
ALBERTA HAIL PROJECT 

NHRE 

CELL MOTION, PROPAGATION (DISCRETE, CONTINUOUS), AND STORM MOTION 

SINGLE 
CELLS 

ORGANIZED 
MULTICELLS 

SUPERCELLS 



Fankhauser 1971 



Fujita (1963)     22 April 1958   Texas A&M 



Browning and Ludlam 1962 
Browning and Donaldson 1963 

Vault, WER, BWER, echo‐free hole 

• IN BETWEEN CELLS 
• STRONG UPDRAFT 
• DOWNDRAFT 
• CENTRIFUGING OF PARTICLES (Ligda et al. 

 1957) 

* 



Browning 1965a 



Browning 1965 



Browning and Ludlam 1962 



Fujita (1959)  20 June 1957 

“WALL CLOUD” 
“TAIL CLOUD” 



Golden and Purcell 
1978 



Brown et al 
1975 



Brandes 1977 



Lhermice 1971 



FAST 
(Fore Ad Scanning Technique) 

Dowell et al. 1997 



Wurman et al. 2007 
26 May 1997 Kiefer, OK 

MOBILE DUAL‐DOPPLER ANALYSIS 



Lemon and Doswell 1979 



Moller 1978 



Low‐Precipitajon (LP) Supercell 
Rasmussen and Straka (1998) 

Bluestein and Parks 1983 
CHARACTER OF PRECIPITATION NEAR UPDRAFT IN SUPERCELLS 

(MAY BE NO RAIN AT ALL) 



Classic (CL) Supercell 
Rasmussen and Straka (1998) 



High‐Precipitajon (HP) Supercell 
Rasmussen and Straka (1998) 

Doswell et al. (1990) 



Bluestein et al. 2007 

29 May 2004 



Newton 1950 

2‐D WINDS UNIDIRECTIONAL 



2‐D WINDS UNIDIRECTIONAL 



Browning and Ludlam 1962 

1st 3‐D model 



Newton and Fankhauser 1964 

WINDS NOT UNIDIRECTIONAL 



Browning 1964 



Fankhauser 1971 



Fankhauser 1971 

3‐D 
INCLUDES 
BLOCKING 





Klemp 1987 

NONLINEAR TERMS 
UNI‐DIRECTIONAL SHEAR 



Klemp 1987 

SPLITTING 



Bluestein 2009 



Bluestein 2009 



Bluestein 2009 



Rotunno et al. 1988 
(from Lilly 1979) 



Bluestein and Weisman 2000 



Bluestein and Weisman 2000 



Klemp 1987 

LINEAR TERMS 
UNI‐DIRECTIONAL SHEAR 



Klemp 1987 

LINEAR TERMS 
DIRECTIONAL SHEAR 



HELICITY DISCUSSION 



Davies‐Jones 1984 



Davies‐Jones 1984 



Weisman and Rotunno 
2000 



Weisman and Rotunno 2000 



Klemp 1987 

PRODUCTION OF LOW‐LEVEL MESOCYCLONE 



Klemp 1987 

REAR‐FLANK 
DOWNDRAFT 

“VORTEX‐VALVE 
EFFECT” 



Wakimoto et al. 1998 

Garden City, KS 
Storm 
16 May 1995 



Wakimoto et al. 1998 





Barnes 1970 

Browning and Landry 
1963 Radar Conf. 
(no figure) 



Markowski et  al.  
1998a 



Markowski et al. 1998 



Bluestein and Pazmany 2000 



Markowski et al. 2008 

ROLE OF DOWNDRAFT 



Markowski et al. 2008 





Bluestein and Gaddy 2001 



Vasiloff et al. 1986 




