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Overview 

1) The science of 
hurricanes 

2) Forecasts 

3) Hurricane hazards 

4) Hurricanes and 
climate change 



Tropical Cyclones Around the World 

Cyclones 

Typhoons 

Hurricanes 



Hurricane Recipe 

NO HURRICANES CAN FORM (too close too the equator) 
 

HURRICANES CAN FORM 
 
 
 
 
 

 
 
 
 
 
 
 

HURRICANES CAN FORM 
 



DEEP LAYER OF 
WARM OCEAN 

MOIST  
ATMOSPHERE 

LOW 
VERTICAL 
WIND SHEAR 

Recipe For a Hurricane 



 ~20 miles 

 ~300-400 miles 
 

Into the Storm 



Categories 

Based only on sustained wind speeds in the eyewall  

Even weak hurricanes and tropical storms can be very destructive 



Does size matter? 

Yes. However, Hurricane Andrew was a small 
storm but was devastating for Miami-Dade 



What does a forecaster look at? 





HURRICANE IRMA 

Irma was a very large 

storm  

(the size of Texas 

before FL landfall), 

having impacts over 

the entire state 



The Atlantic Hurricane Season 

HURRICANE SEASON 



Hurricane Season in South FL 

Hurricanes passing near South Florida since 1851 



63 (31 major) Hurricanes Passed Over or 
Near South Florida from 1851-2016 



The forecast cone 

“Forecast cone” contains the probable path of the storm 
center  

Important notes: 
A) The cone is 2/3 probability of the center 

falling in that region 

B) The same sized cone is used for the whole 
season – uncertainty can vary from storm to 
storm 

C) THIS IS NOT AN IMPACTS CONE – 
impacts extend far beyond the boundary of 
the cone 



240 miles 

Day 5 

120 miles 

Day 3 

50 miles 

Day 1 

Making the cone 

Error in track at 1 day out is 50 miles 

Error increases with increasing length of time of forecast 

Better forecasts (averaged over 5 years) = smaller error = a smaller cone! 

Cone:   66% likelihood that the CENTER of 
the hurricane will fall in that region 



Wind speed probability 



 QUICK QUIZ TO SEE IF YOU’RE 
PAYING ATTENTION 

A) August 
B) October 
C) September 
D) June 

What month has had the 
most hurricane strikes in 

South FL? 

Was Hurricane Andrew a 
smaller than average 

storm? 

A) No 
B) Yes B) Yes 



Hurricane Hazards 

• Storm Surge 
• Wind  
• Rain 
• Tornadoes 
• Waves/Rip Currents 
 



Wind, Rain, and Waves  
 

 
 
 



Rain – Hurricane Harvey 



Tornadoes 
• ~70% of landfalling hurricanes cause at least 1 tornado 
• Most often occur in rainbands well away from the storm center 



Storm surge 

What is storm surge? Water pushed on to land by wind 

FACT: 

• The #1 cause of deaths in 
hurricanes (49%) 



Brickell during Hurricane Irma (2017) 

Storm Surge 



So…Know Your Zone 

COCONUT 
GROVE 



Hurricanes 
& climate 

change  



The future of hurricanes 

What does a climate modeler look at? 
 

Observations of the past 150 years of climate 

+ 
Equations that describe fluid flow 

(The Navier-Stokes equations – similar to those used for weather forecasting) 

 
 

Projections of future climate 
 

Question: How does this relate to hurricanes? 



The future of hurricanes 

Hurricanes strongly depend on both the 
ocean and atmosphere 

Both the ocean and atmosphere will get warmer, but the spatial differences in 
temperature may change  

 

Temperature distribution is very important 

 

Let’s consider the ocean and atmosphere separately to understand why 



The atmosphere 

Benger et al. (2006): Hurricane Katrina 

Inflowing air (warmer) 

Outflowing air (colder) 



The atmosphere 
Options 

Better – temperature difference 
between upper and lower 

atmosphere doesn’t change 

Bad because it promotes 
convection/disturbance development 

Upper 
atmosphere 

relatively 
cooler  

Whole 
atmosphere 

warms 



The ocean 

There are two possibilities: 

A. Warmer Atlantic = more intense hurricanes 

B. Warmer Atlantic but it warms at the same rate 
as the rest of the tropics   
No relative difference = no hurricane activity 
change (Vecchi et al., 2008) 

 Atlantic SSTs will definitely warm due to climate change 

Question: Does this mean more intense tropical cyclones? 

Answer:  

Better 
Answer:  



Options A and B 

Option A 
Atlantic is warmer  

   hurricanes more intense 

Option B 
Atlantic is warmer but 
temperature relative to the rest 
of the tropics same as today  

   No change in intensity 

(Vecchi et al., 2008) 



Could it be both? 

Bender et al. (2010) 



If all of the ice melts 



The future of sea level in Miami 

Sea-level rise simulation - Miami 

https://www.youtube.com/watch?v=Xcp1w-uVDqk


If Hurricane Andrew 
(1992) happened again, 
but with a higher sea-
level, what would we 

expect? 

SLOSH storm surge prediction 

In 1992 Andrew 
had up to 17 feet 

of storm surge 

SL + 1 foot:  
more of Miami-Dade 
would be flooded by 

17 ft storm surge  

SL + 2 feet: 
 storm surge would 

be up to 18 feet 

SL + 3 feet: 
storm surge would 

be up to 20 feet 

Courtesy of Brian Soden 



Summary 
• Hurricanes are extremely dangerous weather 

phenomena 

• They need very specific conditions to form: 

Away from equator, warm ocean, low wind 
shear, moist air 

• The forecast cone should be taken with a 
pinch of salt 

• Hurricanes will be affected by climate change 

Sea-level rise, warming ocean and 
atmosphere  


	Miami and Hurricanes:�Now and in the future
	Overview
	Tropical Cyclones Around the World
	Hurricane Recipe
	Recipe For a Hurricane
	Into the Storm
	Categories
	Does size matter?
	What does a forecaster look at?
	Slide Number 10
	Slide Number 11
	The Atlantic Hurricane Season
	Hurricane Season in South FL
	63 (31 major) Hurricanes Passed Over or Near South Florida from 1851-2016
	The forecast cone
	Making the cone
	Wind speed probability
	 QUICK QUIZ TO SEE IF YOU’RE PAYING ATTENTION
	Hurricane Hazards
	Wind, Rain, and Waves �
	Rain – Hurricane Harvey
	Tornadoes
	Storm surge
	Storm Surge
	So…Know Your Zone
	Slide Number 26
	The future of hurricanes
	The future of hurricanes
	The atmosphere
	The atmosphere
	The ocean
	Options A and B
	Could it be both?
	If all of the ice melts
	Slide Number 35
	SLOSH storm surge prediction
	Summary

