
L I D A R  AND AIRCRAFT STUDIES OF DEEP CIRRUS SYSTEMS 

FROM THE 1986 FIRE I F 0  

K. S a s s e n  

Meteorology Department 
U n i v e r s i t y  of Utah 

Sa l t  L a k e  C i t y ,  Utah 84112 

A.  Heymsfield and N. Knight 

N a t i o n a l  Center  for Atmospheric Research* 
Boulder, Colorado 80307 

S e v e r a l  NCAR King A i r  f l i g h t  m i s s i o n s  were conducted d u r i n g  t h e  Wisconsin 
FIRE IF0 experiment  i n  s u p p o r t  of U n i v e r s i t y  of Utah p o l a r i z a t i o n  l i d a r  observa-  
t i o n s  of deep c i r r u s  cloud systems a t  t h e  Wausau ground si te.  Data collected 
from f o u r  c i r r u s  sys tems are inc luded  i n  t h i s  a n a l y s i s ,  i n c l u d i n g  those of 22 
and 28 October, and 1 and 2 November. L ida r  data were g e n e r a l l y  o b t a i n e d  a t  2- 
min i n t e r v a l s  i n  t h e  z e n i t h  d i r e c t i o n  o v e r  o b s e r v a t i o n  p e r i o d s  t h a t  ranged from 
-4 to  10 h ,  b r a c k e t i n g  t h e  a i rcraf t  miss ions .  The data have been processed to  
y i e l d  height- t ime (HTI) d i s p l a y s  of l i d a r  l i n e a r  d e p o l a r i z a t i o n  ra t io  6 and 
r e l a t i v e  range-normalized r e t u r n e d  power P, King A i r  o p e r a t i o n s  c o n s i s t e d  o f  a 
combinat ion of r a p i d  p r o f i l i n g  and Lagrangian s p i r a l  d e s c e n t 3  and stacked race- 
t r a c k - p a t t e r n s  (flown approximately a l o n g  t h e  c i r r u s  l e v e l  wind d i r e c t i o n )  i n  
t h e  v i c i n i t y  of t h e  f i e l d  s i t e .  
v e r t i c a l  p r o f i l e s  of ice p a r t i c l e  (275 pm) c o n c e n t r a t i o n  N i  and ice mass c o n t e n t  
IWC d e r i v e d  from PMS 2D-probe imagery and,  when detected, FSSP c l o u d  d r o p l e t  
c o n c e n t r a t i o n  Nw and l i q u i d  water c o n t e n t  LWC. Aircraft f l i g h t  leg data are 
p r e s e n t e d  for v e r t i c a l  v e l o c i t y  W and t h e  same ice and water c l o u d  c o n t e n t  
parameters. I n  a d d i t i o n ,  aerosol par t ic le  c o n c e n t r a t i o n s  (0.1-3.0 pm) o b t a i n e d  
w i t h  t h e  ASAS probe are examined, and photographs of ice p a r t i c l e s  collected 
i n  s i t u  on oil-coated s l ides  are p r e s e n t e d  t o  i l l u s t r a t e  ice p a r t i c l e  h a b i t .  

From t h e  s p i r a l  d e s c e n t s  are  c o n s t r u c t e d  

A s  a n  example of a p a r t i a l  dataset  from a deep  c i r r u s  c l o u d  system, we 
p r e s e n t  for t h e  1 November 1986 case s t u d y ,  HTI d i s p l a y s  of l idar  r e l a t i v e  
(range-normalized)  r e t u r n e d  laser power and 6 v a l u e s  (bottom of Fig.  1 ,  see 
c a p t i o n ) ,  and a i rcraf t  tempera ture ,  ice mass c o n t e n t  and c r y s t a l  c o n c e n t r a t i o n  
v e r t i c a l  p r o f i l e s  o b t a i n e d  d u r i n g  two s p i r a l  d e s c e n t s  th rough the  c loud  (Fig.  
2 ) .  
shown i n  t h e  d i s p l a y s  as t h e  s o l i d  l i n e ,  and t h e  times t h a t  t h e  ice C r y s t a l  
s l i d e  samples  g iven  i n  Fig.  3 were o b t a i n e d  are depic ted  by t h e  circles. The 
p o s i t i o n  of the a i rcraf t  g e n e r a l l y  remained w i t h i n  15 km of the  ground s i te  
d u r i n g  t h e  per iod  shown i n  Fig.  1. 

