaling	  global	  climate	  scenarios
GISS-‐R NCAR-‐R



NORWECOM.E2E 
An integrated system of numerical models that describe 
the key elements in the Norwegian/Barents Sea / Arctic 
ecosystems with focus on processes of importance to 

harvestable stocks 

 
OCEAN MODEL 
- hindcast and 

scenarios 
  
 

 
PHYTOPLANKTON  

MODEL 

 
 
Zooplankton IBM 
(Calanus, Krill) 

Phytoplankton 
distribution 

 
Pelagic fish IBM 
(Herring, blue 
whiting, mackerel) 

Zooplankton 
distribution 

Predator field 

Predator field 

3D field of current, temperature, turbulence 


