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Norwegian Earth System Model (NorESM)  

Based on NCAR’s Community Earth System Model version 1 (CESM1)  

Bentsen et al. 2012  
isopycnic coordinate  
ocean model based on  
MICOM (Bleck 2002) 

NorCPM = NorESM + ocean data assimilation 
•  low-resolution setup: 4º atm, 3.6º ocean (higher in Arctic/Subarctic)  

•  assimilation of monthly SST data with advanced data assimilation scheme  



Ensemble Kalman Filter (EnKF) 

Sequential Monte-Carlo method with propagation and correction step 

1 month 

SST 

•  ensemble mean used as as deterministic forecast and ensemble spread as 

uncertainty   

•  During Correction step: Ensemble covariance used to estimate model state update 

(e.g., salinity)  from the misfit to observations (e.g., SST) 

•  No knowledge of the model code required 

•      Flow-dependent update (preserve consistency) 



Model-model prediction experiment 
Truth (synthetic observations) 
•  110 years of data obtained from NorESM simulation with fixed pre-industrial forcings  

EnKF (initialized, assimilation runs) 
•  10 assimilation/prediction cycles (10 years assimilation followed by 10 years prediction)  
•  30 members initialized from a long spin-up experiment (10 year spacing)  

Free (no-assimilation, lower benchmark) 
•  Same initial ensemble (30 members) 

Perfect (upper benchmark) 
•  10 prediction cycles with 30 members  
•  initial conditions for TRUTH 

(ice,atm,ocn,lnd) + small perturbation 
added to SST 



Global skill assessment: 
Upper ocean T and S  

Global RMSE and bias (averaged over the 10 prediction cycles) 
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Analyze reduction of 
RMSE relative to Free for: 

• 1-year lead average 
• 2-5 lead year average 



Temperature (0-225 m)     Salinity (0-225 m) 

RMSEFree - RMSEEnKF    averaged over 10 cycles  

Global skill assessment: 
Upper ocean T and S     

1 yr  
lead 

2-5 yr 
lead 



Temperature (500-1000 m)     Salinity (500-1000 m) 

RMSEFree - RMSEEnKF    averaged over 10 cycles  

Global skill assessment: 
Deep ocean T and S   

1 yr  
lead 

2-5 yr 
lead 



Global skill assessment: 
Ocean state summary 

   

•  Reduction of error for all variable (for 1 and 2-5 lead year average) 
•  Moderate improvement with respect to Perfect suggesting a more complete 

observation network  may be beneficial 



AMOC predictability 
   

AMOC is computed at 42°N 
• Control run smoothed out with a 5-year running mean 
• Estimate the prediction skill of EnKF, Perfect and persistence  with respect to forecast 
lead year 
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EnKF-SST beats persistence and shows predictability up to 10 year 



SPG predictability 
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• The mean level after the analysis is not well initialized 
• If the initial level adjusted (as in persistence), system show moderate skill 



Heat content in the Nordic Sea 
   

Analyzed the predictability of  the heat content (0-300 m) in the Nordic Sea 

Poster by Ingo Bethke  

EnKF-SST show skill for heat content in the Nordic Sea that is comparable to Perfect 



Summary 

NorCPM: EnKF implemented in NorESM for initializing the ocean 
•  EnKF-SST reduces RMSE  for all variables (T,S, icec, T2M, precip) up to a few years 

•  Benefit smaller at depth but lasts longer 
•  Moderate improvement compare to Perfect  

 use a wider observation network 
•  Prediction of AMOC and Nordic Seas upper ocean heat content almost 

comparable to Perfect; less skillful for SPG 

Future plans 
•  Assimilate real observations (considerer model bias) 
•  Increase the resolution (to 1-2° for the ocean) 
•  Testing the system for longer analysis period 
•  Assess the impact of a wider observation network (SSH, profiles, icec) 
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