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Fundamentals:
1.    TC- Ocean Subsurface Interaction
2.    TC to Ocean, Ocean to TC, Feedback to Climate/Carbon Cycle
3.    Pre TC, During TC, Post TC
4. Pre TC: Pre TC (SST, OHC, T/S Profiles)
5. During TC: TC_Ocean Coupling SST (Tmix), 

Air-Sea sensible & latent heat flux
* Coupled SST=Pre_TC SST – Cooling 
[cooling depends on Pre_TC Ocean condition & TC attributes  
(intensity, Uh, and size)]

6.   Post TC cold wake

Price 1981
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Warm Ocean 
Eddy (WOE)

Lin et al. MWR 2005

RI (Rapid Intensification

No brake, but accelerator
只有油門沒有剎車,只好暴衝!



20-26∘ N

13 yrs of 
Cat. 5 TCs

Lin et al. MWR 2008



Lin et al. MWR  2008

Eddy-rich 
zone



10-year of Cat.-5 
typhoons

pre-
SST(℃) D26(m) UOHC

(kJ/cm2) Ave. Uh Min. Uh Max. Uh

G1 29.3(0.8) 61(4) 64(15) 8.2(0.4) 7.9 8.5
G2 29.2(0.8) 73(6) 71 (31) 7.8(0.5) 7.3 8.2
G3 28.9(1.0) 93(4) 96 (32) 5.6(0.3) 5.4 5.8
G4 29.3(0.3) 116(5) 117 (10) 4.5(1.4) 3.3 6.4
G5 29.3(0.5) 138(9) 122 (18) 4.1(0.9) 2.9 4.8

Why some Cat. 5 
Intensify over low 

UOHC region?

Lin et al. MWR 2009



Source: Reuters

Source: Reuters
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Source: Reuters

Catastrophic event (> 130,000 death toll):

RI took place just prior to landfall

Lin et al. 

GRL 2009

Killer cyclone Nargis (2008)



Highlight by NASA,

USA Today, ...



Case 1: Supertyphoon Megi: Cat 5:160 kts , 12 Z 17 Oct. 2010)

Case 2: Typhoon Malakas: Cat2: 90 kts on 24 Sep. 2010

Case 3: Typhoon Fanapi: Cat 3: 105 kts on 18 Sep. 2010



C130 Airdrop

(From Steve Jayne/WHOI and Eric D'Asaro/U. of Washington) 



Lin GRL 2013



Predicted Tmix (Price 2009), If for quick choice, use T80

Emanuel 1988; Bister and Emanuel 1998

Lin GRL 2013

Pre SST

Ocean Coupling Potential Intensity (OCPI)

Include subsurface info. in PI



Lin et al. GRL 2013; Weather / Climate Applications

虚胖(暖)





2.29m

1.98m



Death: 6300; Injured: 28689; 

Damage : US $ 2,051,710,653 (2 billion)

http://en.wikipedia.org/wiki/Typhoon_Haiyan

Cat. ‘6’, Haiyan: 170kts!



Category Winds
(knots)

V^2 (fcn. 
of ACE, k. 
energy)

V^3 (fcn. of PDI, 
destructiveness)

1 64-82 4,096 262,144
2 83-95 6,889 571,787
3 96-113 9,216 884,736
4 114-135 12,996 1,481,544

5 (Katrina)
>135 -

159 18,225 2,460,375

‘Cat 6’? 

>=160 
(160-170-

185)
25,600-
28,900-
34,225

4,096,000-4,913,000-
6,331,625

Haiyan (170kts) – Category ‘6’&  at landfall, Lin et al. GRL 2014
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Kosaka and Xie, Nature 2013

Haiyan from Global warming ? 

But …it is Hiatus!



Argo is not enough, because each grid needs a 
profile operationally (Pun et al. Prg. Ocean. 2014)



Peduzzi et al. Nat. C.C. 2012

Pun et al. GRL, Sep. 2013



Haiyan and Hiatus: Two Sides of the 
Same Coin, Lin et al. GRL 2014

Wang et al. PNAS 
2013; England et al. 
Nature C. C. 2014; 
Kosaka 2014

Cazenave and Remy 2011



康熙盛世

Lin et al. GRL. 2014

158% more flux supply



Increase in OCPI but not SSTPI



Lin et al. 2020; Reproduced following NASA Earth Observatory



Jin et al. Nature 2014



Discharge will happened about
6-9 months after El Niño peak.

