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Hurricane Impacts at Landfall

High Seas

Inland Flooding

Beach Erosion

Storm Surge

Wind Damage

Disruption of
Communications,
Utilities, 
Transportation,
Schedules &
Infrastructure
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Some Definitions

• Mitigation: Capital investment in buildings or 
infrastructure to decrease vulnerability

• Emergency Response: Actions taken before or 
during a specific event to reduce human and economic 
impact 

• Forecast: Prognostication of future meteorological 
conditions

• Advisory: Periodic summary of current and expected 
weather.

• Watch: Expect hurricane conditions within 48h
• Warning: Expect hurricane conditions within 36h

(Change from 36 and 24h) 4

Forecast Attributes
• Track –where is it going?
• Intensity –how strong?
• Storm surge –wind-driven rise of the sea
• Distributions of wind and rainfall
• Probabilistic?
• Must be on-time
• Tradeoff between lead-time and warning area 

size
• How best to communicate with users? 
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Forecast Process

• Observations at synoptic times (00, 06,12,18 
UTC  8PM, 2AM, 8AM, 2PM EDLT)

• Suite of numerical models (guidance)
• Forecaster value added
• Advisories at 11 PM, 5 AM, 11 AM, 5 PM 

EDLT
• Intermediate advisories  at 3h intervals during  

high threat
• Watches and warnings
• Local authorities  direct emergency responses
• Must be simple and easily coordinated 6
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Spaceborne Remote Sensing

• Global coverage

• Large bandwidth 
requirements

• Not synoptic

• Does not sense model state 
variables directly

• Requires 4DVAR and/or 
forward modeling

• Large contributor to recent 
forecast improvement

• Aircraft & radar data have 
similar properties 8
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Vortex Structure and Environment

• Shear of the 
surrounding winds.

• Dry-air intrusion

• Wind-profile shape

• Concentric eyewalls 

• Eyewall replacements

• Interaction with other 
tropical cyclones

• RAINEX & CBLAST

10

WRF Model Governing Equations

March the discretized Navier-
Stokes Equations forward in 
time 
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WRF Model Computational Mesh
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SHIPS Intensity Predictors

Statistical regression equations—most skillful guidance
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13Cost of warnings can be $200-400M

Track Errors
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Track Forecast Errors 1954-2005
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NHC Track Guidance 18Z 25AUG05
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NHC Track Guidance 00Z 27AUG05
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NHC Track Guidance 12Z 27AUG05
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Katrina 2½ 
Day Forecast
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Storm Surge

Evacuation keeps
People from drowning in situations like this.
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How Do We Use SLOSH? 
• Make many runs for all 

possible tracks, sizes, 
intensities…

• Retain greatest extent of 
inundation for any run 

• This defines the Maximum 
Envelope of Water (MEOW)

• Evacuation-zone 
boundaries are defined in 
terms of recognizable 
landmarks and include the 
MEOWs for any storm, 
nonmajor, and major 
hurricanes. 

• Has to be simple, because 
evacuation is chaotic no 
matter what.
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Evacuation
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Cat Winds Effects 

One 74-95 mph No real damage to building structures. 

Two 96-110 mph
Some roofing material, door, and window damage to 
buildings. Considerable damage to vegetation, mobile 
homes, and piers.

Three 111-130 mph
Some structural damage to small residences and utility 
buildings with a minor amount of curtainwall failures. 
Mobile homes are destroyed. 

Four 131-155 mph

More extensive curtainwall failures with some complete 
roof structure failure on small residences. Major erosion of 
beach. Major damage to lower floors of structures near the 
shore. 

Five > 155 mph
Complete roof failure on many residences and industrial 
buildings. Some complete building failures with small 
utility buildings blown over or away. 

Saffir-Simpson Scale

• Major hurricanes, CAT 3-5, cause 80% of US damage
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NHC Intensity Guidance 12Z 27AUG05

Intensity forecasts 
have limited skill
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• Rapid deepening causes most major hurricanes 
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Rita Intensity

Loop Current Landfall
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Role of the Loop Current
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Summary
• Track: Where is it going? 

– Steady improvement for a half century

• Intensity: How Strong is it? 
– A work in progress…

• Distributions of rainfall and winds
– The future…

• Storm surge…SLOSH
– Big payoff in preventing deaths

• Timeliness 
– Forecasters live an die by it

• Guidance—i.e. numerical models

FOR NEXT TIME
Camille, Cyclone of 1970  
Then, Tracy & Andrew, Review & 
EXAM #2 on Wednesday  15NOV16


