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During June and July,  1969, the  NASA o p t i c a l  radar was aboard the  
S ,  S ,  mVNCE 11 on a crulse  from Wilmington, North Carolina through 
the BOmX area  and t o  the  mouth of t h e  Amazon River. During t h a t  
c ru i se  over 800 laser f i r i n g s  w e r e  made t o  inves t iga te  t h e  fea tures  
of t h e  marine atmosphere and t o  evaluate  t h e  performance of the  l a s e r  
within a m r i n e  environment. Frequent radiosonde re leases  w e r e  made 
t o  provide da ta  on the  thermal and moisture s t r u c t u r e  of the  atmosphere. 

h a l y s e s  of both high a l t i t u d e  (>I5 km) and low a l t i t u d e  (>3 km) 
laser data  w e r e  made f o r  one of t h e  observing s t a t i o n s .  The presence 
of d u s t  layers  between 15 and 25 km was v e r i f i e d .  Short term changes i n  
dust concentrations and t h e  l a s e r  p r o f i l e  c h a r a c t e r i s t i c s  were noted. 
Data obtained by varying t h e  e levat ion angle of the  l a s e r  and f i r i n g  
a t  approxinately one-minute i n t e r v a l s  permitted t h e  construction of 
space cross sec t ions  through t h e  planetary boundary layer .  The resu l t ing  
d i s t r i b u t i o n s  show c h a r a c t e r i s t i c s  of a dry  convective regime having the  
dimensions and other  proper t ies  of f a i r  weather cumulus clouds, Estimates 
o f  v e r t i c a l  v e l o c i t i e s  i n  the clouds w e r e  made. 

The intertropical convergence zone was located by an a i r  trajecto-ry 
analysis .  Measurments of p a r t i c l e  number densi ty t o  the  south of 
that zone showed an order of magnitude decrease i n  l a rge  (>lp) p a r t i c l e s  
from ~teasured n h e r  dens i t i e s  t o  t h e  nor th  of t h e  zone. 
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ATMOSPNERIG MD OCEMOGMWIC SUPPORT STUDIES FOR 
L4SER F-am KXPERmNT & O W  THE ABVMCE El  DUIEIING ROPlIEX 

Walter D. Bach, Jr, and James R. Smith 
Research Tr i ang le  I n s t i t u t e  

INTRODUCTION 

An o p t i c a l  r ada r  system has  t h e  p a r t i c u l a r  c a p a b i l i t y  t o  t ransmi t  
a l a r g e  amount of monochromatic l i g h t  energy i n  a s h o r t  pu l se  i n  a 
col l imated beam, The system can d e t e c t  s c a t t e r i n g  wi th in  c l e a r  (as 
opposed t o  l i q u i d  water  clouds) a i r  by t h e  a i r  molecules and by t h e  
ae roso l s  present .  Unique d e t e c t i o n  of t hose  s c a t t e r e r s  is n o t  poss ib l e  
wi th  convent ional  (microwave) radar .  Consequently, o p t i c a l  r a d a r  
systems have been used i n  i n v e s t i g a t i o n s  of  smoke plumes i n  a i r  pollu- 
t i o n  s t u d i e s  ( r e f .  l ) ,  i n  s t u d i e s  of t h e  onse t  of fog o r  s t r a t u s  
( r e f ,  2) and t h e  so-cal led 20 km dus t  l a y e r  ( r e f s .  3,4,5)  among o the r s .  
In most of t h e s e  s t u d i e s ,  it was necessary  t o  c a r r y  out  a metleorological 
measurement program t o  assess t h e  s t r u c t u r e  and changes i n  s t r u c t u r e  
which accompany t h e  changes de tec ted  by t h e  l a s e r ,  

Large amounts of dus t  have been c o l l e c t e d  on t h e  e a s t e r n  extremity 
o f  t h e  i s l a n d  of Barbados ( r e f ,  6 ) .  The dus t  w a s  determined t o  b e  
of Afr ican o r ig in ,  t r anspor t ed  westward by t h e  p e r s i s t e n t  no r theas t  
t r a d e  winds. I n  add i t i on  t o  t he  dus t ,  s a l t  n u c l e i  r e s u l t i n g  from 
evaporat ion of s e a  spray are abundant i n  t h e  marine environment. 

High i n t e n s i t y  s e a r c h l i g h t  beams have been used t o  s tudy  the 
s c a t t e r i n g  of l i g h t  w i th in  t h e  atmosphere ( r e f .  7) .  The presence 
of a dus t  l a y e r  n e a r  20 km has  been a p e r s i s t e n t  resultd of t hose  s tud ie s .  
Junge, Chagnon, and Eanson ( r e f .  8) have sampled concent ra t ions  i n  t h a t  
region d i r e c t l y  from a i r c r a f t .  Rosen ( r e f .  9) has  used a balloon-borne 
p a r t i c l e  s i z e  d i s t r i b u t i o n  measaring device  t o  sample t h e  l aye r .  
We a l s o  f o m d  t h a t  t he  l a y e r  was h ighe r  n e a r  10°N (-20 km) than  n e a r  
6 B B N  (-12 km), Two sources of t h e  dus t  a r e  pos tu l a t ed  t o  be volcanoes 
and t ropospher ic  dus% r a i s e d  a l o f t  by deep convection i n  t h e  t r o p i c s  
nea r  the i n t e r t r o p i c a l  convergence zone and c a r r i e d  northward by t h e  
c i rcu laSion  sysrems a l o f t .  

The Research Tr i ang le  I n s t i t u t e  @TI) conducted a c r u i s e  aboard the 
S, S ,  mVMCE: I1 a s  a. p a r t  of t he  Barbados Ocemographic and Meteorological  
Experilnent (BOmX) (F3-g. 1 )  The pr lncr iple  experiment conducted on t h e  
c r u i s e  was 1;h.e probing of a l l  l e v e l s  of t h e  marine atnzos-phere us ing  the 
NASkZangley Research Gentes CLRG) o p t i c a l  r a d a r  sgrswern, which was operated 
by NASA-LRC s c i e n t i s t s ,  Radiosonde r e l e a s e s  were made aC appropr i a t e  i n t e r v a l s  
to d e t e d n e  the thermal and moisture s t r u c t u r e  of t h e  atmosphere. A 
par t ic le  s i z e  sampler w a s  a l s o  raboard tke s h i p  t o  provide i n f o m a t i o n  
on t h e  aerosol  d i s t r i b u t i o n  near the  sea surface. 



F i g u r e  1. 

COURSE OF SS ADVANCE L7 TWOUGH 
BOMEX STUDY AREA FROM WILMINGT0N.N-C., 
TO AMAZON RIVER. JUNE - JULY 1969. 



DATA ACQUESXTZON 

Laser Data Acquis i t ion  

It is beyond the  scope of this r e p o r t  t o  examine t h e  d e t a i l s  of 
t h e  opera t ion  of the  o p t i c a l  radar  system. That has  been done by 
Lawrence, Crownfield, and McComick ( r e f . 1 0 ) .  It is, however, p e r t i n e n t  
t o  exwine t h e  p r i n c i p l e s  of t h e  system and t h e  manner i n  which t h e  d a t a  
were der ived ,  

I n  prLnciple,  t h e  opera t ion  of t h e  l a s e r  system is r e l a t i v e l y  simple. 
A pu l se  of co l l imated  , monochromatic l i g h t  (6943 1 wavelength) is t r ans -  
mi t ted  i n  a s h o r t  b u r s t .  That l i g h t  is p a r t i a l l y  absorbed, s c a t t e r e d ,  
and t r ansmi t t ed  through t h e  atmosphere. Some of t h e  s c a t t e r e d  l i g h t  
is re turned  t o  t h e  system rece ive r  where it is co l l ec t ed ,  ampl i f ied ,  
converted t o  an e l e c t r i c  p o t e n t i a l -  I n  t h e  system used, t h e  vol tage ,  
V, is even tua l ly  d isp layed  on a dual-beam cathode ray osc i l l o scope  
(CRO) a s  a func t ion  of t h e  time, t, which has e lapsed  s i n c e  t h e  pu l se  
w a s  t ransmi t ted .  The CRO image is preserved  f o r  l a t e r  a n a l y s i s  by 
au tomat ica l ly  t ak ing  a Polaro id  p i c t u r e  of t h e  d i sp l ay .  The magnitude 
of V due t o  s c a t t e r i n g  a t  ti range,R,is given by 

where 

e is  the  e f f i c i e n c y  of t h e  r ece ive r  system, 

c is t h e  speed of l i g h t  (assmed cons t an t ) ,  

E is  t h e  l a s e r  energy, 

q i s   he one-way e x t i n c t i o n  coef f i c i e n t ,  

a is t h e  v o l m e  backsca t t e r  c r o s s  s e c t i o n  a t  R, 

and 

R = ct12.  

