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The Eye of Hurricane Dorian (2019)



Potential Intensity –
a thermodynamic upper limit of hurricane intensity

Emanuel 2018
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Potential Intensity, Shear, Moisture, and Steering flow 
tell us the first-order evolution of a storm
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Climate controls hurricanes;
climate change affects hurricane activity 
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Hurricanes in a warming climate

Observed trend

Theory

Numerical models ς
Global climate models and 

downscaling models
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Hurricanes in a warming climate

ÅAn increase in the storm intensity and thus the number of category 4 and 5 
hurricanes ςmore severe wind damage

ÅAn increase in the precipitation rate ςincreased inland flooding

ÅSea-level rise + stronger storms ςincreased storm surge

ÅAn increase in the intensification rate (RI: intensity change > 30 kt per day)

ÅA slowing down in storm motion

ÅPoleward migrations of the location where storms reach its LMI

ÅAn increasing in Atlantic hurricane activity in the late 20st century

ÅNumber of hurricanes, storm size

ÅLocal and regional hurricane activity
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Putting physics in hurricane hazard estimations –
a statistical dynamical downscaling approach

1. Get climate projections 
of PI, shear, etc. from 
global models

2. Force a hurricane simulator to 
generate synthetic tracks

3. Couple tracks to wind, rain, 
and surge models

Lee et al. 2018 JAMES

Higher risk

Higher risk

Emanuel 2017

Columbia HAZardmodel (CHAZ)
Emanuel 2006, 2008



Lee et al. (2019, in revision)

In a changing climate, hurricane hazard (risk) is subject to inherent 
epistemic uncertainty, which can not be resolved statistically

Increasing uncertainty implies increasing risk

Consistent with the consensus in IPCC AR5 (2013)

Consistent with the Emanuel 2013, 

Bhatia et al. 2018, 
Vecchiet al. 2019.


