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currents Motivation:  Climate model biases in coastal 

regions 
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Approaches to a solution 

Higher resolution in the atmosphere-
-better upwelling favorable winds 
(Gent et al., 2010) 
 
 
 
Improvements to boundary layer 
physics (Park and Bretherton, 2009) 
 
 
 
Improved resolution and physics in 
ocean--better upwelling 



Multi-scale boundary 
currents The method:  Embedding a high-resolution 

ocean (ROMS) within NCAR-CESM 
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Numerical experiment 

• Baseline: 150 year run of CCSM4, branched from 1870 
control run. 

• Composite: 150 year run of CCSM4-ROMS, same initial 
conditions. 

• Ocean: 
– POP ~1-degree, 40 Z-levels 
– ROMS 7 km, 50 stretched sigma levels  

• Atmosphere: CAM 4 1-degree 
• Land:  CLM 3 
• Sea ice:  CICE 
• Analysis:  140 years of monthly means. 
• Statistics:  T-test for means, F-test for variability. 
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California Current:  Local SST response 
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California Current:  Heat budget 
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Decomposition of advection term 
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Global response:  Surface temperature 
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Warmer 
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Embedding a high-resolution ocean in the Benguela region 
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Multi-scale boundary 
currents Benguela:  Ekman pumping (top) and Vertical 

Velocity (bot.), JJA averages 
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Northwest Atlantic:  Global surface temperature 
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To Conclude…back to CCS.  Biogeochemical 
considerations:  It’s both the atmosphere and 
ocean resolutions! 
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