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Motivation 

 
It is well known that not only SST, but also upper ocean subsurface 

thermal stratification is important for TC intensification.  

Ocean stratification (slope of the upper ocean profile below mixed 

layer) affects the TC-induced ocean cooling effect (OCE) during 

intensification. The sharper the slope, the stronger the OCE, the 

less enthalpy flux is supplied from the ocean for intensification   

(Emanuel 1999; Bender and Ginis 2000…).  

 

A curious question:  

Recently oceanographers (e.g.,  Capotondi,et al. 2012) 

 suggest a general increase in stratification (slope sharpening) under 

global warming. Will this sharpening occur over the TC Main 

Development Regions (MDRs) and affect TC intensification?  

 

[This question was asked also in Knutson et al. 2001.] 

 

 



 

Content 

 

 
Present and discuss 2 recent papers on the subject,  

with updated results. 

 

 

Huang et al. Nat. Comm. 2015 (H15) 

Study Areas: North Atlantic (NA) & North West Pacific (WNP) 

& 

Emanuel JC 2015 (E15) 

Study area: North West Pacific 

 



 

 

ACCESS1-0 
HadGEM2-AO 

(-ES in Emanuel 2015) 

ACCESS1-3 IPSL-CM5A-LR 

BCC-CSM1-1 IPSL-CM5A-MR 

CCSM4 IPSL-CM5B-LR 

CMCC-CESM MIROC-ESM-CHEM 

CMCC-CM MIROC-ESM 

CMCC-CMS MIROC5 

CNRM-CM5 MPI-ESM-LR 

CSIRO-Mk3-6-0 MPI-ESM-MR 

FGOALS-g2 MRI-CGCM3 

GFDL-CM3 NorESM1-M 

 

 

22 CMIP5 models in 

H15. 

 

Red: the 7 overlapped 

models in H15 and E15. 

  

7 CMIP5 models  

in E15.  



Multi-Model Ensemble (RCP 8.5 

of 22 models ) over NA MDR 

shows increase in stratification 

(slope sharpening) under global 

warming, because SST warms 

faster than subsurface ocean.  

21/22 ensemble members shows 

sharpening in representative station 

 

Consistent results is found in WNP 

MDR 



Increase in stratification over WNP is also found in the 7 models from 

E15. 



 In global warming, the increasing downward heat flux from CO2 heats 

surface (top maps) first and then subsurface (bottom), ocean  

subsurface thus warms less than SST and profile gradient sharpens. 

Future - Current 



Gradient sharpening increases Ocean 

Cooling Effect (OCE).  Here OCE is 

estimated under category 3 intensity and 

5m/s translation speed for both current and 

future, using Price et al. 1994 model. 

Over most of WNP and NA, OCE increases by 

~ 5-30% under global warming. However, in 

some local regions, e.g. NA Warm Belt, OCE 

does not increase. 

Future 

current 



 
 

 

Impact to TC, based on 

Potential Intensity (PI, 

Bister and Emanuel 

1998). OCE is included 

in a revised PI index (Lin 

et al. 2013) 

 

OCE allow to increase due to future 

stratification increase 

OCE fixed as current 

Uncoupled scenario (no OCE 

effect) 

 In WNP and NA MDRs, OCE 

increase has a non-negligible 

impact to future TC PI. Over NA 

Warm belt (bottom), the impact is 

weak, because this local region 

has little OCE increase and 

stratification increase. 



 

 

Further quantifications 

from E15 shows 

13% decrease in PDI and 

15% decrease in category-

5 TC frequency in the 

future, due to future 

stratification increase 



Multi-model projected 

change in mixed layer 

salinity, CMIP5 RCP 8.5 

Multi-model change in 

temperature of super-

typhoon cold wake 

temperature, between 

simulations with and 

without change in salinity 

Karthik, B., G. R. Foltz, L R. Lueng, and K. A. Emanuel, Nature, 

submitted 



★ Under global warming, subsurface ocean warms SLOWER than 
surface ocean, ocean temperature gradient (stratification) 
sharpens, TC-induced ocean cooling effect (OCE) increases over 
WNP and NA MDRs. 
 
★ This effect appears to be non-negligible in affecting future TC 
intensification (H15). Recent quantification from E15 suggests 
that though it may not alter the increasing trend, it can 
effectively weaken (offset) the increase (PDI reduces by 13% and 
cat-5 TC increase reduces by 15%). 
 
★ Local variability exists, e.g. over NA Warm Belt region, there 
was little stratification sharpening (hence little OCE increase). 
Perhaps due to local ocean dynamic condition. 

Summary 



 

Extra slides  

(in case for questions) 



Knutson et al. JC 

2013 

NA Warm Belt (little 

OCE increase) 

NA MDR (OCE 

increase region) 



Emanuel Nature 2005: uncoupled 

 

Vecchi and Soden Nature 2007: uncoupled 

 

Murakami et al. JC 2012; Sugi et al. GRL 2015: Uncoupled 

 

Emanuel et al. PNAS 2013: coupled but without updating ocean subsurface field 

 

Knutson et al. JC 2001: Coupled, CMIP2 

 

Bender et al. Science 2010: Coupled, CMIP3 mean profile, no ensemble spread,  

 

Knutson et al. JC 2015: Coupled, fixed future ocean mixed layer 

 

Huang et al. 2015: Coupled, CMIP5, 22 ensemble members with spread 

 

Emanuel JC 2015: Coupled, CMIP5, 7 ensemble members with spread 
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