The a l t i t u d e  of t h e  a i rcraf t  o v e r  t he  ground s i te  d u r i n g  the miss ion  is 
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The cloud s t r u c t u r e  on 1 November is similar to  t h a t  of t h e  three o t h e r  
deep c i r r u s  c loud  systems i n  that  a l tocumulus  l a y e r s  c o n t a i n i n g  supe rcoo led  
l i q u i d  were connected wi th  the c i r r u s  development a t  low l e v e l s .  
a t  the  beginning  of t h e  data d i s p l a y  of Fig.  1 ,  the r e l a t i v e l y  low 6 5 0.15 
v a l u e s  ( f i l l e d - i n )  and enhanced r e t u r n s  t ha t  occur  j u s t  above the f r o n t a l  
i n v e r s i o n  a t  5.3 km (-19OC) r e v e a l  t h e  p resence  of supe rcoo led  c loud  d r o p l e t s .  
Below t h e  a l tocumulus  is a t h i n  v i r g a  l a y e r ,  which o f t e n  a p p e a r s  to  be composed 
of h o r i z o n t a l l y  o r i e n t e d  plate  c r y s t a l s .  Although dense  c i r r u s  is i n i t i a l l y  
p r e s e n t  above 7.5 km, the r e g i o n  immediately above the a l tocumulus  appears t o  be 
c loud  free u n t i l  -1830, when ice particles p r e c i p i t a t i n g  from t h e  c i r r u s  reach 
c loud  base. T h i s  p r e c i p i t a t i o n  t r a i l  c o n t a i n s  s t r o n g  laser r e t u r n s  and t h e  
r e l a t i v e l y  high 6 - 0.5 v a l u e s  i n d i c a t i v e  of complex ice crystals or aggregates. 
Subsequent ly ,  a series of a d d i t i o n a l  p r e c i p i t a t i o n  t r a i l s  gene ra t ed  w i t h i n  t h e  
upper level c i r r u s  p rov ide  a more o r  leas  con t inuous  supp ly  of ice p a r t i c l e s  to  
t h e  newly es tab l i shed  c i r r u s  cloud base, which deve lops  i n t o  a s t r o n g l y  scatter- 
i n g  l a y e r .  C l e a r l y ,  t h e  cloud g e n e r a t i o n  p r o c e s s e s  r e s p o n s i b l e  for t h e  t h i n  
a l tocumulus  were a l s o  r e s p o n s i b l e  f o r  t h e  development of the  dense  c i r r u s  c loud  
base layer, once s u f f i c i e n t l y  s t r o n g  cirrus p a r t i c l e  p r e c i p i t a t i o n  occurred t o  
h u m i d i f y  and breach the  i n t e r v e n i n g  c loud  free l a y e r .  

