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A C X N 0 1!1 L E D G E fri E Iv T 

Professor David H. S t a e l i n ,  t h e  a u t h o r , ' s  t h e s i s  a d v i s o r ,  was o f  t remandous  

he lp .  His c o n s t a n t  g u i d a n c e  a n d  numerous h e l p f u l  suggestions are  gratefully 

acknowledged. Roger Kea1 a i d e d  w i t h  t h e  e x p e r i m e n t a l  o b s e r v a t i o n s ,  Sara Law 

and Eric ,lensen w i t h  t h o  programming. 

Computat ion Center. 

A l l  cornpukattions were clone a t  t h e  KIT 

T h i s  work tuas s u p p o r t e d  p r i n c i p a l l y  b y  NASA g r a n t  NsG-419. 
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The t e c h n i q u e s  o f  p a s s i v e  microwavu me teo ro logy  iuere used  t o  measure  a t m o s p h e r i c  
IZ 

water vapor  d e n s i t i e s  and c l o u d  water c o n t e n t  a t  1 cm UJavolength. T h e o r e t i c a l  

and e x p e r i m e n t a l  v a l u e s  o f  s u r f a c e  water vapor  d e n s i t y  u e r e  found to have  a h i g h  

d e g r e e  o f  c o r r e l a t i o n .  

by an  a v e r a g e  3'K t h r o u g h o u t  t h e  f r e q u e n c y  spec t rum.  

P o s t u l a t e d  and o b s e r v a d  sky  b r i g h t n e s s  t e m p e r a t u r e s  d i f f e r e d  

Emiss ion  s p e c t r a  o f  t h e  e a r t h ' s  a tmosphe re  ujere o b s e r v e d  d u r i n g  t h e  suliinier 

of 1966 u s i n g  a f i v e - c h a n n e l  g 3 e r h e t e r o d y n e  microwave r a d i o m e t e r  f e d  from a s i n g l e  

20-db a n t s n n a  f e e d  horn.  Measurements  mere made i n  t h s  immedia te  r e g i o n  af  t h e  

ti20 r e s o n a n t  l i n e  (22.235 GHZ) a t  19.0, 21.9, 22.235, 23.5, and 32.4 G H ~ .  I t  UJ88 

d e s i r o d  t o  o b t a i n  e x p e r i m e n t a l  o b s e r v a t i o n s  d u r i n g  m e t e o r o l o g i c a l  c o n d i t i o n s  

i n v o l v i n g  c l o u d s ,  r a i n ,  and  f r o n t a l  paasage .  I n  p a r t i c u l a r ,  t h e  d a t a  o f  August 

2-3, 1966, d s p i e t i n g  t h e  passage: o f  a c o l d  f r o n t  over  t h e  Bos ton  area,  was s c l c c t e d  
\ 

f o r .  d e t a i l e d  s c r u t i n y .  D u r a t i o n  o f  t h i s  f r o n t  UJ%S f rom 1330 t o  0730 t h e  n e x t  nornj.ng. 

Tempera tu res  and  r e l a t i v e  h u m i d i t i e s  f rom Lagan A i r p o r t ,  Hanscorii Air F o r c e  Rase, 

and  from t h e  ra 'd iometer  s i t e  ivms r e c o r d e d  throughcxjt. t h e  expe r imen t .  'As a r e s u l t  

a comple t e  s p a c t r a l  and  m e t e o r o l o g i c a l  h i s t o r y  o f  t h i s  p a r t i c u l a r  f r o n t  p a s s a S e  

was r e c o r d e d  and  c h a r t e d .  ' 

To c o r r e l a t e  these e x p e r i m s n t a l  o b s e r v a t i o n s  w i t h  t h c o r y ,  model ing  p a r a m e t e r s  

were i n t r o d u c 6 d .  A s t a n d a r d  a t m o s p h e r i c  model was p o s t u l a t e d  w i t h  t e m p e r a t u r e  

b e i n g  modeled l i n e a r l y  w i t h  h e i g h t  and  b o t h  p r e s s u r e  and  water v a p g r ' d e n s i t y  

d a c a y i n g  e x p o n e n t i a l l y  w i t h  h e i g h t .  

l i m i t  of c o n s i d . e r a t i o n  s i n c e  n e a r l y  a l l  a t m o s p h e r i c  water v a p o r .  l i e s  belov) t h i s  

F i f t e e n  k i l o m e t e r s  was chosen  a s  a n  upper  
1 

height . .  The a tmosphe re  was s t r a t i f i e d  i n t o  G O  homogeneous l a y e r s ,  e a c h  of 250 

m a t e r s  t h i c k n e s s .  

