
Reanalysis is well calibrated with 
the uncertainty (                ) 
matching RMSE of SST. 
 
Analysis is also unbiased and 
ensemble spread stable. 
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Summary 
•  Weakly coupled data assimilation of SST anomalies has potential for skilful long-term 

reanalysis (1870 to present) in the North Atlantic, North Pacific, and tropical Pacific. 
•  Provides a potential to assess skill of decadal predictions over a much longer period 

that commonly considered. 
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2. NorCPM 
Norwegian Earth System Model + Ensemble Kalman Filter Data Assimilation 

•  Sequential Monte-Carlo method with propagation and 
correction step 

•  Forecast = Ensemble mean  
•  Forecast uncertainty  = ensemble standard deviation 
•  Ensemble covariance used to update the full water 

column from the observations (e.g., SST) 
•  More information extracted from sparse observations 

NorESM-O is an isopycnic coordinate ocean 
model with a bulk mixed layer on top, and is 

based on MICOM 

Based on the Community Earth System Model 
version 1 (CESM1)  

4. Historical reanalysis 
Decadal climate prediction studies have often implemented using rather crude initialization 
approaches. While they have served to demonstrate the promise of decadal climate 
prediction, improvements can be achieved through more optimal use of observations and 
models. Here we apply an advanced data assimilation scheme – the Ensemble Kalman 
Filter – to assimilate sea surface temperature anomalies into a climate model. We 
demonstrate the skill of the system as a reanalysis and also in predictions for the period 
1950-2010. 

Introduction 5. Hindcast experiments 
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region and 0.5�C in the Gulf Stream) and the model uncertainty seems comparatively low298

(between 0.4–0.7�C), which results in a weak impact of assimilation.299

The reliability is investigated by analysing the spatial and temporal match (i.e. amplitude300

and covariability) of the total DA uncertainty with the RMSE. Here, the RMSE is calculated301

against imperfect observations with an uncertianty, �
obs

, and the total error is the sum of302

the observation and model uncertainty squared:303

�
tot

=
q
�2
obs

+ �2
mod

. (7)304

where ensemble spread, �
mod

, represents the model uncertainty.305

In a perfectly reliable system the RMSE equals the total error (i.e. RMSE2 = �2
tot

, which306

occurs when the red and the black lines coincide in Figure 1). Our system is overdisper-307

sive - meaning that it underestimates its accuracy. This improves when the observations308

error reduces but the spread in our system and its error remains to comparable level. The309

reason for having an excessive spread in our system are the following. First, the standard310

coupler in nowadays earth system are only approximating the coupling between the ocean311

and the atmosphere leading to numerical inconsistencies that spuriously enhance the phys-312

ical stochasticity of the variables at the boundary (Lemarié et al., 2015). Second, we only313

update the ocean part of our system leaving the atmosphere unchanged, which surely leads314

to assimilation shock and enhanced spread at the boundary. Third, the sampling error of315

ensemble methods (such as the EnKF) leads to an underestimation of the analysed error316

and a subsequent artificial reduction of the ensemble spread (Anderson and Anderson, 1999;317

Bocquet, 2011; Bocquet et al., 2015). In our system, the artificial collapse is counteracted318

using ad-hoc (inflation-like) methods; namely by moderation, pre-screening and by DEnKF319

itself (see Section 2.2). It is possible to tune down the inflation-like methods, but it is safer to320

maintain a system in an over-dispersive regime because the accuracy is only moderately de-321

graded. While in an under-dispersive regime, the assimilation underestimates the corrections322

and the accuracy of the system degrades rapidly (Sakov and Oke, 2008).323

Another important aspect of reliability is the time covariability of �
tot

and RMSE. The324

correlation between the two curves on Figure 1 is low (approximately 0.2). The seasonal325

variability is well captured, but the trends and the interannual variability are not. The trends326

have opposite sign, with the trend of �
tot

reducing as a response to reduced observation error,327
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Reanalysis constrains upper ocean heat and salinity content in the North Atlantic, North 
Pacific, and tropical Pacific. Profiles of temperature show good agreement in the extra-tropical 
North Atlantic down to 2000m. 

•  Period:	1950	to	2010	
•  Ensemble	size:	30	member	
•  Assimila9on	of	anomaly	SST	from	HadISST2	
•  Assimila9on	middle	of	month	
•  Historical	external/RCP8.5	forcing		
•  NorESM	–	ME	version	(CMIP5)	

–  atmosphere:	1.9ºx2.5º,	26	levels	
–  ocean:	1º,	53	levels	

3. Experiments 

Historical reanalysis 

Decadal predictions 

HadISST – Ensemble mean and spread 
representing uncertainty in the reconstructions 

•  Period:	1950	to	2006	
•  Ensemble	size:	20	member	
•  Started	every	2nd	year	
•  Run	for	ten	years	
•  Historical	external/RCP8.5	forcing	

Historical simulation 

•  Period:	1860	to	2010	
•  Ensemble	size:	30	member	
•  Historical	external/RCP8.5	forcing	

Reanalysis constrains ocean circulation in the North Atlantic. Variations in the strength of the 
subpolar gyre matching observations well.  

Correlation EN4 and NorCPM, 1950-2010, detrended  
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NorCPM – Subpolar gyre temperature 

EN4 – Subpolar gyre temperature 
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Analysis of the covariance matrix demonstrates its dynamical nature, as illustrated here for 
the Labrador Sea. SST observations influence the deep ocean in dynamic manner. 
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Preliminary analysis of the North Atlantic regions shows NorCPM has marginally better skill 
in predicting extratropical SST than the historical simulation. There is also potential to 
predict AMOC at 24N. (Correlation computed against the reanalysis.) 
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Subpolar gyre index 

Atlantic Meridional Overturning Circulation index at 24N 
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