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Model Experiments (cont.) 

 
• Artificially control the Arctic sea ice concentration and 

thickness by imposing a LW flux to the ice model 
 

• This flux is seen only by the ice model and is 
proportional to the ice in a grid box 

 
• All experiments run for 360 years, analyzed last 260 

years 
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Annual Tropical Response 
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Annual SLP Response 
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Both model 
configurations 
show similar 
wavy patterns in 
the NH… 
 
… but 
ΔICE_SOM_Q20 
displays a shift 
of mass out of 
NH into SH 
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Northward Energy Transport 
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Northward Energy Transport 

Atmosphere transports heat to mid-latitudes 
Ocean transports heat into the tropics 

Slab ocean: atmosphere has to do all the work 
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Northward Energy Transport 

Atmosphere transports heat to mid-latitudes 
Ocean transports heat into the tropics 

Slab ocean: atmosphere has to do all the work 
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SOM Annual Surface Climate Response 
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SOM Annual Surface Response to Arctic Sea Ice Loss 
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SOM Annual Surface Response to Arctic Sea Ice Loss 
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LGM: JJA Hadley Cell Response using FOM & SOM  
• Ice sheets over NA and Europe 
• Reduce GHG FOM - CSM 

SOM - GFDL 

“The Sensitivity of the Hadley Circulation to Past 
and Future Forcings in Two Climate Models”,Bette 
Otto-Bliesner and Amy Clement, 2004 

FOM: increase 
in Hadley 
Circulation 
 
SOM: 
decrease in 
Hadley 
Circulation 
 
“It is suggested that the  origin of this 
different response in the JJA cell is 
related to the type of ocean model 
used” 



LGM: Tropical SST and Precipitation using SOM  
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• Asymmetric tropical response more cooling NH 
• ITCZ shifts away from hemisphere w/ cooling 
• This response sets up relatively fast (3-4 years) 
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SOM: Asymmetric response, 
NH cooler, than SH   

FOM: more symmetric response, 
~same cooling in NH & SH 

J. of Clim. 2006 
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LGM: Global TS using FOM & SOM 

Similar to Hewitt et al., 2003 



Summary & Conclusions 

• These results highlight the global interconnectivity 
inherent in the coupled climate system 
 

• Arctic sea ice loss induces a remote global and tropical 
response via ocean heat transport changes (FOM) 
 

• Without ocean heat transport (SOM), the global and 
tropical responses differ considerably 
 

• These results suggest that studies based on slab ocean-
models may potentially misconstrue the true nature of 

• the equilibrium global climate response to a given forcing, 
including those relevant for paleo climate applications 
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Arctic sea-ice loss using FOM & SOM in CCSM4  







SOM Annual Zonal Mean Response to Arctic Sea Ice Loss 
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  w/ ΔOHT: precip. 
increases slightly 
equatorward & 
above clim. maxima 
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Role of ΔOHT 

SOM Annual Zonal Mean Response to Arctic Sea Ice Loss 

Temperature  Zonal Wind 

Some 
common 
features in 
troposphere 
response … 
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Role of ΔOHT 

SOM Annual Zonal Mean Response to Arctic Sea Ice Loss 
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SOM Annual Surface Response to Arctic Sea Ice Loss 
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