t e m p e r a t u r e s  were t h e n  computed u s i n g :  

E&h l a y e r  was assumed i s o t h e r m a l  T h e o r e t i c a l  s k y '  b r i g h t n e s s  

where: TA = t e m p e r a t u r e  o b s e r v e d  a t  ground leve l  

Ti =: a v e r a g e  t e m p e r a t u r e  o f  l a y e r  i 
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t h  di = a b s o r p t i o n  c o e f f i c i e n t  f o r  i l a y e r  

AXi = p a t h  l e n g t h  o f  ith l a y e r  

Us ing  t h i s  model  a t m o s p h e r e  a s  well  as t h e  e q u a t i o n s  f o r  s k y  b r i g h t n e s s  t e m p e r a t u r e ,  

t h e o r e t i c a l  e m i s s i o n  s p e c t r a  were g e n e r a t e d .  

w a t e r  v a p o r  a l o n e  i n  t h e  a b s e n c e  n f  c l o u d s .  

c h a r t s ,  s m o o t h  c u r v e s  h a v e  b e e n  drawn c o n n e c t i n g  t h e  f i v e  f r e q u e n c y  p o i n t s  t h a t  

were b o t h  c a l c u l a t e d  a n d  o b s e r v r ; d r  

F i g u r e  1 shows  t h e  c o n s e q u e n c e s  of 

I n  t h i s  a s  iuell a s  i n  t h e  o ther  

A l t h o u g h  c l o u d s  possess  no s p e c i a l  m i c r o w a v s  r e s o n a n c e ,  t h e y  do  h a v e  i d e n t i f y i n g  

s p e c t r a l  c h a r a c t e r i s t i c s .  To i l l u s t r a t e  t h e  p r o p e r t i e s  OF c l o u d s ,  a v a l u e  of 

10.0 q m j m  
3 s u r f a c e  watsr v a p o r  d e n s i t y  was c h o s e n  a n d  khe  p a r a m c t e r s  o f  c l o u d  

t h i c k n e s s  (A) a n d  c l o u d  l i q u i d  iwater d e n s i t y  ( L )  f a r  a c l o u d  a t  B h e i g h t  o f  1 km 

a b o v e  t h e  e a r t h  were a l l o m d  t o  v a r y .  F i g u r e  2 r e s u l t e d .  The d a s h e d  l i n e  spectrum 

r e p r e s e n t s  t h e  a b s e n c e  of c l a u d s  a n d  i s  i d e n t i c a l  t o  t h e  c o r r e s p o n d i n g  p l o t  i n  

F i g u r e  I. Cloud o p a c i t i e s  a f f e c t  s p e c t r a l  p l o t s  a r o u n d  I cm w a v e l e n g t h  by an 

i n c r e a s e  i n  e f f e c t i v e  s k y  b r i g h t n e s s  t e m p e r a t u r e s  a s  a p p r o x i m a t e l y  t h s  s q u a r e  of 

t h e  f r e q u e n c y .  The s p e c t r a  o f  F i g u e  2 r e p r e s e n t  a few o f  t h e  many t h e o r e t i c a l  

s p e c t r a  g e n e r a t e d  f o r  m a t c h i n g  p u r p o s e s .  T h e i r  c o r r e l a t i o n  t o  some o f  t h e  o b s e r v e d  

f r o n t a l  s p e c t r a  a r e  p r e s e n t e d  i n  F i g u r e  3 -  E x p e r i m e n t a l  v a l u e s ,  a c c u r a t e  t o  w i t h i n  

2 K ,  a re  s o l i d  w h i l e  t h e o r e t i c a l  v a l u e s  a rc  d a s h e d .  
0 

I n  @ of F i g u r e  3 t h 2  e x p e r i m e n t a l  s p e c t r a  shows  a f a i r l y  s h a r p  H20 r e s o n a n t  

peak w i t h  t h e  p r e s e n c e  o f  some c l o i d s .  

w a t o r  d e n s i t y  o f  0.2 gn/m 

d e n s i t y  was 15.0 gm/m 

was r e a c h e d  w i t h  maximum d e v i a t i o n  r e a c h i n g  5'K a t  t h s  l o w  end .  I t  is i n t e r e s t i n g  

t o  n o t e  t h a t  t h e  e x p e r i r i i e n t a l  v a i u e  of 14.98 gm/m3 f o r  surface water d e n s i t y  i s  ip 

c lose  a g r e m e n t  w i t h  t h s  rnodsl- Claud  o p a c i t y  r a n g e s  from e L 1 0 8  t o  00234 oepms 

across t h e  f r e q u e n c y  b a n d  a n d  t h e  c l o u d  c o n t r i b u t e s  a maxiriium o f  13% t o  t h e  t o t a l  

A mode l  c l o u d  of t h i c k n e s s  1 km a n d  l i q u i d  

S u r f a c e  trJatgr vapor  3 

C l o s e  a g r e e m e n t  t h r o u g h o u t  t h e  f r e q u e n c y  r a n g e  o f  i n t e r e s t  

at' a n  a l t i t u d e  o f  1 km was c h o s e n .  

