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Summary  
During   the   past   decades   the   Barents   Sea   experienced   pronounced   changes   in   hydrodynamic-‐‑,  
biogeochemical   and   higher   trophic   level   conditions.      The   sea   ice   cover   showed   a   long-‐‑term  
decreasing  trend,  which  seems  to  have  slightly  stabilized  during  the  recent  years  (Karaskov  et  al.,  
2013).   Barents   Sea   temperature   is   characterized   by   significant   multidecadal   variability,   which  
correlates   to   the   Atlantic   Multidecadal   Oscillation   AMO   (e.g.   Levitus,   et   al.,   2009)   and   co-‐‑
variations   with   cyclone   activity   have   been   identified   in   earlier   studies   (e.g.   Sorteberg   and  
Kvingedal,   2006).   These   long-‐‑term   variations   in   oceanographic   conditions   are   accompanied   by  
pronounced  variations  in  the  ecosystem  with  a.o.  an  increase  in  fish  abundance  and  an  expansion  
of  key   stocks  northwards   (e.g.   Stiansen   et   al.,   2009).  Based  on  model   simulations  of   contrasting  
years,  it  has  earlier  been  suggested  that  sea  ice  retreat  will  result  in  increasing  primary  production  
in  the  Barents  Sea  (e.g.  Wassmann  et  al.,  2006).    

We  investigate  long-‐‑term  variations  in  bottom  up  controls  on  the  lower  trophic  level  production  
in   the   Barents   Sea   by   employing   a   regional   physical-‐‑biological   model   for   a   multi-‐‑decadal  
simulation.  We  will  illustrate  the  impact  of  climatic  forcing  on  lower  trophic  level  production  in  
the  Barents  Sea  and  discuss  the  variations  in  dominant  climatic  drivers  over  the  decades.    

Model  description  
We   applied   the   coupled   physical-‐‑biological   model  
ECOSMO  (Daewel  &  Schrum,  2013)  to  the  Barents  Sea.  The  
biogeochemical   module   simulates   3   nutrient   cycles,   2  
functional  groups  for  phyto-‐‑  and  zooplankton  respectively,  
and  considers  detritus  and  DOM  as  well  as  sediment  pools  
for  organic  matter.  The  model  was  integrated  over  a  60  year  
time   period   (1948-‐‑2007)   and   results   were   analysed   with  
special  emphasis  on  identifying  the  most  important  climatic  
drivers.   To   validate   the   ECOSMO   long-‐‑term   model   run  
(1948-‐‑2007)   we   utilized   observational   data   from   different  
databases   (e.g.  CARINA,  NISE).  Detailed  validations  were  
earlier  performed  (Årthun  and  Schrum,  2010;  Årthun  et  al.,  
2011  and  Barthel  et  al.,  2012).    

Based  on  the  validation  exercises,  we  could  attribute  a  high  
potential  predictability  of  the  regional  hydrodynamics  and  
biogeochemistry  to  ECOSMO-‐‑Barents  when  forced  by  high  
quality  atmospheric  and  ocean  boundary  forcing.  We  could  
identify  small  biases  in  temperature  and  salinity,  however,  

Figure   4:   Mean   simulated  
temperature   (color)   and   salinity  
during  February  1981-‐‑2004  over  0-‐‑200  
m  depth.  The  February  mean  ice  edge  
(concentration   30%)   is   indicated   by  
the   dashed   white   line.   b)   Winter  
mean   (November-‐‑April)   sea   ice  
concentration   from  ECOSMO   (black)  
and   from   satellite   data  
(SMMR/SSMI)  between  70-‐‑81  oN  and  
15-‐‑60  oE  (Årthun  et  al.,  2012).  
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they   decreased   significantly   when   we   moved   from   the   highly   diffusive   upstream   to   the   non-‐‑
diffusive  Lax-‐‑Wendroff  TVD  (using  superbee  limiter)  (Barthel  et  al.,  2012).  The  sea  ice  variability  
and  average  maximum  sea  ice  extend  was  modelled  with  fairly  high  accuracy  

Results    
Our  simulations  could  show  that  the  Barents  Sea  experienced  large  variations  in  bottom  up  
controls  and  primary  production  over  the  last  60  years.  Compared  the  1950ies  the  productivity  
has  increased  by  20-‐‑30%  in  the  last  decade  of  the  simulation  period  (1998-‐‑2007).  This  increase  is  
paralleled  by  an  increase  in  Atlantic  Water  content  and  sea  ice  decrease  during  which  both  have  
implications  for  nutrient  supply  and  light  climate.        
  

