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Modeling and Interpreting the Impact of Modeling and Interpreting the Impact of 
Severe Storms and Their Relation to ClimateSevere Storms and Their Relation to Climate
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October 3, 2005October 3, 2005
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2005 Hurricane Season2005 Hurricane Season
““The most active season on recordThe most active season on record””

Presenter’s Note:

Over $100 billion in damage, over 3000 deaths, 3 of top 6 storms.



4

Before KatrinaBefore Katrina……
David & Kimberly King David & Kimberly King 

Waveland, MSWaveland, MS
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……After KatrinaAfter Katrina
David & Kimberly King David & Kimberly King 

Waveland, MSWaveland, MS



What do we know?What do we know?

1) We know the climate has warmed.1) We know the climate has warmed.

2) We know that human activities are primarily 2) We know that human activities are primarily 
responsible for the warming over the past ~50 responsible for the warming over the past ~50 
years.years.

3) We know that future warming is unavoidable.3) We know that future warming is unavoidable.
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+3 F+3 F

+10 F+10 F

You are You are 
herehere

Model Model 
ProjectionsProjections

•• We are committed to ~2 F additional warming.We are committed to ~2 F additional warming.

Presenter’s Note:

But how will it change life in FL?
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The Debate:The Debate:
How will hurricanes respond to warming oceans?How will hurricanes respond to warming oceans?
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Intensification of Hurricane KatrinaIntensification of Hurricane Katrina

Warmer oceanWarmer oceanColder oceanColder ocean
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Emanuel 2007

What do observations suggest?What do observations suggest?
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Hurricane Activity in the 20Hurricane Activity in the 20thth Century:Century:
ObservationsObservations

Atlantic Ocean 
Temperature

Vecchi and Soden 2007
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Hurricane Activity in the 21st Century:Hurricane Activity in the 21st Century:
Based on Observed Relationship with SSTBased on Observed Relationship with SST

Future Hurricane Activity
Based upon Projected Warming 

Vecchi and Soden 2007

Presenter’s Note:

By 2100: lower end  = 2005; upper end >/= 2x 2005.
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Alternative Predictor from Theory
(Atlantic and Other Oceans)

Hurricane Activity in the 20th Century:Hurricane Activity in the 20th Century:
An Alternative Relationship Based on TheoryAn Alternative Relationship Based on Theory

Vecchi and Soden 2007
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Future Hurricane Activity
Based upon Theory

Hurricane Activity in the 21st Century:Hurricane Activity in the 21st Century:
The Projection Based on TheoryThe Projection Based on Theory

Vecchi and Soden 2007
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Model studiesModel studies

Vecchi and Soden 2007

Hurricane Activity in the 21st Century:Hurricane Activity in the 21st Century:
Model ProjectionsModel Projections



Bender et al., 2010Bender et al., 2010
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Bender et al., 2010Bender et al., 2010
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Bender et al., 2010Bender et al., 2010

The projected increase in Major Hurricanes occurs The projected increase in Major Hurricanes occurs ““closeclose”” to SE US.to SE US.
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Tropical Cyclones and Climate ChangeTropical Cyclones and Climate Change
Nature Nature GeoscienceGeoscience, February 2010, February 2010

(1) Intensity:(1) Intensity:
““Future projections based on theory and highFuture projections based on theory and high--resolution dynamical resolution dynamical 

models consistently indicate that greenhouse warming will cause models consistently indicate that greenhouse warming will cause the the 
globally averaged intensity of tropical cyclones to shift towardglobally averaged intensity of tropical cyclones to shift towards stronger s stronger 

storms, with storms, with intensity increases of 2intensity increases of 2––11% by 210011% by 2100. . 

(2) Frequency:(2) Frequency:
Existing Existing modellingmodelling studies also consistently project studies also consistently project decreases in the decreases in the 

globally averaged frequency of tropical cyclones, by 6globally averaged frequency of tropical cyclones, by 6––34%. 34%. 

(3) Rainfall(3) Rainfall
Balanced against this, higher resolution Balanced against this, higher resolution modellingmodelling studies typically studies typically 
project substantial increases in the frequency of the most intenproject substantial increases in the frequency of the most intense se 

cyclones, and cyclones, and increases of the order of 20% in the precipitation rate increases of the order of 20% in the precipitation rate 
within 100within 100 km of the storm centre.km of the storm centre.””

Knutson et al., 2010Knutson et al., 2010
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Thank youThank you
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Source:  NASA/GISS    http://Source:  NASA/GISS    http://data.giss.nasa.gov/gistemp/graphsdata.giss.nasa.gov/gistemp/graphs//

What do we know?  The planet has warmedWhat do we know?  The planet has warmed



Carbon Emissions from Human Activity

The rate of warming over the The rate of warming over the 
past century is unusual.past century is unusual.

The rapid warming coincides The rapid warming coincides 
with increasing carbon dioxide.with increasing carbon dioxide.

The increasing carbon dioxide The increasing carbon dioxide 
is due to human activities, is due to human activities, 

primarily burning fossil fuels.primarily burning fossil fuels.
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What do we know?  Most of the warming is due to humansWhat do we know?  Most of the warming is due to humans
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What does the theory predict?What does the theory predict?
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