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Abstract	
  
	
  
The	
  ultimate	
  aim	
  of	
  this	
  project	
   is	
   to	
   investigate	
  the	
   interannual-­‐to-­‐decadal	
  variability	
  and	
  
predictability	
   of	
   the	
  North	
  Atlantic	
   circulation	
   and	
   of	
   the	
   surrounding	
   continental	
   regions	
  
(Europe,	
  Nordic	
   Seas)	
  using	
  a	
   coupled	
  model	
   system	
  with	
  an	
  extremely	
  high	
   resolution	
   in	
  
the	
   ocean	
   component.	
   Sensitivity	
   studies	
   and	
   analyses	
   of	
   existing	
   model	
   simulations	
  
(hindcasts	
  and	
  forecasts)	
  are	
  carried	
  out	
  to	
  investigate	
  the	
  role	
  of	
  the	
  oceanic	
  processes	
  and	
  
of	
   the	
  ocean-­‐atmosphere	
   interactions	
   in	
   coarse-­‐resolution,	
   “eddy-­‐permitting”,	
   and	
   “eddy-­‐	
  
resolving”	
   ocean	
  model	
   configurations.	
   It	
   is	
   expected	
   that	
   an	
   improved	
   representation	
   of	
  
the	
  ocean	
  dynamics	
  as	
  well	
   as	
  of	
   the	
  gyres	
  and	
   frontal	
   regions	
  will	
   lead	
   to	
  better	
   climate	
  
predictions	
  over	
  the	
  next	
  decade.	
  
	
  
Mechanisms	
  and	
  predictability	
  of	
  sea	
  surface	
  temperature	
  variations	
  at	
  the	
  North	
  Atlantic	
  
Ocean's	
  getway	
  to	
  the	
  Arctic	
  

The	
  Nordic	
  Seas	
  together	
  with	
  the	
  Barents	
  Sea	
  constitute	
  the	
  Atlantic	
  Ocean’s	
  gateway	
  to	
  
the	
  Arctic	
  Ocean,	
   and	
   the	
  Gulf	
   Stream’s	
  northern	
  extension	
  brings	
   large	
   amounts	
  of	
   heat	
  
into	
  this	
  region,	
  thus	
  modulating	
  the	
  climate	
  of	
  northwestern	
  Europe	
  and	
  impacting	
  Arctic	
  
changes.	
   In	
   a	
   recent	
   study	
   (Langehaug,	
   Matei,	
   Eldevik,	
   Lohmann,	
   Gao,	
   2016)	
   based	
   on	
  
retrospective	
   predictions	
   (“hindcasts”)	
   with	
   several	
   state-­‐of-­‐the-­‐art	
   climate	
   prediction	
  
models,	
   we	
   took	
   a	
   first	
   step	
   and	
   investigated	
   the	
  multiyear	
   predictive	
   skill	
   of	
   SST	
   in	
   the	
  
Nordic	
   Seas	
   and	
   Barents	
   Sea	
   for	
   the	
   50-­‐year	
   long	
   time	
   period	
   1961–2010.	
   Although	
   all	
  
investigated	
   models	
   exhibit	
   significant	
   predictive	
   skill	
   in	
   specific	
   regions	
   at	
   certain	
   lead	
  
times,	
   there	
   is	
   little	
   consistency	
  between	
   them	
   (not	
   shown).	
  Only	
   the	
  MPI-­‐ESM-­‐LR	
  model	
  
has	
  significant	
  skill	
  in	
  predicting	
  observed	
  SST	
  variability	
  in	
  the	
  eastern	
  Nordic	
  Seas	
  at	
  longer	
  
lead	
  times	
  (Fig.1c),	
  at	
  COR	
  levels	
  higher	
  than	
  that	
  of	
  the	
  statistical	
  benchmark	
  (persistence	
  
forecast).	
  This	
  underlines	
  the	
  potential	
  role	
  of	
  ocean	
  dynamics	
   in	
  bringing	
  predictability	
  to	
  