  
Figure  4:  60-‐‑yrs  mean  net  primary  production/yr  (left)  and  annual  productivity  during  1948-‐‑2007  (gCm-‐‑2yr-‐‑1).  
    
Literature  

Anon.  2009.  Survey  report  from  the   joint  Norwegian/Russian  ecosystem  survey  in  the  Barents  Sea  August-‐‑
October  2008  volume  1.  IMR/PINRO  Joint  Report  Series,  No.  1/2009.  ISSN  1502-‐‑8828.  103  pp.  

Barthel,  K,  Schrum,  C,  Daewel,  U,  Årthun,  M,  Pushpadas,  D,  Svendsen,  S,  Resolving  frontal  structures:  On  
the   computational   costs   and   pay-‐‑off   using   a   less   diffusive   but   computational   more   expensive  
advection  scheme,  submitted  to  Ocean  Dynamics.    

Karsakov,  AL,   Ingvaldsen,  R,  Trofimov,  AG,  OZhigin,  VK,  Titov,  OV.   ,   2013.  Update   2012  Oceanographic  
conditions,  ice  conditions.  http://barentsportal.com/barentsportal_v2.5  

Levitus,   S,   Matishov,   G,   Seidov,   D,   Smolyar,   I,   2009.   Barents   Sea   multidecadal   variability.   Geophysical  
research  letters,  Vol.  36,  L19604,  doi:10.1029/2009GL039847.  

Stiansen,  J.E.,  Korneev,  O.,  Titov,  O.,  Arneberg,  P.  (Eds.),  Filin,  A.,  Hansen,  J.R.,  Høines,  Å.,  Marasaev,  S.  (Co-‐‑
eds.)   2009.   Joint   Norwegian-‐‑Russian   environmental   status   2008.   Report   on      the   Barents   Sea  
Ecosystem.  Part  II  –  Complete  report.  IMR/PINRO  Joint  Report  Series,  2009(3),  375  pp.  ISSN  1502-‐‑
8828.  

Wassmann  P,   Slagstad  D,  Wexels  Riser  C  &  Reigstad  M   (2006)  Modelling   the   ecosystem  dynamics   of   the  
Barents  Sea   including   the  marginal   ice  zone:   II.  Carbon  flux  and   interannual  variability.   Journal  of  
Marine  Systems  59:  1-‐‑24  

Årthun,  M,  Schrum,  C,  Ocean  surface  heat  flux  variability  in  the  Barents  Sea,  Journal  of  Marine  Systems,  In  
Press,   Corrected   Proof,   Available   online   14   July   2010,   ISSN   0924-‐‑7963,   DOI:  
10.1016/j.jmarsys.2010.07.003  

Årthun,  M,   Ingvaldsen,  R,  Smedsrud,  LH,  Schrum,  C.   (2011).Dense  Water   formation  and  circulation   in   the  
Barents  Sea.  Deep  Sea  Research  I  58,  801-‐‑817.  

  20 oE   30oE   40oE   50oE   60o E 

  66 oN 

  69 oN 

  72 oN 

  75 oN 

  78 oN 

  81 oN 

 

 

0

10

20

30

40

50

60

70

1950 1960 1970 1980 1990 2000
18

19

20

21

22

23

24

25

26

27

28

Time [years]

Pr
im

ary
 Pr

od
uc

tio
n [

gC
/m

**2
/ye

ar]


	Link to Theme Session L
	Hydrodynamic-sea ice couplings in the Barents Sea and their consequences for marine productivity
	Summary
	Model description
	Results
	Literature


