
Upper tropospheric Warming Intensifies 
Sea Surface Warming 

Baoqiang Xiang 1, Bin Wang 1  
Axel Lauer 1, June-Yi Lee 1, Qinghua Ding 2  

 
1. University of Hawaii and International Pacific Research Center, 

Honolulu, Hawaii, USA 
2. Department of Earth and Space Sciences and Quaternary Research 

Center, University of Washington, Seattle, Washington 
 

Acknowledgement: Shang-Ping Xie, Qiang Fu, Tim Li 
 



AGCM: ECHAM (v4.6) 

CGCM: POEM (POP-OASIS-ECHAM Model) (Xiang et al.2012) 



CMIP5                    POEM 

Future projection of vertical temperature changes 



--AGCM 

Tropical Ocean 
30S-30N 



Question 
 

Whether the upper-tropospheric warming 
(UTW) can feed back to influence sea 
surface temperature? 
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Two Questions 

1 What processes trigger the initial sea 
surface warming?  
  
 
Do and if so how do the air-sea 
interactions and feedbacks regulate the 
initial surface warming?  

2 



Question I: 
 
What processes trigger the initial sea 
surface warming?  
 
 -- Using AGCM 



What triggers the initial warming? 

Reduced upward latent heat flux plays the dominant role 

Net                                                   Shortwave 

Longwave                                             Latent 



What induces less upward latent heat flux? 
LHF=Lv C W (Qs-Qa) 

-0.7% 
 
 
 
 

 
-1.8% 



Convective  
Precipitation  

Large-scale  
Precipitation  

What results in more moisture near the surface? 



1) What triggers the initial warming? 

UTW  
Increased Atmospheric Stability   
Suppressed vertical moisture advection  
More moisture at lower troposphere   
Less upward latent heat flux  
Surface warming 



Question II: 
 
Do and if so how do the air-sea 
interactions and feedbacks regulate the 
initial surface warming?  
 
 -- Using CGCM 



SST and heat flux evolution 
SST (red, *3), latent 

(black) 
Longwave (blue) 

UTW  
   …… 
More moisture at lower troposphere   
1) Less upward latent heat flux  
2) More longwave radiation  
Surface warming 



Vertical Temperature and Specific Humidity 



Conclusion: 
1) Transient UTW can intensify surface warming via a ‘top-down’ 

mechanism. 
2) The UTW-induced SST warming can further strengthen the UTW due 

to the moist adiabatic adjustment so as to form an UTW-SST 
positive feedback. 

 

Summary GHGs 
forcing 

SST warming UTW 
Reduce LHF and 
increase longwave 

Moist adiabatic 
adjustment 



Thank you 

 





  Experiments  Description 
CGCM-CTRL Control run of the coupled model 
CGCM-2CO2 Coupled model run with doubling CO2 (5 ensembles for the first 5 years) 
CGCM-HEAT Coupled model run with upper-tropospheric heating (5 ensembles for the first 5 years) 
 
AGCM-CTRL 

 
AGCM control run with prescribed climatological SST and sea ice 

AGCM-2CO2 AGCM run with doubling CO2 

AGCM-HEAT AGCM run with upper-tropospheric heating  



Convective Precipitation (AGCM)            Convective Precipitation (CGCM) 

Large-scale Precipitation (AGCM)            Large-scale precipitation (CGCM) 

What results in more moisture near the surface? 
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