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üMore people live along coastal areas ï
it takes longer time to evacuate.

ü Emergency managements are very costly: 
(e.g., it costs ~$1M per mile of coastline 
evacuation).

ü Evacuation decision making is very sensitive to
the prediction of hurricane track, intensity and 
size.

ü More hurricane related fatalities now due to 
storm surge or inland flooding which depends on
accurate TC prediction.

ü More and stronger hurricanes are coming due to
global warming?!

1. The Need for Skillful Tropical 

Cyclone Prediction
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2. Origin of Tropical Cyclones

Tropical cyclones form over tropical oceans with sufficient 

sea-surface temperature (> 26.5oC), circulation (vorticity), 

moisture and instability, and weak vertical wind shear.

Definitions of tropical cyclones: 

17 m/s
(38 mph)

33 m/s
(75 mph)

Tropical 

Depression

Tropical Storm Hurricane/

Typhoon

Major Hurricane

Super Typhoon
50 m/s

(112 mph)

67 m/s
(150 mph)

Hurricane Patricia (2015) 
[89 m/s (200 mph), 879 mb]

Typhoon Haiyan (2013) 
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(From Lin et al. 2005), based on EUMETSAT 

About 85% of major hurricanes were initiated 

by African easterly waves (AEWs) 

[e.g., pre-Hurricane Alberto (2000) AEW] 
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Some Basic Dynamics of Hurricane Genesis 

are still not well understood:

ü Why are there so many easterly waves and so few 

tropical storms?

ü What processes òchooseò a particular Easterly 

Wave?

ü What are the major formation mechanisms of 

hurricanes? 

ÁConditional Instability of the Second Kind (CISK) (Charney & 

Eliassen 1964) [dominant theory for 1964 -1990ôs.]

ÁCooperative Intensification (Ooyama 1964, 1969)

ÁWind-Induced Surface Heat Exchange (Emanuel 1986)

ÁMarsupial Paradigm (Montgomery et al. 2008)
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3. Numerical Weather Prediction (NWP)
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Physically, the Newtonôs second law is applied to 

describe air motion in x, y, and z directions:
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This gives three momentum equations.

The conservation of mass is applied to derive the 

continuity equation.

The conservation of energy and ideal gas law are 

used to derive the thermodynamics equation.