3 

o b s e r v e d  s k y  b r i g h t n e s s  t e m p e r a t u r e .  

The model  c h o s e n  f a r  @) tms i d e n t i c a l  t o  t h a t  o f  0 e x c e p t  t h a t e i u a s  
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i n c r e a s e d  f rom 1500 t o  17-5  9m/m3. 

4'K d i f f e r e n c e  a t  19.0 GHz.' Howdver, t h o  d i f f e r e n c e  i n  t h e o r y  a n b  expe r imen t  

C o r r o l a t i o n . i s . v e r y  good w i t h  a maximum o f  

i n d i c a t e s  t h a t  t h o  i n c r e a s s  i n  s p e c t r a l  n;agnii;uda vias a c t u a l l y  du; t o  b o t h  a n  

i n c r e a s e  i n  L and  A as well as f.0 

Heavy c l o u d  a c t i v i t y  vias i n d i c a t e d  by t h e  s u b s t a n t i a l  l e v e l  i n c r e a s e  and  

s h a p e  a l t e r a t i o n  o f  t h e  o b s e r v e d  f r e q u e n c y  spactrurn i n  @ T h e o r e t i c a l l y ,  A 

3 
WBS a l l o a e d  t o  jump t o  3 Itin znd L i , nc reased  t o  0.6 gm/m 0 

t o  20 gm/m 

Again a.dlose match was o b t a i n e d  w i t h  d e v i a t i o n s  up t o  3'K. 

r a n g e s  f rom 55 K o r  39% of  o b s e r v e d  s i g n a l  a t  3234 CHz t o  20 K o r  25% of o b s e r v e d  

s i g n a l  a t  19.0 GHz- 

Also,  e was i n c r e a s e d  

3 3 i n  f a i r l y  c lose  ag reemen t  w i t h  t h a  o b s e r v e d  v n l u o  o f  19.0 gm/m 

Cloud c o n t r i b u t i o n  
0 o 

During  t h s  r e c o r d i n g  of  s p e c t r u m  @ , a p p r e c i a b l e  amounts  o f  r a i n  f e l l .  

S i n c e  t h s  moda l ing  p a r a m e t e r s  u s e d  d i d  n o t  t a k e  i n t o  a c c o u n t  r a i n  o r  s c a t t e r i n s  

e f fec ts ,  no a c c u r a t e  c o r z c l a t i o n  c o u l d  have  been  g e n e r a t e d .  I n s t e a d  o f  a tken ip t ing  

t o  c l o s e l y  match  t h e  e n t i r e  s p e c t r a ,  c l o u d  paramoterg were i n c r e a s e d  u n t i l  sky  

* b r i g h t n e s s  t e m p e r a t u r a s  a t  32-4  GHz were n e a r l y  i d e n t i c a l .  T h i s  was done i n  o r d e r  

t o  d e t e r m i n e  hotu t h i c k  and  hoitr d e n s e  a c l o u d  a l o n e  w i t h o u t  r a i n  woiild have  t o  b e  

t o  p roduce  s u c h  a large o p a c i t y  ( ~ 1 . 6  n c p e r s )  and  s u c h  a h i g h  sky  b r i g h t n e s s  

t e m p e r a t u r e  (290°K). A c l o u d  5 krn t h i c k  a t  a h a i g h t  o f  3 km and  d e n s i t y  2.8 

9m/m3 was found  t o  g i v e  t h e s o  results. 

of o b s e r v e d  s p e c t r a l  t e m p e r a t u r e s .  

e x p e c t e d  t o  a c t u a l l y  ex i s t  m e t e o r o l o g i c a l l y ,  b u t  i t  d o e s  shoiu t h a t  s c a t t e r i n g  

effects  and  r a i n  a re  a la rge  component  o f  t h e s o  s a t u r a t e d  s p e c t r a .  

c l o u d  used ,  a n  e q u i v a l e n t  a t t e n u a t i o n  by just r a i n  i l i i thout  c l o u d s  would c o r r e s p o n d  

t o  1.4 db/km o r  an e q u i v a l e n t  rn in fa l . 1  r a t e  o f  5 mm/hr 3t I cm wave leng th*  

