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1 . I Purpose and u) b i act  i v e s

I h i s  s tu dy  t s:i~~ per f ormed f or t h e  Na v a l I n v i  i’ iun i ’ n t i I  I’ r a dj c t  i ‘ t i

- ‘ e - . a . t t ’,,’h I - ic i i i  t v  t ’v I m i  r o n m e n t i l  Resea rc h  I , I i ’c’h n a l , ’~~ 1 t i c  • ( I  S I

Fhe ‘:irpo e i t ’ t h e  s t u d y  i s  t o  i’~~’ , i i ’ e et ’ense 5 l i t t ’a ri ’l a c l t c , i l ~~, i t  ‘. 11 i t t ’

‘ i ’ ’~~ i’ ,im ( I i M S I ’  I and I an d s a t  i m a g e r y  i n  w h i c h  i t u c i C i l l a u S  i i ’  —~~ i: i , t e  ; ‘ i l  C i -r n

i s — a c  i at ed  w i  t h  low v i s  l i i i l i t  y i n  l i g ht  i c ’ ~ a m -  ha :e  c ii i  he S et  ac t  . S

t h e s e  low ~‘ i s i h i  1 m t v  s i t u a t  b i t s  are  of t a c t  j e a l  I i n t i i i n t , i I i C i -  t a  t h e  \.u~~’

i i t e  e t h e  ohs t ruct i ot i s  to  v is  i an cou ld  hav e  an i mp a c t  an a ~~,i i i a t  a t

‘~,l\ 1 1 weap ons  s st  elli s •

-~noma 1ous g r a Y -  shade p a t t e r n s  i s — a c  i a te d  w i t h  1 i g it t  fag  an , !  ar  I i a : e

c o n d i t i o n s  and o t h e r  f e a t u r e s  have been det ec ted  i i i  t h e  I ‘M S}’ 5cr  I i i  gh

R ’a s a  h i t  ion I V I I R )  ~‘ i s  j b l e  iC i a c t e s  . I he sp ect r a l  r esponse  af t h e  1 051’

V i s  i h i  a ~‘ Li inne  1 i s  (3 . 4-  1 . 1 n i l  e Fon t ’ C e m ’ : ( a m )  • i’he I mn ~Is a t  ‘In i t  1 S~~CC C r ,i I
S c a nn e r  t~v st e m  ‘155) h i s  fou r sp t ’et r a l  01;~ds w i t h i n  t h e  o v e r a l l  st ’ i ’c t  i- i l
r e sponse  i f  t h e  : MSI’ v i s i b l e  c h a n n e l  • I t  i s  p o s s i b l e , t h e r e f o r e , t o
a a i l ’ i Cc ’ I t : e iMS O and I an d sat  mu 1 t i ~ t ’t ’c t ra 1 l n i i g a s  t o  d ’t  amn ’i i nc  t h e

‘ s i ,  c i i ’ n t 1 :-. w h e r e  t h e  a n om a l ou s ~ r a v — s h a d e  ‘ i t  t e rn s  arc most  p ronounced . ‘ I

l ’hrc cu. 1h t h e  c o n h t i a r i t  ive  a n a ly s i s  of t h e  in i ag e rv  and a t h e or a t  j a i l  t i t i l  s i s

of t h e  e f f e c t s  of w a t e r  vapor  absorp t  ion in t h e  near  i n f r a r e d , a b e t t e r

un d er s t  and i ti g c i i i  he g.i m e d  of the  t v~~c and si  :e di  s t r ib u t  ion at ’ t h e

sc a t t  en it ~ ;‘ .i r t  i c  I es .

lo  — .i t i - c t ’ t h e  pu rpose of t h e  s tud , t he spec i f  i c o h t  a c t  V t ’5 is a re

a m a  lv :e a :tt i t m i  n un: of 20 cases of I~MS1’ dat  :i over  ma r i  lit’ and  or

l a n d  a ni _ _ i s  where  t h e  reported v i  si  h i  1 i t v  has been reduc i’d to  f i \ -a

: i : i t i c a l  m i l e s  (i ’i m i )  or l ess in  haz e  or l i g h t  fi ’u~~, m ud ( . 1 C a  conduc t  a

det .1 j I t ’d t Iwo ret  i ca l  an.~ 1 vs is  of Wa t am -  vu ‘an i l  -z a Ct ’ C l O t )  I i i  t ha it i’,i r

i n f r a r e d  (be y on d ib :-  m~ and i t s  e f f e c t s  on t h e  sa t e l  I i t t ’ i t - ag e ! ”  , l i l t ’

20 eases  i l so  requi re  t h a t  an anomalou s g r i v - s ! i idi ’ p i t  em h~’ l e t  c~ l i t ’  l e

in  t h e  I I ’I SI ’ i m a g e  a n d t h a t  n e a r ly  eot ~ - - i r r e n t  ( is I t  h u m  t w o  h a t i t  I ,ni ~k _ t t

d a t a  1’ ,,’ a v a i l  i 1’It ’ t o r the  Sant e i i e i
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• 2 , i t  ,i ‘ n c  1 a

i i  l v  in  C l i i ’ t i i i I \  i t  ‘ cc i : : , ,  o ; i i c - t : t  t ! t , i t ,i : i i t _ m I l c  , I a t i s u: ’ i t ’ h t ,

c~ ’ m t ~~ L s t i i i g  ~‘t ~ i t  l t ’ i ’ - t  20 e m - - i - s  i s h i i’ i ’ i l l  s e l e ct  i o n  s u i t  , t t , i  w i r e

- .a t  ~s f i e J , cs ’ i i d  be , h i f t ’ i c i l t  t o  . i - . s t t~ l ’ 1 t ’ . \ “ i i  i a n  ‘ m a l l e n  h t t i t l t i ! : I C hit ’

n . l  at ’ i - c ’ f : i I  S , i t a  i s  t h e  i m i f r a i i u e i t t  i i - : e l t  c~’z e i , 15 a  and l i m i t e d

,i r a a l  c5 ’\ i - r a g c -  a t  I , t u d - - , t t  2 a m i d s a t  i : ’ :a5eS w a r t  , t t  el I a u n t  C c  S c ”\ i i ’

, i r ~ a ~i~ t S Se t h e  aj u , , ’ i : i u l , , ’us ~ n a\  — - - t i nt ,, ’ i t t  i’ C T i seen I C he , , a i t C : i i ’ i t ’i i t

- “ I s !  i ‘- :a~~i ’ - ‘- t ’ r a , ’v , ,  i • - .e ;er a  1 t o t  c U t  ~i I c i  t’-c i ~ era  t a t  :e-ah ’l t ’ 1 eea(i se

ot poor ~: i m l  i t v iM S I’  i’m , m d s t t  i n i a ~’~’r ’ -

i - u  i t  a t ’ t ha  d a t a  t a  1 l a c t  ion d i  t~t i a n  I t  l a s  , t i , , i l _ i t  i s t ’l i I’ l a

a s ad r i  t h e  — t uS c’ ~ ,i — i n ’  t is i~ ~t ens  iv  a i ’  i , i ~I ‘e d t  ~‘i~ i i n i l  1 y Lic ’pi -d -

i i , ’is a~~t ’r , w i t h  t h e  , i s s i s t ~~t i~~t’ ~‘t  t h e  c a n t  r , m c t  t i ’ehmm i a.il m o n i t o r . ,i

s t i l t  l e l e i l t  nunuh& ’r at  c i s t ’s w i t h  h i g h q u i l  i t  “151’ 1 r , l c l i ’s w i ne t- O l  l a s t e d

I, s i t i ~ - t ~ t i l t  c a i i t i - , i c t  i’c ’~~l i i l ’ e ” c ’ : i t - .

r
I n ’ ’r e t  i c a l  Thu lv s  i s

I n t h i s  ;‘~i nt  of t h e  tu dv , a t heore t  i c a l  m i l l 1 vs t s i, is  i ’t ’r f a i t : i - ,,I Ca

S as a r m  be i n  di~ t ~i i 1 t he  i u f l u e n a  e af i~ a t ar vapor  :uimd ha :  t~ on ‘ ,in d

I ,it tds ,i t — a t e  I I  i t t ’ imagery  • S mad i t t  iv e  t m ans  f er  e a m ; ’ : u t  en  i i  g o r i  th i n  i~ , i - ~

u s  i -S t O  tuc ’c t i ’ I t he  nu I t  ip  Ia s c a t t e r i n g  and abso r 1’t  i c ’i i  
~
‘ i\’ c’ ds ~-es i n

i-ca l  i s t  i c  atm o st ’h er & ’  w i t h  a vent  i c a l  lv  i n l i o m a g e n e ot i s  ~v a r y  i n s ~ d i s —

t r  ib im t  ion iif opt ic , i  l i v  a c t  t v e  s p e c i e s .  \ t i - a p i c a l  ma~I e I  , i t m o s t ’ t t e t - e Is ti’

se Ice t ad • and s it ~~i I ;i t ad s i t  e l i  i t  t~ r i d  I at i ca s  (is C i 50 C c’S 1w It’~’ i
’c ”\ i H i l t  a

s:’ec t r , i I  b and pa -cses ) wart’ eomput  i’d av e i- a is l v i ’ I e n gt  h r t n g t ’ at ’ (~

• I iti ~1 — 1i 111 t u g  a p ar t  icu I ii -  V i ew i 1i~ ~ aot ’i ,,’ t rv and a c i  Iv as a,ni 1’ ,tc

~ round w i t h a modele d  s u n  ( i s  i~ r e f i t ’~~t au~-c . Four sp ec i f  uc  c ha u ct -s i , e i e

ma d a w i t  ii r e -’ pt ’~ t to  opt i e m  1 pa rainet i rs 01 C he at iui @ s pLc re

I )  lot ,  hum i d i  Cv 5 c l ea r  at i :i osI ’he r i ’ 0 .03 2 ~r ams (c ’) n i t  cm i a i ’ ,’r

and 23 . k i l omet ers (kiim ) v i s i b i l i t y )

2 ”  I i i  g b i hum i d i  t v , h i m : ’  a ti ’uo sp li e ma .5 • 55 is at a m - v a l ’ol -  ,i r i d a K :

v i  s I l ’ i  i i  t a ) ;

3 . 1  l~~w h u m i d i t , ha:~
- a t m o s p her e; and

1) h i  ~~ humid i t  v • c l a i m -  a tmosp here .
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l I l t  i l ~~~C t i ~ , a : u ~~i~~i~~~,l re t i ~~’! e l y  P h y s c i l l y t ’ - ,i l i s t u c , w h i l l i  C i :,,

~ecc ’ii d et  h e !~ ’~ c a l i : i e , i t t ’ l u n g e ”  , i t  u r t a e t t i ~~t i C v  - i t  C i  C i- is

I ide a s a n s  i ~~t , - : :  i t - I ~t m a ha: lii  : t ‘, m s ii ’  t 1 :t  Ce 1, i C t i s l i  i t  c u r

p a t  umt ~~ et  1 : :5 i t  - d ep e n u e n t  i t t  ~i ’ l  5 ! -  t l t  p h~ n ’ : e n , ’n .

- C a n t  t n t  s c u t  I c u - i t

: t h e n  J i ~~, , u - .~~: n  C t i e  d C t t \  an of  in i : : m I ’ : :  - i i  i~ ~t i Je

p~1 ’~tt’ t n —  in  - ‘-l ~ V - ’ i h l e  l m i g ,,’s : 5  g i v t ’ i :  i i  Se a t  i a n  2 a :  n i  i i  c - - a t  -

Se~~t ‘ii 2 i I s ~ c S a f l t a i n s  1 (It ’ ’c c t I ; ’ t  i i :  at  t h e  I ’asl’ ni I , i ~~i - . i t  S t ’ l i ~~~’ ’

ems i::i  S i t ,  t o t :  i t  ~ . In ’ i t  s e a m  It t ’ m a c  i t  e~ i t i c i  t O t ’ l e ~~:i

t a t  ,i su m ! ’  i t ’ a l e  ~c :i ~~ ~ , - i  :n St- c t i au - I t a  , i  i i  I vs  i s of - . e I  ,, c t . !

IS  r e s e n t e d  i : :  - c  c C  Ic ” !)  I ar i d  t h e  I c c - a i d  i c i l  , l : i : m 1~~s t s  i n  Se c t ii ,‘ .

I t  i’ c : u I t s  ot  t in - i’ :’~ c’ u i 1  , ind t i i t ’ ~ ’t ’ c - t  i~ ’ i !  i t , i l c s e s l i t  d i s c i u s s i d  i t t

- i  t~~~~ :, - :- l i e  ~~ . i ~~ ~~~~ um n d me , c ” : : : . e t i l  t an - .  t i ’  i h u t  1 , - u  s C i m ~! t a n  “ ,i\

h ’. t o u t S ur t  e~ t : ‘:: -

_ _ _ _ _  ___  I ~s- - --- - - -~ - —



2 . I I - 5 ’kL 1’’t ( O N 01- 5 A I l 1 I h 1 ( F  Sy l 5 I I - M s  \ N I I  (lAi N (IIIARAC’I’LI (ISI’ICS

2 .  1 I \ tS i ’  P a t t i

2 . 1 . 1  S i n n e r  C h a r a c t e r i s t i c s

l i m e  I ‘151 ’ d a t  a used j i m  t h e  st ud~’ we i- i- f rom t h e  H l o ck  5( ’ s v ’  t ai ;t . I i i

pa r t I cu l u i  r , t hi ’ Jut  a isa i- i’ t h o s e  of t i m e  V IIR m a d  i n u t  a a v i  s l i i i  c- e i m u i n i i t ’  1 
-
‘

itii - :ts u m - l n g  i- at’lt~-etcd s o l a r  r a d i a t  ion . ‘ t h i s  s i n - s a m -  m a n  :1 u i i c n i n i l  suh po imit

i e s o l i i t i o n  of I _ IS ni uu i , a t t h t o t m g h t i m e  aet n a  I r e s o lu t  i c i i i  l i t i I i u i n t ’ t t t  i t t  t ime

in t a g e r ~’ i s  a f i in t -t  i on  of sevt ,- r a l  f a c t o r s .  1 I t t ’  \ H R  d i t : i  n s , i t h  i s  a~ir r o~~
i _

mmtz m t e l~~- 1 , 1 , 1 1 0 nu uu i . ‘l he e i m a r a c t e r i  s t i e s  of t I m e  I i ~1S I’ p r i t i ’ y  S t ’ i u ,O r s  :i re

dt - s i ’ ’ - i I , ’d in  gi -ea te t -  d t - t a i  I i n  t ime  Na ~~y a t t i c a !  .\ j ’j ’ l i e a t i o m u n  ( u i d e ,

So l ume I h a t  t ant I  ~i i t c h i e l  1 19 7 1)  -

l i m e  ‘cj ie e t i - a l  i n t e i - i - ’ a l  of t ime  v i s i b l e  channe l i s  0 . 2 - 1 . 1  uiu . l i i i -

S e n se  i- r m o r i i m a  i i  :ed res p oim se c u u  r y e i S ~howii  i n  i i gure 2- 1 • 1 in- t - u m n v e

i m m d i  c i t  as  t l i n t  t h e  pc-ak m- espon st - i s  a t  0 .8  ti m w i t h  t h e  sensor ’ s ha I f ’ —

I’ i ’w e r i- c - g o n n a  p o i n t s  a t  0 .57 nt i ~ an d 0 .1) :- ( u n . Mos t  of t he ene rgy

r i-ct ’  t vt - cl , t h e m - a  fo r t ’ , i s a t  the  longer  v i  s i b  Ic  w a v e l e n g t h  and t he  n e t  n— -
•

i n f r a r e d  w a v e l e n g t h s  where vege t a t i on  i s  h i gh I~’ r e f l e c t i v e ; its a r e s u l t

v e ry  geniI cont  r u s t  i s  a c h i e v e d  be t w een v e g e t a t i o n , s o i l  , antI w a t e r  s t ir -
f a c e s  - ‘l i m e l e s se r  response  at t h e  shor t  w a v e l e n g t h s  a l s o  n m i n i m i  :cs t h e

b l u e -  I !  g h t  b a c k s e a t t e r i ng  of t he  a tnuosp here .

2 . 1 - 2 l) a ta  I I S~~ I :iv and t i nh an ce mn en t

‘l ’he \ ‘IlR da ta  are d i s p l a y e d  e i t h e r  in  a s c a l e  of 1 :15 nil  1! ion

(norma l mode ) or 1: 7 . S ml  i l i o m i  (expanded mode I - ‘lhc I um m ages ann I y :ed i n

the  s t u d y we re the  f i n e  reso h i t  ion (0 .  3 m i m i )  d a t u m  at  t h ic’ I : 15 u ti  l i i  on

s c a l e  and wei -e in the form of t r a n s p a r e n c i e s . I: xa it i p lcs  of I ) MSP ima ges

are shown i n  Sec t ion  1.

Co n t r a s t  enh u inc e u t uen t  i s used ; it t i m e  I ) M S I’  r e c e i v i n g  st~i t  i ons  to  v u i y

the d i s t r i b u t i o n  of g ray  shades i n  the  d a t a .  ‘I ’hi s c a p a b i l i t y  i s  of

pa r t  i c u l t  t- I iuu p ort  a im ec in  t ha Sc t ac t ion  of an o m a l o u s  g ray— shade p u t t  a m s

s ince  these  p at  t e r n s  arc at the  dtt i-ker end of the  o v e r a l l  t o n i 1 seu t he  of

the image .  i’hc mapp ing curves dcvi sed for the  van oti s enhancemen t s  are

shown i n  I 1i gure 2 — 2 .
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I huc no rma l er ihaneen ment  umode 1 s a i i  i t t - a m ’ s t u i c  • w i t  hi g r t \  - s i i idt ’

i . I e f irm i t  ion i- v e i i l v U i - s t  m ubu ted  th roughout  th t -  t o t a l  t o n u m  1 r a r m g t - t ’ r onu

wi t i t  e t o ti l,ic k - l i i  the  log enhane ement mode , h owever  , Chi t ’  c - i l  i l  r i  t ed

di g i t a l  word input  at t u e  low er  end of ’ the sca le  is o u t p u t  iii en  .i w i d e r
i-ange c i t  g r a y —  shad e l e v e l s ;  as SCt ’mi in  F igure 2 — 2 , t ime  d i g  t a l  i npu t

from 0 to l I ~ is output  as a gr ~i v — shade ~‘a r ia t  ion fm -o u t (>3 ( h I  aek) to

20 (1 (g u t )  . I ’h erefo r e  , in t h i s  uu to de , the dax -ker  ra nge of g r . i v — s b m a d t -

v a l u e s  is  g rc~it 1~’ enhanci ’S at t he  expense Ot the  u t iu c im I i g i i t c t -  I ( l i i i ’s ,

so t h a t  anomalous gray sh in -ha s are  u tt o r e c l e a rl y dep i c t e d . ni n k t - r  t O i i c S

are  a l s o  enha mi c ed in t he l o w —  en h a ne e i tm e im t  itiod t- , bi t t  i mot as w e l l  as  xi i

t h e  log enhancemen t  mode - I n  e oumt rust , the  ii i gh en htu ne cni en t  ntod e

su ppresses the dam -ke r  tones , so is ut ot  u s e f u l  for  dep i c t i n g a n o u i u a l o u s

g r ay — s h a d e  p at t e r n s .

2. 2 h. aim~1 sat I)at;i

‘[ he Land Sat MS~ In s a resol Ut IOn o t~ about  2 -fl) ft- i ’ t (S I )  mit)  , eounp a rt ’d

to the  0.  3 mmii i r e s o l u t i o n  ot ’ the  \‘HR . ‘l ime swat Ii v i ewed  by t i m e  r u i d  1 0 —

me tar , however , I s on lv  100 nnm i i, 185 km ) w i S  a 
* coui i pum r ed to  t I m e  I , c 00 mmiii i

swath of the  VIIR . Moreover , t h e  same area on t i m e  g round  i s  covered b

Landsat only once every 18 tI~is- s.