the	
  Nordic	
  Seas	
  and	
  Barents	
  Sea.	
  A	
  similar	
   result	
   for	
   the	
  North	
  Atlantic	
  has	
  been	
  stressed	
  
using	
  a	
  different	
  version	
  of	
  the	
  MPI-­‐ESM	
  (Matei	
  et	
  al.	
  2012)	
  as	
  well	
  as	
  other	
  models	
  (Robson	
  
et	
  al.	
  2012,	
  Yeager	
  et	
  al.	
  2012).The	
  economically	
  important	
  eastern	
  Nordic	
  Seas	
  region	
  is	
  of	
  
particular	
   promise	
   in	
   terms	
   of	
   predictability,	
   as	
   observed	
   thermohaline	
   anomalies	
   are	
  
advected	
   from	
   the	
   subpolar	
  North	
  Atlantic	
   to	
   the	
   Fram	
   Strait	
  within	
   the	
   time	
   frame	
   of	
   a	
  
couple	
  of	
  years.	
   In	
   the	
  MPI-­‐ESM-­‐LR	
  model,	
   the	
  predictive	
  skill	
  appears	
   indeed	
  to	
  progress	
  
northward	
  along	
  a	
  similar	
  route,	
  with	
  domains	
  of	
  high	
  skill	
  propagating	
  from	
  the	
  subpolar	
  
North	
  Atlantic	
  to	
  the	
  eastern	
  Nordic	
  Seas,	
  and	
  finally	
  into	
  the	
  Barents	
  Sea	
  as	
  forecast	
  time	
  
evolves	
   (6–8	
  years)	
   (Fig.1a-­‐c).	
   In	
   the	
  present	
  study,	
  we	
  also	
   found	
  a	
  significant	
  correlation	
  
between	
  the	
  AMOC	
  (at	
  48°N)	
  and	
  SST	
  in	
  the	
  eastern	
  Nordic	
  Seas	
  for	
  two	
  of	
  the	
  investigated	
  
models	
   (MPI-­‐ESM-­‐LR	
   and	
   IPSL-­‐CM5),	
  when	
  AMOC	
   is	
   leading	
  by	
   5	
   and	
  1–2	
   years	
   (Fig.	
   1d),	
  
respectively.	
  The	
  time	
  lag	
  between	
  the	
  two	
  appears	
  to	
  be	
  related	
  to	
  the	
  timing	
  of	
  predictive	
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skill	
   in	
   the	
  southeastern	
  Nordic	
  Seas	
   in	
   the	
  respective	
  models,	
  confirming	
  previous	
  results	
  
(Matei	
  et	
  al.,	
  2012)	
  that	
  indicate	
  that	
  the	
  SST	
  skill	
  in	
  the	
  subpolar	
  region	
  at	
  longer	
  lead	
  times	
  
is	
  a	
  consequence	
  of	
  an	
  accurate	
  initialization	
  of	
  AMOC	
  variability.	
  Our	
  results	
  also	
  show	
  that	
  
an	
  enhancement	
  in	
  the	
  horizontal	
  resolution,	
  particularly	
  of	
  the	
  oceanic	
  component,	
  could	
  
lead	
  to	
  an	
  increased	
  predictive	
  potential	
  of	
  SST	
  over	
  the	
  Nordic	
  Seas	
  region.	
  

	
  
Fig.	
   1	
   Top	
  and	
  bottom	
   left:	
  Anomaly	
   correlation	
   coefficient	
   of	
  winter	
   SST	
   for	
  MPI-­‐ESM-­‐LR	
  between	
  HadISST	
  
data	
  and	
  the	
  ensemble	
  mean	
  of	
  the	
  hindcasts	
  at	
  different	
  lead	
  times.	
  Significant	
  correlations	
  at	
  the	
  90	
  %	
  level	
  
are	
  embraced	
  by	
  the	
  black	
  solid	
  (dashed)	
  curves	
  for	
  positive	
  (negative)	
  correlations.	
  At	
  each	
  lead-­‐time,	
  the	
  time	
  