A 1 1  o f  t h e  p a r m e t e r s  lin Eq. ( I )  can b e  measured o r  a r e  known by 
c a l i b r a t i o n  except t h e  atmospheric terns q and a, and t h e  system e f f i c i ency .  
Cons eq uen thy 

2 
tg20 a VR (2/eEc) (3) 

r ep re sen t s  t h e  toea1  r e l a t i v e  b a c k s c a t t e r  from t h e  given range, It 
i s  t h i s  q u a a t i t y  a s  a func t ion  of R t h a t  i s  used a s  a measure of t h e  

2 
atmospheric p r o p e r t i e s ,  Unfortunately,  q a i s  dependent upon t h e  
processes  oE e x t i n c t i o n  a d  seae t e s ing  tjhich occurs  a t  lesser ranges 
as well as at R, Gsnseguently, abso lu t e  values cannot be a sc r ibed  t o  

2 
che measurement. Althsugb q a values are n o t  cor rec ted  f o r  a t t enua t ion  
they do represent a lower lkit far  the s c a t t e r i n g  and, t o  a l a r g e  
e x t e n t ,  i t  may be  poss ib l e  t o  relate t h e i r  chanzges between ad jacent  
ranges to a tnospher ic  chmges, 

3 



Tire scaeeer ing  c f  t h e  beam i s  due t o  molecules of a i r  and a e r o s o l s  
-rrch as u'usc, water  drops,  i c e  c r y s t a l s ,  e t c ,  A s  t h e  molecular s i z e s  
are much l e s s  than t h e  wavelength of t h e  r a d i a t i o n ,  Rayleigh s c a t t e r i n g  
"henry a p p l i e s  t o  t h e  molecular s c a t t e r i n g .  The number dens i ty  of 
molecules a t  a  given he ight  i n  t h e  atmosphere is r e l a t i v e l y  cons tan t  
i n  time and space,  s o  t h e  con t r ibu t ion  of Rayleigh s c a t t e r i n g  t o  t h e  
tota l  s c a t t e r i n g  can be  est imated reasonably well. Hence t h e  M i e  
scectering due t o  ae roso l s  can be es t imated  from t h e  re turned  s i g n a l .  
I- ue ;hczr analysis, t a k i n g  i n t o  account t h e  range and t h e  in t e rven ing  

zercsois and molecules can g ive  e s t ima te s  of t h e  i n t e g r a t e d  backsca t t e r  
ij-oss s e c t i o n s  of t h e  ae roso l s  i n  a given l aye r .  

Aboarci s h i p ,  t h e  l a s e r  was operated i n  two p r i n c i p a l  modes. Pr imar i ly  
+t. was poin ted  normal t o  t h e  horizon plane. A gyro s t a b i l i z a t i o n  system pre- 
w n t e d  t h e  l a s e r  from f i r i n g  when t h e  s h i p  was t i l t e d  more than 5' from 
,he h o r i z o n t a l ,  Less than a  mi l l i second is  requi red  between f i r i n g  and 
s i g n a l  r eeep t ion  at maximum range so no s i g n i f i c a n t  e r r o r  i s  induced 
hy thz  sh ip"  r o l l  o r  p i t c h ,  I n  t h a t  conf igura t ion ,  v e r t i c a l  p r o f i l e s  
t-f s c a t t e r e d  r a d i a t i o n  could b e  obta ined .  For h igh  r e s o l u t i o n  i n  a  
glvcn a l t i t u d e  range, t h e  r e t u r n  s i g n a l  could be  gated so t h a t  only 
;1 portIPorr of t h e  e n t i r e  returned s i g n a l  was djsplayed on t h e  CRO. The 
sweep t h e  (absc issa)  and s e n s i t i v i t y  (ord ina te)  of t h e  GRO beams could 
z i s o  b e  independently va r i ed  i n  order  t o  g e t  h i g h  and low resolutFon 
within a l a y e r ,  A l l  of t h i s  information was recorded wi th  each 
photograph, This mode of opera t ion  was r e s t r i c t e d  t o  t imes of very 
Low sun e l eva t ion  angle  and/or n i g h t t h e  i n  o rde r  t o  prevent d e t e c t i o n  
o f  s c a t t e r e d  o r  d i r e c t  s u n l i g h t ,  

'iiiae second mode of opera t ion  w a s  t o  f i r e  t h e  l a s e r  a t  var ious  
P $  e~rat-ion angles  at approximately one-minute i n t e r v a l s ,  The ob jec t ive  
uf this mode i s  the  exaninat ion of s p a t i a l  and/or  temporal v a r i a t i o n s  
o f  t h e  a-tmospheric boundary l a y e r .  By probing t h a t  l a y e r ,  i t  was 
hrjpzd chat i t  would be  poss ib l e  t o  de f ine  i n c i p i e n t  thermals  o r  plumes 
t k b 3 L  precede t h e  formation of v i s i b l e  c louds ,  t o  f i n d  i n d i c a t o r s  of 
t u r b u l z n t  mixing,and t o  observe t h e  t r a d e  wind invers ion .  

Tm either mode, it w a s  necessary t o  use n e u t r a l  dens i ty  f i l t e r s  
1-0 r e d u c e  t h e  re turned  s i g n a l  t o  prevent  s a t u r a t i o n  of t h e  e l e c t r o n i c s  
hysi:em, A t  low a l tF tudes  (<3 km) t h e  f i l t e r  used reduced t h e  back- 
=cuisered energy by  t h r e e  o rde r s  of magnitude. As t h e  a l t i t u d e  of 
7aEerest increased ,  less dense f i l t e r s  were used, The e f f e c t  of t h e  
filter is incorpora ted  i n  t h e  e f f i c i e n c y  term, e ,  o f  Eq. (1) .  
A f t e r  s e t t i n g  up a t  a  sampling s t a t i o n ,  t h e  usua l  procedure was t o  make 
s e v e r a l  v e r t i c a l  probes t o  determine t h e  b a s i c  f e a t u r e s  of t h e  atmosphere. 
rhen f u r t h e r  probes of t he  a l t i t u d e s  of t h e  i n t e r e s t i n g  f e a t u r e s  were made. 

Upon completion of t he  c r u i s e ,  t h e  a n a l y s i s  of t h e  approximately 
dQU Laser probes was i n i t i a t e d  by NASA s c i e n t i s t s .  The mechanics 
r i f  :lata reduct ion and v e r i f i c a t i o n  were q u i t e  ted ious  and time consuari.ng, 
Y m y  f e a t u r e s  of h t e r e s t  could b e  i d e n t i f i e d  from i n d i v i d u a l  photographs, 
b u c  u n t i l  the f ina l  data  reduct ion was completed, no d i s c r e t e  n u d e r s  
c o u l d  be appl ied  f o r  a n a l y s i s *  



Meteorological Data Acquisi t ion 

I n  conjunct ion wi th  t h e  o p t i c a l  r ada r  probing of the  atmosphere, 
t h e  t h e m a l  and moisture s t r u c t u r e  of t h e  a i r  was determined using t h e  
U, S ,  Weather Bureau por t ab le  radiosonde system, loca ted  aboard t h e  
ADVANCE 11. Soundings w e r e  made a t  appropr i a t e  time i n t e r v a l s  t o  
de f tne  t h e  synopt ic  s c a l e  of changes, bu t  w e r e  no t  made f o r  each 
s e r i e s  of l a s e r  f i r i n g s ,  Thirty-one radiosonde re l eases  were made 
from t h e  ADVMCE 11 i n  support  of t h e  o p t i c a l  radar  program. Due t o  
the  n a t u r e  of t h e  system and t h e  shipboard opera t ion ,  i t  w a s  no t  
poss ib le  t o  g e t  wind v e l o c i t i e s  from t h e  d r i f t  of t h e  balloon. 

