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SIGNIFICANT ACCOMPLISHMENTS FY 84 

During FY84, we have conducted a f i e l d  program and analyzed data from 
previous years and from the  s p r i n g  of 83. The f i e l d  program u t i l i z e d  coo rd i -  
nated measurements made w i t h  a NASA U2 and ground based f a c i l i t i e s ,  both 
f ixed-base and mobile. Aspects o f  t h i s  program a re  a l s o  repo r ted  by 
S. Goodman and R. Arnold elsewhere i n  t h i s  review. Por t ions  o f  these and 
o t h e r  e f f o r t s  w i t h  which we were i nvo l ved  d u r i n g  the  past year have y i e l d e d  
the  fo l l ow ing :  

1) ground t r u t h  measurements o f  l i g h t n i n g  f o r  comparison w i t h  those 
obtained by the  U2. These measurements have inc luded f l a s h  type  i d e n t i f i c a -  
t i o n ,  e l e c t r i c  f i e l d  changes, o p t i c a l  waveforms, and ground s t r i k e  l oca t i on .  
Both sensors a t  NSSL and on the  UM/NSSL mobi le l a b o r a t o r y  (see R.T. Arnold 
r e p o r t )  were used. 

2) simultaneous ELF (extremely low frequency) waveforms a t  NSSL and MSFC 
f o r  cloud-to-ground (CG) flashes. These a r e  be ing  used n o t  o n l y  f o r  f l a s h  
i d e n t i f i c a t i o n  bu t  a l so  examined f o r  poss ib le  f u t u r e  combination w i t h  data 
from t h e  proposed sate11 i t e  1 i gh tn i  ng mapper. 

3 )  an assessment o f  our C G  s t r i k e  l o c a t i o n  system (LLP) us ing  a combina- 
t i o n  o f  mobi le  l a b o r a t o r y  and NSSL t e l e v i s i o n  v ideo data. Th is  p r o j e c t  i s  a 
few weeks from complet ion and now a l l ows  us t o  p rov ide  much more accurate 
l o c a t i o n s  o f  CG l o c a t i o n s  f o r  comparison w i t h  the  U2 data and f o r  o t h e r  storm 
research. 

4) cont inued development o f  analog-to-di  g i  t a l  conversion techniques f o r  
processing l i g h t n i n g  data from the  U2, mobi le  l abo ra to ry ,  and NSSL sensors. 
Th is  hardware/software p r o j e c t  i s  s t i l l  underway, bu t  a l ready  it has increased 
s i g n i f i c a n t l y  our a b i l i t y  t o  l ook  a t  l a r g e  numbers o f  f lashes. For example, 
we were ab le  t o  study a l l  f lashes  obta ined a t  the  U2 and the  ground du r ing  the  
3 June 83 f l i g h t  chosen f o r  ana lys is ,  no t  j u s t  a small  percentage as i n  pre- 
v ious  years. I n  a d d i t i o n  the  mult i -channel  c a p a b i l i t y  a l l ows  us t o  compare 
e a s i l y  var ious  waveforms obta ined simultaneously from t h e  same f l ash ,  eg., 
f i e l d  change and o p t i c a l  waveforms. 

5) completion o f  an a l l - az imu th  TV system f o r  CG ground t r u t h  
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6) a p r e l i m i n a r y  a n a l y s i s  o f  bo th  I C  and CG l i g h t n i n g  i n  a mesocyclone 
(parent  c i r c u l a t i o n  of  a tornado).  We conf i rmed a g a i n  o u r  p r e v i o u s l y  found 
r e l a t i o n s h i p  t h a t  CG a c t i v i t y  increases a f t e r  peak MC s t rength .  I n  a d d i t i o n ,  
we f i n d  t h e  I C  a c t i v i t y  appears t o  peak a t  approx imate ly  t h e  same t i m e  t h a t  
t h e  MC s t r e n g t h  i s  a maximum. 

7 )  t h e  f i n d i n g  o f  a bimodal peak i n  a l t i t u d e  l i g h t n i n g  a c t i v i t y  i n  some 
storms i n  t h e  Great P l a i n s  and on t h e  e a s t  coast.  I n  t h e  storms on t h e  Great 
P l a i n s ,  t h e r e  was a d i s t i n c t  c l a s s  o f  f l a s h  t h a t  formed t h e  upper mode o f  t h e  
d i s t r i b u t i o n .  These f l a s h e s  had smal l e r  h o r i z o n t a l  e x t e n t  , b u t  o c c u r r e d  much 
more f r e q u e n t l y  than f l a s h e s  i n  t h e  lower  mode o f  t h e  d i s t r i b u t i o n .  

FOCUS OF CURRENT RESEARCH ACTIVITIES: 

We c u r r e n t l y  a r e  comple t ing  p r e p a r a t i o n s  f o r  t h e  1984 s p r i n g  research 
program, w i t h  t h e  U2 p a r t i c i p a t i n g  f rom mid-May t o  e a r l y  June. A s i g n i f i c a n t  
p a r t  o f  t h i s  progran; w i l l  be s imultaneous data c o l l e c t i o n  w i t h  sensors a t  
NSSL, aboard t h e  U2, and on t h e  m o b i l e  l a b o r a t o r y .  We a n t i c i p a t e  comple t ion  
i n  t h e  near f u t u r e  o f  our  a n a l y s i s  o f  s i t e  e r r o r s  i n  our CG l o c a t i o n  network. 
We a r e  comple t ing  o u r  s tudy o f  C G  l i g h t n i n g  i n  severe storms w i t h  a s t r o n g  
mesocyclone. 

