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Data assimilation in NorCPM: 
•  We use dynamical/flow-dependent covariance.
•  Covariance are constructed in isopycnic 

coordinate for oceanic variables.



Norwegian Earth System model (NorESM) 

Norwegian Climate Prediction Model (NorCPM) 

Data assimilation (EnKF) 

Observations 

30 members 

(Bentsen et al., 2013; Counillon et al, 2014) 

CAM 

MICOM 

CICE CISM CLM 

RTM 

chemistry/aerosols 

HAMOCC 

SST & ice-conc T-S 
profiles SSH 

Objectives: 
•  Climate reconstructions (long-term reanalyses) 
•  Skilful and reliable climate predictions  

-CMIP6 decadal climate prediction project 
-Climate services 



 Seasonal predictions initialised by SSTA 

Strategy plan of NorCPM 

2014 

SST (twin 
experiment) 
(Counillon et 
al.,2014) 

2016 

Reanalysis, 
SSTA 
(Counillon et 
al., 2016) 

2017 2018 

subsurface 
data, (Wang 
et al., 2017) 

Decadal NA SPG predictions initialised by SSTA and TS anom 

sea ice con,  
strongly 
coupled DA  
(Kimmritz et 
al., 2018) 
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1.  Include more and more observation types into the system 
2.  Distinguish the benefit of adding different observation types 
3.  Weakly coupled DA -> strongly coupled DA 
4. Assimilate SST and subsurface data anom for CMIP6 DCPP 

Future 

Benefit of SIC DA for seasonal prediction (Poster: P-A2-03 Tue. Center Green) 
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•  Good match with independent observations for HC/SC and SPG 
•  Potential to reconstruct the climate variability from 1850-present  
 

Validation for the reanalysis over 1950-2010 

(Counillon et al., 2016) 

HC200 correlation SC200 correlation 



Experimental design of seasonal predictions 

•  Reanalysis	(1980-2010):		
›  SST	data	from	HadISST2	dataset	
›  Monthly	assimilate	anomalies	
›  30	ensemble	members	

	

Reanalysis (1980-2010) Year Year+1 

26*4 hindcasts 

13 months 

Jan Apr Jul Oct 

NorESM–ME	version	(CMIP5):	atmosphere:	1.9ºx2.5º,	26	levels;	ocean:	1º,	53	
levels,	historical	external/RCP8.5	forcing	

•  Validation dataset: OISST dataset, EN4 dataset, HadISST2 sea ice dataset 

•  Hindcast	(1985-2010):	
›  Start	from	Jan,	Apr,	Jul	and	Oct	
›  9	ensemble	members	
›  Last	for	13	months	

(Wang et al., in prep) 



Seasonal predictions for SST 

•  Skilful as NMME in the tropical Pacific (due to initialisation). 
•  Skilful in the Iceland basin and western tropical Atlantic (due to both 

initialisation and global warming trend). 

(Wang et al., in prep) 



Seasonal predictions for SST 

•  NorCPM ranks in the SIMILAR or BEST bins in most region. 
•  NorCPM is among the best systems in the region extending from the 

Iceland Basin to the Barents Sea. 

(Wang et al., in prep) 

Fisher Z-transformation  



ENSO predictions (Nino 3.4 index) 

(Wang et al., in prep) 

• NorCPM is skillful and generally in the range of the NMME  
• May skill drop: model deficiencies in thermocline and Bjeknes feedbacks. 
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Seasonal predictions for Barents sea ice extent 
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Skilful in the boreal winter-spring, highly related to the initialisation of the 
upper ocean heat content (Bushuk et al., 2017) 

(Wang et al., in prep) 

R2(SIE,HC300)  



Climate prediction 6-8 yrs after initialization Observation-based temperature 

W
arm

 Atla
nti

c W
ate

r 

Co
ld 

Ar
cti

c W
at

er
 

Subpolar Gyre 

Decadal predictions initialised by SST and T/S  

Courtesy H. Langehaug  

Skilful winter SST predictions up to 4 yrs  

•  We attribute the skill to the skilful subpolar gyre (SPG) 
predictions.   

•  Warm water: the North Atlantic Current, the Irminger 
Current and the Norwegian Current. 

•  Cold water: the East Greenland Current and the Labrador 
Current 

•  Bethke, Ingo: Subtropical North Atlantic preconditioning 
key to skilful subpolar gyre prediction (Oral presentation: 
B2-10).

Starts every two years over 1985-2010  



Summay  

•  NorCPM will contribute to CMIP6 DCPP, including assimilation of SST 
and subsurface data. 

•  Assimilating SST reproduces well the climate variability in particularly in 
the north Atlantic, showing a potential of SST data (HadISST2) to 
reconstruct the climate back to 1850. 

•  At seasonal timescales, NorCPM can successfully predict the variability 
of SST and Arctic SIE 8 months in advance. 

•  At  decadal  timescale,  NorCPM  can  predict  winter  SST  in  the  NA 
SPG  region  several years ahead (up to 4 yrs in northern part of SPG). 


