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Å How has our understanding of changes and model projections evolved since 
2008?    Greater confidence in projections.  Some emerging potential 
influences of anthropogenic forcing on tropical cyclone activity (confidence is 
still relatively low in most cases).  

ÅWhat is current best practise, including the most appropriate models, 
downscaling approaches and analysis techniques?   New higher resolution 
global models; dynamical downscaling using regional models; trend analysis 
for climate change detection (accounting for data quality issues).

Å Is current practice at a state where it can be relied upon for long-term 
business decisions?  Yes.  Projected changes in surge (sea level rise), 
hurricane precipitation rates, and intensity could be considered at some 
level, in my opinion.

ÅWhat are the recognisedgaps and uncertainties in current practiseςand what 
needs to be done to close these gaps and address the uncertainties?  Limited 
evidence for clearly detectable anthropogenic trends in hurricane activity 
limits our confidence in future projections compared to that for temperature-
related variables and sea level rise.

Targeted Questions to Address:



Å Observed Historical Trends in Key Storm Parameters

Å How well to model historical runs simulate these?



4Source: Vecchiand Knutson (2011).  Five-year running means, updated through 2017.

No clear evidence for detectable century-scale trend in Atlantic hurricane frequency
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Severe landfallingTCs 
in eastern Australia 
(Callaghan and Power)

LandfallingTCs in Japan
(Kumazawaet al. 2016)

U.S. Landfalling
hurricanes (HURDAT)

U.S. Surge index for 
moderately large events 
(Grinstedet al) 

Atlantic TC Power 
Dissipation Index 
and SST (Emanuel)

Global TC and Hurricane Frequency (Maue, GRL, 2011)

f)

Some Long Tropical Cyclone Datasets
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TC maximum intensity trends by quantile from ADT-HURSAT

- Global:  Slight upward trend (p = 0.1)
- N. Atlantic: Strong upward trend, but record is short 

compared to multidecadalvariability there
- Consistent in sign with expected response to greenhouse warming

Source:  Kossinet al., J. Climate (2013)



Cat 4-5 proportion 
from ADT-HURSAT data

Cat 4-5 proportion 
NHC + JWTC data

Source: Jim Kossin;  see also:  Holland and Bruyere(2014) Climate Dynamics.

The global proportion of tropical cyclones that reach Cat 4-5 levels has increased significantly,
ŎƻƴǎƛǎǘŜƴǘ ƛƴ ǎƛƎƴ ǿƛǘƘ ŜȄǇŜŎǘŜŘ ǊŜǎǇƻƴǎŜǎ ǘƻ ƎǊŜŜƴƘƻǳǎŜ ǿŀǊƳƛƴƎΧ



Caution:   This dataset not presumed to be appropriate for trend analysis. 





Harvey Aug. 17-Sept.1, 2017

Å 1-min. sustained winds:    
130 mph (at landfall)

Å 938 mb (Cat 4)

Å Damage est:  $198 B

Å 91 fatalities (90 in U.S.)

Å Rainfall total:  60.58 inches 
(record for USTropical 
cyclone)

Å Stalling characteristic

Å Rapid intensification (Aug. 
24-25) to Cat 4 near Texas

Source:  Wikipedia



3,700 simulated events each from six global climate models (Historical and RCP8.5);

Shading:  1 st. dev. in storm frequency distribution

Source:  Kerry Emanuel PNAS doi:10.1073/pnas.1716222114
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A 500mm 
rainfall event 
in Texas:
6x more likely 
by 2017 vs. 
2000).



Reference:  Dunstoneet al., Nature Geoscience (2013).  Used with permission.

Å Did Aerosols force 20th century multi-decadal changes in Atlantic tropical storm frequency?

- Hadley Centre model (HadGEM2-ES) suggests a strong aerosol forcing/SST/TC frequency link. 
- ¢ƘŜƛǊ ŦǳǘǳǊŜ ǇǊƻƧŜŎǘƛƻƴǎ όw/tнΦрΣ w/tпΦрύ ǎƘƻǿ ŀ ŘŜŎƭƛƴŜ ƛƴ ¢/ǎ ƻǾŜǊ ǘƘŜ ŎƻƳƛƴƎ ŎŜƴǘǳǊȅΧ
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2014 Hurricane Season in the Eastern Pacific

Three hurricanes approached near Hawaii in 2014.

2014

Julio

Source:  Murakami et al. BAMS (2015)

No significant trend;
(Attribution without
Detection).