‘I he MSS measu res r e f l e c t e d  so lar  energY in  four spectra l hands in

t he v i s i b l e  and near— i n f r a r ed  port  ions  of t h e  spect rum . ‘I hie f t  i i  h amid s

ti re:  ( I  I M S S — -2 ( 0 . 5 — 0 . 6  t in t , bl u e — g r e e n ) ;  ( 2 )  MSS— 5 (0.~~— 0 7  onu , i- cd)

(3)  M SS— 6 (0. 7 — 0 . 8  iunt , red to neat -  i n f r a r e d ) ;  ant I (- 2 ) MSS — ( 0 . 8 — 1  . 1  ( it t ,

near i n f r a r e d) .

The nornmali :ed sp ect ra l  response curves of the four bands a re  shown

in F igure 2-3; for comparison , the DMS P response is a l so  shown in  t he

same f igure .  This  f igure  i l l u s t r a t e s  t h a t  app rox i im ia te lv  -15°, of th e

DMSP response is at t ime Landsat M SS-7 w a v e l e n g t h .  About  25”O of t h e

response is ui t  the MSS-6 w a v e l e n g t h , 20~ at MSS-5 , and on ly  10” -’ m t M S S - 2 .

The MSS data  are d i s p l a y e d  in scenes cover ing  100 mmm i squar e .  l im e
standard scu m Ic of a scene is 1 : I m i l l  ion . Most o t~ t h e scenes u sed i n

the  ana l v s is  were acquired in  the t ra n sparency -  fo rma t .  F x a m p l  es t i f  t ime

Lands at  data are included in Sect ion 4.

8

—‘ —-‘--~- 
-
~~~~~

.‘-----
~
— 

~~~~ —~~~
—‘— -- - -

~ ~
-‘ - -

.,, 5 n — , _S -- - ,, -_ , ‘ - -



1

0
_ _ _  __  _ _ _  _ _ _  - -~~~~~~~~~

- 
—

Li

d >- 0

~~~~~~~~~~~~~~~~~~~~~~~~

I-J0 z

—5. 4-’
~~~~~~~~~~~~~~~~~~~ o C)7 _ _ _  _ _ _  _ _ _  _ _ _

7/
/ (I) 

—

~~~~~~~~~~~~~~~~~~~ 

—

~~ 

-

0 z ~— 

~~~~~~~~~~ .— —=:~~ — — Li 0_•__.- o _ j  5;-
I C)

__ _  

— 
—

_ _ _ _ _  _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~ 
— -— 

~~~~~~~~~~~~~~~~~~~~~~~ 0

‘~~~

_ __ __  -~~~~~~~~~~~~~~~~ —~~~~~~~~~~~~ .

(ivsaNv l ) JSNOdSJ~J èIOSN3S Q J Z I 1 V V ~J~ION

9

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

~~~~

-

— ~~1-- .—----- ~~~ 
- - 

-~~~~ ~~~~~~~ _~~~~~~ ~~~~~ ~ 
‘ - , - -—  ~~~~~~~~



____ -~~~~~-- ~~~~~~~~~~~~~~~ 
—

~~~

2 .  5 Oat a c t  i on  o t - \ m ioum i hi  I t ’ t i ’  Cr ay - —Shu t t l e P at  te t -u i s

2 .  5. 1 I IM’ ,h’ I l u i t a

~ev i -r a  1 exan tp  i i ’ -’ of am monia  l o u i s  g n t i \  - s hade  j m a t  t e m - i ms  t i m-c p r e - s e i mted  m u m

t hue  \ a i ’~ I , i e t i c a l  H e a t  ( o u t - s  ( m i i d c  I, F e t  t nu t S  M it eht- Il 1 ~Y 7  ) - I~as I call s

th e -  t a r n i  i s  ut l i h i l led t o  t h e  I i g im t to im e an t I o c c a s i o n a l  dat - k Comma gr a s- —
s lu aj a  p a t  t am - r i - s  obsc - n i t -S ci v t ’r ~~‘ a~~ or l a n d  u i reas in  c i  ouch — t’m - t-e or n e ar l

e l ou d — I’ m-ce r e g io n s  in  t h e  \ l h i t  ( v i  s l~ i~ a )  I niagery . ( 1 t shoul  S h ie not ad

ima t ‘ ‘ I i  gh m t t one ’ m i a v e  r t  lie l a s s  u-a 1cm - s to  t i t o n e  at t h e  Ju t  r k t  r end of C u t ’

i i i t ’n.j 11 t o n a l r ange  of t he  i um in g t ’ , as opposed t o  ‘‘bi- i ght  tu n e s ’’ of e lout i s

or he ai -’ f o g . )  ‘Ihe i n t e r p m - e t a t  i o n  I v a n  t o  tim e anoma lotu s gra~’—simad e

) > n t  t i - n t i S  I -~- i it upor t  t i n t  because i t  can pro\ ’ ide  ins  i g u t  I ut o t h e  atmo sp h em - I c

and / e m ’  oe eaml i ) g ra p h i c p r oees St ’s oe e i i r r  l u g  i n  t he  area ; add i t  i win I I  , I he

i - e du iet - cI i - i s  i h I 11  t i es t h a t  uuta ~’ he a s s o c i a t e d  w i t  ii ti me ’ pa t  t e n t s Set t ’etab It ’

( i i  t h e  s u i t  a l I l t  a i nag ‘m - v coo Id have  i i m up uic  t on a i a  i — i at ~
- of n a v a l  weapons

s v s t e n u s . -

I t ’ t t t in S ~h i t  cite!! ~, I 0 ’  1 point out t h a t  an ouu ma Ions gi- um y — s h a d e  pat  t am - mi s

can be caused Ia,’ a r muiruube m - ii t~ fa t t ~u r s  , i t i e I m ud 1 1mg : t i m e  p i-esen ce em -

a b s e i m e t ’ of ’ t i t m o s p he m -  i t  mumo i s t  t i re i i i  a 1 oud — fm -cc a retis . t h e  p resence of

hr ok em i  f i t ’  Id s  c s t  s um L I  c uui mm u I i  fom -m c e l l s  be ! ow t he  sensor  ri -sO I l i t  I on

c i  r r u i s  e b uds . dus t  om sandstoruuts , oc e t iu t  sp ray , t u r b i d  wate r  on h o t t o u mu

f e a t i i n t ’~t i n  s h a l l o w  w a t e r  a m - e-tm s , and h u m : c  t in S l i ght  fog i n  a reas  of

dcvi -  lop i n g  or d i  s-s ( p a C i n g  fog  or  ct  i t i t  mis  . Fo i- t he purpos es o f - t i m  i s

‘~tu dv  , t i m e  p a t t e r n s  of ’ i n t e m e s t  w e r e  t h o s e  caused  b y I i g l it  fog a m i d - o r

ha :a cotid i t  ions  t i s su e  i it  etl w i t  ii r i -Ju iced i j  s u h i i l i t m  i’s - No a n a l  \ s i ’s 1st ’ i t ’

per fo r-ium etl 0 t~ J t~ t t e m~T m s k imo w n  to  hi - caused by o t i m e  i- fum e t o m ~s -

.\ I 1M SP VI IR image show i m ig an tmnon ia lout s  gm -n y — shade p u tt t e r n  o f f  t h e

C a l  i f o r n i t i  coast is  p resen ted  by h a t  t h i f l t l  M i t c h e l l  ( l ~) 7 )  as an ex u i mi mp le

of a p a t t e r n  a s s o c i a t e d  w i t h  a I i g imt  fog s i t u , i t  ion . In  t h e  d i s cu s s i o n

of t h a t  case , the  nut  hor s cone I t ide t } m ti t : ( I )  ano nm a b u s  g m-hi ’ — shade h a i m d s

t i m - c  o f t e n  t h e  h i g h h u i u m i d i  t y  emS p i - odui e t s  o f ’ s t r a tu s / f o g  hand d i  ss i p a —

t i o n ;  ( 2  h l i ght  — tone g r h m y —  shade am -en s , i-emo te from Snu g l i n t  p a t t e r n s  , at

t h e  ed ges cu t  s t r u m t t i ~ ,’ fog or s t r u i t o c u i n t u u l m i s  t i re  u- c’g io ns of h i gh h uimn i~ I i t v

assoc i . i t e d  W i  t im a con eent  u- at  i on  of l a r g e — s i  ~e cou id enstu t  ion pa r t  I c l i ’s and
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i i t i ’ t ’ ( t is !t ’iL’ l i i s m b i ! i t  i t ’i - i i i ’  gt ’i ie ’ t~ i l l ~ u ’edu ee-J i m m  t i m e - s e- a r e a s ) ;  i i td

( 5 )  , l , t u ’ k — t c ’ i i t  > i ’ , i~ —~ biacIe- ti t- c’ , t’~ .ij m iaaum t to 1 i _g h t t e u ’ — t c i u i e ’  g n i ’ > — s i m idt-

i i ’ , i , u c ’ ;; , ’ t t ’  u t ’ a~; sun g !  nu t , a r e  r t ’ g m c ’ n  a t  h ’w e r  i m u t t u i d i t y  ami d  l t ’ -~ I u , i ;~
Cc ) i m J i t i o ’ t ~ ( I s - l e v e l  i i s i i i l  i t i c ~ n i t ’ i t - n ai, i ! b~ l u g i t e r  m i t  t i m e s t -  i n c u s ) .

2. 5 . 2 h . m u i d s , i t  L i n t  a

l am i d s a t  is d e s i gn e d  to i L a w  t h u , i a~i r t h u ’ s -~i i n f , i ~’ e’ , m ’ ; i t h i e u  t i m a u t  t i m e

i t  i~ic ’ sp I m e r a , a mi d ua ~ been Lis t ’’,h p m ’ u ; i u i  l v  t o n  t h a t  purpo se . Nc i ’e r t h t t ’ I ’ i ~s ,

I t i t i k i t  d a t u m  m i  a b ’ea n found  t u t u  tei m i s e f t u l  f o r  s t u d  i e s  of ’ l ie sc ’sc i !e c l o u d

t t ’a t it’ cs ( I L - t a m - m s  at i l .  H) ,’ m )  - l i i  h u c l d i t  ion , s t u d i e s  of t h e  l i s a  of

I u i r t d s a t  to dL ’t t ’C t at iuu o sph e - r i t ’ a e rosols h i v e  h ’e-en e a r n  I ad o u t  h > y s eve u - ;i I - -

i n v e s t  i g u i t o u - s , i m m c l u l d u ng F n , u s i ’i ’ ( ! ‘ r m l a imS C m - m g g s  ( l 9 S)  - I. u u i d s a t  d

i t u t a g e m - \ w a s  t i l  sc> exa u ui i umad in ti s tu d ~ o f ’ tu i n  p u b  b u t t  t e t i  p a t  t t - m ’i ms  t i m  \ t ’w

I i g  I t i t i l  ii 5 1 ui g i’ eI ;l o t e~ s c u m s  i t i g  du i  t t i  ( R o w b e \ ’  et u m !  - I ~) 
~~~1 -

l i t  his ~- t  t i dy  r e p o r t e d  in 1 97~ , - i ’ ,i se - t ’  ~_I e t e t m j m i e ~1 t h e’ u uium ss  a t ’

p u u i - t  m c m i  l a t e ’s in _ u v e u - t  l e a !  e o l i i t i u t u  o f ’ J i m - s t  out  t ’ !ow t ’ t ’on~ t u o r t h i t s a s t  t’ f lt

\ f r i e u m  w i t i i  t ime  a i d  of L u i m i d s u t  n u c u i s u i n e n u e t m t  s of ’ n a d i r  r h u c h i h u i m e e .  Fl i t ’ m i s s

of d u s t  was  i i S t > e s t i m a t ed  t’m oiuu t i m e  um aJ i m n u i d i h i l m e e  of  t ra d it it t i e ’

t r ; i n s t a n  m o d e l  o f  t h e  c > c e u u u m - a t u i t o s p i m e r e  s v s t e t u u . Fhi e co t um p ut  at! nu tS  t u m n e e

t~:r t ’~-d w i t h i n  10 at ’ t Ime i-ad l anc e  n m e u is un e d h s~ sa te -I  I i  t t ’ I r~ms e - i -  als o-

cofll ls_ mrail the rat! t ,Lt t t ’t’ t t u a h i 5 U i a ~h h a , t’~i c ’ii of  t h e  f o u r  I ~u m m S s h u t ~~~ I > h i t t t l 5

t o n  i n n i o u s I c ’ c u t t  i o n S  oi’au t h e  cut- c h u m t imid  , i  i t i g I m - - ~u I  t t t u d e  I u i k t ’ _ A s t o  h ’ e’
e’xpi ’c ted bee nusa ~ h uy Ic  I g h i s c a t te r mu g u s I t i r g e  ~u t t i m e ’ A h m o r t  em - w u m v ci eng t  his -

t i m e  u- _ i d i i t t c C  m ’asut—ed b~’ t h e  ~‘IS~~— -! bai t S ( 0 .  : ‘—lLu ’  h ilt ) W h I S  f ’o mumud t o  be’ t i i t ’

g u - a a t e st  i i i  cac t i  c a s e ;  Je c u - L - i s i u t g  i - i d i ,umtccs i~a m’ e ni t- , i s ur e d  I> v t h e  ~lSS

t h i - omu g im I , i t i c l s  , i-aspect  i v e l y ,  e x c e p t  f o r  O u t ’ t u l s a  wh ere t h e ’ ~i~~-~- u_ ’ vu l i i i ’

w a s  l a s s  t h a n  t i m e  ~lSS- vu l u t e .

Ci- i ggs  ( l 0 8  I d c t em - ui u i micd t h e  u i e r c ’co l  con t e n t  in  t i m e  h i t u i u o s p i l eu - e- t m - cuu u i

l and su i t  u s  I ng a l a m - ga set of Sui t a t im i d found  good ig ne - au u me - i t  t h > e t w e c u i  I lie

nu e ’hmsur ee! u- uuc! i i  i t t ’ t’S over  t ime oc ann hind t h e  a t~ u -o so I e c u u m t  an t  , e’spec i n  l i v

fo m- t i m e ’  ~‘tS~~- 3  u m nd M S S — b  hand s , I n  h i s  s t u S~~, C u i ggc  J isc ii cs ecl SOn ic ’ of

t i m e ’  h > c > t t ’ u m t  j u l  pno i> 1 eu iu c t i f f e e  t i im g t h a  l n m ~l s u i t  m m m e u u s u m r c n t e n t  s.  Ov ei -  i u m l  i u u cl

i s n t c m  tu r c h m s - t lie f l i - s t  t imrc e bands  ) ~lSS — -I , 5 , u mu id ‘ ) cuuum ha u u t ’ l e t ’ t ccl b~
w a t e r  p o l i t i C  lout ; t i m e  MSS - 7 huiu ie i  i s  t i f f O c t c d  b e c s  by whi t  en p o l l  m i t  i o n ,  c c >
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is the best band for measuring aerosols over these are tis - Ov e r  the

ocea n , the P otential  problem s inc l ude sung l iu i t , wind shadow , aumd observa-

t ions of int erna l waves .  h owever , l r i g g s  poi n ts  out t h a t  mnt c rna l  wa v e -s

arc observed only’ in areas w i t h  both e uu l nm seas and su n gl i u mt , and should ,

therefore , not a f fec t  the measurements in  n ou is un gl i rm t areas.
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3. CO LL I: C ’I ’IO\ OF DATA SAMPLE

3 .1 Data Sources

3 .1.1 l)MSP

Initial attem p ts to obtain selected DMS P images were conducted

through the U n i v e r s i t y  of i~’isaon sin , Space Science and Eng ineering

Center , where a complete a r c h i v e  of data is maintained . The acq ui s i t i on

of imagery from this source proved unsuccessful in most instances

because DMSP coverage for some of t h e  selected areas was not available.

Moreover , all of the UMSI ’ imagery  a v a i l a b l e  from t imis  data source were
the normal enhancement mode rather than either the low- or log-enhance-

ment modes , which are needed to dep ict the anomalous gray -shade patterns

(see Section 2 .1 . 2). Useful data were event u all y obtained on loan from

Keesl er -\ir Force Base and from the Naval Environmental Prediction

Research Facility’ .

3 .1 ,2 Larmdsat

The determination of whether correlative Landsat coverage existed

for selected dates and areas of potentially good haze or li ght-fog

situations was accomplished throug h use of the query-search capability

available at the EROS Data Center , Sioux Fal l s , South Dakota. Once

particular Landsat scenes were selected for analysis , the images (four

spectral bands) were acquired from the National Oceanic arid Atmosp heric

Administration (NOAP5 ) Satellite Data Services Division (SDSD)

3.2 Data Search Procedures

Several methods were used to obtain useful cases of corr elative

DMS P/Landsat coverage viewing anomalous gray-shade patterns. Because of

the infrequent Land sat coverage as compared to the DMSP coverage , the

data search initially concentrated on determining the availability - of

Landsa t coverage for selected coastal areas during the period from -\m -il

throug h Sep tember 1977 . (The DMSP Block SC data fi rs t becam e availa b le
in April 1977.) Five areas were selected : (1) the Northeast (40 °-4o °N ,

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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c ’S ’ -
- 1 ;  t h e  utt i el - -\ t iai it m c  cc ’a t ( 5~~ h i i ” \ , 2 ° -- ’ (’ ” l\ I ;  5 )  i ’.ul I t’or n iu i

t 2 ° - ~S ’ \ , l17 °-l2- t ”fi) ; ( - i f t I me -  L~,u- ~im i tu~ to im. Ot ’ a t ’ c ’l i  c c ’ L s t  I S ° I S  \ ,

l 2 2 °- I2 m ” hi ) ; ,uu t tl (5) time’ i ; i i lf of \l,u- ’ku ~~~~~~~~~~~~~~~~~~ I - l t1~~- lu ~ l ’li) .

Sit u - t ate ’ eht i rt c I o u ’  \p t -  m I Sept e’unt’e’r I 9 sc m e ’ rev m acs c’cl ton c _ i  cii 01

tile ’ I l i e ’  i r c ’a , amm d d i t e ’~ is tt lt me ’porte- eI l ots v i s i i ’ u l i t v  c o u t i l i t  t o u t s  c u i u u ~ t ’ 5I

by h ut e’ timid I u gim f ’c’ t~ 1st ’ m~t’ doe I i l ’ ; t Ti I ad - li e -’ a Suit e~5 1st ’ re’ t lie - ut alt ec  k c d

a , i  i i u s t  ti me ’ ‘ouc ’ n ’ ’~c’ ar c h  cc >mn p u i t c - m -  li —u t m ug ol ’taum ie’ cl t am’ e’.meii ,it ’t’ ,i t o

i’ t b ’ h l i l t ’ cha t e ’ ’ is i t  h c’ot’m’t’ I ui t Ii c’ 1 hiflel - u i  t ~-ei  c ’ ra~~c’ - \ um u ummi ’e ’ m a pot an t  i ~i I

c’ , i  se -‘- here’ Sa t  c-nm u t ied for a I I at’ ti me ’ tir cu is a \ c ’ept  the’ m ;u i If of ’ \ I i  ‘u k u

rag u 5 ’um . ta r usl i u aim l u n ~hc .i t c’Oi e n u m g e ’ w a s  tu tu _ m i hi i I hub Ii’ ch i t’ 1 uig time ’ Apr 1 I -

~ t p t  t ’ i ; l l ’ em’  1 9 Pt’t m 0d1 .

re’i t e’w of  b ’lSl’ m t u u h i g e n y  far t i m e  two  I i s t  ( ‘o ut - u t uu u’e’uu - m ’acc’ l i e d  on

I on i i  f rom ke ’e’ s I e - u - \I -  B , wtm s t- o u m d u u c  Ce - c t  t o Se’ t e’ i-ti m j u te ’  u~ h at  he m - , mmm ~ mnollhi 1 t > l i ’

gl’ h u \  — -~i- , i d ~’ ,‘ ,lt t e ’ i’ul \sc ’ V e ’ da t  a c t  ab l e  - h u m  ma im ” i u m s t t t n ~’ c ’s • a t  t h e m -  no c i t ~- h m

—
~ Sc ’ u- c’ o!~ ~-c ’ u i i’d is’ It iii mm t hue ’ u m nt i s  at ’ re-pu m t  c’S I ow ‘, j —u j h i  l i t  v - am-

c an  —u J~’ u i)’ h e -  u~’~> ’uui m t ‘u o f ’ c I otiS cave  u is i’ m _ i’ p u’ e-c e’nt - \ I Sc ’ . t a r  a nlul ’ l I ’ t ’ m’ at’

d a t a - u  , tb I c > u’ — 0 t~ I as — e’mm hanc c ’i’ iaim I’MSi’ i nuutei ’ 5 is t’ re hi i - u i u In)’ I a - Bu m ce- S c i t

~~; i c  c x m m i u m a t  t a u t , u t o t a l  01’ sc ’i t ’ u u I a c t  ( a n s t  ea~~c’s we’re ’ ca l e~’ t e ’J t ’on

pre l u m u t m u u m ’ ’ u i u n u i v s t s .

