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Research Object ives  

This  research  i s  designed t o  provide i n  depth understanding of t h e  

n a t u r a l  mechanisms t h a t  lead  t o  t h e  development of deep convective s t o m s  

through t h e  i n t e g r a t i o n  of rapid scan satel l i te  d a t a  w i t h  research a i r c r a f t  

observations.  Previous research  has  shown t h a t  arc cloud l i n e s  and t h e i r  

associated convective scale i n t e r a c t i o n s  are of  primary importance i n  

determining the  development and evolu t ion  of deep convection. 

br ing i n t o  sharper  focus t h e  dynamical and thermodynamical f e a t u r e s  of 

these  arc clouds and convective i n t e r a c t i o n s  t h a t  lead t o  t h e  development 

I n  order  t o  

of deep (and o f t e n  severe) convection, research a i r c r a f t  f l i g h t s  were 

undertaken i n  F lor ida  i n  t h e  l a t e  summer of 1983. The a i r c r a f t  

measurements were designed t o  provide d e t a i l e d  a i r  motion and thermodynamic 

data near and within t h e  arc cloud l i n e  region a t  t h e  same t i m e  GOES rapid 

scan d a t a  was being taken. 

S i g n i f i c a n t  Accomplishments 

Seven research f l i g h t s  were made on f i v e  s e p a r a t e  f l i g h t  days. Each 

f l i g h t  l a s t e d  between t h r e e  and f o u r  and one ha l f  hours. On a l l  bu t  one of 

t h e  f l i g h t s ,  well-defined arc cloud l i n e s  were encountered, and 

penet ra t ions  were made wi th in  t h e  dens i ty  surge l i n e  (DSL) region from 

approximately 120 meters AGL t o  650 meters AGL. 

Preliminary inspec t ion  of t h e  d a t a  (support  w a s  provided only f o r  t h e  

f l i g h t  phase) i n d i c a t e s :  

1) Arc cloud l i n e s  are important i n  both t h e  (a) production of 
convergence and v o r t i c i t y ,  and (b) i n  t h e  i n t e r a c t i o n  w i t h  i n t e n s e  
thunderstorms which may act t o  t r i g g e r  tornado a c t i v i t y .  
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2)  The la teral  extent  of the  v e r t i c a l  motion f i e l d  compared t o  t h e  
cloud scale indica tes  tha t  t h e  main d r iv ing  force  f o r  the i n i t i a l  
cloud development along t h e  a rc- l ine  is cont ro l led  by t h e  
thunderstorm outflow ( s )  i n t e r a c t i n g  with the  convect ively 
unstable  a i r  of the  environment. The ind iv idua l  cumulus cloud 
sca l e  motions along the  arc l i n e  can then be v isua l ized  as being 
superimposed on t h i s  somewhat larger-scale ,  i n i t i a t i n g  process. 

3) Arc cloud l i n e s  and t h e i r  assoc ia ted  DSL region can pose extreme 
hazards t o  a i r c r a f t  operat ions.  Depending on a i r c r a f t  speed p r i o r  
t o  i t s  descent i n t o  the  DSL, t h e  l o s s  of r e l a t i v e  f low ac ross  t h e  
wing i n  the  DSL can cause c r i t i ca l  s i n k  rates which may lead  t o  an  
a i r c r a f t  acc ident .  

4 )  An arc cloud l ine 's  major t h rea t  t o  space s h u t t l e  operat ions l i e  
i n  i ts  a b i l i t y  t o  generate  new thunderstorm a c t i v i t y  along t h e  
s h u t t l e  g l i d e  path i n  t i m e  frames t h a t  occur a f t e r  t h e  dec is ion  
f o r  reent ry  has been made. Addit ional ly ,  lateral wind shears  
across  the  runway could exceed s h u t t l e  landing requirements i n  
e i t h e r  an  a r c  cloud DSL environment o r  t h e  environment of t h e  
thunderstorm i t  might have t r iggered .  

Future  Plans - 

1) Funding i s  needed t o  analyze the  da ta  sets so t h a t  the preliminary 

r e s u l t s  indicated above may be quant i f ied  and the var ious convective 

sca l e  in t e rac t ions  b e t t e r  def ined.  

2 )  The meteorological community i s  coming t o  r e a l i z e  the  importance of 

outflow ( a r c  cloud l i n e s )  i n  the  production of r a i n f a l l  as wel l  as 

tornadic  storm development. S c i e n t i s t s  have proposed t h a t  t h e  NASA 

Convair 990 equipped with a doppler l i d a r  be used t o  i n v e s t i g a t e  

outflow and arc cloud l i n e s .  Our p a s t  experience i n  arc cloud 

inves t iga t ions ,  as w e l l  a s  our a b i l i t y  t o  place a n  i n  s i t u  platform i n  

the region being sampled by t h e  doppler  l i d a r  should be u t i l i z e d  in 

such an e f f o r t .  

3 )  Inves t iga t ions  such as these  should be included as  a major p a r t  of 

SPACE. 
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