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BSC-CNS 

Barcelona Supercomputing Center – 
Centro Nacional de Supercomputación 
(BSC-CNS) is the premium HPC center in 
Spain located on UPC campus in Barcelona 
 

More than 400 members (from more than 30 
countries) are organized in 5 departments: 
  à Computer Sciences 
à Earth Sciences 
  à Life Sciences 
  à Computer Applications 
  à Support and Services 
 

MareNostrum III (housed in Torre Girona) is 
one of the most powerful supercomputers in 
Europe (48,128 processors with 1.1 Pflops 
peak performance) ➠ this year it will be 
replaced with MareNostrum IV 



Earth Sciences Department 

Earth Sciences Department à conduct research in Earth System Modeling 
and is structured in 4 groups: 
 

● Atmospheric Composition à regional and  
   global weather chemical predictions,  
   air quality, dust emissions, ..     
 

● Climate Prediction à regional and global  
    climate predictions from sub-seasonal to  
    multi-decadal timescales, climate analysis, ..  
 

● Earth System Services à facilitate knowledge and technology transfer,  
    via tailored services, between science and  
    its end users, aim to maximize value of air  
    quality and climate predictions to society, .. 
 

● Computational Earth Sciences à support  
    and development of software and IT  
    infrastructure for Earth Sciences Department  



Climate Prediction Group (CPG) 

Climate predictions group focuses on weekly to annual 
forecasts on subseasonal (<3 months), seasonal (3-6 
months), interannual (multi-year) and multi-decadal 
times scales (up to 30 years ahead) 

Range where memory of the initial state (IC) 
and boundary forcing (BC) are both critical 



Arctic variability and change 

1953⟶	  	  

●	  NH	  sea	  ice	  cover	  has	  experienced	  a	  long-‐term	  decline	  superimposed	  on	  
a	  strong	  internal	  variability	  à	  what	  is	  the	  impact	  on	  Arc<c	  predictability?	  

rine profiles.1 The launch of the Ice, Cloud, and Land Elevation
Satellite (ICESat) in 2003 made possible near-basin-scale 
mapping of ice thickness from space. The satellite’s light-
detection-and-ranging (lidar) altimeter took readings of sea-
ice freeboard—that part of the ice above the ocean surface—
and thicknesses could then be deduced from those freeboard
measurements just as they are from the ice draft. 

The combined submarine and ICESat records, plotted in
figure 3, show that the average sea-ice thickness of the central
Arctic during winter has decreased from 3.5 m to less than
2 m over the past three decades.2 Along with the observed
decrease in sea-ice extent, there is a parallel thinning of the
ice cover. If those rates persist, we are likely to eventually ex-
perience a seasonally ice-free Arctic Ocean (see PHYSICS
TODAY, September 2009, page 19).

That possibility has received increased public attention
because the presence or absence of Arctic sea ice is a striking,
important, and leading indicator of climate change. The
shrinking ice cover has far- reaching consequences. Shifts in
local climate affect marine ecosystems, endanger survival of

birds and mammals, and pose a threat to the livelihood of in-
digenous communities around the Arctic Basin. Moreover, an
ice-free ocean raises a plethora of issues concerning commer-
cial shipping and resource extraction, all with long-term
geopolitical and economic implications. 

Changes in Arctic sea ice also influence deep convection
in the marginal waters such as the Greenland and Labrador
Seas. Those seas are sources of North Atlantic Deep Water,
which contributes to the meridional overturning circulation
(sometimes referred to as the conveyor belt), a global system
of surface and deep currents that transports large amounts
of water, heat, salt, carbon, nutrients, and other substances
around the major oceans. That global circulation connects
the ocean surface and atmosphere with the huge reservoir of
the deep sea. Changes in the rate of production of North At-
lantic Deep Water in the Arctic marginal seas have been
shown to affect the Gulf Stream and hence climate, particu-
larly that of Europe.

The observed rates of shrinking and thinning of sea ice
in the Arctic Basin during the past three decades were greatly

www.physicstoday.org April 2011    Physics Today 37
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Figure 2. The decline of winter’s
multiyear sea-ice coverage is 
evident from an analysis of data
taken over the years 2000–10 by
NASA’s Quick Scatterometer satel-
lite and the European Space
Agency’s Advanced Scatterometer
satellite. The electromagnetic
scattering properties of first-year
ice and multiyear ice—that
which survives more than one
summer melt season—differ in
salinity, surface roughness, and
volume inclusions (that is, air
pockets) that develop as sea ice
ages. Those differences alter 
reflectivity and thus distinguish
the two ice types in radar-
backscatter measurements. 