\ se ’_ u r e h i  for adchmt ic’n ,t l ci c e s is hi S con~h u i c t e ’J t im r o u g h t - \ w ’ ; u u l , i t  t c ’ uu a t ’

\i~ l’ I n u i ge ’ s u’ace ’ i i e ’ d fro uu i  t i m e ’ l i i i  i i  e’rs i t  of h i Sc ’ O t t S  m u m  ~u u - el m i i c~c t ’ a u -  t h e ’

i sc ’ I~e ’c t  ‘o a s t  u i r t ’u u - i’he e’x t e ’u m t s  of gu - um i  ‘ shitid e’ h i r e - h i s  bs t’ l’ t flat  i’d a m id

c’i i ecke’d c h u m - e t u i l  I~ a g u t i f i s t  t h e ’ coorc! u tm ite ’s cu t ’ c c u r r e l i t  t i e ’ i~ i u u d S h i t  -‘t ’ t ’ t i t ’S

de’t e’run I i m e ’J t r am t ) m e -  t l u ie ’n \  -‘ sc’t i ic i i  I u s t  u r ug .  Fhie ’ nt ’s t i  i t  s a t  t i l e - -c ’

c t ’ll l t ’ h i i i  sotus isi’re d i  s t ip l >cu i um t i u m g  u - s  e o u m c u m r u — e i l t  I u m u m d s t m t  cc ’ \ e ’l ’ t gt ’ , u t i  _ u l  I

b i t t  o m i t ’ c a se , fe’! I cu l t  iu el e’ t i l e’ i r e - u  c ’>t ,tmlomt ihi 1oiu- ~ gm’ ,i~ ‘~ht ,ida m um t bc

c’a n u ~e’-up o n d  i img I ’~lSl’ i maga -

1mm uueld it i a i m to  I l i e - c c ’ Sat  hi seum u’i-ht’s - ~i ~- i m e ’ck s t t i m  t i m e ’ I
‘en~ c u ’ a l s o  u umdi cate el that c o u l c i m m - m - e ’ut I ,i n d s u t  e’cu \ e ’r a g c ’ ~l m J  c - s m  c~ 1 , 1  ~ is~~’

,mnoii.uloius gu’ ,u ’ - sh m a ~ie ’ a r a u s  S m  c c’ t i - ,c e’J I’> at ,imtd M u t clie ’I I (I’ m - ) - lim e-

liMs i’ u n i c e - ’ I ’  u t i m e — ’e - two c u — -a- s ware ’ t ’l’t i i  un’S I r O I I  t h e  \ m i  a I I m mi i t - m i  a’

C t  i ‘‘mm Ea - h a _ i  i’ s ’ ii I ac i i t t  i -

Re ’i let s  ‘ i  the’ i i m l m u I I >  c c ’ I e’c t i i i  c i  -‘e ’c i i t S t e~~i I e d  t ii, t t c s ’ i ; e ’ ‘ t  t lie -c c ’

5’u- a,-s we re c l i m e - s t  m ~‘ii ul  I c ’ ~~ts u u m g  t o  I i t ’ i’t’ l i t  i i  el i ~‘o, ’u’ s h in I i t i  a t  t m a

m mugc ’r\ t’ c ’c e ’ t i e ’5 f m - am i iit~ t w o  d a t  , i  — 0 1 1 1 c c — — , , i c c’ O i t ) ~~i r O t h  1~ ’ t i m e ’ e -n ha i i5 - e d

I I
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i i ~ _ i g c ’ ’ -’ - i I c isll  i~ I c t  t umui c i Y ’ii t ‘, h i ’ 1 1 (1° ‘‘ I - \ e’i’\ I i’is c ’ f ’ I h i t  i l u n g e ’ ’

, i c ’ ’~ i i i t ’ t c l  m u ’a ni t i m e  , i I ’ c’ b t u v t - s  a t  e - t t b t e u- the’ h i u i i i c ’ u ’ c i t c  of I~ i~~ccm i t s i u i  0!’ hut

kc ’c~ l en  - \I  B S i ’t ’ t ’ cu t ’ c~ ’i - u~’ i t ’ i l l e ’ ~; u , u l  i t \  - ~‘ l i h — t H t i e - n t  I v , 5 ) m ’ \i uti hl t c ’ l \

3I~ ,~ L tm t I c ~t1 hi 1 1M~~i’ j I h i c i ’ S  i, b m c ’ i ’a u u i t c ’ r , i  l o c u s  e t a ’ ’  cil h id i - ‘ui ’ t i n t  - w u  rc

i ,t~t~\ e l i s i t i t i n  a r e a s  c f  nt ’ ) ~~ r t~ ’ ci l ois i t  ~~hi l i l y  c ’ ! i c l i t  m o u i ’ ~ is t ’ i ’ t Ic c h li l n - I

the’ \,tu uil i .u m i u u ’ o t l : : c ’ t l t , i l  h’ ne ’chi e ’, i s ’i u Li — c i n c h  I i i i  I i t ’  - \ c t l  ~~c 0!

L , u i t d ” , t t  cs ’i t ’ r , u c t - i ut c lic ,it c c l  t l t , i !  cc ’ i ’ r c l , i t  i i i ’ l , , i i l , l - ’ , i t  j i : , i c t ’u ”  whi s h i v a m  l , ~’ li -

a!’ l e’\ i’ l l  c t  Lu —i ’ c ,lc e’c -

3. 5 I i i  c a n - u s i out of  L n o l ’  I e t a ,  i i  , i  — -  St I t ’ct ion

\ ‘- e’ \ i ’ c ’C I e’S - the - i ’ i h t on  I’ rc a s - t i  is a 1 t a tim rug cc rn 1 hut u i t ’ i u u u t d  s a t

c c ci  c r a g e ’ i s u t i l u u l the c \ , i t ’~ , m i ’ i  , ‘t  t h e ’ ti mm t : i l s ’ ius  ~ n ,iy~~s Ilu u S e ’ i t t  c n n , h u t

a n u i v u ) c’i - a t ’ f l ’~t , U i c c ’ c  s h e - m m  c d ’ t t e l i t ’ i’ ( ’ i l (  I l l )~~ , ! t ui t age ’ u’ \  was  i i  i u  I a l ’~ e- , t i lt’ I
t c ’ e , i t i t ’l l  c I t  t h c ’ L i m - t ic l~ 1 , ur s e t t l e ‘m ’ - c h i c ! ,  II l u s t  ‘i i !  S ide- I t t ’ t ’ t - t o u m

a t ’ i i !  c ’nc ’ ’- t  , I t ’  , i ~ l c )  i t  O i l , Oh , i  l l I ’ ) ’ t ’ t ’  t ’i  c ’cc, i s  t o l l  - , t hie I h u i , i s , i !  ‘lS~~- I

a n  a ‘,n~d , a n  I’ a t h t  - ~~e ’i ’ c ’ , i  j , i i  a t u m  t i t c ’ S i !  a t u It ’ .

\ ‘ u , t i t i- i- i’ rc ’)’ i t  I h i t  t t ’ c - u , c  i t  Iv , i  t c ’si ’ u~uus hue- I :ick of c i  I t  t lie ’

l o g  - o r  l~ i~ - c’n Im aum e~-~.~- m !  I”)sI’ J ut T i  t ’ i’ -~~ ! I te ,i i’~ l i \ i ’  c ’t  c i !  k i l i t  ,i

~~c ’ii  r c a ;  f t i r t  lie m ore ’ - e’\ t uì when ! lie 1 ~‘is - c ’um h ui ume c ’:- ,u i t  p r a d l i c  t ~ 1s t ’ ra ~L i  i i  —

a L I t ’ , t h e  av e t ’ , u i i  cp i u i  l i l Y  c t  5Ol’ Ic ’ a f  t in’ u n i h i g i ’s ~~~~ I c ’! t i c c c m ~t i L l  c ’ t e n

cIe ’! a c t  iou  c u t’ stiLt I t ’ g i ’ n i  — sha~k’ ‘ i t  I i t ’ l l - ’ , l ime ’  i I’ m ’ it ’ i c i t  i o n  of I i g I l t  I au ~ —

a m ’  hti  :t~ -u i tria t i o n s  ai i, t- c, O , i  s l h m  I i~ hit i
’m_ s am’ opi_’ii Oc ’ c a l m a r i - a s  isa 5 a 1 so

i m p o s s  ib  ft uut time ’s owl u mg to  t h t ’ 1 t i ck  o f ’ sh i i p I s c i t  l i ar  c c I ’ c c ’ n v u m t  i ou t s

w i t h i n  t h e  g r u i v — u l m u i d e  h m r t ’ h i c  is  dle’I’ula t edi iii t ile ’ g~lSI’ uvi , i gu ’s ,

I t s h i c i t i l c i  I ’e i m o t e ’ci t h a t he’eaut se  ot  t h e  expe’misi’ 1m m h i c ’ h i i i m- ing I u f l c h S , i t

Suit a , the ao rres p ouicI m rug L t i u i c l s t i t i i t t u i g e s  ist ’l’i’ 1 c’qi u I i ’ecl tiii ! V t e ’it’ e t i S t ’s

w he  u- c’ u ui m o ma I otis gm -a” — s i i t mele -  pa I t e r u i s  hutS bt’eui d a t  e’c tail  iii I itt ’ i) MS1’

ima g e ’ . I t  w u i s  uuot p o s s i b l e , t i m e ’ n m ’ f  arc’ , t o  c i i ’ tc _ ’ r utu i u m c’ i s b m e ’t m e n  ~u u i ”  ca ses

existed whet-c’ hi haze ltatt e-t’u’u i~uts ei I d e - u t iii t h e  I u m u m e I s u u  t d~it uu , h u t  w , i

not  elet ec  t u m b l e ’  i n  t he coi-re ’spo neI i r ig I )MSI ’ i uiuugc - ,\s hut s imi ’e’fl p0 I mi t  i’d c ’ ’

above , however , anoutma l ouis gu - hu \ - -u h u t j i ’ p u t t  c - rum s w e - m i’ u mo t  a I i s h i \ S  chat ‘‘at u I ’  h e ’

in  I ) MSi’ l i l l u i t’s c o v e r  u rug t u m - e u m s  w i t  h i m ’ep ecrtecI 1cm v i  s i  I’ t l i t  t e s .

_ _ _ _ _ _ _ _  - ~~~~~~ -



1

5, 1 t u e - c \ ,  , ~- - t , i ) ’ l e ’ f o r  \ i m , u l i  s u s

i i , - t~~ l 1~~w i u t g  i s  .i l u s t  u u i g  c c l ’ c u — c ’s t I t ~ i t  i s e - t ’ c ’ Je’tc ’ n u l i u m e - dl t o  be’

i .  c t  _ i ) I e  f ’ , i c t - J  o u t  t i m e  ! ‘ m ’ e - c a u l c t ’  a t  n m u c ’ i t ! , i l c c t t - u  i ’ m - n v  - S hi i d t ’ p h u t t i ’ m ’ n i i i  t Iti ’

I’ M—S m uns , t -i’i — _ mi  i i  l , u i ’ I e ’ c ’ m’i ’e’ l , u !  i i i ’ 1l M ~-, I ’  um u uci I , u i u d - - _ i t  j u t i h u c t u ’ ’  , Ol d

ii i t  t n  i t ’ is a , i t h m t u’ c c l ’ - m - t ’ \ , i t u o u m s  t i t u i t  cti l c l~c c r t c- cl t h e ’ I c r e - s e’u m c c  at  . i

i i u L i  i t  v s i t  n i t  u c ium t i m 1 1 g i l t  t c ’g ~‘r h u m :  c - .

ai e n s a t  c - n ;  i i :  I t ’ of ’ I c i i k  in , \ jet \nni

22 ‘ill IS;-: ; c ’\ c ’i ’  s a t a n ;  l u i l t fom ’ uituu (‘ansI - t h u m i t e d  Sta t e ’—

2t) .ha l~ 1t Y’,~; ~~ e-m ~ l a n d ; “L,it t hm e’a’u t e ’u - um (limit ed S t ui tt ’s

~) ~~ l’s 1’) ~~, i ’ v e - u ’  1 n u t S  M i Jwai— t a t m  h u m  it e’eI St hi Ce - s

\ u g u  ‘- C  I 9 5  c c i c ~ u- I u mm ~i ; \ ar t  h me ’ rum I t  um I ’

Ia - \ i g i i s t  1ST’: over I t u n c i ; ‘iicI — -\t l u m n t i e  ( o h i c t  , t I n ’t i ’ ci S l u i C e - s

1 v a c t r i hc ’ r 1 ~t , ; ai i ’’  I nutS ; Miii - \t I u m u l t i c ton st , liii t c’S St at  c’s

- _ v c - : ’ : c : i b ’ c - m  1~ i~~~; aver I,mci ; M i d — \~~luu umt ic i ’o n c t , l I m m i t e ~I S t a t e s

i 5: ‘il ’ e’t’ I ‘u ’
~ ; ~‘vc ’m’ l u m u tci ; S a u m t  lt eu i ste nu m Put i t  e~l St . i t i - s

m I I — i ., oi’am’ Isa t am’ ; \c ’w I m ig I n t iS  i o u t  s t  , h u m  I t t ’cI st ~i t i ’s

22 l U ’a  I t i 
~~; s’ve’r w ,i t t n ;  C a l m  fcinm m i ui m au l  st  t u u i  I t  e’dl St ,it c’s

I t - i  l\’ I S ‘ ; oi c r  s a t e - i’ ; M m d  - .-\t I t i n t  I c l’~’,ict , 11mm it c’S St  a t  e s

I S lil y I 5 7 ;  ovam- w i t  c r ;  M m d  - \t I b u n t Ic i ’ ,uu’ u t - tb u i it e’d S t ,u t i’

I i  lu ) v  1 S~~ ,‘v a r w~i t  e’r : Mid \t I ui ui t c’ C a : m s t  - 11mm i t  c’S ~ t a t  c S

V \iu’ums t I9~~~; c ’i’ t’i ’ tsuit i ’r ; 1 - t us t l ’s c u is t , (l i ’u i t c ’d Stat e’s

[S \ i I g i i s  i 9~~~~ c’Vc ’t’ is ,u te i ; MicI — ,-\t l u i u m t i c  Coast , hl u u i tacl St , i te ’s

25 \ut, ’mi t lt )~~~; ovc ’r is , i t u ’i- ; M i d -  ~t l i m i t  I c  t ’5 ’,ist , U n i t e ’S St i t t ’S

,S ~~ ‘I’  a. - a n  I c)7~~ ; over  cs ; i  ~ i ’ m ;  \c ’rt l m e , u t ann hum it au St ~:t  as

I Se-hut t’ml’c ’m’ I ST ; aver w ttt i’m ’ ; \ t ’is i’ uig 1 ui ui c i c tuis t  , tlu i it e’ch Stu u t c’s

20 “cs’ t c’ il ’t ’ r I ~r ~‘i c’n Isa t e m ;  l - ,ts t l o ut St - I !m m I t~ ’d Stat c’s

3. ~‘ I 1 t t h i  1 I i  Sc ‘—a I as’! m aim

i i I - ~~’r c u t ’ the m i t  i i i  cn - sc’s l ’t ’c , t t i l i ’ l t m m , u c c a l c t h m l c l e ’ t ’or i ’ m mi ’ o r  v!c ’r c ’

a t ’ t i m e ’ n i - , c ” ’ ! s J i s c i i — ~’s ’ 1l ‘u ’a\  m~~ n-~I~ , s m e l t  u s  l u c k  a m  p r e c i s e ’ l a u m c i s a t

a t  u g s ’ S ‘ b u n  - hi ’ i t  Ch i  , ‘f  g i i \  c h , i c ) t  p at  C a n n  , poor spin l i t  \ I MSI’

re- si u lt l u g  i i ~~~~~ , i t g i ul i I , c l l o l ’ b , i  I t ’ l l - s  g n u  sIm ,u~Ias , su ium gl i im t on 1)MS1’ i uumum g c ’m” ,

mi ‘us m u m i ’ !‘,iu m 5l ~ on timc - I c u t S - i t  i um m h lcc ’u-\’ - or poo m- t umn in g be twe en  L,mnelsat

It s

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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and I MsI ’ , l i t ’ cs- se - -s s e l ec ted t’or d e t h m i  led , m m i u u l v v i s  ,umc ’ l i s t e d  b e l o w ;

the ar ma u s  u c ci f t h i t ’ce- cut e’s i s di -~cui c ~‘td m um ‘c a t  I cm -I

t he-~ t ’ 1 : 22 M uu v l9~~- 1 ; oct- u’ w i t  t- r ; C u t  l i t  i t - m i t  a ( ‘c I S C  , lin t t t ’ ci St a C t s

t u N e  ~ : 25 J u l y  1 ~Y’5 ; over  lh i l t d l  ; Sout h m a h N t e’rim Iln i te ’d S t u i t t ’S

t n - ’e’ 5: I~ Au g u s t  i~~7a ; a i i m ’  1.m umd ; M t cl — \t l t m n t  u c’ Cou is t  - U u u i  t ad St at i - - ’

, u c a  1: 4 Se pt  e mmm h e- r l~ ~
‘ ; ovem - 1 atiS ; “1 i S  - ‘ct I ant c ( l o u t - u t , I t ed S t a t  c’s

i ’ n e -  5 : 5 S C J t e - T l t -r  l~r 5; c ’ s t’r l and ; M i d - A t  h aul ic Cou ist , i l t i l t e d  SUutes

Lui se It : 5 1 )  L i l y  lS~ 5; o v en  l a n d ; M i c l w t ’ c t e r n  h i n i t e ’ c l  S t a t e ’s

C t - u t ’  ‘ 
: 

‘ A u g u s t  I ~i Th ; evc’i- l uiu m cl ; Not’! Ime - m ’ u u I t  u m i v  -

I ,c Se S :  1-1 Oc t ob e r  l Y ~5; au’ t ’r l and ; Sd t i t l i c ’h i s t ei -It  h i n i t c -d S t a t c - s  - 
- -

I’
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-I - ( ‘ OMI’ -\ R -\ ’I 1 \ I: \N - \ I \ ’ S IS oh DM51 ’ -\,\ [  - IX\I s\l

I~ t - \ChlRY FOR SI 1, 1 C I I I ’  CASE S

[l i e  c o m p a r a t i v e  a n a lv - s i s  of I IM SI ’ and Lands at  m u l t i s p t ’ c t i - : u I l uti agery -

fo r  the  ei ght  cases  l i s t e d  in  Sec t ion  5 , 5  i s  pr esented  be low . The
gis i’ i n h m g a s  for  t h e  f i r s t  two  cases  are a l so  d i s cus sed  by l - e t t  and

Mi tc h e l l  ( 1 9 7 7 )  -

-1 . 1 C u t s e  1: 22 May ’ 1 9 7 4  — Souther tm Cal  i f o r t m i a  Coast (o v e r  water)

-‘ 1oi~’ -enhan cement  DMSP VIIR image t aken  at 1613 CMT ( L! ) J  3 FlIT) ou t

22 M ax - 1974 shows an ear ly  morning fog/ s t r a tu s  band off  Poin t  .-\ r g u e l l o ,
C a l i f o r n i a  (Fi gure  4 - 1 ) .  Ano the r  l ow - e n h a n c e m e n t  \ ‘HR image  taken  over

two hours l a t e r  11850 GMT) shows tha t  the  i n t i a l  f o g/ s t r a t u s  hand had

S iss i pated , now appearing as an area of anomalous  gray’ shade (F i gure 4 - 2 ) .

