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Introduction
• Held (2005, BAMS):  Gap has developed between idealized models and 

comprehensive earth system models

• Utility of aquaplanet models 
• Limitations:  Loss of certain climate component interactions (ocean boundary currents, 

circulations driven by differential surface heat capacity or topography, etc.) 

• Strengths:  “Clean” foundation for advancing hypotheses; testbed to develop and examine 
interactions of dynamics and parameterized physics 

• Examples 
 
 

• Community interest…
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SURVEY RESULTS
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SURVEY RESULTS

EXPERIENCE WITH CESM AQUAPLANET
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Introduction (cont.)

• Project goals (Year 1) 
• Test functionality of slab-ocean (SOM) aquaplanet in CAM 4, 5, & 6 

• Develop SOM compsets for CAM 4, 5, & 6               CESM2 

• Provide scientific documentation and informal users guide 

• Deliver subset of “DECK” simulations as baseline reference (to be 
available on ESG) 

• Explore SOM configuration and resolution sensitivities, hydrocycle, and 
extremes
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Aquaplanet Simulation Settings

• Target horizontal resolution is 1°, some 2° runs will also be done 
• All runs:  FV dycore, no seasonality 
• All fixed-SST runs forced by zonally symmetric “Qobs” SST profile 
• All slab ocean runs use a zonally symmetric Q-flux and a globally 

constant 50 m oceanic mixed-layer depth

Currently…

Ocean Run Type Sim. Yrs
Fixed-SST Development 20

Fixed-SST Production:  AMIP 21

Fixed-SST Production:  CMIP/CFMIP 12

SOM Development 100

SOM Production:  “Baseline” 60+

SOM Production:  CO2 1%/yr 140

SOM Production:  4x CO2 60+

CAM 4, 
CAM 5.3, 

CAM 6 {
Kiehl at al. (2006, JC)
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Results:  Spin-up & Time Mean

CAM 4 CAM 5.3
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Results:  Variability
“Lollipop mode”:  Masked in the real world?  Relevance?

2° CAM 5.3 SOM1° CAM 5.3 SOM1° CAM 4 SOM

K K K

Wang (2010, JAS); Zhang (2016, JC)
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Results:  Rain Distribution, Land-Sea Partitioning

Global

Analysis adapted from Pendergrass & Hartmann (2014, JC)
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Results:  Hydrocycle Extremes
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Next Steps

• Continued examination of:  
• Sensitivities of SOM to Q-flux, mixed-layer depth, physics, resolution 
• Large-scale modes of variability 
• Hydroclimate and extremes with increasing CO2 

• Beyond… 
• Bring in advanced, higher-resolution models:  0.25° “CESM-1dPOP” 
• Examine variability on other time scales
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Summary

• Fixed-SST for FV CAM 4, CAM5.3, CAM6 already supported, out-
of-box SOM versions for CAM5.3 and CAM6 coming online soon. 

• Preliminary results explore modes of variability and hydrocycle 

• User input welcomed for interactive ocean configurations! 

• Design of Q-fluxes? 

• Additional supported features?  (Seasonality?  Non-uniform oceanic 
mixed-layer depth?  Sea ice?)
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Extras

Zonally averaged Q-flux derived from fixed-SST “Qobs” run
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Extras

Rainfall distribution statistics
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Extras
SST:  ZWN 1 leading EOFs
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