A s  i n d i c a t e d  

Aircraft mic rophys ica l  data from t h e  first s p i r a l  descen t  (Fig.  2 a )  show 
r e l a t i v e l y  h i g h  p a r t i c l e  c o n c e n t r a t i o n s  w i t h i n  a n  upper cirrus l e v e l  g e n e r a t i n g  
r e g i o n  above -8 km (see top of Fig.  l ) ,  and v a r i a b l e  c o n c e n t r a t i o n s  below -7 km. 
I n  terms o f  ice mass c o n t e n t ,  a g r a d u a l  i n c r e a s e  i n  IWC is p r e s e n t  w i th  decreas- 
i n g  height i n  t he  lower c loud  r e g i o n ,  with t he  peak o c c u r r i n g  a t  t h e  5.3 km 
l e v e l  fo rmer ly  occupied by the  a l tocumulus  l a y e r .  The photomicrographs of Fig.  
3 r e v e a l  t h a t  the  s t r o n g l y  s c a t t e r i n g  c loud  base r e g i o n  d i s p l a y i n g  6 - 0.5 
v a l u e s  con ta ined  complex, hollow column crystals. During t h e  second s p i r a l  
descen t  (F ig .  Zb), ice crystal  c o n c e n t r a t i o n s  decrease s l i g h t l y ,  wh i l e  IWC 
v a l u e s  t e n d  to  i n c r e a s e .  The IWC 20.01 g m"' v a l u e s  p r e s e n t  between 5.3-7.4 km 
cor respond t o  a l a y e r  o f  s t r o n g  laser r e t u r n s  and 6 - 0.5 v a l u e s ,  which produced 
s u f f i c i e n t  o p t i c a l  a t t e n u a t i o n  t o  have  l i m i t e d  t h e  l i d a r  d e t e c t i o n  of t h e  upper  
c i r r u s  c loud  r e g i o n  a t  t h a t  time. 

The vertical  p r o f i l e s  of IWC ob ta ined  du r ing  both s p i r a l  d e s c e n t s  suggest  
t ha t  ice p a r t i c l e  a g g r e g a t i o n  was o c c u r r i n g  w i t h i n  t h e  deep cirrus. On t h e  
basis o f  t h e  l i d a r  data ,  ice c rys ta l  p roduc t ion  appears to have occurred 
p r i m a r i l y  w i t h i n  t h e  g e n e r a t i n g  r e g i o n s  nea r  c loud  t o p s ,  and a l s o  w i t h i n  t h e  
o c c a s i o n a l l y  water-saturated cloud base reg ion .  
t o  o b t a i n  more de ta i led  knowledge of t h e  effects o f  t h e  a g g r e g a t i o n  p rocess .  

F u r t h e r  a n a l y s e s  are underway 
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Fig .  1 Height- t ime d i s p l a y s  of l i d a r  relative r e t u r n e d  laser power i n  dB of t h e  
maximum range-normalized s i g n a l  ( t o p ,  n o t e  g r a y  scale a t  r i g h t )  and 
l i n e a r  d e p o l a r i z a t i o n  ra t io  (bot tom, with 6 va lue  scale a t  r i g h t )  for 
t h e  1 November 1986 FIRE IF0 cirrus c loud  system. 
tion of t h e  King Air a i rc raf t  i n  t h e  v i c i n i t y  of t h e  Wausau ground s i te  
is shown by t h e  l i n e s  for t h e  two s p i r a l s  and s t epped  a s c e n t  ramps, 
where t h e  circles r e p r e s e n t  t h e  ice c r y s t a l  s l i d e  samples  g iven  i n  F ig .  
3. 

The approximate pos i -  
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Fig. 2 Aircraft microphysical and temperature profiles obtained during the two 
spiral descents shown in Fig. 1. Given are the concentrations of ice 
crystals (per liter) and the ice mass content IWC (g m-') derived from 
PMS 2D-probe imagery. 
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Fig. 3 Photomicrographs of ice crystals collected on three slides during the 
first aircraft spiral. At top are short column and thick plate crystals 
from a thin ice cloud at 7.15 km (-29.3"C); at bottom left are hollow 
columns displaying considerable internal structure from the lower cloud 
region at 6.15 km ( - 2 1 . 9 O C ) ;  and at bottom right are hollow columns with 
rounded edges and a loss of internal structure due to evaporation, from 
4.84 km ( - 1 7 . 6 0 ~ ) .  The loss of crystalline scattering properties from 
evaporation typically causes lidar 6 values to decrease at cloud base 
(see Fig. 1 ) .  