Figure 3. The thinning of the central Arc-
tic sea-ice cover from 1978 to 2008 is evi-
dent from upward-looking sonar data
recorded by US Navy submarines and by
altimetry from NASA’s Ice, Cloud, and Land
Elevation Satellite (ICESat), launched in
2003. The overall mean winter thickness of
3.64 m in 1980 can be compared with a
1.89-m mean during the last winter of the
ICESat record—an astonishing decrease of
1.75 m in thickness. Between 1975 and
2000 the steepest rate of change was
−0.08 m/yr in 1990.  During ICESat’s recent
five-year run through 2008, it recorded a
still higher rate of −0.10 to −0.20 m/yr.
(Adapted from ref. 2.)

 [[[This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://scitationnew.aip.org/termsconditions. Downloaded
to ]]] IP:  128.112.66.66 On: Wed, 23 Oct 2013 14:22:19●	  Key	  climate	  memory	  (IC=ini<al	  condi<ons)	  resides	  in	  the	  ocean	  (SST,	  

ML	  heat	  content,	  …),	  sea	  ice	  –	  cri-cal	  on	  subseasonal	  to	  interannual	  
-mescale	  (sea	  ice	  concentra-on,	  SIC,	  and	  thickness,	  SIT,	  ..)	  and	  land	  
surface	  (snow	  cover,	  soil	  moisture,	  ..)	  



Recent Arctic highlights  

From	  Arc-c	  perspec-ve	  we	  certainly	  live	  in	  “interes-ng	  -mes”	  

≈ 30 Dec, 2015 
NCEP/NOAA 

Frank 



Recent Arctic highlights 

International Arctic 
Buoy Program  

iabp.apl.washington.edu 

⇀ short-term variability 

 Storm 
“Frank” 



Recent Arctic highlights 

Decline of 3.2%  
per decade 

● The lowest NH January SIE  
in the satellite record (since 1979) 
 

  à unusually high SAT  
  à persistent negative AO phase  

NSIDC 
nsidc.org 
 
NASA Team 

⇀ long-term  
   change 



Arctic research in CPG 

● Sea ice ESM reconstruction and initialization 
 

Qual i ty of c l imate forecast depends on 
developement of a model (numerical methods and 
inclusion of expanding set of physical and 
biogeochemical processes) and the associated 
data assimilation routine for production of 
different observationally based IC 

à SIT is likely a key 
medium for the sea ice 
system memory on 
longer time scales  



Arctic research in CPG 

Measuring SIT is a demanding task at any scale ⇒ use 
reconstruction = GCM + data assimilation 
 

For example: multi-member NEMO3.2- 
LIM2 reconstructions (surface forcings:   
DFS4.3 and ERA-Int, and ocean  
restoring/nudging: ORAS4) utilized to  
get continuous SIT from 1958 to 2013 

Reconstruc<on	   IceSAT-‐1	  

Feb-‐Mar	  	  
2004-‐2006	  

CryoSat-2 



Arctic research in CPG 

Sea ice initial conditions for EC-Earth climate predictions 
Source: GLORYS2v1, ORAP5, ... Reanalysis 

  * interpolation and extrapolation to different grids (resolutions) 
Source: BSC reconstructions 

  LIM2:   
     * ORCA1 : 5-member sea ice reconstructions obtained by running NEMO-LIM2                        

       nudged toward ORAS4 monthly-mean 3D T and S and forced by 
                    1. DFS4.3 over the 1958-2006 period          = b02s                                                                     
              2. ERA-interim over the 1979-2013 period   = i00v    
  LIM3 – 1 category: 
 * ORCA1 : 5-member sea ice reconstructions obtained by running NEMO-LIM3                        
             nudged toward ORAS4 monthly-mean 3D T and S and forced by     

                         1. DFS4.3 over the 1958-2006 period          = i056                                                                     
       2. ERA-interim over the 1979-2013 period   = i057  
  LIM3 – 5 category: 

      * ORCA1 and ORCA025 … à data available to community and stakeholders 
More information : https://dev.ec-earth.org/projects/ecearth3/wiki/Sea_Ice_initial_conditions_for_climate_predictions 



Arctic research in CPG 

Init 

Clim 

   95% confidence interval 

Skill increases with sea ice initialisation using 
nudging method (not due to the long-term trend) 

● Arctic ESM predictions from May 1st start dates 



Arctic research in CPG 

March SIT September SIC 

Seasonal prediction for 2007 (atmosphere known) 

● The ensemble Kalman filter (EnKF): a multivariate data 
assimilation method for smoother initialization 



Arctic research in CPG  

	  	  

km/day 

Sea ice drift (model) Sea ice drift (observed) 

𝐹 ↓𝑎𝑖𝑟/𝑖𝑐𝑒     +     𝐹 ↓𝑜𝑐𝑒𝑎𝑛/𝑖𝑐𝑒     +       𝐹 ↓𝑖𝑐𝑒/𝑖𝑐𝑒     ≈  0 

Ca Cw P* 

● Parameter  
calibration  
via EnKF  



Arctic research in CPG  

	  	  

km/day 

Sea ice drift (model, 
parameters calibrated) 

Sea ice drift (observed) 