series	
  are	
   smoothed	
  by	
  a	
  3	
   year-­‐moving	
  average	
  and	
   the	
   linear	
   trend	
   is	
   subtracted	
  prior	
   to	
   correlation.	
  The	
  
magenta	
   curve	
   shows	
   the	
   position	
  where	
   the	
   sea	
   ice	
   concentration	
   is	
   50	
  %.	
  Bottom	
   right:	
  Cross-­‐correlation	
  
between	
   AMOC	
   at	
   48°N	
   and	
   SST	
   in	
   the	
   eastern	
   Nordic	
   Seas	
   for	
   the	
   period	
   1961–2010	
   based	
   on	
   ensemble	
  
members	
  from	
  the	
  historical+	
  runs	
  from	
  the	
  CMIP5	
  models.	
  Significance	
  levels	
  are	
  plotted	
  as	
  dashed	
  lines.	
  The	
  
time	
  series	
  are	
  smoothed	
  by	
  a	
  3	
  year-­‐moving	
  average	
  and	
  the	
   linear	
   trend	
   is	
  subtracted	
  prior	
   to	
  correlation.	
  
(From	
  Langehaug,	
  Matei,	
  Eldevik,	
  Lohmann,	
  Gao,	
  2016)	
  

	
  

Impact	
  of	
  model	
  resolution	
  on	
  North	
  Atlantic	
  physical	
  climate	
  and	
  ecosystem	
  predictability	
  

We	
  have	
  also	
   investigated	
  whether	
   the	
   strong	
   loss	
   in	
  predictive	
   skill	
   at	
   intermediate	
   lead	
  
times	
   evident	
   north	
   of	
   the	
   Greenland-­‐Scotland	
   Ridge	
   in	
   the	
   MPI-­‐ESM	
   prediction	
   system	
  
(Fig.1	
   Top	
   right)	
   	
   could	
   be	
   attributed	
   to	
   the	
   rather	
   simple	
   MPI-­‐ESM	
   CMIP5	
   initialisation	
  
approach	
  (with	
  initial	
  conditions	
  taken	
  from	
  an	
  MPI-­‐OM	
  ocean-­‐forced	
  simulation)	
  or	
  specific	
  
to	
  MPI-­‐ESM-­‐LR	
  model	
  setup.	
   Indeed,	
  we	
  found	
  that	
   independent	
  of	
   initialisation	
  approach	
  
(CMIP5	
   vs.	
  MiKlip	
   Baseline	
   1,	
   Fig.2	
   left),	
   the	
   strong	
   negative	
   skill	
   over	
   the	
  Nordic	
   Seas	
   at	
  
intermediate	
   times	
   is	
   a	
   robust	
   feature	
   in	
   all	
   MPI-­‐ESM-­‐LR	
   based	
   hindcasts.	
   However,	
   an	
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present study. There are several reasons that could lead to 
these differences, such as the different horizontal resolution 
of the models. There appears to be a link between the reso-
lution and the SST skill of the three models. MPI-ESM-LR 
is the model with the highest resolution of the three mod-
els, and is also the one showing the most promising results 
(Figs. 5, 8). IPSL-CM5, on the other hand, has the lowest 
resolution among the three, a poor skill in the subpolar 
region, no robust skill for the averaged SST in the eastern 
Nordic Seas, and a largely overestimated sea ice cover in 
comparison to the two other models (Figs. 5, 10). CNRM-
CM5 has an intermediate resolution compared to the other 
two models. Also this model has no robust skill for aver-
aged SST, but it has skill in the subpolar region (Figs. 5, 9).

Another source for the differences among the models 
that could limit the SST skill is the initialization process. 
The three models in this study use different initialization 
techniques for their decadal hindcast experiments. Initiali-
zation is one of the important challenges to the decadal 
climate prediction (Meehl et al. 2014). The predictive skill 
in IPSL-CM5 is fairly different than in the other two mod-
els. This model uses initialization of SST only. This could 

imply that an initialization not taking into account sub-
surface variability and salinity is not enough to get ocean 
dynamics correct. In addition, IPSL-CM5 has no initializa-
tion of SST where the sea ice concentration is higher than 
50 % (Swingedouw et al. 2013), e.g., the Barents Sea in 
wintertime, which could also contribute to the poor skill.