Mithin t h e  BOmX a rea ,  radiosonde soundings from t h e  ADVANCE 11 
w e r e  no t  made. Comprehensive d a t a  on the s h o r t  term v a r i a b i l i t y  of 
t h e  atmospheric s t r u c t u r e  were co l l ec ted  by instrumentat ion aboard t h e  
pemanent  sh ips  and by frequent  radiosondes re leased  from them. The 
lack  of radiosonde da ta  from t h e  AI)VANCE 11 w a s  not  considered t o  be 
de t r imenta l  in t h a t  por t ion  of t h e  cru ise .  

I n  add i t ion  t o  t h e  radiosondes, three-hourly s h i p  weather obser- 
varsions were made a d  recorded w h i l e  a t  sea. These observat ions 
inc lude  cloud type,  amount, and he ights ,  v i s i b i l i t y ,  obs t ruc t ions  t o  
v i s i b i l i t y ,  wind ve loc i ty ,  a i r  temperature, pressure,  dew-point 
temperature, s e a  temperature, wave he ight ,  and wave period,  Kourly 
observat ions of wind ve loc i ty ,  a i r  temperature, and s e a  temperature 
w e r e  a l s o  made and recorded. 

Aal of t h e  above da ta  were a v a i l a b l e  i n  reduced o r  coded form soon 
a f t e r  t h e  completion of t h e  cru ise .  Auxi l ia ry  da ta  have been obtained 
f rom t h e  National  Hurricane Research Laboratory (NKRL) and t h e  BOMEX 
ana lys i s  o f f  i c e  (BOW) . The former source  rou t ine ly  prepares and 
analyzes maps of s tandard  meteorological  pressure  l e v e l s  using a l l  
ava i l ab le  da ta ,  covering a t  least the  a r e a  from 0 t o  120°W longi tude  
a d  0 t o  45% l a t i t u d e .  The latter source  had t h e  unchecked radiosonde 
d a t a  from t h e  USC&GS s h i p s  DISCOVERER (17040tN 54'45'W) and OCEANOGRAPHER 
(13"008N 53O47'W) and t h e  USCG Cutter  ROCKAWAY (14O30'N 56O30'W) a t  
0000 and 1200 GMT which w e r e  avai lable .  To da te ,  t h e  remaining obser- 
va t ions  a r e  no t  processed o r  otherwise a v a i l a b l e  f o r  analys is .  

DATA ANALVS IS 

Laser Data Analysis  

The time required t o  d i g i t i z e  and check t h e  l a s e r  da ta  taken on 
the c r u i s e  prevented a comprehensive survey of a l l  of  t h e  da ta ,  Instead,  
t o  neec the objec t ives  of the research,  NASA and RT1 sc ienfr i s t s  decided 
t o  investcgate a P i ~ t e d  amount of d a t a  i n  as much d e t a i l  as t i m e  pcd 



h i i  >tAquence of l a s e r  f i r i n g s  made a t  14'00'I\! l a t i t u d e  56'29'W longi tude  
2'2 $0 CCT, 26 Jlme t o  0019 GCT, 27 June were chosen f o r  s tudy 

t 2*15t t 

/, \ 
:LI "tlieg were considered t o  b e  r e p r e s e n t a t i v e  s f  condi t ions  

which were encountered i n  t he  BOMEX area ;  

(2) t h e  da t a  w e r e  "good"; 

43) a l l  a l t i t u d e  ranges were included i n  t h e  da t a ;  and 

( 4 )  s l a n t  range probes of the  boundary l a y e r  were made. 

?he weather observa t ion  aboard sh ip  at 27/0000 GCT showed two-tenths 
, , ' \b coverage by f a i r  weather cumulus clouds whose bases were es t imated  

4 )  be a t  500 rn, A cloud top  he ight  was not  repor ted .  No h igher  clouds 
i l e i e  reported, The wind w a s  from 080" at. 8 knots .  V i s i b i l i t y  was 

I Wave he ight  and per iod  were 1 .5  m and 6 s e c ,  r e spec t ive ly .  
I he- s h i p ' s  heading was 190" wi th  some v a r i a t i o n .  These condit ions 
iic31e considered very favorable  f o r  l a s e r  opera t ions  and f o r  i n v e s t i -  
;as i ng a l l  a l t i t u d e s ,  

Even when t h i s  set of d a t a  was chosen, i t  w a s  known t h a t  a l l  
,,er~;l).i?ent s h i p s  of t h e  BOMEX a r r ay  w e r e  i n  p o r t  f o r  re-supply and 
rrcal- ibrat ion of instruments  on 27 June, The ADVANCE L I  pos i t i on  
7112 nearest to t h e  p o s i t i o n  taken by the  ROCKAWAY and d a t a  f o r  
r S O R  GCT 25 June were r e a d i l y  a v a i l a b l e .  It was hoped t h a t  l a t e r  
c ~ i t a - - a  s p e c i a l  radiosonde from t h e  ROCKAWAY--would be  a v a i l a b l e  
i c i  t i r r r e  t o  inc lude  i n  t h i s  ana lys i s .  It was n o t .  Thus, t h e  1200 GCT 
l adinsonde was used a s  an es t imate  of t h e  atmospheric s t r u c t u r e .  

Twenty-f i v e  (25 )  d i f f e r e n t  l a s e r  f i r i n g s  were made. P e r t i n e n t  
i- furm mat ion on each f i r i n g  i s  given i n  Table 1. Of p a r t i c u l a r  i n t e r e s t  

2 
wese The values of q 5 ,  t h e  t o t a l  r e l a t i v e  backsca t t e r ing  volume, a s  
a faintsrion of  a l t i t u d e ,  z .  

Sources  -----& of  Error.--One of the  p r i n c i p l e  problems which is  always 
e n * - o u ~ ~ t e r e d  i n  da t a  a n a l y s i s  is t h a t  of s epa ra t ion  of s i g n a l  and 
n o i s e  , The ba.sic e l e c t r o n i c s  sys  tern has shown a h igh  s ignal- to-nois  e  

d i i o  for opera t ions  below 30 km. However, n o i s e  i s  introduced i n  t h e  
cJXci display and t h e  reduct ion  of d a t a  from t h e  Polaro id  p i c t u r e ,  

L e t t i n g  6 be the  unce r t a in ty  i n  t h e  vo l t age ,  s t h e  uncer ta in ty  
Lu R, and y t h e  unce r t a in ty  i n  t he  l a s e r  energy E ,  t h e  f r a c t i o n a l  

error  i n  qia is given by 

The vol tage decreases  wi th  inc reas ing  range. Therefore t h e  
: ;-c t i o n a l  error due t o  e r r o r  i n  vo l t age  readings w i l l  i nc rease  wi th  
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increased range r e g a r d l e s s  of  t h e  a c t u a l  r ange ,  At low a l t i t u d e s ,  t h e r e  
may be  s u ~ r t e  contr%iirut"ron ;a c; by c but  t h i s  e r r o r  s o u r c e  i s  reduced 
w i t h  i n c r e a s i n g  range,  

1.E t h e  e r r o r  i n  r e a d i n g  the o r d i n a t e  and a b s c i s s a  is  o f  t h e  o r d e r  
of t h e  CJ9Q t r a c e  w i d t h  C-0.04 cm), 6 and  E f o r  a t r a c e  can b e  o b t a i n e d  
from the sweep and s e n s i t i v i t y  c h a r a c t e r i s t i c s  o f  t h e  CRO. An estimate 
of the mximm v a l u e  of a a t  the t h i r d  and t h i r d  from l a s t  r anges  f o r  
t h e  upper and lower t r a c e s  f o r  a low and a h i g h  a l t i t u d e  probe h a s  been 
made from a v a i l a b l e  d a t a .  The c a l c u l a t i o n s  a r e  s u m a r i z e d  i n  Tab le  2 ,  
assllming t h a t  y = 6,05, s i n c e  t h e  laser d a t a  were g i v e n  t o  t h e  n e a r e s t  
tentla of a j o u l e ,  

The v a l u e s  of u are of c o u r s e  h i g h  f o r  t h e  h i g h e r  a l t i t u d e s  of 
the l a w  sensitiPsrkty [upper t r a c e )  measurenaents. The l i s t e d  v a l u e s  
of a a t e  t h e  maximum p o s s i b l e  due t o  r e a d i n g  e r r o r  o n l y .  