Recharge and Discharge Theory [Jin 1997]

Stealth heat transport via 
ocean subsurface pathway 

to fuel CEP Hurricanes (OCPI 
application)

‘Secret Santa’



Cover, Aug 2017Huang et a. JGR 2017

Warm blob and PMM (Bond et 
al,2015; Murakami et al. 2017)

185kts170kts



July 2017

Importance of Category ‘6’

Haiyan (170kts, 2013)

Meranti  (165kts, 2016)

Patricia (185kts, 2015)

Lin et al. BAMS 2017



El Niño &
Typhoons

(Wang and Chan, JC 2002)

But 
Megi (2010) & 

Haiyan (2013)...

Zheng, Lin, Wang.. 

et al. Sci. Rep. 2015



Weak Positive After Offset from OHC shoaling 

1997 El Niño: 136%  .vs. 194%; 8 El Niño composite: 127% .vs.147%



I-I Lin and Johnny C. L. Chan
Dept. of Atm. Sci. National Taiwan Univ.

City Univ. of Hong Kong

Nature Communications, May 2015

Emanuel 2005

Annual PDI: Sum over all TCs. Thus is a fcn. of 

TC occurrence frequency (number), TC duration, TC intensity



Consider Haiyan, Ocean 
Warming.....

Peduzzi et al. Nat. C.C. 2012



OFFSET!



r=-0.83

Sub. High controls both ocean/atm.



Global Warming Condition 

TC frequency: -25.7% (Neg. contrib.)

Intensity:  +4.8% (Pos. contrib.)

PDI: -15.2% in global warming 
(less TCs but more intense, a different world)

Lin and Chan Nat. Comm. 2015



Huang et al. 2015

Ocean community (e.g., Capotondi,et al. JGR 2012):
general increase in stratification in  global warming

TC Main Development Regions?





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

Emanuel JC 2015



Emanuel  2015

Huang et al. 

2015
Vecchi & 

Soden 2007





Pun et al. MWR 2018

TC size matters

1.9 to  4 ∘C cooling, if 
without size effect , 52% 

less cooling



Pun et al. Sustainability 2019

Rapid Intensification of 

Hato (2017) over 

shallow water



Chang et al. 
Sustainability 2020

TC Translation Speed & 
Intensity over the SCS





AGU Centennial Monograph, Aug. 2020

Chap. 17 ENSO and Tropical Cyclones

I. Lin, S.J. Camargo, C.M. Patricola, J. Boucharel, S. Chand, P. 
Klotzbach, J.C L Chan, B. Wang, P. Chang, T. Li, & F.F. Jin



Global Warming, TC, and ENSO

El Niño

La Niña

Climatology

Chand et al. 2017; Bell et al. 2020



TC Haiyan, Lin et al. GRL 2014

Global Warming, Sea Level Rise, 
Extreme La Nina (Chap. 13), &Surge

Lin et al. Nat. Haz. 2013

Hurricane Rita (2005)



1.   Weather: Rapid Intensification (RI), Ocean Eddy, TC Translation 
Speed (Uh), TC Size, Shallow Water RI

2. ITOP & Ocean Coupling Potential Intensity

3. Climate: Cat. 6, Haiyan/Hiatus, Patricia/2015 El Niño, ElNiño’s 
stealth heat supply, South China Sea Uh/intensity trend

4.  Global Warming
PDI reduction, Increase in subsurface stratification,
Sea level rise and surge, Global Warming-Future ENSO-TC

5. Offset, Competition (Atm./Ocean), & Gaia
Inter-annual, Multi-decadal,  Centennial/Global Warming Scales

Negative process exist to offset positive processs to prevent TCs from 
developing towards only 1 direction

Summary



QuickTime?and a
 decompressor

are needed to see this picture.

Courtesey: NASA, SC Tsai

Who can understand how He spreads 
out the clouds....? Job 36(29)

謙卑人必承受地土，以豐盛的平安為樂
詩篇 37(11)



Lin and Chan, Nature Comm. (2015)

Positive process: subtropical high strengthening contributes to 
ocean subsurface warming, increase intensity

Negative process: sub-high strengthen  also causes increase in shear and 
decrease in vorticity (worsen atmospheric dynamic factors)! 



In global warming, the increasing downward heat flux from CO2 heat  
surface (top maps) first and then subsurface (bottom), ocean 

subsurface thus warms less than SST and profile gradient sharpens.

Future - Current



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



10-20∘ N



30 Category-5 supertyphoons
May-October, 1993-2005 
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