Systematic model errors are a major challenge in cli-
mate predictions. We here assess two important aspects of 
the climate at northern high latitudes in the models, which 
might influence the skill of SST in the Nordic Seas and the 
Barents Sea: the sea ice cover and the pathway of Atlantic 
Water. In the following we discuss the mean and variance 
of the sea ice concentration and SST in the three models 
based on the historical+ runs (Figs. 12, 13, respectively). 
For the SST discussion, we also compare the results with 
the hindcast experiments, as SST is the key variable in this 
study. We note that skill is not only related to how accurate 
the simulated mean state is. The variability and realism of 
various processes and mechanisms are also important for 
models’ predictive capacity.

The sea ice cover in IPSL-CM5 is expanding too far 
south during wintertime compared to observed sea ice, 
and high variance in the sea ice is therefore found in the 
central and eastern part of the Nordic Seas where the sea 
ice edge is located (Fig. 12). In the Barents Sea, IPSL-
CM5 clearly differs from the two other models, since the 
region is almost completely sea ice covered in wintertime, 
and therefore only allows for very small changes in SST 
(Fig. 13). The large sea ice cover in this model is consist-
ent with the Atlantic Meridional Overturning Circulation 
being weaker than the observation-based estimate and also 
compared to other CMIP5 models (Escudier et al. 2013; 
Zhang and Wang 2013). Furthermore, with an earlier ver-
sion of IPSL-CM, it has been shown that the North Atlan-
tic Current subducts in the subpolar North Atlantic due to 
an overly fresh surface layer in the North Atlantic region 
(Mignot and Frankignoul 2010; Langehaug et al. 2012). 
After travelling at subsurface, Atlantic Water emerges in 
the Nordic Seas. This subduction could be one suggestion 
for why we find poor skill in the subpolar North Atlantic in 
IPSL-CM5. However, unrealistic location of the convection 
in the subpolar region (Langehaug et al. 2012), limited ini-
tialization and low resolution, as mentioned above, or too 
weak nudging (Sect. 2.2) could also be possible reasons for 
the poor skill in the subpolar region. On the other hand, a 
recent study using the IPSL-CM5 hindcasts do find poten-
tial predictability of AMOC (Swingedouw et al. 2013), 
which might explain some of the skill that we find in Nor-
dic Seas.

CNRM-CM5 is more similar to the observed sea ice 
and SST than IPSL-CM5 (Figs. 12, 13). However, the 
extent in CNRM-CM5 advances too far eastward in the 
southern part of Nordic Seas compared to observations; 

Time lag (yrs) 

Co
rre

lat
ion

 

1-2yrs 5yrs 

AMOC leads SST 

Fig. 11  Cross-correlation between AMOC at 48°N and SST in the 
eastern Nordic Seas for the period 1961–2010 based on ensemble 
members from the historical+ runs from the CMIP5 models. The leg-
end denotes which model and ensemble member (given in the paren-
theses). The time series are smoothed by a 3 year-moving average 
and the linear trend is subtracted prior to correlation. The significance 
level is shown by the dashed lines

Fig. 10  Anomaly correlation coefficient, point-by-point, of winter 
SST for IPSL-CM5 between HadISST data and the ensemble mean 
of the hindcasts at different lead times. Significant correlations at 
the 90 % level are embraced by the black solid (dashed) curves for 
positive (negative) correlations. At each lead time, the time series are 
smoothed by a 3 year-moving average and the linear trend is sub-
tracted prior to correlation. The magenta (grey) curve shows the posi-
tion where the sea ice concentration is 50 (95) %

◂
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increase	
   in	
   ocean	
   model	
   resolution,	
   from	
   the	
   rather	
   course	
   MPI-­‐ESM-­‐LR	
   setup	
   (nominal	
  
1.5°)	
   to	
   the	
   "eddy-­‐permitting"	
  MPI-­‐ESM-­‐MR	
   setup	
   (0.4°),	
   led	
   to	
   a	
   substantially	
   enhanced	
  
predictability	
  over	
  the	
  very	
  important	
  eastern	
  Nordic	
  Seas	
  region	
  and	
  upstream	
  into	
  Barents	
  
Sea	
  in	
  both	
  MiKlip	
  b1	
  and	
  CMIP5	
  decadal	
  hindcasts	
  (Fig.2	
  right).	
  

