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Importance of resolution in 
coupled models 
Resolving 
mesoscale eddies 
and boundary 
currents is likely to 
be important over a 
range of prediction 
timescales...  
 
 
Driving atmospheric 
changes 
 
 
 
 
Modifying ocean 
heat uptake which 
dictates the pace 
and pattern of 
climate change 
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Eddy resolving coupled model 
•  20 year experiment parallel to GC2 (Williams et al., 2015)  

•  NEMO ocean resolution increased from 1/4°to 1/12° 

•  Ocean resolution increases require comparable increases 
in atmosphere resolution and coupling frequency... 

•  Atmosphere resolution increased from N216 to N512  

•  Coupling frequency increased from 3-hourly to hourly 

•  Focus on SST and ocean heat transport (combines 
circulation and temperature) as these are key variables for 
climate model performance 

 



SST Biases 

Asymmetric changes in SST biases: 
  - reduction in Southern Ocean warm bias (~20%)   
  - reduction in cold biases in Northern Hemisphere   
...at expense of  
  - large warming in Arctic 
Also reduction in warm biases in upwelling regions  



Gulf Stream separation 
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1 degree 

1/4 degree 

1/12 degree 



SST variance increases with 
resolution in western boundary 
current regions 

1/4 degree 



Ocean heat transport 
Total 
Time mean 
Time varying 

N216 ORCA025  N512 ORCA12 

Asymmetric 
change in 
ocean heat 
transport 
linked to 
overturning  



Atlantic heat transport 

Enhanced 
northward 
heat 
transport 
linked to 
greater 
heat loss 
over Gulf 
Stream and 
stronger 
overflows  

Denmark Straits overflow 

DEEP-C Surface heat flux 

  

ORCA12 error 

ORCA025 error 



Create daily histogram of SST and associated windstress 
anomalies  
Mean all daily histograms over the season 
Correlations improve at high resolution 
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Coupling impacts 



Summary 
 
•  The eddy-resolving coupled model in general better 
represents large scale circulation → reduction in SST biases 
and more realistic ocean heat transports. 

•   Improved overturning likely driven by increased heat loss 
in North Atlantic associated with Gulf Stream or resolution to 
represent overflows. 
 
•  How important is the enhanced SST variance and stronger 
coupling of SST and windstress anomalies in Gulf Stream 
and Kuroshio for variability? 

•  Southern Ocean response is also interesting – improved 
Antarctic Circumpolar Current and the westerlies respond to 
the ocean state. 



Future Plans 
•  Traceability 

–  essential to fully 
understand the impacts of 
resolution 

•  Experiment design 
–  PRIMAVERA: 100 year 

climate runs, control and 
transient 

–  CHARISMA: hypothesis 
driven experiment to 
quantify resolution vs 
ensemble size for 
seasonal forecasting 

•  Maximising eddy-
resolving resolution 

–  Represent the shelf for 
carbon uptake, marine 
impacts, marine methane 
release 

–  Need tides and shelf 
processes 

Taws et al. (2011) 

Stratification 
(JJA) from 
shelf 1/15º°  

Stratification 
(JJA) from 
global 1/12º°  



Any questions? 



Filtered anomaly fields 