.\ Lands~mt I ass occurred at 1806 GMT , 44 minu tes  p r i o r  to  the  t ime

o f the  seco nd [IM SP image , w hich shows the anomalous gray’ shade ( the  area

covered by the  Landsat image is i nd i ca t ed  in F igu r e 4 - 2 ) .  The Landsat

M SS-4 and ~-iS S-5 band images are shown in Fi gures 4 -3a and 4 -3b , the

M S S - b  and ~-T SS-7 band images are shown in F igures  4 - l a  and 1- l b .

A l t h oug h no surface weather observa t ions  f e l l  w i t h i n  the  boundar ies

of the Landsat image , it is apparent that  the g ray-shade  patte i - n observed
in  t h e D~’-ISP image was probably caused by a combination of hig h humidi ty
and small stratocumulus cloud cells. Most likely, the early mornin g

fog/ stratus located off Point Argue llo had dissi pated somewhat and

r i s e n  to form a layer of stratocumulus clouds. In  the ~iSS-4 band , there

is some haze associated wi th the clouds . The haze can also he detected

i n the MSS-5 band , but not at all in the MSS-6 band . In the MSS-7

ba nd , only the cloud immediatel y over the coastal reg ion is observed .

Two distinct bri ghter cloud (or fog) areas are seen in the Landsat

images along the coast (Figure 4-3); in the second DMSP image , how ever ,

the whole area is an anomalous gray shade with no difference in tone at

those par t icu l a r places (Fig ur e l-2~~. It is poss ible that during the

44 -minu te  t ime period between the Landsat observation amid the second

DMSP observ ation , dis sipation in the cloud/fog areas occurred to the

point where these areas are no longer evident in the I)MSP image . In the

- ~~
‘—- -- —‘ - -  ~ c~~~- ~ ~~~
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Figure 4-2 Low Enhancement DMSP VHR Image at 1850 (‘IMT on 22 May 1 9 4
with Area of Correlative Landsat Imagery Outlined
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I u u u u d s n t  iumttmg c , espac i i i  I v  ~lS5- 5 , s umut i l I ‘ ‘ d u i r k ”  hire-as h u rt ’ - s e e - ui u l o u m g  t i t e

c’c s um ’ u t 1 F igure ’ 4 — 3 D )  ; t h e s e  pat  t u - n u t s  Were ’ pi’ol’it ul’ u I y caused by c- u i l un a r

w a t  t’rs in the le’ c’ of t h e ’-  land , h i s -  coutipared to rougher I s u i t  er s lust

c ’ f t ’s- i i am - i’ u u m d e - r  the in f lu en c e  of s t rou mg w i n d s .

M it’ I SSI) GMT s u r f a c e  is eb t  t h e -r  ni - !’oi ’t s s-h owe -ui t b u t t  t h e ’- m o i s t u r e ’

hm s - s - c~L’ih u te’ cI w ith t ime ’  m i t  i t u l fog situat ioum uu u i s cont’ined to the c’o;im- c t tu l

m ’a c i o u m s  ;us  t h e  l oms ’e’r at m o s p h e r e’  is - ve’r dm’~- lust inland front t im e  coast  -

l i e - r e’ was a f r o n t a l  Svs-t tifl tipprotichi mug front tlte- umort liisc’st , hi Ss -a C I tut ad

w i t  ii a de-t’-p t rou h j u t  t im e’ Gui 1’ of ‘ c l u i s k u m  , and t i u m u ’it her  we ’ - uuk  C u ’ om ighi  1 Ou’h i tu’ ul

s-out  h wu ”st 01’ t I m e ’ anoutta ions gra\- hi Ve - h i ; h o w e—var , tite-re was no si  gui I I i  c a u u t

is c’ ,i th te’C’ h u u - s o c  i t u t e d  w i t h  i t  umt t h a t  t imt u e r i te ts’ iu t c i s o f t’~ hi,mt - e’ is c’t’ c’

St rou ig ,mva l- u m g 1mg 15 — 2 ( 1  k n o t s )  front  t i le’ miort li—i to rt hwe s t  tum i d , j u t  g a u m e ’t’u i I

the- acet m ui wt i t a r s  wart ’  roug h except in sh c lt cr e d  c o t u s t a l  i-ag i o n s .

-2 . 2  ( l a s - a  2 :  dii Ju l y- lS ’5  — Southe’aste’rn U n i t e d  S t t m t e s  (over l a n d )

-‘ I t ’s  — e ’ n i i a u m c e u m m e’u t t  DM51’ V1IR i n i t u g e  of 2~
) 

~lu lv I 9~ S ( 1 4 3 3  GM-I’) , showum

i i i  F i  gum-c -1— 5 , d iSI’i l h i’ s’s a hartS of It igh  r e f l e c t a n ce  associated with

i’eporteel ground fog Situ c b Ud S - , i tms t south c’1 t h e  bri ght h t uutul I S h ill

anomalous  g t -u t v —s h ad e  p at t e l -u i , w i t h  dist i m t c t  t o n a l  s tep s , Ioc :m t cd Oval ’

ken C t ick s ’  - ‘I ’ aumn css  cc , auid the’ Carol  1 utti s . lii i s gray- — shtt ti c pat t am um ppe ’ui i-s

to be ass-ac i ated ts th  haze , su u mokc , am id Ii i gh Imu rut id i t  y wi t h i  mm mu i s - C  t rap —

m en 1 a I m’ advect I ng northward ahead of a trop i c u m 1 depress ion that had

tu s t  moved i u ml a nd from the Gulf of Mex l eo .  The al ong ateul brig ht banul

ti m i d ut n on mu m I ous g rut” shades are’ li’ca ted in  t h e’ pc’r i phe’r tu I s - t u bs -  i uIe u i~’e’ a re - tm

u m h t u ’t muj at  Ci te ’ st om’ tmt s v s t e’nt . Su r f ace’ t c umi h ’i er t mt u t ’ e s  wi  fbi  it t he  uit lo t t i hm l oeiS

g nay  — s - h m t m d e  i-ag i aim were  reported to be i9 0 _ 2-i  “ C ((‘(“ ° — 75 ” F) at tim e t lute of
t h e ’ DM5 1’ ohse’rvat ion cc i t h i  um t euu mp ei ’ tm tur e  e l e - w—po i u m t s -pr i’t mu l Cl( ot i l ~’ I 0 _ 2 5 ~~~~.

‘ c l - t o , i t s  i b m  1 I t i e s - were rt ’-pom’ te’d to he gene’ral ly’ tmn Se ’i’ tht ’u’c’ mtt i Ii ’s- ium

ha ze , g rotund fog, and/or sm oke .

. \ c o r r e l a t i v e  I . amm c hsui t  scene for  t h e  ut rea  i n u h i c a t i ’eI in Figure ’ - 2-5

wa to ken at 1550 (Ni’ (about  out lion r ui t ’t am ’ t lie - I )M SI’ obse’r~’ um t i out - Thu’

l a t i n  ‘155 hai m d s -  ;ii’e sit own i n  b i gure’s , I — u,, hm Cc” ‘I — sd . I n  t he ’  I ; i u t e l s - h u t  i m b i h u g t ’S

t hi c ’ hr i g u t  c l o u d/ f o g  t ire -u t  is  e’t u s i i  ~
- t- e’cogmm i :ai” 1 a - l i i  t u ~l~,l i t i oil • ~ hui ~‘i

m’ u u ’ ~’ tone ’ u’ ;ui t  be ’ s-u -en in  the  M SS— -I aum d MS S— S Lands (F i gul’es 4—t”ti t u tu1

h — ( , i’i )  w i t h i n  t h e  reg ion at’ umu mo u na lo i t s  g u’: u~’ — s h u m e l e ’- p a t t er n  Si s -p l a y e d  on t i l e’

- _ _
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‘-[5 1’ u : ’ : , t g -  . I u i n t  it - u ’  c s ’t ’n - , c t ’ i  s - c ’ t i  of C I te ’ ‘h~1’ t i m i d  I ; u u i c l ’ u u t  ‘155-- I t ed  ‘I’ — ’-’ -

h ands  hc ’s~- , h cme ve -m ’ , that t h e -  d i  s - t  l e t  ‘o : i n d , u  n i t ’s at ’ ar ,u ’ - s - h t t t d e’ t O mit ’’- - 
-

s i t  s- p l i t  u’S ssi i  C h i c ’ ‘[‘~I ’ l f l i , i e - c’ ,un t ’ no t  sli t c e - t a b l e -  i n  t ime ’  I t i u m d - s , i t  i : i u u g -~ -

- t i  n t ’, u e - t - i’cnoi - ‘-~ I igu ire ’ i — i s i s )  I i tc h I e - . u t  u’dl th i tut c - :::~’ a r t i t u i  m’c- s h i d  i ’ i s - c  it

t o  As  “ C S i -  ~I 1 Lv I ,t t t l  ~2-l

I l i t ’ ~~~~~~~ n un t i l  \ [ 55_  l und- - ~“f Ci te ’ I u iu t d ’ ; , i t  s c e u t e , sh t o w ui  i n  I - t g t i t ’ c - t- 1 i c

tinS I- m ’ 51 , d i sp l .it ,u c a t i s -  s lc ’ t ’ , i l ’ l \  bm ’ i g i m t u ’r t~ - n n , u i u l  l st i ck gt’ ” t u u i c l . i- u co rh ’uirc ’d

t o  t h e -  ‘ i ~~—~— I amid ‘- l - ’~5 — 5  ‘n t iS- u . OR’ ‘ [ 5 5 — u ’  band  ( I  i ge i i e  - I — u s c ) u l i s ; s l u i v - u  u t

— I  : g i r  iu id :c,ut i s sn at ’ i n :  t u i c ’ ’ - u  s h t e m i  c’Ot ’ l I ’.u i ’ S ’cl C c ” t I l t ’  “ l S S — . I ” h t t t u l  (1 gu i - c -I t i )

- - 
t I l e ’ ,‘ ‘n t u - , t - - t  i n  ‘[“-‘- 7 is - bbtis ’h s h t u u : ’ c i’ , c’sl ’t ’ c m h m l l v  ~‘i’ c’n t h e  Luke jut t ile ’ ‘ -

i i j ~pu’~’ l ’_ i t  c’arule-r of t h e ’- u , u s ’ c ’ , nuts ! t h c - t ’ c ’ i s  , i l s o  cc ’ m1-  i c l e ’m’ t i i ’ l v i c ’s-’;

‘‘In :: i t l u ’ s s - ’’ ai em’ the t e ’ m ’ m u u  i n .  li t ’ M 5 5 — t ’  , u u l s ! 7 d l h i t t i  ,i I s- c ’ c l  t ’ , i t ’ l V  t ’ u’i’ c’ui 1

ime - ) ‘ t ’e s - t ’l t C e -  at ’ c a t i s -  h at- iD Ic ’ cu rtai l i f c ’ l ’ b ’ l c iou~I j u l e s - s  w i t  h i  ii t h i s ’  i - c - g m  out

~
f t h e  b i - i g h t  bau tc l  d i s p l , u v e’uI at: t h e ’ I M S I ’  i n u ~u g c ’ . lie ’ w ,u t u’m ’ l ’ c ”~l l i ’5 w i t  b u t t

t h c ’ ‘;ce’-ne , c’s -p c-c i .i l l v ’5h e  l a k e ’ i i i  t h e -  u t o r t h i s e s t  c a n e s - i ’ , c u u u t  l’ s ’ i l S t ’ul as-

_ i t’ s’ t s ’r e-nca in ccw it ’nrim i,’ the v ,ur ia u s- s-fl c’ s’t ru i l l ’h i t lc iS t h i s  I , i k t ’ c a u t u m a t

l”a cie ’t a ct ad mum the ‘- ‘55-4 u i m i c l S isuind s but i s  m’ ea u l i l~ J e ’t e c t t’d t u m  t i l t ’

ti e - _ u u . — n f m ’ .u r t ’d b um u ’ t d s -  —

\~ ~-c’c’ui in I t g u l r t ’ -t - t’ ,i t o  I - ’ 5l , l a r g e  phitte -ruls u u v  i”e sliffL’uu l t  t~

d a t  s- c t  i t :  , u : n i - u ,t t  mu , ic ’ c”; a v e -n  l u t u i c l  , u r c ’ , ’ l ’ c ’c . i th se at ’ t h e  h i g h l y  v , u m - u , S ’ [ e

l I c e -  ~i t t s ’ a at  t M e -  Ce’ i’i’ h t i i i  eu a k g  rc~tuu mu1 . Ma r eav t’l’ . hi ’ hi g hi r ef I a c t  , u t a  a

s a t  i t  iu ) u l  im i  C i i i ’ utu ’h u r  I u t t ’m h m i e - u i  (M55— (s hui ’tcI e’s-pe’c ia l i v  \ [ 55_ 7  t iu t tk e - s -  i t

\ t re-m e-i v tit i ’ t ’ I a i t  t o  s i t ’ t c s ’t  ~~~~ t I c ’ c l an d  - h u t: a pu tt t a r u ts  i n  t h~~-u c’ ~, u mi d s -

‘c - u  ‘a ~-d ,u : ’a ’ , a , ios ’ ,~i ;‘ t • a’ c i  au~1 a re ,u u u t t l i t ’ ‘-~5”— hum uS t se-en

,‘o n ’ ; i s t  a m  - a t h  5’ :u ’:i:u l i t ’o n’ - ,m~i c i r ~- i m ’ot ’ :’: c l a t i s I ’ ; ;  c a m t s i s i s ’t’a l ’ l s ’ 1 t - 5 - i : i u l

t i t t is  e- l a u i ,k  i s  l a -u t l u t  hue  v l s i ! ”  1 c’ I ’am t ds-

- L A  i - u t ’ 3 : l~ \u t a : i s - t  1975 - ~‘j ~ l-  ‘,t  1 ,ie t I c  c ’ans -t ( ‘V c ’i’ l u u m i d )

‘c mi cOcCi ’l  l e n t  exn :ap le of t a i l  t I l u i ’ ’ c’rc ’sl , t t i o i a u t  La:is ~ t ’ , i ~ s h u i d t ’s t s

m ’ a , id  i lv seen ~“ m t  I ic ’ l u ll ’, — e - u t l t , u m t c c’’ :t c ’ m u t  ‘15) ’ \ l h l ~ a , t g u ’ m’\ ’ t i k e - i t  u i t  1 [2 2  C’~
F t  g i l t ’ s 1-~~) 

- i l l s  , u nc ’.i at ’ , i mia : : t , i  l c ’ b t s -  g t ’ , i \  s - h , i c i c ’ i s -  c a n t  t t tu ~ i tO ‘al-I i s e - u

a t \ i i’ . in i t t  . \a  u t  ii ,u i-a! i mm , c i, :  et a ’  ‘u ’; c’e. I ha  , m re - i - u c ’ c ’~ a re - s i  I” twa

s c ” i t ’ s l i t  i vu ’ I . uu wl  - - , u s- c u’u te ’s , i  as h  t i e ’ I 255 ~lM I ‘;u r t ’tm u’u’ we’-tithe’ t ’ c~hs c’rv j a i l s

ir e ’ i t:5 ~ i s ’ , u t ’cl i i i  L u  g t u r c ’ - I - S .  I s hat  CI t e ’S , u i’ c’ ,i i mm d i c u l t  ed j u t s -  j ul e’ tile’

n i as - of the I , i n 5 l s - . i t  scc ’i m e’s ul e ’ -t’ i n c ’s- t i m e  u uu l t ”un a l o t u s -  g r u i c  sI iaule

,i~ ’ ” c ’ t  i i  t ug  atm t I: a -‘ e- i u m u ag c ’s- —
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I l i e ’ I , u u i e L - ~, u t o h ’ - c ’ i t  .t I t oil , ish i  t ch c s , u - s  i a k s - u t  , ‘ s i  I t  O u t s ’ hai ti ,u I i - u  l iii ’

I I ~I5l’ u l t i , u , ’ e ’ , ~ s~c e’ m ’ ” ,u ~‘ s ’, ’~l I b O m ’ l u~ ’mu s ’t  t h e ’ , i tu ,’ tst i Ian’— a i i ”  i t  s n  - h t t ’

‘Pa-, I i h u e ’ ( F t  s u r e ’ I i l  m -
~ e’’,t  u - c - i l l s ’ I t  h m a : ’~ st u ’r l i m e ’ e ’m t t  i t ,  , i m ~ ’ , u ‘s u , ’i, ’ ‘ I

l i m e ’  ‘It ’S I’ i u t u a a e ’ m “ - ‘ I u g li I I ‘, l m u i  : ‘, , is ha i’~’ , u -  I ha ‘I :- ’— u ‘ a mmd 7 m i i i  gt ’ - - , i  u

u t - h u t  i c e - I t  c l e ’u t i’ t~’I~~’’ 7 u ’ ’ s i m t ’ i s t i  m u  I i- t~n m ’ e’ I l u l l ,  h i  i ’ — m i m i  s i t ’ - t  i i u t  I s ’

ils ’t u’ t h i t  t i m  t lie ’ t ISS I t t t i u i t ’a t h e ’ uu i ’ l s e ’ m ’  i~ ’ t t  h umid  c , s m u t c t ’ l i i - - I b i t ’ “ t i l l s

u I c amS b u i u m ~I t i i s ’ ’ — ’ t  I s  u’ t i l t i i t  In’; 1 t i m _ m i  s , i t t  I ’  e ’ - .e’e’ n ,eu I l i t ’  I ’ ’l ’ - I ’  i t i t , i , s ’ - ,tflsI I I c ’

1 ‘w c u ’  m i a l i t  — I t tu iS so ril e ’ m’ t “ a smtu t ’is hu t t a l i i  m a r  • m ’ s ’ I i~ ’~’t  i t i s :  I l u , u  I ) ‘ O t  I i o u  a t

4 I l ie ’ i m m i u i a e ’ t a u t  s - u  Se’ I lie , u i c ’,t a t  u u u l c ’ l i t h u  I ou t s  n m ’  h i s -  I - - ~I c ’ ; ’  I c t e ’~I aim I i i , ’ I

,‘t crI ,it (Ii g u i u ’t’ I— S i , Il i a ‘l’~S— I l i t t l e - i ’ t a m -  t htu’ uS t , i e - ’ ’ t i t  ‘ - s I l t s ’ , ‘— Iu ,’ usis i i i

I i u t u i u ’ e’ I - I i . vi als ’- u umt , u m ’ s -~u m i t - - I  tot m i t  ‘ i ’ l ie ’ i ’ s ’ u u u u 5 l , i m ’ t  s ’I t h e ’  i ’ n m ~~h u t  i - I

, i m t s ’I l t , i  l o u t ’ - u ’ n , u v  u u t ’ e’ , u i n t h e  “1:-I’ ; s ’ s ’ i t ’~e’s h i u a m m t  I ‘I’ ’ ’ - I i s  ~‘ ui I ’  s - I  u , :ltt I t

I i , u : s  - , u u i d  t i m e ’ ~‘I55 I ’ — n , , umic l  I ” u m m m s l ”  u i m ’ c ’ s I c ’ , i i  , I h i a  ‘ - i r a ’  l ’ t u , I  p a l l  e m i t ’ -