𝐹 ↓𝑎𝑖𝑟/𝑖𝑐𝑒     +     𝐹 ↓𝑜𝑐𝑒𝑎𝑛/𝑖𝑐𝑒     +       𝐹 ↓𝑖𝑐𝑒/𝑖𝑐𝑒     ≈  0 

Ca Cw P* 

● Parameter  
calibration  
via EnKF  



SIT K-means cluster analysis 

K-‐means	  method	  is	  a	  clustering	  
analysis	  that	  simultaneously	  
minimize	  the	  distance	  between	  
members	  of	  a	  given	  cluster	  and	  
maximize	  the	  distance	  between	  
the	  centers	  of	  the	  clusters	  	  
	  	  à	  op-mal	  number	  of	  clusters	  	  	  	  
	  	  	  	  	  	  K	  (typically	  determined	  via	  	  	  
	  	  	  	  	  	  hierarchical	  clustering)	  has	  to	  	  
	  	  	  	  	  	  be	  specified	  in	  advance	  	  
	  	  à	  produces	  representa<on	  of	  	  	  	  
	  	  	  	  	  	  	  the	  spa<al	  and	  temporal	  	  	  
	  	  	  	  	  	  	  variability	  with	  K	  paMerns	  of	  	  
	  	  	  	  	  	  	  cluster	  centers	  and	  -me	  	  
	  	  	  	  	  	  	  series	  of	  cluster	  occurrences	  

E.g.	  itera<ve	  procedure	  for	  K=3	  with	  data(x1,x2,t)	  	  



SIT cluster centers & SIC comp. 

	  	  

JFM	  

SIC	  

JFM	  

SIC	  

JFM	  

SIC	  

JFM	  	  SIT(Ar)	  	  -‐	  	  r2	  

Cl
us
te
r	   CSD	  

APD	  
CAT	  

CAT	  mode	  =	  Central	  	  
Arc<c	  Thinning	  mode	  
	  
APD	  mode	  =	  Atlan<c	  
Pacific	  Dipole	  mode	  
	  
CSD	  mode	  =	  Candian	  
Siberian	  Diploe	  mode	  	  

CAT	  mode	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  APD	  mode	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  CSD	  mode	  	  	  	  



Key influence of surface winds 
JFM SIT(Ar)  -  r2 

NAM/AO	  



Persistence of SIT clusters 
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à 3 identified SIT clusters  
(CAT, APD and CSD) often 
show persistence reach-
ing into interannual time 
scales 

Conditional probability of the transition 
between Arctic SIT clusters (1958-2013) 

⬅ monthly SIT cluster occurrences 



EC-Earth2.3 seasonal prediction 

EC-‐Earth2.3	  <1979-‐2012>	  
-‐	  	  ERSSTv3b	  <1979-‐2012>	  

Seamless Earth-System Model 
 

à aims to forge weather and climate forecasting, 
and climate change studies in a single framework 
 
Atmosphere: ECMWF’s Integrated Forecasting 
System (IFS) T159 and L62 (up to 5 hPa) 
Land: H-TESSEL (part of IFS)  
Ocean: Nucleus for European Modeling of the 
Ocean (NEMO) v3.2 in ORCA1L42 
Sea ice:  Louvain-la-Neuve sea Ice Model (LIM) 
V2 (part of NEMO) 
 
à  5-member seasonal (12-month) prediction using full-field initialization  
     (using ERA-Interim for atmospheric IC, ORAS4 for oceanic IC  
     and sea ice IC from reconstruction used to identify SIT clusters)  
     with May 1st and November 1st start dates from 1979 to 2010 



SIT cluster prediction skill score 
Rank Probability Skill Score (ref. forecast: 1st order Markov chain) 



ROC diagrams of SIT clusters 

à EC-Earth2.3 SIT cluster predictions initialized in summer (May 1st) 
show initially lower skill that predictions initialized in winter (Nov 1st), but 
prediction skill in summer is deteriorated at slower rate than in winter   



Overall research aims 

	  	  

l  Research on initialisation: generate a set of initial conditions (for ocean 
and sea ice) and compare different initialisation techniques (e.g. full field 
versus anomaly initialisation)   

l   Improving model processes: Inclusion and/or testing of model 
components (biogeochemistry, vegetation, aerosols, sea ice) or new 
parameterizations, model parameter calibration, increase in resolution 

l  Bias correction, calibration and combination: hierarchy of post-processing 
methods and empirical predictions (better use of current benchmarks) 

l   Forecast quality assessment: provide skill scores practical to the user, 
reliability as a main target, process-based verification, attribution of climate 
events with successful predictions, diagnostics of model fidelity including 
both strengths and  weaknesses 

l   More sensitivity to the users’ needs: going beyond downscaling, better 
documentation, demonstration of value and outreach à building versatile 
climate services for stakeholders as a part of Earth system services   



Thank you for your attention 

Merci pour votre attention 
Bedankt voor uw aandacht 

Danke für Ihre Aufmerksamkeit 

Sep	  2012	  