PLANS FOR FY 85: 

We a n t i c i p a t e  inc reased emphasis upon 
o l o q i c a l  and e l e c t r i c a l  data s e t s  throuqh 

t h e  combinat ion o f  l a r g e  meteor- 
c o o p e r a t i v e  work w i t h  MSFC as we 

e x p i o r e  i n t e r r e l a t i o n s h i p s  among e l e c t r i c i t y ,  p r e c i p i t a t i o n ,  and a i r  mot ions 
w i t h i n  severe storms. As data h a n d l i n g  c a p a b i l i t i e s  inc rease s i g n i f i c a n t l y  a t  
both l o c a t i o n s ,  we a n t i c i p a t e  be ing  a b l e  t o  produce more case s t u d i e s  o f  
severe storms. Other t o p i c s  o f  ongoing research i n c l u d e  p o s i t i v e  CG f lashes ,  
con t inued e v a l u a t i o n  of  t h e  ground s t r i k e  l o c a t i n g  system, p a r t i c u l a r l y  i t s  
a b i l i t y  t o  l o c a t e  p o s i t i v e  CG f lashes .  

RECOMMENDATIONS FOR NEW RESEARCH 

We p l a n  t o  expand o u r  e f f o r t s  t o  i n c l u d e  i d e n t i f i c a t i o n  o f  impor tan t  
s c i e n t i f i c  exper iments t h a t  can best ,  o r  on ly ,  be conducted by u s i n g  s a t e l l i t e  
mapper data t o  make a p o r t i o n  o f  t h e  necessary measurements. Examples c o u l d  
i n c l u d e  mapping of  t h e  h o r i z o n t a l  p rogress ion  o f  1 i g h t n i n g  t h d t  extends more 
than a hundred k i l o m e t e r s  and t h e  s tudy o f  severe h a i l  storms t h a t  produce 
m o s t l y  i n t r a c l o u d  1 i g h t n i n g .  These l a t t e r  p lans  a r e  c o n t i n g e n t  upon renewal 
o f  our  research proposal ,  which i s  c u r r e n t l y  i n  t h e  rev iew process. 
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PUBLICATIONS SINCE JUNE 1983: 

Re fe r  ee d 

"Lightning f l a sh  dens i ty  versus a l t i t u d e  and storm s t r u c t u r e  from observat ions 
with UHF- and S-band radars" ,  Vladislav Mazur, J.C. Gerlach, and 
W. David Rust. Geophys. Res. Lttrs., - 11, ( l ) ,  61-64, Jan. 1984. 

"Pos i t ive  cloud-to-ground l igh tn ing" ,  W. David Rust. Submitted a s  a chapter  
i n  The Atmospheric E lec t r i ca l  Environment, Studies i n  Geophysics, 
National Academy o f  Sciences,  1983. 

"Lightning a c t i v i t y  and severe storm structure", William L. Taylor,  
Edward A. Brandes, W .  David Rust, and Donald R. MacGorman. Accepted f o r  
publ ica t ion  i n  Geophys. Res. Lttrs. 1984. 

Unrefereed 

" L i g h t n i n g  a c t i v i t y  observed in  upper and lower por t ions  of storms and i ts  
r e l a t i o n s h i p  t o  storm s t r u c t u r e  from VHF mapping and Doppler radar" ,  
William L. Taylor,  W .  David Rust, Donald R. MacGorman, and 
Edward A, Brandes. P rep r in t s ,  8 t h  In te r .  Aerosp. and Ground Conf, on 
Lightning and S t a t i c  Elec., F t .  Worth, TX, June 21-23, 4-1 - 4-9, 1983. 

" L i g h t n i n g  f l a sh  densi ty  versus a l t i t u d e  and storm s t r u c t u r e  from observat ions 
with UHF- and S-band radars" ,  Vladislav Mazur, J.C, Gerlach, and 
W ,  David Rust. Preprints, In t e r .  Aerosp. and Ground conf. on Lightning 
and S t a t i c  Elec., F t .  Worth, TX, June 21-23, 1983. 

"Cloud-to-ground 1 i g h t n i  ng 1 n to rnadic  storms on 22 May 1981", 
Donald. R. MacGorman, W. David Rust, and William L. Taylor. P rep r in t s ,  
13th Conf. on  Severe Local Storms, Octo 17-20, Tulsa,  OK, 197-200, 1983. 

"Relat ionships  between 1 i g h t n i  n g  a c t i v i t y  and severe storm s t r u c t u r e  from VHF 
mapping and Doppler radar" ,  d i l l i a m  L. Taylor,  Edward A. Brandes, 
W .  David Rust, and Donald R. MacGorman. P rep r in t s ,  13th Conf. on Severe 
Local Storms, Oct. 17-20, Tulsa,  O K ,  201-204, 1983. 

"Cloud-to-ground 1 ightning i n  the mesocyclone region of severe storms", 
S .  Horsburg, R.T. Arnold, and W.D. Rust. P rep r in t s ,  13th Conf. on Severe 
Local Storms, Oct. 17-20, Tulsa,  OK, 205-206, 1983. 

"Pos i t ive  cloud-to-ground 1 i ght i  ng  i n  severe storms and squal l  1 i nes" , 
W .  David Rust, Donald R. MacGorman, and R.T. Arnold. Preprints, 13th 
Conf. on Severe Local Storms, Octo 17-20, Tulsa,  O K ,  211-214, 1983. 

'Lightning a c t i v i t y  and mesocyclone evolu t ion ,  1 7  May 1981", 
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