I I i i  t , i  t ’ e’ ’ — a a  mu c’Ii  I l i e -  I ~l’ - l ’  m i m i _ i  a e -  5 - , itu I sa isle _ mi t  t t s e ’d mi t I l i e ’ ui ~sp u ’ i it ’ I I

c ’ s ’ i ’ t l t ’ i ’  e ’ f  I t u ’ t t V ( ’ I — i i  -

\ , - n t  I t , u m u s l  i se ’”t  a t  t i me ’  , m m u , ’ u t t , i  l o u t ”  a l - u t  u ’ i e -  s i t u  t li e - mu - 1 s t - m e’ m u l u l l i c ’i’ c ’u m - -

I i g l m t  - - hu s sts t ’u’ ’; uiu m el I l i u t l i s t t ’t ’ ’ - l  ,‘u ’ltt ’ - s \ t  c ’u m c i i l l s ’ , i l ’m n- , m ‘~t ml uomu , i m’ t i ’m’ a m it I t

~‘I;i t’~ I ansi  I s ’ a is ,‘, ik  l act s , l t t  e’r at  c ’ m’ t h  i s i s ~ o t t5 l  e’ t I ansi  t t i t ’ ‘-s ’ u u t  l uc ’,i ‘ - t a u t ’ S

t l u r o u u g li u t k i ; i l t e s m t u u t  t u t ’ t I m e ’ I c ’s_ i - - I’ _ m u i h i u u t i c l  Ic ’ , I h u t s 1 s t ’ - t i l e ’ ¶ i t :  I I t s - i  ‘~s ’ u u t  l m i ’ t ’ m u

~‘t ’ mie ’t m u i t  I Ofl  s i t ’ m u m ’  t ’u ’ t ’ t mt  e ” i e ’ l’ t i l e ’ ‘ u t ’ 5  I t s e ’ t ’k , i ’ — I li e ’ n l’l’ s ’ m’  , i  i u I I tat  h t , m s h

‘ t u t u  m i s - sI is e ’, u k  , i t i c l  pn e’ sl o u u t m m m u i u t  I s  t ’ i’ s ’ m mm I l i t ’ ‘ - , ‘ u i t  Ii . I n  I Its ’ c ’ t t t  ht, - ,u- - t , ~‘t ’ i - u , I s ’t  -

i n  t he ’ u’ s - g m  out c s l u s ’ m ’ e the ’  , m u u , ’u t t , u  l , ’ i t ’ - a m , u t  ‘ - hi a tt ’  i -. l o c a l  c ’s1 • I h ue ’ m ’e  i s , i - -

l ’ m ’ s ’u i s l , t m ’~’,i s ’t ’ t ’ ’g , u m m , h  i m , u : e ’ is i i  Ii \ i t  I ’ m  I m l  m e ’ S e - e ’ t i e ’ t ’ , i  l i t  I s ’ - ; ’ - I l i , u m u  I ‘ i t t  l i t

a m id  Se-ic l’ s ’ t Il t t e’uul I’c ’ l ’ t t t t m ’ l ’’ - , ‘t  d l  ‘ I ”C ( ‘ 1 a~’ I t 0 i s ’ i i r e ’ I 5~~ ,

I , I c m - u t ’ - I : I “ c ’l ’t c ’ I ; i l ’c ’ t  I t  ,‘ ~i 5 - \ t  , u t t t  m~ , i - -m  ( s I t  , ‘ u  1 , m u u s l  1

I , ‘u , s ’ i i h i , t u m s ’ e - m m t e - u t t  “I I’ \ I I l ~ t h i s ’ s ’ at I I :~5 i ’l au t  I ‘~‘p t  , ‘ t s [ ’ , ’ t  I ’ m  -

- - h m , ’w i i  in I i a t u t e ’ I I ,‘ , S - _ p l o t  -- I i s”  I I LI t ’ I i t t , ’ , I , i  u u , ’t ~t , i  l o s s - - i i s  - - I i i , ) ’

r u t  t ‘ n u i  lo i ’O t  c’S “ c I ’ m ’  15 ,1 1 1- ; ,‘t ( , - t  i t 5  kt , I t ’ m i m i e ’’ . ’ - a c ’ - t l m  s ’ . I ~~ ‘ - u b ’ l ’ u  , m i t c h

l i l t ’ i s ’a , t t  m , e i  sit ’ I we a , ’ i ’ t  a l i t  i t a I , u u i , l ’ - , i t  “ s ,  t a ’ - , , m k s ’m t

sS tu t u n u t s ’s I , i  I ‘m ~ .u u I - ‘ s i ’  Ml , , m m u , h  t h u ,  i ‘05 i \ i  I - - s i t I m s  ,‘ a , , i t  l i t  ~‘l ’ ‘ - s t
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I ~: c m ui I u i , u  I j s l um si t ’ t H e - I  s ’ s  i ’ s 1 ~ t : i s _ _ i  I c’ s i u t u l  u t i o h s  s l i e i w s  t h t t m  t t l i i ’ iss ’, i t I i c ’i’

s- v ’ , t s ’t s i , h i d  I ’ u ’ s u i  r e - l o t  i t  s- i s -  ss , ’ak  I i , i ~ s-c-c ’ s ’ n :u 1 5l : t ~ ‘- - i t t  t I m  l i e ’  t ’ i’ s s t i t , u h  -
•

l~u t ’ ~’ ,u Se ’ s- I h m u ’ i s i i p h i  t h e  k t ’ u i t u 5 ’ k v - O l m i s t  m - e - g i i ’ u m .  S g u i  t ’ u a , u u i t  wu - , u t h t c ’ r i s u s

c a n t  t i i e ’sh t s s  t h t t ’ G u I  I ’ ,‘ , u ’ ; t  - ‘t  ~i t c ’t ’  is- l i t - n t ’ ‘s h i i ’ s - t ’fl- m i l d 1  t l i c u u i c h e ’i ’s- t u i n u t t s  u s e - n e ’

u e ’ b s i ’r t u ’~I - I c e n t  s - m ’ u t t  b t s ’ u ’ i i  ‘- t a t e  n u’ Is c sm ’t c’S ~h s ’it ’ - 110 t i tt t d’m u tpe ’m ’ b u l  t i n s - ’; a t

t o  2- I °S U ow- C s )  t h u 1  ( i s - i )  s l um t i m e  l , ’O ( i  GM ’I ’ nu ’I i o t ’ t  , ; tm t s  l l i i ’ :  v s - r i

l u u u u u u  t~~l , t I t i , , i : ~ i ’ , - -~ ’, ’ i i ’ - i I i i , ’ t a m ’  t l ie hie ’~ c ’t s h s u m s u m 1 i s ’ t i n s -  I h i u i t  us u ’m’ s’ t m ’ i u y s t ’t ’ s ’ I  ls ~
. i  i s ,  t b  I s  w - a - s i t  u- n e i l t ’ \ , ’u’  \ t ’ss’ S r i  c u l t  ~‘ — I b i s ’ h u i s i u  i d  :u i i ’  tes t e - um~lt ’~h ums ’ m ’ u hi t ut - ‘

k ’ ’ i t i u5 ’ k ’, ’ , i i u ~h ) h u t ~ i , u u n d  i l i u m’ ,,’ i s s u e -  ~u uuis s’ u ’ , 5 i s- l c ’ l s i t u ’ u  s c i t  m’ e ’” t  m’ t i ’t c’s,I ‘,‘ i s -  1 s t  I i t  I e s -

i i i  t s ’  _ t u td  b u m  :~~
- t I m  t h i m  s i’ ep t

- s i - , - ‘ - -  , \ t t i u t ’ - ’ t  ( ‘ 1  ‘
, \ , ‘ t ’ l I mt ’ m’ ii t i l t  I , ’ \ s ’ i  l i n t  I t

,\ I s i s - ’  e ’ t t t t . t u i s ’ c t t u e,’ t i t  I i ~I3 h’ \ ‘ I h I t  uti l e - u ’ I _ i l-_ u - n m i t  ( S I  S S I ,  _ i u  - \ t i , u - i  I t )  - ‘

1 t u ’ u u m o  I 23) ‘- hi ss-s ~ ‘ a u  c ’ hm us u’ n k i n c - u  , ‘t  u~u u I  I u l i t  c u e ’sI  , m m m s ’ , ’s , ’ l o u i s -  e - :  i s

l s s , ’ , u u  - l  m u t t  Ii ‘ I  Gami ~’, m i n u i s s m ’ t h i c ’ m ’ u i  I t , u  I v ;  ‘~c- v e - n , t I ~‘t h u n  ‘- , m u m u i t i n  p m ’ m~
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, u m t , ’ tu u ,i l , i mm c s- h ’ . I \  ~‘h i , i sbs ’ - - l t , ’ us: - us-’ e l i - - I i t s  t t , ’ u u , i  I s e u t ’  m t  m a u i —  - fi i t  mu be -
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m m m o s t  i l l t e ’u t s - c ’ , lint il u s t ou tsid e ’ t h i s  tu u ’e- a the -r e ’  were se ’v e ’ r t u l  ne-pail s a t ’

h i g h  h u m u i i d i t v  and i- s’- ” t r u s ’ t e ’eI i s i b i  [ i t y  its  fog .

1 _ s- u ’ u u s - e ’ 5: 1 -1 O~ tc s l’set’ It t ’ S — Soc ut )me ’t ust e ’ r ’u i l l r m i t ed  St i t  c’s-

( c i t e - I ’  l u u m i d

Se’ S e’i’ h i I tmimc ) mt u ; i  I ar t s  g n _ i \  shack ’ pat t e’u ’nm s Cs ’S s’ t - u  m i g  ~u Ii n ’o um s.l i’ s’ s ’, t oni , 1 ’

time ” Saint he - , i  ‘ s t e - r i m  (In i t  es] St h u t  es- can lie’ I Seu t t  I L i  i’d on , i  1 ass c- m i l i u u u i 5 ’ e’j tu c’m ’t t

l O t s - h ’  ~ i l K  m O pe  t a k e - u i  a t  1 - l A m ’  G~’Ti ’ ott I - i  Os~t~~iie-~ 19Th ( i i g i u i ’ c’ l — 2 a )  -

2u1  tho ug ht l am i ds - u s t i t i i ,t~~t’s- we -i-c not u i v u i j  i t i h i l e” Ls ’~ hi s- c , u s e  s ’e-s ’ s’i ’ t h e -  i ’c’ g i a u t

a t ’ t h e ’ I i g h t t ’s - t  — t o u m e” t ur to m u ma l o u t s  g m - n v — s h a d e ’  p a t t u ’rn l  , two s- c’ e’t l e ’S vi e’us i tm _p m m

~u re,u at ’ d a r k e r —  torte-cl u u u m o m t i t u  I ou t s  gt’ :u’ s-cr c  ova  i lab it’ - I x a mm m i m i n t  l ou  a t~
the ’s-c u t n u i g s ’s- ui gh u in shis iis s tim i  a v e - r o l l  ha: i n m e s s  m u  the’ ~sISS- - I l ’ u u im d  5 P  ot is ’

s ’I t i m e - s e -  se’e’utt ’s (F i gi ii ’ s’ 4 — 2 ’ ) ,  s - l u c r e - u s  t h e -  MSS — t- . a , hi l lS  7 b .iuid s t i r e ’

c I en m - I ’h ue ’ \I55 — a im age’ u is shown in I i  gur u’ - 1 — 2 5  - Si nec  the I h s n m c ls h l t

s i1~s e - r t - a t x o u i  s - o s -  1 - 1/ 2  h ioc t r s  til t em’ time ’ I)M SI’ ohs e-m ’s’o t i o u , i t  i s  possible’

t h i t  Soune’ o t~ t ime ’  t i f lo un t i  I oim s p i’ u u s l u h t d e ’ had di mmi i  n i  she’d - Ihe’ ii 1’ OVe’i’ t he

c u t s - t e r m s  b u i l t  at  t h e  l t m i i t e ’ d  St u i t e ’ s  ls’ h t s  i u m e - r e - a s i t m g l ’  utlore’ S tt m g u m ;ifl t sh im - i ti _p

t ue  five day s  p r i s m  to the sltite’ Of o i m s e - x ’ v a t i o n m . tiflel l~ it h l u im t ile’ pc’ume ’i’tu I

~i u’e , m at’ the I 1MSP a n m oummtu b u s  p. mo m ‘a — shade pat t e-rn , t i m e  t ’e’ St e- i’ s’ mm u m ne’ roit is

m-cport is on the 1 2 (1(1 (~‘1I s t i r  fu m cc’ cli:’ “t s-I ’ fa g u it icl  h a :  e’ is i t  Ii mt uo d e’ i-a t i _ ’ t a
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S - I \\  I Sl ’ l ~~;-\  
I’ ION OF TIl L [I 1 1 , 0 1 OF ~ A l  I - I l , \‘Ah’tSi~ ON \ I S I  Bid :

,-\N I ) NlS\ 1-~- I N F R A R F I )  i MAGE R Y

5 I  l u i t  rod u c t  lou t

Ii ,’ t h t lie’ 1 0151’ \ ‘HR ari d L a u m d s t u t  MSS i mist ru n ient s v I c’ss - hi hi  g u i  v coumtp l a x

t ’~~1’h ~ s i c u t  1 s -u i - f ace  - As t i m e - s e  i s h i t C i  1 i t c — b a s e d  m - a c h io i mte - t e ’i’s- s can t  t he ’
c- ,uu’t Is s-ce -m is’ s- i tIm ins t h e - i  r respective ’ fields of view , a nun i t  i shade image

s’ t ’ u n - mcI l v i  dua l  r e s olu t  ion eleuitcnts or pi xc is I s- fo i - t t m e- d , each w i t h  a

c i m u i r a c t e  r i  -st is ’ i n h e r e n t  bm - i gh t n e s s  c u u u t s e d  by t ime -  sc eume ‘ s a r e - a l  i i mh m ou m i o —

ge’ne’i t~ - Qi tt int I t u i t  i v e l v  , t ime ’  bm’ i gh t u i c s s  of each p i x e l  e ’xpres’scd j u t

t e ’nns s  a t  a u n e - a su u r e d  i n t e u l s  i t”  i s  dcpe imdc ’u t t  an a nui nhcm - of i sle -n t  i l i a b l e ’

j ’ u r a n s ’t s’r s i n c  I ud lu g  ~Zcome ’t r i  c f a c t o r s  ( sa l  ar c’I e’vat ion , u t :  i m u i t mt l t h u n g  i s’s ,

u ui i d  ‘a it ’s- i uig ge -out let r y )  , r e f i t -c t  j u g  p m - cipc ’i’t i c’s of t h e ’  s u m ’ f t u c c  ( I t s s-lie-ct rum 1

u’e’t ’ l e e - t i  v i  t y )  , t un is ]  t h e -  conupos i t  l s ’ u i  t iP  t h e -  iu ’utervening uttt ia sp hcre ( ah un —

daumce s  of is’ u i t C r  v t mpom’ antI s it it e r  h t b s o u - b i n g  guise s t i l l s ]  a motuu i ts sO ’ s - a m - i ons - 
-

par t  i cul t i t es  s u uc l m as t i e-rosO 1 ut i m d h a z e’) -

Aim tmdd i t jona l cons ide-i-at ion uvi th  p t t r t  i c i u l a m -  m’e le t -a l ice  t a It MSI’ /

L a n d s - a t  da ta  compari  son i s  t ime  h i g l m l v  St r u c t u r e d  spe ctm ’a l m t u u t u r e ’- of t h i s ’

observed  c a r t h — a t n m o s p hcre s y s t e m .  1mm a c l d i  t ion to s- u u m ’ i t u t  j si fl s-- i t h i n  t ime

f i e l d — o f — v i e w , for exam p le  , both  s -u i - face ’  u - e f l e - c t a u m c t’ aum cl at mosp h e t - i c

a b s o r p t i o n  and s c a t t e r i u m g  p r o p e r t i e s  am-c f u u m c t i o n s  of th i s’ ssuuv s’length at ’

ob s cm ’ t - a t io t m - In t e r p m - e - t a t i o u i  of i nu agem -v i s  conup i I c , i t e -c l  liv t h e ’ d i  f f i  cii i t~
of es tab l  i s h i m m g  a o n e — t o — s m u m e  co u -r c sp o u m de ’u m c e  b e tw e e n  p hi~ s i  ca l  fs ’uu t tire -s

and measured i n t e n s i t i e s  when t h e  sp ect  i-a l b a n d w i d t h  5 ’f time ’ s - e - f l S s’l’  I S

wide  eumoug h to be s e -ums i t  it -c to a s’t u n - u e ’ t v sif t s h i \ ’ d’ l e - u ’u g t  Ii - sle’pe -ilsle -ult

p henomena .  The re fo re , t h e r e  i 5 a s- p s’s- t m - ti  I re-sc’ I i t  I a n  ~ m- e-~’ 1 eta i ni add i t  ion

to t I me - mom -c common l v  com is ide - u - ed uu n-c- u t I t ’ s’s - c’  b i t t  i ot t  ;s r sm l s lee -

In  t h i s  sec t i o n , tu n t umher s’t simple - m o d e l s  b ’uise ’d ciii m’ :uc l i u m t  l V c ’

t r ans fe r  theor y h i r e ’  t u ppl  ied to t h e ’  I0ISI ~ spe ’c’t r t i  1 i u m t t ’u’v uu  1 ( 0 . -h tc i I - 1 : , t t i )

to e l i t e - i  da te  the part i cut 1 ar I nt e r u m c t i out mecl t t im m i suns pr eva  1 emit uut s’ , u n - i silts

w a v e l e n g t h s  and to s i u u u u l a t c  mat lme - nium t i c t u l l v  t ime’ m i t e - m i s - i t  es t h , m t  s- m i ld  lie’

measured by b ot im the I ~t 5I’ \ ‘ I I R ami d La u m d s t m t ?‘ISS I m ist  r ui m en t s- - I n  p a r —

t i c u l a r , time cases of a u-d at i v e l v  c l e a r  a tunios p lm eu ’e - aim s] omw s - i  t Im reduced

v i s i b i l i t y  are compared for \ - a ry ing  amimoun t s of w a t e r  vapor abundance.

- ‘ - 
~~~~~~~~~~~~~~~~~~ ~~.~~~~ ___________________________ - - - 

~~~~~~~~ -,



3. 2 Olma x’ u m c t e r i s t  cs of Ab sou- 1it ion tu mid S c u i t t e r i n g  ~l e ch a u m i s-ms s-i t h i n  t ime
l) M SP Spec t i-al l u t e  rv~u I

Both t h e  10151’ ~‘HR u mu d t h s ’ l , u i r i c l s - u t t ~‘I5S hire ’ s-ens i t  I i. e  to an d m t  15) 11 it l

t Ime (L4 to  I - 1 -_ . t t i  s~utvc -  l e n g t h  u’ cip . i s i t t  - 1 he s-pc -c t  m l  r e s - po t i  se- c u r i s -i ’ , I ) -

of cu t e - h  of the ’s -c i r m S t m ’ L t n u e n t s  hi t -c i l l u s t r a t e d  j u t  I i s - s i r s’S 2 — 1  an d 2 — 3 ,

re - spec  t z v t -I  y (F e t t  and ~t i  tch el 1 1 ti ”’ , Nor w’ ood e-t m l  - 1 9~~2 I , , -~s u l e -  s- s - s- t i  -

t j al fe , i tu i ’ e- d i  st in gu i  s-h lu g  t he ’ t w o  in s t  rutuen t  is i s -  t h e’ dlv is I cmii 0 1~ t lit ,’

Sp t ’c t ra I t m m t e rva  I i n t o  fou r  iii st inc t b au id s by t h e -  1 , , u t i d  Sat  se-n S~’ r - 
‘I ’I tt ’s-s’

band s a re  ds’ s i g u i u i t e d  ~l S S — 4  , 5 , a , and 7 , i’eS ps’ct i s -e - l~ - . B h u u l d I imtt i t s - ,

ce -n it  em u~ um ‘a t’ l e n g t h s -  , a im S hat isi um u ni ber  are  p. i S e- i l  in ‘Ii h i lt ’ 5— I - I t s  com ’u t  i- t i  -st

t he ’ 015! Vi IR  h ihi S Ot i ’a’ C h i t u n i n m e  I i’. it b i n  the  same spa s’ t m a l  i-e ’g 1 Oil C e’nt s~1•c-cl uu t

approx imnu t t e l  ‘a () . S ;,tit - -‘up p i - O X  i t t ih u  t s’ i ’ t’s j’ on s-s’ cu u’s- c s- a I t u e - s  h i r e  s - I  V e -t i  i i i  —

I uu bl e 5 — 2  - h- or t hi is m e-ui soti , t he I , i t i s l s u t  itist u’umuent has a hi gher  s-ge - ct  u- hi I

rc’ s a i l  Ut ionm formmu i rig t he has i s  of ’ t he- I 1N ISP / I h i n d s - a t  unit) t i s - g e - c  t m : i  1 slut t :u
co tum p ar is -on .

