
TITLE: SEVERE STORM INITIATION AND DEVELOPMENT FROM SATELLITE INFRARED 
IMAGERY AND RAWINSONDE DATA 

RESEARCH INVESTIGATORS : 

R. J. Hung The Un ive r s i ty  of Alabama i n  H u n t s v i l l e  
H u n t s v i l l e ,  Alabama 35899 
Telephone: (205) 895-6077 

R. E. Smith Atmospheric Science Div is ion  
NASA/Marshall Space F l i g h t  Center, Alabama 
Telephone: (205) 453-3101 

35812 

G. S .  West Atmospheric Science Div is ion  
NASAiMarshall Space F l i g h t  Center ,  Alabama 
Telephone: (205) 453-5218 

35812 

SIGNIFICANT ACCOMPLISHMENTS TO DATE I N  FY-84: 

Avai lab le  temperature ,  mois ture  and wind p r o f i l e s  from rawinsonde observa t ions  
a l l  over  t h e  United S t a t e s  were f e d  i n t o  t h e  McIDAS system at  t h e  NASAIMSFC. 
Barnes (1964) scheme w a s  used t o  maximize d e t a i l  i n  numerical  map a n a l y s i s .  
The geographica l  d i s t r i b u t i o n  of p o t e n t i a l  temperatures ,  mixing r a t i o ,  and 
s t r eaml ines  of flow p a t t e r n s  a t  850, 700, and 500 mb h e i g h t s  w a s  used t o  
understand t h e  prestorm convect ion and the  h o r i z o n t a l  convergence of moisture .  
From t h e  a n a l y s i s  of 21 tornadoes t h a t  occurred i n  May, June, and August 1982, 
t h e  fo l lowing  conclusions w e r e  reached: (1) Strong h o r i z o n t a l  convergence of 
mois ture  appeared a t  t h e  850, 700, and 500 mb l e v e l s  i n  t h e  area 12 hours  be fo re  
t h e  storm formation. 
became convect ive ly  uns t ab le  during t h e  t i m e  per iod  between 12 and 24 hours 
be fo re  t h e  i n i t i a t i o n  of t h e  seve re  s torms,  (3) S t rong  winds veer ing  w i t h  
he ight  w i th  d i r e c t i o n  p a r a l l e l  t o  t h e  movement of a d r y l i n e ,  s u r f a c e  f r o n t s ,  
e t c .  (4) During a 36-hour per iod ,  a t ropopause he igh t  i n  t h e  areas of i n t e r e s t  
w a s  lowest a t  t h e  t i m e  of t o rnad ic  cloud formation. (5) A t r a i n  of  g r a v i t y  
waves w a s  de t ec t ed  be fo re  and during t h e  cloud formation per iod .  

(2) An abundantly moist  atmosphere below 3 km (700 mb) 

Rapid-scan i n f r a r e d  imagery provided near  real-time information on t h e  l i f e  
cyc le  of t h e  storm which can be  summarized as fol lows:  
vec t ion  produced an overshoot ing cloud top pene t r a t ing  above t h e  t ropopause,  
wi th  cloud top  temperatures  4 t o  9'C below t h e  temperature  of  t h e  t ropopause,  
making t h e  mass dens i ty  of t h e  overshoot ing cloud much g r e a t e r  than  t h e  m a s s  
d e n s i t y  of t h e  surrounding a i r ,  (2) The overshoot ing cloud top  co l lapsed  a t  
t h e  end of the mature s t a g e  of t h e  cloud development. (3) The tornado toueh- 
down followed t h e  c o l l a p s e  of t h e  overshoot ing cloud top. 

(1) Enhanced con- 

FOCUS OF CURRENT RESEARCH ACTIVITIES: 

Study of the pres torm environment is  t h e  major focus of our cu r ren t  r e sea rch  
a c t i v i t i e s .  Avai lab le  rawinsonde d a t a  are analyzed t o  determine t h e  geo- 
g raph ica l  d i s t r i b u t i o n  of p o t e n t i a l  temperatures ,  mixing r a t i o ,  and winds a t  
h e i g h t s  from the ground t o  t h e  upper t roposphere.  The purpose of s tudy  i s  
t o  i n v e s t i g a t e  t h e  mechanisms r e spons ib l e  f o r  t h e  i n i t i a t i o n  of convect ion 
and t h e  h o r i z o n t a l  convergence of moisture .  
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The difference between the overshooting cloud-top height and the tropopause 
height is important in the development of severe storms. 
rate of the overshooting turret is proportional to the volume of the cloud 
top above the tropopause and the temperature differential. The difference 
between the overshooting cloud-top height and the tropopause height may 
increase if the tropopause height decreases during the time period of the 
storm formation, The local tropopause height can possibly be modified by 
heating from sources in the stratosphere and/or the troposphere. 
a mutual interaction between the variation of the tropopause height and the 
latent heat released from the condensation of moisture and cloud formation, 
and also the interaction of pronounced fronts. Our current focus of research 
is to investigate these mutual interactions and their affect on the storm 
format ion. 

The collapsing 

There is 

PLANS FOR FY-85: 

In addition to the mutual interaction between the variation of the tropopause 
height and the heating from the troposphere due to the latent heat released 
from the moisture condensation and cloud formation, heating also can occur 
from the stratosphere due to the absorption of ultraviolet radiation and the 
releasing of infrared radiation during the conversion of oxygen to ozone, 
In the plans for the FY-85, the vertical profiles of ozone and the total 
ozone data will be investigated and compared with tropopause variations. 

Not only is lightning linked to storm dynamics in the highly convective 
spring and summer thunderstorms, but it is also related to the dynamics in 
weaker winter storms. 
activity and the storm characteristics, such as cloud heights, growth/collapse 
rates of cloud tops, cloud top temperatures, etc., observed on rapid-scan 
imagery obtained from satellites. 

We will study the relationship between the lightning 

RECOMMENDATIONS FOR NEW RESEARCH: 

It is recommended that ozone and VAS data be added to the combination of 
weather maps, radar summaries, rawinsonde data, lightning observations, and 
rapid-scan satellite imagery used in studying the environment favorable for 
severe storm formation and development. 
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