A check on t h e  a c t u a l  e r r o r  f o r  a g iven  l a s e r  f i r i n g  c a n  b e  made 
by comparing t h e  s l o p e s  of the upper a d  lower t r a c e .  Where t h e y  are 
s u b s t a n t i a l l y  d i f f e r e n t ,  t h e  s l o p e  of t h e  lower t r a c e  shou ld  b e  accep ted  
as be ing  more r e a l i s t i c .  Mixere t h e  s l o p e s  are s i m i l a r ,  i t  can b e  
assumed t h a t  t h e  reduced d a t a  a r e  a c c u r a t e ,  a l though  t h e  magni tude of 
2 

q o may b e  d i f f e r e n t  a t  t h e  same a l t i t u d e ,  A l l  d a t a  p r e s e n t e d  i n  t h i s  
r e p o r t  were v i s u a l l y  checked f o r  accuracy  i n  t h i s  manner, 

.--The b a s i c  o b j e c t i v e  o f  t h i s  a n a l y s i s  was 
t o  i d e n t i f y ,  i f  p o s s i b l e ,  t h e  s o - c a l l e d  20 km d u s t  l a y e r ,  ~ o s e n b  d a t a  
f rom d i r e c t  p a r t i c l e  s i z e  sampl ing o v e r  Panama ( r e f .  9) show t h r e e  
w e l l  d e f i n e d  peaks  i n  t h e  d u s t  c o n c e n t r a t i o n  at 17,  2 0 ,  and 22 km. 
Each peak is con ta ined  i n  a 1-km t h i c k  l a y e r ,  The 20-km peak shows 
t h e  l a r g e s t  d u s t  c o n c e n t r a t i o n  and no s u b s t a n t i a l  changes f i f t y  hours  
l a t e r ,  The upper and lower peaks had a 50 p e r c e n t  d e c r e a s e  i n  magnitude 
b u t  r e m i n e d  at t h e  same a l t i t u d e .  

If t h e  a i r  i s  f r e e  of d u s t ,  q20 w i l l  d e c r e a s e  e x p o n e n t i a l l y  w i t h  
height i n  t h e  1% t o  25-knn r e g i o n  of t h e  atmosphere.  When a l a y e r  o f  
d u s t  i s  encountered by a l a s e r  b e m ,  more energy w i l l  b e  r e t u r n e d  t o  

2 
t h e  r e c e i v e r .  The s l o p e  of q a vs range i n c r e a s e s  i n  magnitude.  Within 

C1 
b 

a d u s t  l a y e r ,  the magnitude of q a w i l l  remain approximately  c o n s t a n t .  
The top of t h e  d u s t  l a y e r  shou ld  b e  i d e n t i f i a b l e  by a g r e a t e r  t h a n  

2 
l o g a r i t h m i c  d e c r e a s e  of q a, Liawrence, e t  a l .  ( r e f ,  4 )  i d e n t i f y  t h e  
20-km d u s t  Lwer i n  such  a mraaaner, 

The high aleitrzdt; (3.5 t o  25  km) d a t a ,  o b t a i n e d  from Records 
408 t o  418 were p l o t t e d  as a f u n c t i o n  of a l t i t u d e  and t i m e  t o  show 
t h e  s l o p e  and changes a6 s l o p e  which take  p l a c e  i n  each r e c o r d  as 
i * ) ~ l j .  as rlie ~ i m e  t on t3nu i t y  of s i m i l a r  f e a t u r e s .  (See P ig .  2 )  
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TIME (GCT) 

2 
Figure 2. Time cross s e c t i o n  showing p r o f i l e s  of q o vs. a l t i t u d e .  Continuous 

regions of rapid  decrease wi th  he igh t  a r e  shaded. Molecular s c a t t e r  
p r o f i l e  is f o r  a dust-free atmosphere. 



2 The p r o f i l e  of q a m t i c i p a t e d  from a dus t - f ree ,  U ,  S ,  Standard 
Atmosphere (19621, uslng t h e  same l a s e r  system. is  a l s o  given i n  t h a t  
f i g u r e ,  Tha t  p ro f i l e  is included t o  a s s i s t  i n  t h e  identhficat iorn 
of depar tures  of s lope  from a pure ly  molecular s c a t t e r i n g  p r o f i l e ,  

2 
The m a ~ i t u d e  of q a a t  a given a l t i t u d e  i s  n o t  always t h e  same, 

due t o  varying amomts of a t t e n u a t i o n  by t h e  lower atmosphere. The 
vert l fca1 Lines placed between 17 and 18 km i n d i c a t e  t h e  time ( to  t h e  
nea re s t  rrrinute) t h a t  t h e  p r o f i l e  which f i r s t  c rosses  t h a t  l i n e  above 
1 7  ksn was taken ,  The n m b e r  accmpanying t h e  ver tLca1  l i n e  is  t h e  

2 
value  s f  q a a t  t h e  a l t i t u d e  where t h e  p r o f i l e  c rosses  t h e  l i n e ,  
The s c a l e  of u n i t s  i n  t he  c e n t e r  of t he  f i g u r e  i s  t h e  s c a l e  f o r  

2 
changes i n  q a.  

The most p e r s i s t e n t  f e a t u r e  of P ig ,  2 is  t h e  l a y e r  beginning 
2 

about 22,4 km, 300 t o  600 m t h i c k ,  where q a decreases  r ap id ly  
(middle shaded l a y e r ) ,  The presence of dus t  below t h a t  l a y e r  is  

2 ind ica t ed  by t h e  i n c r e a s e  o r  only s l i g h t  decrease of q o wi th  inc reas ing  
h e i g h t ,  h o t h e r  dus t  l a y e r  about 1 km t h i c k ,  and a h igher  dus t  f r e e  

2 l a y e r  (upper shaded l aye r )  are ind ica t ed  by t h e  q o p r o f i l e ,  However, 
t h e  2359 GCT p r o f i l e  does n o t  i n d i c a t e  a dus t  f r e e  l a y e r  below 23 km 
f o r  a s  y e t  unexpla5ned reasons.  

2 
Between 2345 and 2355 GCT, a sharp  decrease of q a occurred between 

2 
21,2 and 2 1 , s  kan where q a was genera l ly  i nc reas ing  wi th  he ight .  
The r a t h e r  sudden onse t  and abatement of t h i s  l a y e r  i n d i c a t e s  a 
t r m s i k o r y  pocket of dus t - f ree  a i r  w i th in  a gene ra l ly  "dusty" l aye r .  

Below t h e  f i r s t  dus t - f ree  l a y e r s  of any p r o f i l e ,  t h e  p r o f i l e  of 
2 

q a sugges ts  t h e  presence of dus t .  However, t h e  lower boundary of t h e  
dus t  is not  c l e a r l y  defined,  In  t he  2336 and 2337 GCT p r o f i l e s ,  t h a t  
bomdary appears t o  be  nea r  18 km. The next  two p r o f i l e s  i n d i c a t e  
a 20 Ian base t o  t h e  dus t .  The following t h r e e  p r o f i l e s  do no t  extend 

2 
doxmward f a r  enough t o  de f ine  where a n  inc rease  i n  q a begins.  The 
d a t a  taken between 2352 and 2357 GCT show some i n d i c a t i o n  t h a t  t h e  dus t  
l a y e r  might begin near  18 km. The f i n a l  p r o f i l e  i n d i c a t e s  t h e  base  
of t h e  dus t  l a y e r  t o  be  about 20 km, 

Another f e a t u r e  of Fig. 2 cannot b e  e a s i l y  ignored. There i s  
a s t r i k i n g  s i m i l a r i t y  o f  t h e  shape of  the  p r o f i l e s  of t h e  f i r s t  two 
records,  t h e  next  two, t h e  next  t h r e e  and t h e  next  t h ree ,  The l a s t  
one i s  s i a i l a r  t o  t he  e a r l i e r  p r o f i l e s  i n  t h e  I S  t o  20 km l a y e r  bu t  
d i f f e r e n t  a'c h ighe r  a l t i t u d e s .  Each p r o f i l e  group appears t o  



be c h a r a c t e r i s t i c  of a five-minute period, a f t e r  which, t h e  shape of t h e  
p r o f i l e  changes and bears  l i t t l e  resemblance t o  t h e  previous one. 

,--Usually most of the  changes of s c a t t e r i n g  taking 
piace  i n  t h e  lower l e v e l s  of t h e  atmosphere can be a t t r i b u t e d  t o  aerosols .  
This is p a r t i c u l a r l y  t r u e  f o r  t h i s  s e r i e s  of l a s e r  f i r i n g s .  Records 422 
through 429 w e r e  taken t o  examine the  s p a t i a l  d i s t r i b u t i o n  of aerosols  
wi th in  t h e  boundary l ayer ,  without knowing what f ea tu res  would be  found. 

