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Ingredients Needed for Severe Wx 
•  Lift, instability, moisture 

•  Lift: Surface boundary (front) or disturbance 
•  Instability: Warm at surface/cold aloft 
•  Moisture: Warm, humid boundary layer 

•  Wind shear 
•  Speed shear: Winds increase with height 
•  Directional shear: Winds change direction with 

height (Ideal:  SE near surface, SW at midlevels, NW 
at upper levels)  

•  High wind events: High speed shear 
•  Tornadoes: High speed and directional shear 
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1700 UTC 8 April 2008 Examples of Surface Boundaries 

Surface θ (°C) and and θ gradient (× K 100 km-1) 
Source:http://www.atmos.albany.edu/index.php?d=wx_surfupprdata 



1700 UTC 8 April 2008 Examples of Surface Boundaries 

Surface θ (°C) and mixing ratio (g kg-1) 
Source:http://www.atmos.albany.edu/index.php?d=wx_surfupprdata 



0500 UTC 8 April 2008 
Surface θ (°C) and mixing ratio (g kg-1) 
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Source:http://www.atmos.albany.edu/index.php?d=wx_surfupprdata 
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Severe Wx 
threat 

•  Lift provided by cold  
front and upper trough. 
•  Moisture advected from  
south in warm sector. 
•  Instability from heating 
in warm sector. 

Source: Barnes and Newton (1983) 
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Storm Structure 





Sources: Weisman (1993); Coniglio et al. (2004) 

•  CAPE/shear phase space 
governs the type of convective 
organization 

•  W: weakly organized (ordinary) 
•  B: bow echoes 
•  I: intermediate between weak 
updrafts and bow echoes  
•  S: supercells 

•  Letters are from idealized 
simulations while shapes are 
from actual observations 



Bluestein (1993) 

Ordinary Cells 





Multicell Storms 



Bow echo structure 

Wakimoto 2001 





Bluestein (1993) 

Courtesy: M. Weisman 



“Optimal” condition 
for cold pool lifting 

C/∆u > 1 

C/∆u = 1 

C/∆u < 1 

RKW Theory 

Rotunno et al. 
(JAS, 1988) 

Courtesy: M. Weisman 



Derechos 

Extremely intense bow 
echoes that produce swaths 
of significant wind damage 

3-4 July 2003 progressive derecho  



15 July 1995 5:21 a.m. EDT 

Example of Bow Echo/Derecho Courtesy NWS Albany, NY 



Example of Bow Echo/Derecho 

15 July 1995 5:51 a.m. EDT 

Courtesy NWS Albany, NY 



Example of Bow Echo/Derecho 

15 July 1995 6:50 a.m. EDT 

Courtesy NWS Albany, NY 



High Wind Events 
Climatology and Physical 

Processes 



Fritsch and Forbes 2001 
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Microburst 
structure 

Wakimoto 2001 



Wakimoto 2001 
http://severewx.atmos.uiuc.edu/21/online.21.1.html




Supercell Structure 



Supercell Structure 

modified from Lemon and Doswell (1979) 



Davies-Jones et al. 2001 

Supercell Structure 
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Moller 2001 http://severewx.atmos.uiuc.edu/18/050399.reflectivity.html
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Davies-Jones et al. 2001 http://severewx.atmos.uiuc.edu/18/tornado.freq.html


Tornado Climatology 



Davies-Jones et al. 2001 



Doppler On Wheels (DOWs) 



Davies-Jones et al. 2001 
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Non-Supercell Tornadoes 

http://severewx.atmos.uiuc.edu/18/182-landspout/landspout-tr/landspouttr_wilhelmson-lee.mov


Source: Johnson and Mapes (2001), AMS Meteor. Monogr., No. 50 



Hail Formation 

http://severewx.atmos.uiuc.edu/19/2.inch.hail.probs.html 



22 June 2003 
Aurora, NE 

18.75” Circumference 
1.5 Lbs. 

Largest hailstone ever recorded 



22 June 2003 6:16 p.m. CDT 



22 June 2003 6:16 p.m. CDT 

Tom 
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Lance 



3 September 1970 
Coffeyville, KS 

Heaviest hailstone ever recorded 

17.5” Circumference 
2 Lbs. 



Severe Weather Forecasting 
Example 

18–19 October 2004 



http://www.rap.ucar.edu/weather/ 
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http://www.spc.noaa.gov 
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