.\  t h u r i s’ t s- a t ’ u i h i so apt t on i  uumi d s c at t  eu - i it g  t nec bt an  I sms hi I’d i c  t ive in t lie

visible (0.-b t o  0 7  (cm ) and tie -am - -infrared (0.7 t o  1 . 1  -. iti ) s p ec t r a l  r s’g io n s .
For t h e -  licurpose of data comnpar i soum - t h e y  cuiri best be- chat’:ucte i- i :i_’d as

ci the -u’ resom ma m i t  at ’ n o n r e s o n ant  phenomtmena - Rcsonatmt phe-mi out ie umtu o c c u r  hu t

spcc i f ic  , gre-Sic t t ih l  s’ s um s e - l e n g t h s  or w ave - i  engt  hi h i t  erva is  , s- lu i Ic m ia m i—
resonant  jm he - u ’uomt i en a h ave re - lus t i ‘ac - i  y smm ’ioot Ii wa v e - i  engt  ii dependence  and :t u’e

b r o a d l y  d i s t r ib u t e d  u u c r o s s -  time sp ect runu . I c i t h i r m  t I me  u ) 4  to L i  ~ tit

w-a s ’e l eng t l u  u -eg ion , the -  p r ima ry sources-  of re - s - o ima umt  o p a c i t y  u ure  t h e
u t - s o i l ’  i n s -  g u t s - c s  • i mi c h i d i n g  w h i t e r  5-apor and ozone (Goody 19tm4 ) , s-h i  I s’ t h i s’

comp l e n m u e n t a r v  n o n re s o u man t  sai:u-cc’ s a r e  c : i i t s - s’sl by mol ce-u i ti r ( Rui~- l e i g h )

- 
i s e - i t t  er i ng  and ~i ie -  e x t i n c t  ion  from pa u’t icu l  ,u t s’s j um t lm e t’smi ’ttt sm f  natcura 11 y

accu m ’ m - i n g  hum :es tun cl ae -i’a s-a i s -  of c s m n t  I nenta 1 at’ mum a lie- a r i p .  ins ( Pu? i l’tt ’ieu isl i ian
I 9b-b - I h ut s - i i i  genera l  - r esonant  m echt i u m I sun s si  11  hi  f t ’s- c t  on Iv  a psm m - t l ou t
of the I*ISP s p ect r a l  i n t e r v a l  (and u mi tm v b ’ s’ p am’ t j c u l , u m ’ l ’ a  si gn i  f i c u m t m t  t’s) m ’ hi

p i s - a t m  E ,ands ut t  ~!SS h a n d  ) , wh i m be -  n ou ’ire’s-sm nami t i t ic ’e- it i i i  i st is s i m m t’l u c ’ m m c e  the

emit  i r e  w a t - e i e n g t h  z-eg ion . For c ’x am vuple , s i~ em ’ vapsi m’ i s  mt t s ) t ’s’ ittt psm i ’t a m m t  iii
the near  i n f r a r e d  wit i I c  Cu t u’ t sius- s e - u t t e r !  fli ~ e - f t’e ’ t  is cu mus -es i b~ h l t u : c ’S u i t ’e

p r o m i n e n t  in  t ime  s’ i s i h l e  ( I s u u u m c s -  u in sl  I ’ I t u u n m g  19 T h )  -