2 The s p a t i a l  d i s t r i b u t i o n  of q o (obtained from Records 422 t o  425 
and 428) i s  shown i n  Fig. 3.  This d i s t r i b u t i o n  has severa l  f ea tu res  
which would be expected i n  a convective regime. The hor izonta l  and 

2 
v e r t i c a l  dimensions of t h e  c e l l  of l a r g e r  q a values a r e  each about 
1 . 2  h - - a  c h a r a c t e r i s t i c  s i z e  f o r  a f a i r  weather cumulus cloud. The 
base is approximately 750 m above the  sea  surface  which i s  within t h e  
accuracy of the  cloud base height  es t imate  made by the  weather observer. 
It a l s o  agrees with t h e  convective condensation level  (650 m) computed 
from the  radiosonde twelve hours previous. 

2 
The data  do not i n d i c a t e  a v i s i b l e  cloud. The gradient  of q a 

along any r a d i a l  is not  l a rge  enough t o  suggest cloud drople ts .  
Kowever t h e  rnaximurn values may be enhanced somewhat by aerosols  
(dust o r  s a l t  p a r t i c l e s )  which w e r e  wetted by a t t r a c t e d  moisture, 
but  had not formed drops, No records a r e  r v a l l a b l e  which s p e c i f i c a l l y  
descr ibe  the v i s i b l e  character  of the  a i r  i n t o  which t h e  laser was 
f i r e d .  

The d i s t r i b u t i o n  appears t o  have two towers (denoted A and 3 
i n  F ig ,  3) which may be t h e  r e s u l t  of thermals r i s ing ,  t ranspor t ing 
p a r t i c l e s  upward, but  t i l t e d  i n  response t o  w h d  shear. Malkus 
( r e f ,  11) found t h a t  t h e  s lope  of cumulus towers was a function of 
t h e  wind shear, t h e  v e r t i c a l  ve loci ty  within the  cloud and t h e  
hor izon ta l  f r i c t i o n a l  forces  between the  cloud and its environment. 
Using the  wind shear from the  ava i l ab le  radiosonde (- - 3m/sec/km), 
a f r i c t i o n  coef f i c ien t  of 2/km, and t h e  slope of t h e  towers gives 
v e r t i c a l  v e l o c i t i e s  -3m/sec f o r  tower A and 1.5 m/sec f o r  tower B. 
These v e l o c i t i e s  are  a l so  c h a r a c t e r i s t i c  of cumulus clouds, but  f o r  
a convective tower with no condensed w a t e r ,  they a re  ra the r  large.  
A l a r g e r  value f o r  the f r i c t i o n  coef f i c ien t  would give smaller  
v e l o c i t i e s ,  The v e l o c i t i e s  a r e  at l e a s t  c o n ~ i s t e n t  with the  obser- 
vat ion,  a s  tower A reaches a higher a l t i t u d e  than does tower B. 

I f  the  aerosol  content w e r e  hor izonta l ly  s t r a t i f i e d  as  indicated 
2 

by t k e  v e r t i c a l  probe, t h e  values of q o along t h e  s l a n t  range probes 
shoudd be lower than they a r e  s ince  the  op t i ca l  path length  f o r  a 
given range would be g r e a t e r  than i n  the v e r t i c a l .  Consequently 

2 
t h e  absolute values of q o should be even higher than b d i c a t e d  along 
t h e  s l a n t  r a g e ,  Thus i t  is even more evident t h a t  a c l u s t e r  of 
aerosols  was sampled, 



2 
Figure 3 ,  Space c ross  s e c t i o n  of q o i n  p l ane t a ry  boundary l a y e r ,  

neglec t ing  average w h d .  Data taken from 0007 t o  0017 
GCT, 27 June, Dotted l i n e s  i n d i c a t e  axis of laser beam, 
P o t e n t i a l  tenrperature and r e l a t i v e  humgdity p r o f i l e s  from 
USCG Cut te r  ROCKAWAV, 1200 GCT, 26 June. 



No attempt t o  normalize t h e  va lues  w a s  made, o r  could be l o g i c a l l y  
made, 

The foregoing a n a l y s i s  is  q u i t e  t e n t a t i v e  as c e r t a i n  assumptions 
w e r e  made t h a t  m y  n o t  b e  t r u e .  F i r s t  it w a s  assumed t h a t  t h e  l a s e r  
w a s  always pointed along t h e  same azimuth ang le  r e l a t i v e  t o  t h e  e a r t h .  
This  impl ies  t h a t  t h e  s h i p ' s  heading was cons t an t ,  Secondly i t  is  
assumed that a l l  probes had a common origin--meaning t h a t  t h e  s h i p ' s  
geographic p o s i t i o n  d id  n o t  change. The average d r i f t  v e l o c i t y  o f  
t h e  sh ip  was however 1.0 t o  1.5 knots .  It is f u r t h e r  implied, 
i n  p e r f o m i n g  t h e  ana lys i s ,  t h a t  t h e  d i s t r i b u t i o n  of ae roso l s  and 
w a t e r  vapor d id  n o t  s u b s t a n t i a l l y  change over  t h e  time '(10 min) 
r equ i r ed  t o  ob ta in  t h e  da ta .  S u b s t a n t i a l  changes of the v i s i b l e  
po r t ion  of f a i r  weather cumuli do t a k e  p l ace  over a comparable t i m e ,  
Addi t iona l ly  , v i s i b l e  clouds move a t  o r  n e a r  t h e  speed of t h e  wind a t  
t h e  l a y e r  i n  which they  a r e  imbedded. 

2 
Figure 4 shows another  d i s t r i b u t i o n  of q 5 der ived  by assuming 

t h a t  t h e  average wind r e l a t i v e  t o  the s h i p  i n  t h e  lower 3-km l a y e r  
was normal t o  t h e  s h i p  a t  10 m / s e c  and w a s  a l s o  p a r a l l e l  t o  t h e  
p r o j e c t i o n  of t h e  laser a x i s  on t h e  horizon plane.  Also it w a s  
assumed t h a t  t h e  ae roso l s  move wi th  t h e  speed o f  wind r e l a t i v e  t o  
t h e  sh ip .  No d e t a i l e d  records  were kept  of t h e  sh ip ' s  heading o r  
t h e  l a s e r  azimuth ang le  t o  v e r i f y  t h o s e  assumptions. 

The convect ive towers i d e n t i f i e d  i n  Fig. 3 a r e  a l s o  apparent  
i n  t h i s  f i gu re .  However, they  appear t o  b e  s e p a r a t e  e n t i t i e s  h e r e  
and do no t  have a common source,  The s e p a r a t i o n  of t h e  c e n t e r s  is 

2 
1.5 t o  2.1) km wi th  a minimum i n  q 5 between them. Tower A i s  s l i g h t l y  
wider  (1.7 km) and tower B i s  narrower (0.8 km) than  before ,  b u t  
t hose  dinensions are s t i l l  reasonable  f o r  sma l l  cumulus clouds. The 
tilt of tower A with  he igh t  is n o t  much d i f f e r e n t  than  before ,  which 
means t h a t  a v e r t i c a l  v e l o c i t y  of  -3 m/sec is s t i l l  va l id .  However, 
tower B appears t o  tilt more which impl ies  t h a t  i t s  v e r t i c a l  v e l o c i t y  
should b e  less than  t h e  1 .5  m/sec previous ly  given f o r  it. 

The estimates of v e r t i c a l  v e l o c i t y  p re sen t  some i n c o n g r u i t i e s  
wi th  t h e  observed ae roso l  d i s t r i b u t i o n .  I n  convective motion, one 
expec t s  t h e  g r e a t e s t  amount of convergence t o  t a k e  p l a c e  wi th  t h e  
s t ronge r  updraf t .  I f  t h e  convect ive motion began with a uniform 

2 
a e r o s o l  d i s t r i b u t i o n ,  t h e  g r e a t e s t  a e r o s o l  concent ra t ion  (q 0) 

should occur w i th  t h e  s t ronge r  updra f t .  That i s  no t  t h e  ease  here, 
so  i l r  must b e  assumed t h a t  t h e  i n i t i a l  ae roso l  d i s t r i b u t i o n  was not  
homogeneous, L t  m y  a l s o  b e  the case  t h a t  tower B i s  still i n  a 
developing s t a g e  -&ereas tower A has reached a more n a t u r e  s t age .  



