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Pacemaker experiments – SST forcing – full coupled model 

Kosaka and Xie (2013) 



Pacemaker experiments – wind-driven forcing 



Recent climate trends…. 

1992-2011 

ERA-Interim SLP and wind stress trends 

England et al. 2014 



Recent climate trends…. 

1992-2011 

AVISO sea surface height trends 

England et al. 2014 



Recent climate trends…. 

1992-2011 

HadISST sea surface temperature trends 

England et al. 2014 



Recent climate trends…. 

1992-2011 

GISS surface air temperature trends 

England et al. 2014 



Recent Pacific Ocean trends…. 

England et al. 2014 



How anomalous is the trade wind acceleration….? 

England et al. 2014 



How anomalous is the trade wind acceleration….? 

England et al. 2014 



CMIP projections vs. observations 

Comparison of MMM CMIP3+5 simulations with GISS SAT data  

OBS 

MODELS 



What does this mean for climate 
projections….? 

England et al. 2014 



What does this mean for climate 
projections….? 

England et al. 2014 



Maher et al. 2014 

Hiatus decades Warming decades 
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What next….? 

SPIN UP  

OCEAN GCM, SIMPLE ATMOSPHERE 

End of the hiatus? 

+ve IPO 

-ve IPO 



SAT and SST TRENDS 2013-2030 

PACIFIC  TEMPERATURE  TRENDS 2013-2030 
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A REVERSAL OF CIRCULATION AND T  
ANOMALIES SEEN DURING THE HIATUS 



What about the role of the Atlantic? 

Perspective on Chen and Tung (2014)   Science 



OBSERVED 

CAM4 experiment forced by 
observed Atlantic Ocean SST 
trends (includes a Pacific 
mixed layer) 

MODELLED 

McGregor et al. 2014 

Pacemaker experiments – SST forcing – AGCM – slab ocean 



England et al. 2014 



Pacemaker experiments – wind-driven forcing 



Pacemaker experiments – SO wind-driven forcing 

Spence et al.  

GRL 2014 

Sen Gupta and 

England 2006 



Mechanism for circulation changes and  

rapid warming in the Southern Ocean 

Rapid subsurface warming driven by 

wind changes around Antarctica 
Spence et al. GRL 2014 

Spence et al. GRL 2014 

SH WESTERLY WINDS 

15% increase and 4
o
 shift 



Pacemaker experiments – other variables 

Screen et al. 2013 

Arctic sea-ice trends / variations 



Pacemaker experiments – other variables 

Land clearing prescribed expts 

Findell et al. 2009 



Pacemaker experiments – surface salinity / E-P forcing 

Durack and 

Wijffels SSS 



 
Motivations: 

• Improving mechanistic understanding of OBS 
• Improving understanding of models, model biases 
• Improve understanding of interbasin forcing 
• Improved prediction skills  
 

 
Toward Pacemaker MIPs: 

• Start as ad-hoc simulations 
• Something interesting is found 
• Community interest gathers  
• Coordinated experiments get discussed 
• MIPs formally proposed 

Pacemaker experiments for studying decadal climate variability 



So many options…. 

• Full coupled model 

• AGCM coupled to slab ocean 

• OGCM coupled to ‘slab’ atmosphere 

Pacemaker / Partial Coupling Experiments 

Pacemaker specified via 
• SST override / SST restoring / SST via fluxes 
• wind stress / wind impact on fluxes… 
• SSS restoring / E-P / MW perturbations 
• Sea-ice 
• Combinations of the above // regional selection 



SST pacemaker…… 
- heat / energy not conserved 

- GMST oversensitivity to E-Pac SST? 

+ well-observed  

+ atmospheric response 

• SST restoring / override / enter via fluxes 

Additional Pacific wind pacemaker experiments? 

WIND pacemaker…… 
+ heat / energy conservation  

• sensitivity to E-Pac winds 

- less well-observed  

+ oceanic response 

• wind stress / evaporative fluxes, ML deepening etc? 



IPO 

AMO 



& 1920 – 2015 runs  

& different start years 
(mid 1990s subpolar NA warming) 



Conclusions 

• Recent observed trade wind trend unprecedented 

• Beyond the variability seen in CMIP models 

• Cooling impact can account for the hiatus 
• Ocean heat uptake 

• Teleconnections from cool East Pacific SST 

• The Atlantic plays a role – but via a teleconnection to PO 

• Warming out of hiatus likely rapid 
and likely to be +ve IPO-like 
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