nO

‘ - 

- ~~~~:- ~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~
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I h i t ’ s - , i v s ’ l e ’ t i e - t  It sl e -h i e’ m i e l c - m m c e ’ oh ’ t h e - s e -  s - e - p um m ’ u u t t ’ c a n t  m ’ i i i u t t  l ouis t o  t I l t ’
t o t , t  1 a t ’t u u s l ) I t e ’ u ’ i c  t m - u u u m - s m t t i t t t i i t c ’e- t u ’ o m ui t ime’  s - t i m - f u m e - c ’  t o  Sp hm c ’e- _ ( \ )  - i s

sh ’m c m w u i  1 m m  F i i i  u - c- 5 - h u m  t hm -ou m p h :~ — 1 s’ - ‘l i i i ’  s~h u t u u i t  i t s  slc ’t d’ i ’ t i t  i i i  i m ug t h i s ’  m’ tu t  t o

i f  i n m c i c l e u m t lutanis t i s  to t r t u u u s t t u t t t c ’cl u i m t e ’ m i s - l t s  h u t  t h e -  ~i u t ~it~cs i s  i l l s ’

t o t u l h u t l t ) s ) s - p h e - m ’ i s- op t  l s ’ :u 1 depth . ~ , a h m i g h u l s  i s _ m s s ’ I t ’n i p t h t  ~I~-g e - m i~Is - m u m

c l i  t i e - i t s I o u i i e - s s  g h i n ’ t u m i e - t  e ’e -  g i s e-il ‘ is

t ’ ( \ )  Y I .  ‘ ( ‘s )  = f  m m .  ( :)  ‘ . ( \ )  + k .  ( A )  5: ( S - I )

w h s ’u ’ t’

i s -  t he - c ’ ) ’ t  s a l  st e- g i l t  chi c ’ t o  , t I ’ s - o r h i e’i  s i r  ‘ - s i t t c ’r s ’ t ’ , I

u m .  1 : )  i s  t h i s ’ t i i t t t u h ’ s ’i’ e l a n - m s - i  t i .  g t ’ o t i  I c ’ Pot ’ tu l ’’s u ’i ’bc ’u’ a t ’  - —s - m u  t c ’ u ’ c’ m ’ , u

( d i m  - 1

- ‘ 5, I t is t lie- 5 , i v s ’ 1 s’n gt  h i sh e - pauS e - u i  t s e - h u t  t c’m ’ 1 ng ci~c’S~ S c s i  I c ’u i t o t ’

s-s’ ; t t  I s’t ’ c’i’ - 1 ( cuu i f l

k .  ( \ ) i s  time ’  s - tu\ ’c I c ’ u m p t l m  s l s ’I i eu idI c ’u t h u b s - a m - h O  b u m  c i , ’’-s-; ‘sc-c’t 1 0 m m  t o t’

ut h ’ -s o r h i s ’n - t ( c u m m I

‘I ’Iie ’ i u m t e’ gn h i t i l i um e ’x t s ’ um ds -  t ’ n ’ o uu i t ime ’ , u i i • t ~as • t~ t o  s - h i h ic’c’ . ,- \nm u ic t~ I a m i t

h m et im t u si t ’ rash i h u t  l o u t  h u t  th i s ’  top c i i ’ t ic ’ hut m ito5 h 1h ie’i’~’ at
’ s - h i v e’ I e’ m m g t  ii . • ii I I I  lie ’

u m t t e - m ’i u t u t c ’ sI by tu t i e - t o m ’  t’l h u m h i l t o  t h i c ’  t m - h u n s u t u i t  t t i l l e ’c’ , I ( ~~)

h~ \ )  = exp ( -  ~ r . ’ )  = ( I s ’ \ 1 i  ( - i .  ‘ 1  ( 5 - 2 )

P I a t  ted  m m  I - i m r s  5- 1 ( u m  ( c i ) 0 m’ e’ I m id i s  I ~h m a  I c o m m  t i ’ i h ’nt aims - to t h i s ’ t o t  , u

t r tm ns - mm m i s - s i s i t v  s’uu u’ -c ’cl l iv  m u u a l a c u t l u tr Se - ti t t t - r I u u g :  ae’r c ’t ; c ’ i s’ s - i i u i c t  ion ;

,‘,to uts - , c u u u ’ b ’ c ’ m t  dl iO\ldI e - , t i l t  t’ c ’ t t c ’u t cI t ox t~ l~- - P11 1 - t i m i d  s - c ’ t c ’ u t l l ; u u u m s l  t s , I t  I ’ : ’

S h m ~io m’ . ~ i m i s ’ c ’ t h i s ’ op t  i s ’u u l  e I e - h i t l i S  i t ’ s ’ t m s l s l i t  l i e - , t ht e ’ t t ’ u u i s - i t u i s s i t ’ t t  I s ’’~
u tm i ul t i ts’ I i i  v i s - I d  t I i t ’ t o t t u  I ‘i ’m’ f l i t ’  ,ut t ti os i m lt c sre- tc ’ 1 - u ’ , u i a n  h u t  i o m s \s c ’ u’ a

;‘e ’rt ’an ’uuue ’ sI u s  l u m p .  d’ s i t m ) I i u t t  a t ’ coi hc ’ ( ‘ h R  \\  2 (O s ’ l i i i .  i t t c )  th s ’t ’ It m 1 s’ ! t t ’\ t _ ’ ‘ l i i i ’

hi t n’op I c’ u u  I u t  t t R ’  ‘~~‘ b i i ’ u ’ c ’ is i t  Is in ’ I u t  i i .  s ’ l m m m , u i  i S  u i i .  at ’ , i !’oio SO ’ - h i t  ( l i e ’ ~- ~~1 ‘

\ t s t t m ’ t h i t ’e’ i I t u i b )  I i t s ’ I  23 knit  I -  , u ’ - ’_ ii r ’ ,l I n t u i t  i s - , Hm ~’ , u s ’ u ’ o s - a I  e x t  i m m ~~t i 1 t i

i t  (1 .55 ~u unm i s  I t . Il-S kmmm ) . I I I , ’ mu n od e - I m t ‘t~’ ’ -)’ Ius ’i’c- it s - ad in t h i c ’  c ’ l t t b ’ I l t , m t  l o u t

u s- g i v  ant  m u m  ‘ I a a - , m -

I, -‘

_ 
-- ~-_-~-
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0,2 - (a) Mo/ecu/ar Scattering

1.0

0,3

0.6 -

0.4 -

0,2 - (b) Aerosol Extinct/on
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I _ _ _ _  ~~~~~~~~~~~~~~~~~~

0,8 -

0.6 -
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Fi gure 3-1 Separate Extinction Contributions in the 0.4 to 1. 1 urn
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l ’ ,’\l Lii  5 — 3

~J[)EL ‘VI IOSI5III Rl (ISLE) AS A BAS 15 01-’ Ft IL COMPU I’A ’I ’ 105 OF

ATMOS PIIFR IC O Pt - I CAl , i’ROPL R ’l ’l LS

TIlO) 1C ,-\ L

lit .  P u -ass ure Tern p. I ) cu m s i ty  W a t e r  Vapor ()zotti-
(kin )  (nib) (°K) (g/rn 3’) (glu m 3 ) (glut o )

0 1 . 0 1 3 1 - 1 + 0 3  300, 0 1. 1671- ’~ 03 1. 9}- ’ + u3 I s, mu m ’ - s -t i

1 9. 04 0F - $ 02  2 9 4 . 0  1 . 0 6 4 1- 4 0 : 1  1 . 3 1 - 1 + 0 1  5 ,  (i l- -m i S
2 8- OSOE+0 2 288. 0 9. 66911 + 02 9, 3 1-4 0 0  5 . 41” - s - t i

J 7. 1501-1+02 284 .0  8 . 7 5 6 1 - 4 0 2  4 , 7 l ~’t00 5. 11- -O S
4 6 330F+02 2 7 7 . 0  7 .951F’ +02 2 ,2 F + O O  4 , 7 1 - -OS
5 5. 59011+02 2 )0 ,  0 7.  199E402  1 ’  51-5+ i)0 4 , 51- -O S

6 4 .9201- 1+02 264.  0 6.  50 11-1+02  8,  51 - 0 1  4 , 3 1 : - O S

7 4 . 3 2 0 1- 1+ 0 2  2 5 7 . 0  5 , 8 5 5 1- ’ 40 2  4 . 7 1 - 1 - 0 1  4 . I F - O S

8 3, 7801 - :f O2 250. 0 5 . 2 5 8 1 - 4 0 2  2 . 5 1 - 1 - 0 1  3, O F-O S

9 3 . 2 9 0 1- 1+ 0 2  2 4 4 , 0  4. 708F ’ 402  21- ’ -0 1 3.91 - -O S
10 2. 8601- 1+02 2 3 7 . 0  4 , 2 0 2 1- 1402 5. OE-02 3, i1- -OS

1 1  2 . 4 7 0 E 4 0 2  2 3 0 , 0 3 . 7 4 O F 4 0 2  1 71- 1-02  4 , 1 1 - -OS

12 2 .  130E+02 22 -L O 3 ,3 16E+ 0 2  6 ,  (11-1 - 113 4, 3m - ’ OS

13 1.820 1-1+02 2 1 7 . 0  2, 9291-1+02  1. 81’ -03 4 ,  5~- ’ -O5

14 1 . 560E4- 02  2 1 0, 0 2 . 5 7 0 1- 4 02 1. 01 — 0 3 4 , 5l- ’ -Ot ’

15 1- 320E+02 204.  0 2. 2601- 402 7 ,  6)- -04 4 ,  71- ’ - (15

16 1 . 1 10 1- 1+ 0 2  1 9 7 . 0  1 .  972E 40 2  6 .  4 1- ’ -O-l -1 , 71- -O S

17 9. 3 7 0 1- 1+ 0 1  19 5 .  0 1 . 6 76 1 - 1 +0 2  5.  61- 1-04  mu , n i ’ - s - t i

18 7 . 890E + 0 1  1 9 9 .  0 1. 3 8 2F 4 - 02 5, ill ’ - (1 4 ¶1 . OF-Ut ’

19 6.6601 - 1+01 2 0 3 , 0  1. 1451 402 4 ,  ¶u1 ” -04 1 , 4 1 - -UI

20 5. 650E+01 2 0 7 , 0  9. 5 1 5 1 - 4 0 1  4 ,  51 -0 -1 1.91 -04
21 4 .8001 - 1+01 2 1 L 0  7. 9381 - 1+0 1 5, 11-1-04 2 , 4 1 - 0 - 1
22 4 .0 90 1- 1+01 2 1 5 . 0  6. 64 51 - 140 1 5 , 11’ -O4 2.  81 -04

2 3  3 . 5001-1+0 1 2 1 7 . 0  5. 6 181- ’ + O l  5 . 4 1 - -U-I  :m , :‘i - - 0-u

24 3. 0001-1+01 2 1 9 . 0  4 . 7 6 3 1 - 4 0 1  i i  01- ’ - O 4  3 .  4 1 ’ - u i- I
25 2.  57 0E40 1 2 2 1 . 0  4 .045 1 - 1 4 (1 1 6, 71’ -04 3 , 4 1 -04

30 1 . 220 1-190 1 232. 0 1. 8 : 1 11 - 40 1  3. i ll ’ — ui- I 7 41” - U I
35 6. 000E+00 2.1 11 , 0  8, 60011 400 1. 11 -1 — 0 - 1 9.2 1- ’ - i t s -

40 3 . osoi-:+oo 25-h O 4 .  1 8 1 1 - 1 4  00 4 , 111” - s- t i  4 .  u - - Us-

45 1 . SOOI-:-l’OO 265. 0 2.097 1-1+00 1 . 91- - o S  1. ,i ) - ’ Oh ,

50 8. 5401 -1-01 270. 0 1. 1011 -14 0 11 6. 31’-06 4 .  31- - 1 ,111

70 5. 7 90E—O 2 2 19. 0 9 .2  I O I - ’ —92 1.  -l 1- ’ -07 8, 61-’ -Ots
100 3. 0001-~-04 2 10 .0  5. 0001 -04 i . 0 1 : - s - n  -I . : 1 1 - - l i

Somurci,’: Se ’ I l - v  tmu md Me-C lat chic-v (1972)
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0mm extum n b um jug F i  gtut ’e ~ - 1 - t he ’  d i  ( f e -r e -m ice  i n  spec t r a l et epe -um d e -n ce-

bct i~e- cum t he  u l oumr e s000n t  ( hi  and ii) and res -ona ul t  ( c t un d d ) ext  i use - —
t ion nmec ) mtun i su ms  I s i um m n u u c - d i ate’] v appa m -emit - l i m e  s - cu l t  t em - i ng cat ’ i ’ t’i c i t - n i t  ts)r

n m o l e c u l a r  s c u m t t e - r u l l p . ,  P (cm 1) ,  cb s-ely f o l i o s - s t h e  (ant i  l i a r
l-t, , u - , i c - i  gli s c a t te r i n g  1,m s- ) s-i Vi m a s - l i gh t  sle’ l i zu r tuu . e’ s iw i n g  to  the ’ is u l i t ’ I e - m m g t h m
ci t ’l i cu ldeuIce s a t ’ t he -  i umd e x s- i t ’ ret’s-act ion  at ’ a i m - ) .  A t  se - t m  1e-s ’ e’l (p  I t ~13 m u )
fa n’ t he  c i t e d  model t u t u n o s -ph c - m -e’ ( M c C i a t c h e s ’  et tu I . i m ” 2  1 :

3 , ( \ l  (: 0)  n (: = ( 1) 1 .092255t’ x 10 \ ~~~~~~~~~~~~~~

l’he corresponding slma i’p decrease in atmi ’ut sp hem ’ I c t raum tsuu u i s-s h i t  t c ’is 0 I ’ d

s h o r t e r  t-,u os - c ’ l en g th  cam i be seen i i i  F l  gum - c’ 5 — I  ( tu ) -

‘l’he Si tw i t  ic) fl is sOumm e’h’hat mitore comimp ie’x (‘or h u e - r o s a  I ex t  i u m c t I ant - 3‘rite op tica l properties of the s-pee-i fi e- aerosol or l m u u :e’ e ’nicottns t  e’i’c’d clept ’u i s t
on i t s  c h e m i c a l  c o m mm p os i t  ion (e lma s- a c ter i  :ed by i t s  commip l ex  iu sd lc -x of

\

L 

refract ion ) u u n ~I t h e  s - u  :e ranges at’ particl e s pm ’e-se’nt - Anti I y t  i c i i  l v , I he-
e’x t  iu i c t i o n  c o e f f i c i en t  for  uu d i s t r i b m i t  i c imi cmf ac-i-asci i p t u r t  i d e-s i s  g i v e - m i

= 

c! 
%m - 4 Q (~u , r , ~ ) 

~1 ( r )  Sr (5 - - i )

w here

r is the radius of the part ic uul at e

mb is t he  complex  index of re -fr a ctio n

Q I s  the  Mie timeo t- ’- ( 1905’) e f t’i e - i e n e - v  f a c t o r  fom- ext iu ic t b e-in

71 ( 1’ ) i s  the  number of par t i ci c-s per u n i t  s-a i t u nte 1- i e twe -’e ’um s I :e range’ s-
r and i’ + Sr.

Si ms -mi l a m -  express-  ions e xist for  the  aerosol  s - c t u t  t c m i u g  t im id .ibs-orpt ion
c a e - t t i c i e m i t s -  w i t h  Q = Q + Q .  The ~h i e  c l f i c j e n c v  t’t i c t o m - -~ ( v , m u u  is ’

hltu l : ; t  I Os- ‘ 1 t i r e  comp l i ca ted t’um mc t  i ons-  of t h e -  part b e -  I c -  dOtVi 1’ I s’\ i I’t,It’\ c ’i

r e f r a c t  m au i t ij id , u d i u n i e - n s - i o n l e - s - s -  l i am - auu ie ~t c -l - . ~m 2 ’ r - ,\ - s - oum te’t i t s - s  c a l  h’~l
the Mit ’  p a r a me t e r .  F i gu m ’e 5 — 2  u I I m u s t  ru m t e’s- t h e  cisc 1 1  l a t o m ’v b e h a v i o r  of

_______-— - -~~~~~~~~ 
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the ~l le effi ciency factors as a f u n c t i o r m  of 1 and radiu s - . r , at a

wiuve leulgth of 0.55 s-un . ‘Else index of refract ion is ta ke-u i to be’ 1 5 0()  t ~u

0, 02 i , s-h icis i s  c lmar a e - te r i  s - t i e -  of the ace - uu m ’iuu 1 at ion r ange  (0 . 1 < r -t

LU  ~m uu ) of i~a t e r — s o 1u b l e  aerosol  u m m a t e r i a l  (I’+ i  1 ls ’k e and Brockumiarmn lO ”’~ 1 -

For smnia l 1 values of i , the effic I e ’u ie -v f t mct o r  for ext in c t  i ou m i s  pr op ou - —

t iona 1 to the  r ad iu s  - As ~i approaches 1 . 0 , t lt e  b e-ha y io m - of Q s-
beco mes o sc i l l a t o r s -  w i t h  a m n i aximu - tum im at about ci = 4 .  Fat- large s’alimes of

ci , a S V T h O t O t i c  s ’a l t u e s  of Q = 2 , Q = 1 are re a e -hmed .

i lv u t l uat ion of Equ u a t ion 5 — 2  y i e l d s  time w a s- e l eng th  depcumd e umt  ex t  i n - m e - —
- - - - - tubs s-cattt i o n  (or h m l i s o r p t t o m i  or s c a t t e r i n g )  c o e f f m e - i e n m t s  (~ = 

~~
-i 

+

of the  chosen aerosol d i s t r i b u t i o n  - Their corresponding w t ov c - l e n g t h

dep end em mc e t i l l !  depend ous the par t icular  s i :e  d i s t r i b u t i o n  and index of

r e f r a c t i o n  that ch arac ter i : e  the aero sol . T r z u c I i t i o n u m l J ~ ’ , t h i s  dep eum-

den ce has been described by the An gstromn formu la ( 1 9 2 9 )  :

= CA~~ - 
( 5-5)

F i gure S-~ i llu s t r a t e s  the t~’u m v e l e n g t h  depeu sdem ice of t imre e aerosol  mode l s

~h et t  Ic  an md Fe - un 1 9 7 0 )  w i th in  the 0 . 4 to 1 - 1 pm spectra l ra mige.  Time

r m um ’ a l  model  i s  closest to the aerosol model used in the  c a l c u l a t i o n s

described belo w . M ea sur en emmt s support (Ah i q u is t  aumd Char lsou i 1909 ) an
Angstr om coefficient of 2 and , as can be seen in the grap h , the rura l

model displays this behavior approxi mately w i t h i u s  the spectra l r au s ge.

Conupar ing F i gure 5 - 1  (i - i )  to F i gure 5 - 1 ( a )  , i t  can lie see-mi that the sharp

decrease  of t r a n s u n u i  s- s - is’  i tv at sunia l icr  w t u v c’ I en g t h s  cham ’acte s- i s -t i c  of

h~av l e i  gh s c a t t e r in g  i s -  g r e a t l y suppressed for aeroscils  - h owever , s l i me - c
R a y l e i gh sca t t e r i n g  decreases much faster at longer  s - u mv c  l eu g t l t s  , t h e

e f f e c t  of ae roso l s  i s  much more important at longer ~c a v c- 1 e n g t h s  ( e . g . .
in the ne a r iu i f r : u red)  t h a n  u mi o l ecu l t u r  s c a t t e r i n g .

i’hc effects on trans -miss i s - i t v  fronim o:ouie and time umm i foruim i y u mm i xe-S
g u m s - c - s  t u m c  s -h as -m m in  F i gure 5 — 1 ( c )  - The Ch u u p p u i  s- bands of o :o n u t ’ l i e  be tween

0. -IS and 1) . 7-1 -u n i um t ime s - i s  i l ) l e  s-pe e - t m - tu rn. The mim axi m u mim a b s o r p t i o n  C ro s s

sec t I ciii (a m - t h i c ’sc bands (at about 0 .0 0  p m) is  S x io 21 cm . An l u t e - g m - a t  c-cl
— l ’- — ‘

o Ofle c o l u m n  ot 1 U ( i S x 1( 1 - ciii — g i s- -es anm o p t i c a l  d e p t h  of (1 _ U P S - I  - or
c q u i v t u l e - m i t l y  , a t r a n s - m i s s - i n  tv  of ab out 0 .95 .  ‘ft c’ ef ic ’e-t of o:one on
remote s e n s i n g  of the su rface  is there fore  u m e g l i g i b l e , a l t i m o t u g h  h c a t i u m g
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of the upper atmosphere from this absorption mechanism is importau m t .

The fea ture at about 0. 7t~ s-rn is a narrow feature caused by cixygeum

absorp t ion . I t s effec t i s neg li g ible.

The most prominent gaseous absorber within the spectral reg ion is

water vapor [Fi gure 5-1(d)]. Both visible and near-infrared bands

app ear with vary ing strengths and positions . Some of time qualitative

features of time fi gture can he de liu meated using Table 5-4 , which g iv es

the quantum mechanical transition , band center , and strength of time

water vapor hand s (Goody 19o4 ; M e - C l a t e - h i e v  c-t um i - 1973) - (The s-tre img th

is defined as time integra l over the band of ti -me - a b s o r p t i o n  cross- s - e c t i o u s .

Ba nd s t h at a re ide um t if i ah l e  in Fi gure S — I ( S )  tire marked t~- i t h m  art asterisk.

Note that all baumds are gro tund—state tramms - ition s (i m mitial s-tate 000),

and a l though  those in the  v i s i b l e  ( ‘- 0. 70 s- mum ) are r e l a t  iv e ly  weak - t i - me

near-infrared bands ( g ,  o , s-i are r a t h e r  s t r o n g .  As can be seen in

Fi gure 5 — 1  (ci , the  sh umpe of the to ta l  t rau s n m i s s i v i t v  curs - c- w i t h i u m  t ime

0 .4  to 0. 7 p reg ion is l u u r g e l v  d e f i n e d  by t ime  c om b im med e f f e c ts -  of u m m e i l e c u l a r

and aerosol extinction , wi mi l e in the near infrared , t h e sh ape is g iven

by the aerosol curve w i t h  the water-vapor st m’u ctu m’ e sup e riumposed.

5.3 Roles of Water Vapor and Aerosol Amoun ts in Reduced VI s i b i l i t y

Situations

Vi sihi lit ~- is - subjectively defiumed as time observer ’ s- ab i l i t y  to
perceive the dif fe-re-u-ice in lumin auic e between an ob jec t  arid its hack-

ground at a given d i s t a n c e  (MiS cUe-ton 1958) - Cons ider  amm object w it i m

intrinsic luminance Bo (0) aga ins t  a back ground of i n t r i n s i c  1- u t n i  n ance

Bh (U) - 
‘I’he in tm -ins be - coumtr as t is defined as:

C(0 ) = [B0(t)) — 8h~~~ 
118b~

0
~ 

(5— (-’)

At a d i s tance , r , time apparent luminance  mod i € i eel hot Is b ext i nct ion

r edu c t io um and s c a t t e r i n g  sources is ( I ) u n t l e  1 9 4 8) :

B ,1 ( r )  = B 1 - exp ( - f u - ) 1
+ B0 1., ( 0) ext’ ( — O m - ) (~5 7 )  

I
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VISIBLE :~N[) NEAR IN FRAR ED WATER VAI’O R BANs-S

Bt mnd C e n t e r  S t r e n m g t h
rants- it ion (-,,m~i )

000-411 0.5-14 2 x 10~~~
000-203 0 . 5 2  1 x 10~~~
0 0 0 -- l O t  0 .592 3 x 10~~~
000-302 0 592 3 x 10~~~000— 321  0. 594 2 x 10~~~
000-113 o .c ~32 2 

~

000-311 0 .o5 2 2 x l0~~~
— -‘11)0 ( 1—103 U . p 0 5 ’  1 x 10 — 

*

000-4 ( 10 0 . 70 3  1 x 10 - -

000-301 0 . 723 3 x 10~~~~
000 -202 0. T2 3 < 2 x io 23

000-22 1 0 . ‘34 6 x 10
000-013 0 79(1 1 x
0 0 0 — 1 1 2  0 .806 6 x l0~~~ *
000-21 1 0 .S2 3  6 x l0~~~~

_ -, -,

000- 210 0 .824  1 x 10 ~~~~~*

000- 131 0 .847 2 x l0~~~ *

000-003 0.906 2 x 10
21 *

p

000-102 0 .9 20 4 x l0~~~~

000- 201 0. 9-12 1 x 10 20
*

000-300 0.9-1 3 6 x 10~~~~

000- 1 21 0 .9 0 8  2 x 10 *

(i00-220 0.972 ~4 x io~~

000-n - I l  1 0l6  4 . S -x l0~~~

0 0 0- 0 1 2  1 - 11 1 1 . 2  x 1

00 0-121 1. 135 5 x 10~~~
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w here

is uu cha rac t e r i s t i c  ex t inc t ion s  l eng th

B is a t’unct  ions of so 1-ar zeni  ti m amid um:  i miicuth and at m osp h e r i c

sca t t cu - i ng pr opet - t ies

Eq eu at ion 5— ’ m a y  be thoug ht o f as a sim m ip l i f ied so lu t i ons  to r a d i a t i v e

t r anm sfem - a long a h om - i :o mst a l  s - cu r i ae - c ’  si ght p a th .  The apparent contra st

at d i s t an u ce  m i s  them i :

Rh (0)
C( i ’) = C ( U )  cxp (— F ’ - ) ( 5 — S ~

For viewing against the hon zon , Bh t O)  = B1 ( r )  amid Equa t I ou m 5 — 7  be -conic :

C( m - ) = C t O )  exp ( -Fr )  ( 5-9 )

Standard visibilit y is defined as that distance where the  t i m u - e s h o l d  of

contrast  percept ion of ti - me average human eye Is -  reach ed for a large

b lac k object  aga in st t h e horizon . For a black object , C(0) = - 1 . 0 .

Ex tens ive  inves t i gat i on s have  i n d i c a t e d  t h a t  a l t h o t m g ht comt t i ’ as -t  t h r e s h o l d

is a strong funct ioum of obj ect si:e am - m c i i l l u m i n a t i o n s , t i-ic ’ v a l u e  re - tue - lies -
a l imi t  of ± 0 . 0 2  for large , w e l l — i l l u m i n a t e d  o bj e c t s  - Fm’ onmi E qe m a t i o n 5 — 0  -

v i s i b i l i ty  (visua l range) in k i lom etem ’s  is  (K os - chum u i e de m - 1 92 4 ) :

- 

= - 
i n (0 .02)  

= 
3 912  S — 1 0 l

where

~ is t he to ta l  ex t inc t ion  coe f f ic ieu st  (km 1 ) at 0 .55 (Inn (peak

spectral  response of hu mn m a mm photop ic v i s i o n s)

V i s i b i l i t y - , therefore , i s  largel y de t erniiin cd b y opt ica l i ro per t i c’s
u mt 0 . 5 5  pm From the d i sc e us s io m m in the pm ’c’s-ious se ct ioum , i t  i- ocm ld
appear thtu t molecular  s ca t t e r in i g  and aeros ol c- x t iu sc t  ions is e - nu lc i  he lam’ g e’ l y
responsible  for reducing v i s i b i l i t y  -
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To investi ga te  the relative effc-Lts of varying ms’t.ter vapor and

aerosol aumiounts on the entire spectral interval (0.4 to 1.1 inn ), model

atunosphere calculations of the tram-msmissi s’i ty spectrum analogous to

Fi gcur e 5-1 ( e )  were generated us ing  the LOWTRAN 2 program for three water

vapor amounts and two v i s i b i l i t i e s .  Assumed in tegra ted  water  vapor
anmounts were : 3.35 g/ cm 2 , 0 . 335 g/c nlm 2 , and 0 , 0335 g/ cm 2 . These values

correspond to surface r e l a t ive  h u m i d i t i e s  of approximate ly  80°c , 800 , and
0 .8’o , r espec t ive ly ,  for the trop ical atmosphere used . The ae ros o l

amount was determin sed by the v i s i b i l i t y  at 0.55 pun . The two models

sel ected were 23 km ( r e l a t i ve l y clear) and 5 km (hazy)  - They correspond

to aerosol ex t inc t ion  coef f i c i en t s  of 0 .158 km~~ and 0 .7704  km~~~,
respec t ive ly ,  assuming a molecular  scattering contribution of 0 .0 12 km ” .

The reduced v i s i b i l i t y  case (5 km) represents an increase in the number

densi ty -  of scatterers by a factor  of a lmost  5 , assuming the shape of the
size d is t r ibu t ion  [n ( r ) ]  remains constant (only approximatel y true) .

The effect  of decreasing the  water  vapor amount by factors of 10 i s
i l l u s trated in Fi gu re 5-4.  As water vapor amount decreases , the pre-
dominant e f fec t s  are experienced at the near - inf rared  wavelengths where

t ransmiss iv i ty  increases as water vapor ( re lat ive h u m i d i t y )  decreases .

Conversely ,  in Fi gur e 5-5 , the re la t ive  huniidi ty is mainta ined at 8O°~,
wh i l e  the v i s i b i l i t y-  is decreased from 23 to 5 km (aerosol loading

in cr eased by f acto r of about 5) - Here the t r a n s m i s s i v i t y  is reduced
across the entire spectru ms ( the effect  is greatest at shorter wave l engths)

wi th  the water vapor inf luence remaining essen t ia l l y- the same.  When

water vapor is removed from a hazy atmosp here (Fi gure 5-6) , once again

time predominant e f fec t  is in the  near infrared , where t r ansmiss iv i ty
increases. Three conclusions can be drawn from these calculat ions :

(1 )  changes in relative humidity affect  only the spectra l reg ions where
water vapor bands are present such as the  near infrared , (2) ch an ges i n
aerosol amount p r imar i ly  affect  the complimentary  spectral  reg ions ,
and (3) the effect of aerosols is dominant .

It  should be noted , however , that in a realistic atmosphere , varia-

t ions of humid i ty  and visibility are not independent. Qualitatively’ ,

hig h humidities should associate with reduced visibi lit ies and vice

versa. Emp irically, it has been demonstrated that the extinction caused
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h i l t  i t

I is t h e  spec i lie- i n tens  I t y -  of  r u i d i u u t  ion at waveleng th , \
- 2  —1 — 1  — l( c r gs  cuuu se-c s-tv in I

J is the  source funct  ion at i~a v c - l e m t g t t m  ,

is th e-  e-i15 inc of the ~eum i t im a n g l e  of ob se rvat  ion

i s  the opt ic a l  depth -at ~ ave - 1  e n m g t h  ,

I c u ant  atui t ospher e t~ i th bo t h  absorpt io m m anud sca t  t e n i u l g ,  t lie op t i ca l depth

at  us- u m v c l e u i g t h , k , and altitude , :, is g i v e -u i  by (see Ee I ua t io I m S— i ) :

= m m .  ( : 11 1 1  ~~ + k 1 ( \ )  I ci: ( 5 - 1 2 )

I ci- i i  m mm i i u t a t  l o u t  by the  summ w i t im no t hc r muu a  1 sOut’ cc’ -t ’i u i u c  t ion autc l a s s ummii  nt g

bot Ii  u t~ i m n u t u t h u a  i sy n uu u mi c t L’y uu o depe n de -u t ce -  onm s tu n t  , m i u m m t u t h )  ari d i rop ic

scatte t- i uu g , t ime  soux -ce f u u m c t  ion s c~ I v e ’u u b y :

+ 1

- 
~~~~ 

5)( 
u )  J - - -

J ( : u ~ l e o + - ---s---— J \ ( L , I ) du .

wh me  n - c ‘ i i -  1 s t h e -  i s I l i  ci engt it  e lc p eumdent  in - me -  ~eIe - t i t  solar t~l ice and ii
~~ 

i s  t i m e ’

I n ie of t ime  so l a r  :c om i t iu  an g l e ’ . l i m e  sh u a u t t  i t) ’  1 , 1 1 I is the  wavc1eum 1.~t hi~
de 1memt c tc - u i t  s umig l e- s c ot t ex - i n - mg tUbe-do det’ined as t h e  rat i o of t h e  t o t  i i

s c u i t t e t - i n i g  e - i ’ e f f i c j e - u t t  at op t i c a l  d epth , i , to the t o t a l  ext inc t ions

coe ’ f f k t ~i e i m t  at op t i c a l  e ie - p t im , i - ot - :

Y m m ,  ( :)  ‘ . 1  \ )

_ s
s t (~~) I 

~ I m~~( z ) t ~~~( + k .  
~~~~~~ 
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l i m e  as-sunmupt i o u u s  of ,m _- imm i uth al svium mmi e’ t m v  : uu m d i s - s i t  r o j i i e ’ s-c- a t  t e r m u t g  a u ’e -

s- s ’ i I i c t s I i u i t  I’ e’ s t r m c t u \e and u’ e-e l u i l ’ t’ t t i i ’ t t t c ’ i  d i s c t u s - s  l o u t .  I t  i s  i~c’l  1 k u i s i i s u i

t h a t  t h e  m n m g i u l u u -  s c a t t e m -  m it :  t p ii . u s c ’)  f u u m c t  i c u t  of coum i b i ume ci im ic l e e - t i t a n  u m u i d

.m e ro ;o l  S c . i t t c ’ r u n i g  IS m io t  i~ct t ’ ci~~~i t ~ c m i t h e -  c O m i t  n i m - v , it i~~ ~ t m’ o u m g l v

t iii ’ts ,i t’d p e - u u k e’d ( I ) c u n i u i c ’ u u d i i u m n u  l~~ti-i ) - ih e ’  c ’t ’t e - s t of’ t h i s -  u m u m i ‘-u s - i  u- opt n f l

conmmpal- i s - o i l  t~~ t i m e  , u ’ - ’-- i u u l u c c l  I -~c s t  u - o p n c  u u i m l v s m  s- I e j ’ c m t ~I ‘ ‘ii t i - m e ’ s u n u  ‘ s

i’ l c ’i at m c m l am i d  u m : i m n m u t l u . h ’m’ t I m e  s - t mm i  d i n - c-ct  l v  s i t  c’ m’ im e u u e l  (II I . 0~ -

s vm uu mi ie - t l ’ I is i t  im u ’c s l i c’ct t o  a : i i i m e u t i u  - u n i u . I e -’ i s -  i m i um u n i t , u  lu te - ti - u u u m d  t h e  u s - — u u i u u j ’ t  i t o

of u -u ot  i-opv u mn i p i  u cu ~ ant s ’v c r c ’st  imn uu t m out of ’ c m  I t O  I a t  c’~I cad i aut ees- Is ~ u ’ Ii I gl i

uum i d  nn ismcie ’ n u m  t e’ oim~ c’rv um I l o u t u m n i e  I c ’ ~‘is I ni 1 I c )  t i l e ’ p r e c lo m m u i m mu mn mce ’  ~i f Is ’ rwu t t~ei I s ’

back sc. u t t  en - l u t e  fo r  t h e  a c t  imu m I . i e i c s - o  1 c l i  st  u ’ i  bu t  i o n  I K u u t  t as - c -n anud  I ’ i a  s- s - 
-

l