L 
Figure 4 ,  Space c ross  s e c t i o n  of q a in p l a n e t a r y  boundary l a y e r  account ing f o r  an 

average wind. Data taken  from 0007 t o  0019 GCT, 27 June. Dotted l i n e s  
i n d i c a t e  a x i s  of laser beam. 



Met eo ro l o g i c  af Data Analysis 

The available radiosonde data a r e  given i n  t e m s  of temperatare ,  
p re s su re ,  and r e l a t i v e  hmiidity or dew-point depress ion ,  As t h e  laser 
data  are i n  terns of range, t h e  radiosonde d a t a  were f i r s t  i n t e r p r e t e d  
i n  tems of a l t i t u d e ,  i n s t ead  of p re s su re  by i n t e g r a t i n g  t h e  h y d r o s t a t i c  
e q ~ ~ a t i o r ~ .  

S t a b l e  layers of the atmosphere inhibit t h e  v e r t i c a l  t r a n s p o r t  
of energy and momentm, As atmospheric ae roso l s  a r e  p r i n c i p a l l y  c a r r i e d  
by the a i r  naotion, t h s e  s t a b l e  l a y e r s  a l s o  lerahibit t he  t r a n s f e r  of 
ae roso l s .  By the same reasonLng, one would m t i c i p a t e  a r a t h e r  u n i f o m  
d i s t r i b u t i o n  a£ ae roso l s  i n  uns tab le  o r  only s l i g h t  s t a b l e  l aye r .  The 
best i n d i c a t o r  of s t a t i c  s t a b i l i t y  i n  t h e  atmosphere is  t h e  v e r t i c a l  
g rad ien t  of the p o t e n t i a l  temperature,  8, where 8 i s  defined by 

dnd 

T is the  temperature i n  degrees Kelvin, 

p i s  t h e  pressrare i n  mi- l l ibars ,  

R i s  t h e  gas c o n s t a t  f o r  dry a i r ,  and 

c i s  t h e  s p e c i f i c  heat a t  cons tan t  p re s su re  f o r  d r y  a i r .  
P 
2 8 When --is positrive, t h e  atmospheric l a y e r  is considered s t a b l e  and a z 

vice versa, 

In eases Where the dew-point t e q e r a t i a r e  depression was given, 
t he  r e l a t i v e  h u d d i q  was ca l cu la t ed .  Temperature, p o t e n t i a l  
temperature m d  r e l a t i v e  hetaidity were then p l o t t e d  as a func t ion  
o f  a l t i t u d e  f o r  each radiosonde a s c e n t ,  

Before my laser d a t a  w e r e  a v a i l a b l e ,  rou te  c ross  s e c t i o n s  of 6 
were cons t ruc ted  from the ADVkYCE 11 radiosonde da ta .  These 
cross s e c t i o t ~ s  were dilaided i n t o  t h e  Milmington t o  BQmX a r e a  po r t ion  
and the P a r a m r i b s  t o  t h e  kanazon U v e r  po r t ion ,  They w e r e  f u r t h e r  
divided in to  a l t i t u d e s  ranges of  0 t o  15 km a d  I S  to 30 km, Those 
ranges were chosen to represent  the. t ropospher ic  and lower s t r a t o s p h e r i c  
reg2 ons , 

By cons t ruc t ing  these cross s e c t i o n s ,  t h r e e  b e n e f i t s  were derived.  
~ i ~ - +  ,L, the analys t  was f a x i l i a r l  zed t 6 t h  a t m s p h e r i c  t h e r m l  s t r u c t u r e  
dur ing  the c ru i se ,  Second, s t a b l e  and m s t a b f e  Layers could be 
i d e n t i f i e d ,  PinaLk-y, t h e  Longer tern v a r i a t i o n  i n  s t r a t i f i c a t i o n  
could be e a s i l y  w"stmPized, The la t ter  t w o  b e n e f i t s  a l s o  gLve t h e  
ana ly s t  zbe  oppcaraniiry to lo ra te ,  a p r f o r i ,  t h e  regions of t h e  



atmosphere where s i g n i f i c a n t  l a s e r  r ada r  r e t u r n s  would be expected, 
Add i t iona l ly j  a f i r s t  a ~ p r o x i m a t i o n  t o  atmospheric s t r u c t u r e  could 
be  made f o r  t hose  l a s e r  firlirrgs which were unaccompanied by radiosonde 
ascents .  It must b e  recognized however, t h a t  t h e  c ros s  s e c t i o n s ,  a s  
w e l l  as o the r  meteoro logica l  da ta ,  r e f l e c t  only t h e  l a r g e r  s c a l e s  
of motion and s t r a t i f i c a t i o n  and do n o t  r e f l e c t  t h e  s h o r t  term var ia -  
t i o n s  which are r e f l e c t e d  i n  t h e  l a s e r  da ta .  

The su r f ace  t o  15-km a l t i t u d e  r o u t e  c r o s s  s e c t i o n  f o r  t h e  
Paramaribo t o  t h e  Equator c r u i s e b y  i s  s h o w n i n  F ig-  5- One of 
t h e  most apparent  f e a t u r e s  i s  t h a t  t h e  v e r t i c a l  s epa ra t ion  of t h e  
340°K and 345OK @-surfaces is g r e a t e r  t han  any o t h e r  ad jacent  
su r f aces .  That l a y e r  is  l e s s  s t a b l e  and should be  i d e n t i f i a b l e  i n  
t h e  l a s e r  d a t a  as a l a y e r  having a r e l a t i v e l y  cons tan t  decrease  of 
re turned  s i g n a l  s i n c e  t h e  ae roso l s  should b e  w e l l  mixed. S l i g h t l y  
south  of t h e  i n t e r t r o p i c a l  convergence zone (FTCZ), t h e  345OK s u r f a c e  
i s  l i f t e d  r a t h e r  r a p i d l y .  A very s t a b l e  l a y e r ,  poss ib ly  a tropopause, 
i s  formed, between 1 3  and 15 km. (Other d a t a  i n d i c a t e  t h e  t r o p i c a l  
tropopause t o  b e  above 15  kin f u r t h e r  n o r t h ) .  A r ap id  warning of t h e  
10 t o  15-km l a y e r  took p l ace  on 8 J u l y .  The cause of t h a t  warming 
has  not been e s t ab l i shed .  This  warming and inc rease  of s t a b i l i t y  
should a l s o  be i d e n t i f i a b l e  i n  t h e  laser da ta .  

I n  t h e  middle l e v e l s  (3 t o  10 km) t h e  @-surfaces a r e  rather 
uniform, w i t h  t h e  except ion of  a d is turbance  from 4 J u l y  t o  6 Ju ly .  
The lowering, r a i s i n g  and lowering of t h e  @-surfaces during t h i s  
per iod are i n d i c a t i v e  of t h e  t r a n s i t o r y  weather system which w a s  
encountered. 

Below 3 km, t h e  major f e a t u r e  i s  t h e  depa r tu re  of t h e  300°K 
s u r f a c e  from t h e  n e a r l y  l e v e l  305OK and 310°K su r faces .  During 
l o c a l  daytime hours (4 hours from GCT) uns t ab le  l a y e r s  due t o  s u r f a c e  
hea t ing  r e s u l t e d  on 3 J u l y  and 6 Ju ly .  I n s u f f i c i e n t  d a t a  during daytime 
hours  prohib i ted  p o s i t i v e  i d e n t i f i c a t i o n  of s i m i l a r  l a y e r s  on o t h e r  
days. The only f e a t u r e  co inc ident  d t h  t h e  ITCZ at any l e v e l  is t h e  
lack of a 300°K su r face .  The lowest 1 .5  lan w a s  t h e r e f o r e  only s l i g h t l y  
s t a b l e ,  as a r e s u l t  of t h e  convergence and l i f t i n g  i n  t h e  low l e v e l s  
and a pressure  reduct ion.  