I t s  o p a c i t y  c o n t r i b u t e d  frpm 50% t o  85% 

O f  c o u r s e  s u c h  a s?per-cloud would n o t  b e  
A 

For  t h o  

1 

T h i s  

is a v e r y  s u b s t a n t i a l  r a i n .  

a c o r z e c t  mbdol f o r  @ must  u t i l i z e  some combina t ion  o f  heavy c l o u d s  a n d  r a i n  

T h e r e f o r e ,  t h e  e x p e r i m e n t a l  s p e c t r a  i n d i c a t e s  that 

as UJGU as  s c a t t e r i n g  c o n s i d e r a t i o n s -  
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I n  s i m i l a r . f a s h i o n ,  e x p e r i m e n t a l  s p e c t r a  th ro l rghout  

f r o n t  p a s s a g e  were c o r r e l a t e d  w i t h  t h e o r e t i c a l  s p e c t r a .  

d i s p l a y i n g  t h e s e  c o r r e l a t i o n s ,  t h e r e  r e s u l t s  a v e r y  good 

t h e  r ema inde r  o f  t h e  

By g r a p h i c a l l y  

p i c t u r e  o f  t h e  f r o n t  

as a f u n c t i o n  o f  time. 

3 l S O  been  s u p p l i e d  t o  p r o v i d e  more e x p l i c i t  comparison.  

t h e  time scale i n  f i g u r e  4 is  n o t  s t r i c t l y  l i n e a r .  However, i n  t h e  a b s e n c e  

P l e a s e  c o n s u l t  F i g u r e  40 Exper imen ta l  p a r a m e t e r s  have  

I t  must be  n o t e d  t h a t  

o f  ujind s p e e d  a n d  wind d i r e c t i o n  d a t a ,  t h s  s c a l i n g  r ema ins  more a matter o f  

c h o i c e .  Of c o u r s e ,  t h e  d i s c o n t i n u i t i e s  i n  a t m o s p h e r i c  and  c l o u d  p a r a m e t e r s  

tha t  are p i c t u r e d  are o n l y  a n  a p p r o x i m a t i o n  t o  t h e  actual  cont inuum s i t u a t i o n .  

N o v c r t h e l e s s ,  a f a i r l y  l u c i d  r e p r e s e n t a t i o n  of UJhat was q u i t e  p o s s i b l y  happening  

has bcen  a c h i e v e d -  Thc h i g h  d e g r e e  of c o r r e l a t i o n  o b t a i n e d  betuiscn e x p e r i m e n t a l  

s u r f a c e  water d e n s i t y  d a t a  and  t h e o r e t i c a l  s p e c t r a  s u p p o r t s  t h e  a c c u r a c y  o f  t h i s  

model and  t h e  i n t e r p r e t g t i o n  p r o c e d u r e *  

r e s u l t i n g  from t h o  c o r r e l a t i o n s  o f  F i g u r e  3 was found t o  a g r e e  i n  s e v e r a l  major 

r e s p e c t s  w i t h  t h e  s k a n d a r d  c o l d  f r o n t  passeqo found  i n  t h e  l i t e r a t u r e .  

The t h e a r c t i c a l  model o f  F i g u r e  4 

5 



F I G U R E S  

4 

F i g u r e  1 : T h e o r e t i c a l  S p e c t r a  Without  Clouds shouting a f f e c t s  o f  i n c r e a s i n g  

s u r f a c e  water vapor  d e n s i t y  upon l i n e  shape .  Resonant  peak enhanced  

by h i g h e r  d e n s i t i e s -  

F i g u r e  2: Tho Ef fec t  Of Clauds.  I n c r e j s i n g  c l o u d ' o p a c i t y  e n h a n c e s  h i g h e r  ', . , . ~ .  

f r b q u e n c i e s  dv6r t h e  r e s o n a n t  peak. 

as L goes t o  1.0 gm/m 

S a t u r a t i o n  levels arc  a p p r a a c h e d  

3 

F i g u r e  3: fxperiment3l-Theoretlcal  C o r r e l a t i o n s .  Back l o b e s  and e f f e c t i v e  

beam w i d t h  of a n t e n n a  n o t  c o n s i d e r e d .  La rge  s h i e l d s  were e r e c t e d  

t o  d e f l e c t  ground r a d i a t i o n  aiiiay from r e c e i v i n g  an tenna .  

F i g u r e  4: Front fi1;lodel H i s t o r y  of f r o n t a l  p a s s a g e  p o s t u l a t e d  f rom c o r r e l a t i o n s  

o f  Figure 3 and  a l so  o t h e r  s p c c t r a -  
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