	
  

	
  
Fig.	
   2	
  RMSE	
  predictive	
   skill	
   (Matei	
   et	
   al.	
   2012)	
   score	
   of	
   surface	
   temperature	
   referenced	
   to	
   the	
   RMSE	
   of	
   the	
  
NonINIT	
   experiments	
   at	
   lead	
   time	
   yr2-­‐5	
   for	
   the	
   CMIP5	
   (Top)	
   and	
   MiKlip	
   Baseline1	
   (Bottom)	
   ensemble	
  
hindcasts.	
  Left	
  (right)	
  plots	
  present	
  results	
  from	
  MPI-­‐ESM-­‐LR	
  (MPI-­‐ESM-­‐MR)	
  experiments.	
  The	
  observations	
  are	
  
taken	
  from	
  the	
  HadISST	
  for	
  the	
  SST	
  and	
  GHCN-­‐CAMS	
  for	
  SAT.	
  (Matei	
  et	
  al.,	
  2016).	
  	
  

The	
  beneficial	
  impact	
  of	
  increased	
  model	
  resolution	
  on	
  the	
  predictability	
  of	
  societal	
  relevant	
  
quantities	
   is	
   not	
   restricted	
   to	
   surface	
   climate	
   quantities,	
   but	
   also	
   extends	
   to	
   marine	
  
ecosystem-­‐related	
  metrics.	
  For	
  example,	
   in	
  a	
  pioneer	
   joint	
   study	
  with	
  collegues	
   from	
  DTU	
  
Aqua	
   (Denmark)	
   towards	
   the	
   development	
   of	
   prototype	
   marine	
   ecosystem	
   decadal	
  
predictions,	
   we	
   have	
   investigated	
   the	
  multiyear	
   predictability	
   of	
   the	
   bluefin	
   tuna	
   habitat	
  
over	
  the	
  northeastern	
  North	
  Atlantic	
  (Fig.3).	
  We	
  found	
  that	
  the	
  conditions	
  favorable	
  to	
  the	
  
Bluefin	
  tuna	
  habitat	
  distribution	
  could	
  be	
  well	
  predicted	
  with	
  up	
  to	
  ten	
  years	
  ahead	
  at	
  skill	
  
levels	
   significantly	
   higher	
   than	
   those	
   of	
   the	
   statistical	
   benchmark.	
   The	
   enhanced	
   habitat	
  
distribution	
  predictability	
  when	
  moving	
   from	
  MPI-­‐ESM-­‐LR	
   to	
  MPI-­‐ESM-­‐MR	
  model	
   setup	
   is	
  
evident	
   during	
   the	
  whole	
   10yr	
   length	
   of	
   the	
   forecast	
   experiments	
   across	
   various	
   regions	
  
(e.g.	
  Irminger	
  Sea,	
  South	
  of	
  Island).	
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Fig.	
  3	
  Anomaly	
  correlation	
  coefficient	
  skill	
  of	
  Bluefin	
  tuna	
  habitat	
  conditions	
  in	
  the	
  MPI-­‐ESM-­‐LR	
  vs.	
  MPI-­‐ESM-­‐
MR	
  MiKlip	
   Baseline	
   1	
   initialized	
   decadal	
   hindcasts.	
   The	
   solid	
   staircase	
   line	
   shows	
   the	
   skil	
   of	
   the	
   statistical	
  
benchmark	
  (persisitence	
  forecast),	
  while	
  the	
  dotted	
  line	
  indicates	
  the	
  5%	
  significance	
  threshhold.	
  (from	
  Payne,	
  
Matei,	
  MacKenzie,	
  2016).	
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