
John Marshall 
Massachusetts Institute of Technology 

 Using ocean-only models to study the 
role of the ocean in climate change 



John Marshall 
Massachusetts Institute of Technology 

 Using ocean-only models to study the 
role of the ocean in climate change 

1. Climate Response Functions (CRFs) 



John Marshall 
Massachusetts Institute of Technology 

 Using ocean-only models to study the 
role of the ocean in climate change 

1. Climate Response Functions (CRFs) 

2. Studying CRFs using ocean-only models 



John Marshall 
Massachusetts Institute of Technology 

 Using ocean-only models to study the 
role of the ocean in climate change 

1. Climate Response Functions (CRFs) 

2. Studying CRFs using ocean-only models 

3. Proposal for a CORE follow-on: 
  explore/isolate the role of ocean dynamics in setting the 

  form of CRFs but in an ocean‐only context 
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Gregory, 2000;  Winton et al, 2012; Kostov et al, 2014 
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Delayed warming in the SH, accelerated warming in NH 
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Carry out a ‘climate change’ experiment: 

 Abrupt, uniform surface forcing of F = 4 W/m2 everywhere 

 Spatially-invariant radiative feedback of  

Ocean-only calculation 

Full Ocean GCM 

  1Wm2 K1

MITgcm 

Replace 2-box model with full ocean GCM driven following CORE1 protocol  
following Griffies et al (2009) 
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Surface energy accumulation over 100 years 

Ocean temperature change over 100 years 

Energy accumulation, ocean storage & transport 
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Active vs Passive 

Heat uptake Heat content 

passive 

active 
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Other kinds of forcing 

Global  average 
SST response 

SST around 
Antarctica 



Wind forcing 



Wind forcing 

Ozone hole response functions 



How can we explore/isolate the role of ocean dynamics in 
setting the form of CRFs but in an ocean-only context? 

Propose a perturbation‐flux methodology allowing SST to evolve in 
response to the forcing: 
• Simple to formulate in terms of climate feedback parameter 
• Uses CORE forcing as a baseline; no influence of atmospheric model 
biases 



How can we explore/isolate the role of ocean dynamics in 
setting the form of CRFs but in an ocean‐only context? 

Heat uptake and AMOC 
in coupled models 
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4. Damp SST anomalies at a rate set by a climate feedback parameter. 
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