The ITCZ does not  maintain a f i x e d  p o s i t i o n  even over a per iod of 
a day. It wanders i n  response t o  t h e  dynamical processes  of t h e  a i r  
i n  t he  no r the rn  and southern  hemisphere, It does n o t ,  i n  i t s e l f ,  
d e l i n e a t e  a i r  mass c h a r a c t e r i s t i c s  as does a f r o n t  i n  mid-lat i tudes,  
nor does i t  prevent  a i r  pa rce l s  from pass ing  through it .  It is simply 
t h e  s u r f a c e  low p res su re  ax i s ,  s epa ra t ing  t h e  c i r c u l a t i o n  of t h e  
sub t rop ica l  high p re s su re  systems of e i t h e r  hemisphere, 

The l o c a t i o n  of the  ITCZ was determined independent of t h e  c ross  
s e c t i o n  ana lys i s ,  laser d a t a  o r  p a r t i c l e  sampling da t a ,  The 0000 and 



NORTH BOUND -- SOUTH BOUND 

Figure 5, Route c r o s s  s e c t i o n  of p o t e n t i a l  t a p e r a t u r e  (8) c o n s t r u c t e d  from r a d i o s o n d e  
released from S ,  S. ADVANCE I1 a t  p o s i t i o n  and t i m e  i n d i c a t e d .  I n t e r t r o p i c a l  
convergence zone ( ITCZ)  p o s i t f o n  determined from t r a j e c t o r y  a n a l y s i s  (Fig.  6 ) ,  



1200 GGT ""TOe"' (Top nf E h a n  l a y e r ,  -3000 ft) s t r e m l i n e  ana lyses  
obtained from w e r e  w e d  tc deternine the t r a j e c t o r i e s  of a i r  
p a r c e l s  a r r iv ing  a t  the ship's l o c a t i o n  a t  p a r t i c u l a r  t h e s e  

The t r a j  e c t o r l e s  [F%ge 6) a r e  only approximate, Their  
unce r t a in ty  inc reases  wi th  d i s t a n c e  away from t h e  c r u i s e  t r ack .  
A cob region was l o c a t e d  near  l2'N, 2S0W, on 30 June and 1 J u l y  
which f u r t h e r  i n c r e a s e s  the uncertairntiies i n  t h e  no r the rn  h m i s p h e r e  
t r a j e c t o r i e s .  There were only a few wind r e p o r t s  at t h i s  l e v e l  i_n 
t h e  Equa to r i a l  and South A t l a n t i c  a r eas  on which t o  base  t h e  m a l y s i s .  
Despi te  t h e s e  l i m i t a t i o n s ,  t h e  t r a j e c t o r f e s  do show t h a t  t h e r e  is a 
d e f i n i t e  change i n  the source  reg ion  of the a i r  reaching t h e  s h i p  
between 1500 GCT, 5 J u l y  and OOOO GCT, 6 J u l y ,  The ITCZ is  considered 
t o  l i e  between t h e  p o s i t i o n s  of t h e  s h i p  a t  t k s e  t imes.  

The primary sou rce  sf dust  i n  t h e  lower atmosphere i n  t h e  t r a d e  
wind l a t i t u d e s  i s  t h e  Sahara Deser t ,  There h igh  s u r f a c e  winds and 
v e r t i c a l  mixing raise t h e  dust  axrd d i s t r i b u t e  i t  throughout t h e  f i r s t  
5 km, P e r s i s t e n t  e i r s te r ly  winds throughout t h a t  l a y e r  t r a n s p o r t  
t h e  dus t  ac ros s  t h e  Sauth A t l a n t i c  Oceaai, A s  i n d i c a t e d  by t h e  a i r  
t r a j e c t o r i e s ,  s e v e r a l  days a r e  requi red  f o r  t r a n s i t ,  During t r a n s i t  
some p a r t i c l e s  coagula te  and s e t t l e  t o  lower l e v e l s ,  The f a l l i n g  
upper l e v e l  p a r t i c l e s  p a r t l y  r ep l en i sh  t h e  f a l l o u t  from lower levels. 
The smaller  p a r t i c l e s  rernaina a l o f t  s i n c e  t h e i r  tesrninal f a l l  v e l o c i t i e s  
are q u i t e  small, Consequently l a r g e r  p a r t i c l e s  a r e  more l i k e l y  t o  be 
found near  t h e  e a r t h ' s  s u r f a c e  a s  w e l l  a s  h igher  concent ra t ions ,  A l l  
s i z e s  a r e  sub jec t  t o  washout by p r e c i p i t a t i o n  and t o  v e r t i c a l  t r anspor t  
by deep convect ive clouds. 

In t he  lotzer l e v e l s  (-1 ha] , i t  appears  t h a t  "&ere should b e  many 
more dust  p a r t i c l e s  i n  t h e  region t o  t h e  no r th  of t h e  I T C Z ,  Fur themore ,  
the concent ra t ion  of p a r t i c l e s  should inc rease  a s  t h e  ITGZ is approached 
along t h e  c r u i s e  t r a c k  s i n c e  the more n o r t h e m  t r a j e s t o q  has  a longer  
over wamr fe tch ;  it does not  eminate from. Af r i ca  d f r e c t l y ,  and preci-  
p i t a t i o n  i n  t h e  c o l  area may have deple ted  t h e  dus t  concent ra t ion ,  
Except f o r  l o c a l  showers, %he more sou the r ly  t r a j e c t o v  Cbut s t i l l  
n o r t h  of t h e  PTCZ] has not passed through a. known urganFzed p rec ip i -  
t a t i o n  system a d  has a s l i & t l y  more d i rec t  t r a j e c t o r y  from Africa.  

To t h e  socs"rr~ of &he ITCZ, the l o w  l e v e l s  of t h e  air sllarnld be  
relatively dus t  free, T r a j e c t o r i e s  there have t h e i r  o r i g i n  i n  t h e  
South AtPmtLj-c ,  away from dust sources,  Some dust may be  p r e s m t  
however due so  gzavitat-iona1 settling of higher l eve l  d.wt, The 
t r a j e c t o r i e s  f o r  the  500-mb ( -5-5  aim> f low i n  F i g ,  7 show a more 
d i rec t  l a t i t u d i n a l  flaw from over Africa and very l i t t l e  evj_dence 
of a narrow convergence zone P i l i e  chat found a t  kuwer  l e v e l s .  

Scientists fro-rci NASA and RTi. who *?ere aboard the s h i p  'have v e r i f i e d  
tlmr they observe-d a s i ibs tdnt ia l  change in the visval c h a r a c t e r i s t i c s  of t h e  
a i r  l o u k  piace  in the v t c i n i t y  o f  t h e  TTCZ boeated by the. trajectory a n a l y s i s ,  



Figure 6. T r a j e c t o r i e s  of a i r  pa rce l s  a t  -1 km a l t i t u d e  a r r i v i n g  a t  S .  S.  ADVANCE I1 
pos i t i on .  0000 GCT p a r c e l  p o s i t i o n  ind ica t ed  by d a t e  i n  t r a j e c t o r y .  



Figure  7 ,  Trajectories of air parcels at 500 mb (-5,5 h) ar r iv ing  at 
S, S, ADWMCE I6 p o s i t i o n ,  0000 GGT parcel p o s i t i o n  ind ica ted  
by date i n  t r a j e c t o r y .  



D i s t r i b u t i o n s  of p a r t i c l e  number dens i ty  a s  measured aboard t h e  
ADVMCE 11 are shotqn i n  F ig ,  8 . To t h e  n o r t h  of t h e  ITCZ no 
apprec i ab le  l a t i t u d i n a l  gradiene of number d e n s i t y  was noted. There 
is however an order  of magnitude reduct ion  i n  t h e  number dens i ty  of  
a l l  but  t h e  sma l l e s t  ( 0 . 5 ~ )  diameter  p a r t i c l e s  a s  the ITCZ was c rossed ,  
The reduct ion  i n  p a r t i c u l a t e s  was due t o  t h e  change sou rce  reg ions  of 
d u s t  and t h e  reduct ion  of salt  n u c l e i  product ion by v i r t u e  of t h e  
s i g n i f i c a n t l y  calmer seas encountered. The inc rease  i n  t h e  number 
o t  smal l  ( 0 . 5 ~ )  p a r t i c l e s  t o  t h e  s o u t h  of t h e  convergence zone is 
poss ib ly  due t o  a b i a s  i n  t h e  a n a l y s i s ,  As  t h e r e  were s i g n i f i c a n t l y  
f e w e r  l a r g e  p a r t i c l e s ,  t h e  number of smal l  p a r t i c l e s  becomes more 
apparent i n  an ana lys i s .  

Further  south ,  the number of 1.5 t o  2 . 0 ~  diameter p a r t i c l e s  
i nc reases .  A t  t h a t  t ime, t h e  s h i p  was c l o s e  t o  t h e  coas t  of B r a z i l  
and t h e  a i r  t h e r e  w a s  under t h e  in f luence  of a d i f f e r e n t ,  more 
i o c a l i z e d  c i r c u l a t i o n  system. These two f a c t o r s  probably account 
f o r  t h e  observed increase .  

I n  t h e  process  of reviewing t h e  meteorological  and unreduced l a s e r  
data, Rl'I and NASA s c i e n t i s t s  found numerous ins tances  of c o r r e l a t i o n  
;and non-correlat ion of t h e  two d a t a  sets i n  a l l  po r t ions  of t h e  c r u i s e ,  
Enhanced Easer r e tu rns  w a r s  found a t  o r  very near t o  he igh r s  where t h e  
radiosonde s i g n a l  w a s  d i s t o r t e d .  The cause of t h e  f l u c t u a t i o n s  was 
not  resolved,  bu t  t h e  phenomencn cannot be  l i g h t l y  excused as coincidence. 

Except i n  t h e  BOMEX area, t h e  t r a d e  wind inve r s ion  was not  
c o n s i s t e n t l y  found i n  e i t h e r  set O F  da t a ,  The subsidence necessary 
t o  maintain t h e  inve r s ion  is a maximurn t o  t h e  sou theas t  of t h e  sub- 
t r o p i c a l  h igh  pressure  c e n t e r ,  and deczeases t o  t h e  west  and north.  
The BOmX a r e a  por t ion  of t h e  c r u i s e  w a s  t h e  n e a r e s t  approach 
t o  t h e  region of maximum subsidence. 

I n  the skra tosphere ,  t h e  dus t  l a y e r  near  20 km w a s  gene ra l ly  
found t o  b e  i nc reas ing  i n  he ight  w i t h  decreasing l a t i t u d e .  Day-to-day 
changes i n  its a l t i t u d e  have not  been. documented. 

4 haze l aye r ,  f i r s r  mistaken f o r  a c i r r o - s t r a t u s  cloud l aye r ,  
was ottser-ved on 4 J u l y  axid p e r s i s t e d  u n t i l  6 Ju ly .  Suzsory examin&- 
t i o n  of wreduced l a s e r  photographs do not  g ive  any i n d i c a t i o ~  c f  
rhL; layer vh ich  wan est imate6 by t h e  weather observed t o  be a t  
14,OC)ti f t ,  
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Although the  data from only one sequence of l a s e r  f i r i n g s  were 
canalyzed, most of t h e  object ives of the  research were rea l ized.  
Meteorological da ta  were col lec ted ,  and analyzed f o r  t h e  broad s c a l e  
fea tu res  which should r e l a t e  t o  a l l  of t h e  l a s e r  data  col lec ted .  The 
I T C Z  was located by a i r  t r a j e c t o r y  analys is .  The observed p a r t i c l e  
number densi ty d i s t r ibu t ions  showed a sharp decrease i n  t h e  number of 
l a r g e  p a r t i c l e s  t o  t h e  south of t h e  ITCZ. 

The analys is  of one sequence of l a s e r  data  confirmed t h e  existence 
o f  dust i n  the  15 t o  25-km range. A wide v a r i a b i l i t y  i n  t h e  energy 
returned t o  t h e  l a s e r ,  indica t ing a l a r g e  va r ia t ion  i n  lower l e v e l  
aerosol  d i s t r ibu t ion  was noted. Additionally, a change of t h e  
character  of l a s e r  p ro f i l e s  i n  t h i s  region over a five-minute period 
was noted but not explained. 

I n  low a l t i t u d e s ,  t h e  l a s e r  data  indicated a d i s t r i b u t i o n  of 
aerosols  on the  space s c a l e  of small dry convective towers. Estimate 
v e r t i c a l  ve loc i t i e s  within t h e  towers ranged from 3 t o  1.5 m/sec. 

Meteorological data w e r e  a v a i l  a b l e  on a broad sca le ,  but there 
were no l a s e r  data  f o r  it. Laser data  with no current  meteorological 
da ta  were available.  There w a s  only a l imi ted  t i m e  f o r  analysis .  
Nevertheless, some fea tu res  of t h e  marine atmosphere were i d e n t i f i e d  
but have not been f u l l y  in terpre ted .  Preliminary indicat ions  a r e  
t h a t  t h e  l a s e r  can be used a s  an e f f e c t i v e  remote sensor i n  t h e  marine 
environment, but  s t i l l ,  p rec i se  meteorological measurements on t h e  
time s c a l e  of t h e  i n t e r v a l  between l a s e r  f i r i n g s  a r e  des i rab le  t o  
a s s i s t  i n  t h e  development of a s igna tu re  bank f o r  l a s e r  p r o f i l e s  as 
"ground t r u t h  datat'. 

=COMMENDATIONS FOR FUTURE HORK 

There a re  many more l a s e r  data  records t o  be  examined i n  term 
of t h e  physical and dynamical processes of trte marine atmosphere. 
The study of only one sequence of data  has s3zown t h a t  fea tures  of 
t h e  amospher ic  boundary l ayer  may be  i d e n t i f i a b l e  i n  the data. 
Dust jn t h e  region of 20 km was a l so  iden t i f i ed .  

Much work remdns t o  be done t o  c o r r e l a t e  the long term changes 
in l a s e r  s i g n a l s  wi th  the broad s c a l e  changes which occurred i n  the 
atmosphere. The f i r s t  s t e p  in such a study s h u l d  be t o  construct  
composite p ro f i l e s  of l a s e r  data  as a function of tine o r  space. 



m ~fiese data should be ma lyzed  concurrent ly w i th  t h e  meteoro logica l  
cross s e c t i o n s  already derived t o  determine 

(1) t h e  s l o p e  of t h e  20 kfn dus t  l a y e r ,  

(2 )  the in f luence  of a e t e o r o l o g i c a l  changes upon chaxxges of  
t h e  dus t  l a y e r ,  

(3 )  t h e  rise and f a l l  of 0-surfaces and t h e i r  a f f e c t s  upon 
ae roso l  concent ra t ion ,  and 

( 4 )  the laser s i s a t u r e  of t h e  haze l a y e r  repor ted  i n  weather 
abserva t  ions .  

Changes over a period of an hour o r  s o  may be i d e n t i f i e d  p a r t i -  
eubazly i n  t h e  B O M X  a rea  where d a t a  were taken f requent ly .  I n  t h a t  
area, p a r t i c l e  samplislg was conducted at va r ious  a l e i t u d e s .  There t h e  
v e r t i c a l  d i s t r i b u t i o n  of ae roso l s  can b e  used t o  f u r t h e r  r e f i n e  t h e  
laser data and perhaps in fe rence  of a e r o s o l  d i s t r i b u t i o n s  o u t s i d e  
of BOWX area can b e  made, 

F i n a l l y ,  t h e  s h o r t  t e r n  v a r i a t i o n  (I t o  30 min) of atmospheric 
p roper% ies can be  f u r t h e r  i n v e s t i g a t  ed a t  a l l  a l t i t u d e s  of i n t e r e s t .  
There are more cases  where t h e  atmospheric boundaq  l a y e r  was probed 
by the same technique as repor ted  i n  t h i s  paper,  The success  of 
finding an i d e n t i f i a b l e  f e a t u r e  n e c e s s i t a t e s  t h a t  a l l  of t hose  cases  
b e  i n ~ ~ e s t i g a t e d ,  Even more upper troposphere-lower s t r a t o s p h e r e  
d a t a  a r e  ava i l ab l e ,  and t h e  s h o r t  term changes t h e r e  should b e  
inves t iga t ed .  The 2nstance where enhanced l a s e r  r e t u r n s  were rece ived  
f r o m  t h e  same a l t i t u d e s  where t h e  radiosonde s i g n a l  w a s  d i s t o r t e d  
should a l s o  b e  inves t iga t ed ,  

Idhen fu tu re  ope ra t ions  are c a r r i e d  out  in a marine environment, 
records should b e  made of t h e  s h i p  heading, s h i p  speed, and r e l a t i v e  
wind v e l o c i t y  during per iods  of l a s e r  f i r i n g s .  When probing t h e  marine 
boundary Layer, observa t ions  of cloud types,;2mounts, and bases  and 
t o p s  and obs t ruc t ions  t o  v i s i b i l i t y  should b e  made be fo re ,  during,  
and after laser opera t ions  t o  a s s i s t  i n  pos t  m a b y s i s ,  
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