~~~

t

~~~~

s i  - h Im e- u t  the s - lilt u s -  n u e t  , m t  :e - i t j t i m ( u m s  i s  nIos -t o f t e ’u i t h e  e - , i s - e i  , ti me H
u ’ a d i u u u m c e ’s- u u u ’ e oct  sv mnm c-t  u - i c  t 5 i  I h t i m e  ; m : i m m i i u t h  u n i t ’ I t ’ - a m mcl  the ~u ’-s - it m nnpt i s - mi

0 I i s - s i t  n o I s Y  ci c r c - s t  i m ihu t c’s- t i s t ’ t i ’  l unuo -n  i t  t u d e s -  u u i  t ime ’  u n i t  m s o t  , u m -  d i r e -ct jo in

, u u u~l wide-re-u t i n u i , u t  C’s t i m e - i t t  i n  t i - me -  s- s ’ l l m t- d i m e - c t  m o n t . S i n e - c - t he e f f e c t ot~

5t ’ e - c t  n-~u i  e l m  f f c - r e u m c -es I -u s - s i n i t h t  - . i  p u n - f  t i n  I a n ’  v i  us I m mg ge -oat - i i y  , m u m c l

u s - c t  r5 ’ h ’ m c  s c u i t t e r u n g  has  I c - m  i s - s i u m i i c’d i n  I h i  ~ t i  u s - i  — t i m ’ ele ’i - , n n , u l v s u s - . \

m iic ’ u ’ e d e t a l  l ee1 , i u u : u  I r s - i s -  s - h o t u l d  u c c o m u m m t  t o m -  I l i e ’ m ’ e’ l m t  l y e  s-~’ l u u m -  , u :  u o u i t  h u n i 5 l

s - c , i i l  ge - o ummet  i-
~ w i t  b i n s  t ime f t  e t c 1  of v I e’ts ui m u d t i m e ’ t ’t ’fe ’~’ t s- cit u m m i  i s-ct copy - 

- 
I

\ - s - u m t u u u t g  a I. ; mm mihc i — t b u m  s - I l l - l a c e  t I l m e -  u n p m s u u u ’ d  r e f l e c t e d  m i t t - m i s  i t y  i s

i t i d e p e m u d e r m n ~sf  s ’i’ s c i ’~ um t ion , i m t s ’ l e )  , t h e  so m ml’c c ’ f t u m c t  i on  ) u u l  lous y- i it
I c )  11 ~sus I um g u n t  c- g u ’ uu I i - c s - m u t t  i o nm

I c’xp (— m - . 1

-
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where

‘ 1 n- I d~i - - -li
nm
(X) = I exp (-x/Im ) Ii — is  the exponential integra l

r is the wavelength dependent surface reflectance

(0.0 < r < 1.0)

E quation 5 — 1 5  must be s o l v e d  for  each wave l eng th , A , of i r mt e i - e s - t  -

rhe techni que chos e -mt to so lve  for the source f u n c t i o n  is the . v a r i u u t i o n a l -

iterative (VI) method developed l~v S:e ( 1 9 7 b ) .  ‘l’he \-‘l method is - based

on finding the extremu sum of a certain functional (hence the vai- ia ti ona l

nature  of the method) - An a p r i o r i  form of the uumk n own f u n c t i o n

(w h ich  is e s s e n t i a l l y  the source func t ion)  i s  assumed , an - md the r equ i r ed

c o e f f i c i e n t s  are computed from a set of un in imi : ing  condi t ion - u s- . ‘l’he form

of the so lu t io u m i s  s p e c i f i c a l l y  chose r m to op t imi : e  c o m p u t a t i o n a l

efficienc y and , thci - cforc , accuracy i s  umot s a c r i f i c e d  for speed . -\

connpreiiensivc’ coumi pari sons hetwe cu s ti-me s inump l es t  form of time V I  t ccliii i que

~t is- o - - u t ep f u n c t i o n s )  and the more comnn orm two—st r eam approx imat ion

(Ch andras ekhm 19b0) for ii homogeneous , i so t rop ic  atmosp here has be e-u i

conducted ( Burke and Sze 1977) - Resu l t s  ind ica te  that  ti -me \ I  t e c hmm i que

is  much more accurate for t h i n  and moderate  o p t i c a l  t t m i c k n e s s -  ( 1 * = 0 . -I .

I - 0 , i-cs - l e e -  t i ve l  y )  , w h i ch  c h a r u u c t e i - i :e um suc h c f  t i - me 0 . - I te l 1 - 1 s1)cCt rum 1

m - eg ion  - For t h i c k e r  atmospheres (~r * ‘v 3 .5) , sue-li as in t i - me near- inf rared

water  vapor hands , errors miuay be reduced to wi t im i rm um fe-ic pe m - ccr mt umges -  of the

exa ct  so l u t i o n  by i t e ra t ion .

Once the source function - ! ( r )  is found , the emergent inteums i ty

(that wh ic h -u would be measured b y u m sensor i n  spac ’ at i~un’c i e n m g t i u  , .\ ) i s

g iv en by:

1*

= J . 1 ( t )  e-~ s- ~~ (t~~r )
1 

cit ( 5 - i b )  

j
where- is - the cs ’s imme of the zen i t i m aug Ic  of o l m s - c’m ’ v u i t i o t m  -

u s e’, - c , u m s -  lua u been s- how m m i n  Sect ion 5 . 2 , s-~u t c 1  l i t e  seu m sors d O

not m e - u  - l i r e  nnu c a u ochu  i ’ Onui ,ut i c raci I at i o n  . O u t t i - m e co u mtrarv , th e~’ are utm ost

o f t e u m  s - cu t s  it  i v c  to  ni f i n i t e -  b a n d w i d t h  of w a v e l en g t h s  g iveum b~ tb m e i u 

- .± :  ~~ - - - -~~~ ‘
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r e sp e c t i v e’ s p e c t r a l  u ’es lm onsse  f t u n m c t  l o u i s , ( A )  - T i m e - r e - f o r e , t he  response--

we i ghted r ad iances-  ( t I m e  s i m u l a t e d  i n s t m - u m u i e n t a l  v a l u e s )  are g iven  by

1, - u  ~~W I ( A , t u ) dA
I (j , p )  = - u 

( - m l  ~~~~~~ 
( 5- 17 )

is he i-c

s t .  ( A )  i s  ti -me spectra l re -s- l ions -c func t ion -u  for the jth sensor/band

.‘~~\ are time wave leng th  l i m m m i t s -  of ti -me senmsor / h ~m u md b a n d w i d t h

I ’hese funct  b u s  for ti -m e I)MSP \‘II R and Lands~mt MSS are g iven -i in  F i gui-es 2 — 1

and 2 -3 , r e spec t ive ly .

5.4.2 Results of Calculation -ms

Radi~t t i v e  t r a n s f e r  c a l c u l lu t i o u l s- were performited for each of four

unmodel a tni osp her es p u - ev i o u s l y descr ibed in Sect ion 5 . 3 .  They are time

bas ic  t rop ica l  atmosp here  w i t h :  ( 1)  23—kun  v i s u a l  range , 8O’~ r e l a t i v e

humidi ty (3 .35 g/crn ) : (2 )  2 3 — k u m m  v i s u a l range , 0.8°c relative Imun n iditv
-5 p

1, 0. 0335 g/ cm ) ; (3) 5—km v i sua l rausge , so:  r e l a t i v e  hun n id i  t amid

(-1 ) S — k m  v i s u a l  range , O .8°~ u - e l a t i v e - l v  h u m i d i t y .

The source func t ion  J( ’t ) was ev al uated by app ly i n g  the  var i~m t i o m m a l -

i t e r a t ive met hod to E quat ion  5-15 at each of 25 wavelengths w i t h i n  the -

0. -I to 1 .1  urn s pec t r a l  im i t e r v a l  - t V a v e l e n g t l m s -  weu - e - s e l e c t e d  to p i -ov ide

h igher  spectra l r e s o l u t i o n  w i t h i n  t ime m m e a r - i u f r a r e d  reg i ons so t i - ma t  t h e

structure of the water—vapor ahsorptious hands  would he :tppitreui t - Ouil y
five of ti-me wavelengths were taken within the visible reg ion where wave-

lengths depend ence is a smooth function . Fo solve for time source- func-

t i o u m , a Pr o f i l e  of s i n g l e  s c a t t e r i n g  albedo ve-rsims opt b e - a l  depth ,

( t)  , was computed at each wavelength fom- each m odel atmosphere using

spectral  data from I,OWFRAN 2 (Sell ))- au -m d T~l cCl a tc i se ) -  1972 ) . Samp le -

s i ng le s c a t t e r i n m g a lb e -do  p r o f i l e s  are sh mo w n s i n  F i gure 5-7 . At A =

0.55 pm , the  a Ihe -c l o  I s- ne -ar  u u m i t v  f o r  inm o st  of the  at mumos p h mere s ince -

s - c a t t c r i u m g  p redomina tes  as an ext  im s c t  ion mechan i simm . .-\t imig im a l t i t u d e s

( sma l l  t )  - t l e  uul be do approaches lowe-i- values as- absorpt  iou -u by the-

Si
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Cha p s - t m i s- o o um e ’ h a u t d  s be -conies mut om -e - i tmm pom - t aumt  ; however  , t ime -  b u l k  of t hc’

a t i u u o s p ime m -e is  purely s c u u t t e u - i n sg . ‘i ’he- a l bedo  p r o f i l e ’  t a k e s -  on i n t e r —

i~ied bj t e  va lem es -  it t A = I,) .99 pm between two w a t e r  vapor ab sorpt  ion bands -

is it e’ cc ’ h o t  ii - c u m  I t  c- u- i n -mg by ae rosol and abs orpt i oum b y is- um t er vapo l-  uu re

e’V i d c mmt - l i i  g lte - r i u t ime ’  a tnmos -p he -re where 1)0th wa ter vapor zund aen-oso 1
m c ’ a h o m u t  , t lie- a! he-do b e c onmues - nut its ’ o w i n g  to  m o l e c u l a r  s-cat  t er i m - mg - At

0. 9-I c m i i , i s u t t e m -  vapon - abs - on-pt  ion is- si gn i f icau m t • and a lb e - d o s -  are’ c o r r e - s—

p on d i n g lv  low fu ,it - much of t he  lower at mosphe r e . (Residua l s c a t t e r i n g
t m - om mi aes-osc) l p re t ’e -n mt s  i t  from becoming zero . Note time - d i f f e - r e i m c e

between t ime  5—knit  am sd 2 3 — k m  v i s u a l  range c t m m ~vc ’s -

l ime - ii~uc k grou md s -mi s - lace  is taken  to he the  sea su r face , au -md a su r f ace  - 
-

u - cf  l e c t a u m c e  cu rve fos- wate- (Krinov 1947) is assunn ed . In gen me m ’a l , the

s-ut -face r e f l e c t s -  about S’ of incident radiation in the v i s i b l e  aimd is

b l a c k  m m  t i -me neat -  in m f r ar e d  - Sdumm g l j u t  and o ther  ch :m r a c t e r i s t i c s  of a

w i u m d - d i - j v e u m  wave-el surface  are n o t  cons ide red . ‘l’he s o l a r  e l e v a t  i oum ang le -

is a s sum ed to  he 2 5 0 
- ‘lii i s ca l  due ~ s a comp ron imi s-c between time ’ m i d —

mmi o u-n inig sim m sy-u m chm - o u so t ns  pa ss-  of the  Lands -at  in s s t r um eumt and the  chat -ac  —

t en  st i c e a r l y  nmiorni ng or t i m i d — d a y  DMSP i-eli i c 1 e. S j uice  the emph a s i s -  he-s-c

i s  on spec t ra l  cli  f f em-en ces , i t  was assumed t ha t  both semis -os -s obs-e -ve
sinm i b l a d y i l l u m i n a t e d  scenes - For a nmor e comple te  t rea tm ne u i t  , t h e

rela tive geoultet ri es- should a l s o  be cons - ide -reel . ‘l ime oh se -u - v a t  I om m uuuu g  le-

f o r each sensot - was taken to be s i i  g ist lv  off umadi  r so that the  u - e s-u i t s
would be more c h a r a c t e r i s t i c  of ti -me b in ik  of p i x e l s -  w i t h in a scan - t he-
c’x u u c t  : e ni t h  ang le is -  25 . 8

0
.

I i  guire S—S i l l u s t r a t e s  ti -me wavelength depe um d er mce of the  umo t -m a l b  :eel
i n t er n s i t s ’  be fo re  scums -os - response wei ght  ius g  - P l o t t e d  i s  I ( \ - ; u )  / 11 , tsI me-t •e-

F i s  t i m e  i n m c i d e n t  solar  f l u x  at w av e l e n g t h  A - N o t e -  t h a t  fot  a g i v e - u t

r e - I  :m t i i-c h u nmid  i t ’- , t i -me ha :v umtmosp lme r e  a l w a y s  as-pea n-s b r i gh t e r , even j u t

h~- n e - a r —  ins  fi -ared usu m t es i -uupor  ~m 1iSorpt ion bands - I lowever , for t h e ’ more ’

i-cal 1st b e -  case of cor re la ted  h u m i d i t y  usnd h a z e , a dry clear atmosphere

nmi a v he br igh t e r  th a um a hu m um i d ha :v a tmosp h e r e  i n  s-t ron -mg lv  ~m l ’sor h in - mg

reg i o n s -  5 5e- e- 0 . 9 1  u r n )  -

- - 
__1i,__ 
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5.4.3 Response Wei ghted Radiances

Simulated satellite ium strurn cmmt radiances were computed by wei ghting

monochromatic intensities with ti-me appropriate spectral response func-

tions for each instrument according to Equation-u 5-17 . Results for time -

four model atmospheres are shown in F igure 5-9 for the Lands-at MSS

bands . For a given i-isihility (aerosol loading) , only MSS-T is sensitive

to water vapor abundance. hlowever , a l l  ba nds ar e s e m s - i t i v e  to aerosol

content. For the cases considered , intensities decrease monotoumic allv

from MSS-4 through MSS-7. These calculations indicate t h at MSS-~ i s

most sensitive to changes in aerosol amount since Rayleigh scattel-ing is

minimal and water vapor is not a si gumificant i u’ufluensce. Howe-vet- , tim e

computed increased sensitivity in MSS-b is imot dra sticall y greater timan t

in MSS-4 or MSS-5.

The MSS—7 results must he carefull y- interpreted . ‘I ke las-ge differ-

ence between the S-km visibility, low humidit y i-adiance au-md time 25-km

visibility, high humidity radiance is probabl y not phy-sie-a ll v realistic

in light of the clirnatological correlation betwe-erm hi gh h u n m u i d i t  and

reduced visibility Situations (Section 5 3 ) .  Thei-e , t h e -  h a z y  h mi gh

humidity and clear low humidity results in-u ~‘iSS-7 si-mould lie counupam -ed .

For the situation modeled , the results are co m umpara b le - , s i m g g e - s t i u mg t h a t

the  e f f e c t s  of increased aerosol sc at t e r i u g and w a t e r  vapor absorption

compensate for one another. This conclusion will lie case-specific ,

however , au-md requires carefu l consideration of an appropriate acrosol/

humidity relationshi p.
Resu l t s  for the I)MSP ins t rument  are g iven  u s  Fable S — S , w h i c h

includes the - corresponding Lands -at  cases for comparison s , l i t  genme r ~u l ,

DMSP radiances are ap p r o x i m a t e - i c  t ime samum e as those- i n  l ,aum el sat  MSS- t ~ -

The effect  of increased water  vapor i s  to dec rease  l)MSP r a d i a n c e - s  by

about S°~ to 8°f, (owing to abs-ori t i om-m in  the  near in f ra m ’ec l  as cv i  d e -umc e d b y

M SS— 7 resu l t s )  - h owever , l)MS P is  ut m ost s - c - m i s - i t  ive  to ae -t -osol  con ten t  i i i
these cases , iumc rea siim g intensities by :1 f act o r  of about 2 . S .

‘r he r e s u l t s -  sh m owm m b u m T a b l e  S— S m m ma ~- at fin -s t appeal- c omm t u ’ u u m  to

what would  he expected s -j u ice  -iS ’ of t ime -  con -m t n ih u t  i omm to tIme l’IMSI’ i s -
from M SS —7 and onl~- 2S’~ from M SS— t ’ (see Fi gure 2 — 3 ~ Ilow ei- e m- - the

response wei ghted r adiances are not s - j ump  l y p r op omt  iona I t o  the t-e lit  i ye

_ _
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TABLE c-S

COMPAR I SON OF i . -\NI uS\T MSS -\NI~ I)MSl’ BA\I)I’.-\SS 10 I (il II It

\OR~L-~Ll i 1 )  i \  I t 1 \ S  l I l t  S

~‘is - i l-t i I i  t v

25 km ~ km

h a t e r  \u ’r~~~~~~mim~~~ - -

I ns t ru in enmt 3 .35 0 03-i 3 5 5  0 034

M S S — 4  - 105 - 105 .25-1 .23-! 
- -

~- l 5S-  5 - ~u5~) 
- 050 - 194 . 1 ~ ) - 1

MSS—ti . 0~ O . 0~i0 - 15 . 1 5 7

‘ 155 — “ - 01 2 - 035 - 05u - 097

itylsi’ .059 - 0(-t 2  - 14u - 1 5’

*Tlse wa te r  va l ’ o m - hands  ins F i c ~m m rc’ S-S near 0.75 u rn have  l i t t l e ’ ef fec t oni
the ’ ‘ISS — ~ bau t dpa ss-  we i ghted rid i ane’es and , so n -mo change-  i s  sh~ ts is wi th - -

w a t e r  Vap o r.
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cont r ibut lou is  from eae- !m s-pe e-t m - a l  s e’g m m ic ’ m m t a lo t t e  - 1st t t h e ’ p m ’o~Iuc t of

r e lu i t  iv e ’ co r u t i - ib u t  ion (ha s-ed on u’cspcimlsc ii l c”mi c’) t i m e ’s t h e -  r a d i a u m c e
cvii i 1 a b l e  - Froun I qua t i o m m  5— 1

t ( 1) M S F’) 
~ L u )  I ( A )  cl~ / - \  

( \ )  ~I \  ( 5 — 1 5 )

co i mst  r um e’t n n~ t h e  I (I 1~~Si m n o i s  t h e -  l .andsat  i i ut m sel s- a ion ic , is i th  t i m e ’
t o l  l ou ~ i ncL ~ p e m - c e n t u m g c s  fom each hi;sel ( front  F i g um s’e  3 — 5 ) :  ~l SS — 4 1 0 , -

= 0 . 10 ) ;  ~ISS-5 20 - (~ 
= 0.20); M SS-( 2 5 -  ~: = 0.25); anu ci ~-lSS-7 -15

0.4 5) . 
- 

I
Ili e ’ j u t  e c m ’ u u 1 c~mm lie \ c i~ i t t  ems u ls  a s u mm it :

I (I1MSI’) V ~ - - ( -~ -

i=4 
I I

i~herc I .  arc ’ t ime -  I z t u m d s a t  ~lSS n d  lan ces -  ~ ly e - u  j u t  l ; u h l  c ’ 5 — 5  f or  each c a s e- .

S i n c e  ~ - = 1.0 , -

i~~-i I

1 (l )MS P) = 0.101 i + 0 . 201~~ + 0. 251 ( + 0 4 5 I 7

I ls lug time u- u u e l i : m m m c e - s  g ive -n i  in  t a b l e -  5 — 5  fos- one- c u m S e ’ (Ca se  1: ~3 Ks)

, u s -  an e xam um pi  c’ , the commspute-d i-al ne-s are- :

‘153 5

I

-) 0.10 0.20 0 . 2 5  0.-IS - = 1 .0I

I . 0.105 o . 0S0 0 . 0( 0  0 .0 12

~ 
I. (l _ ( ) ~~()5 O.Olc 0. 015 0.005-1 

~~ 
= tLo-  ou-

I ( F’MSI’ ) = 0 . 0 - 2 7

- - 
Fer m - t h i s  example -  c u us  e’ - i t canm be see -u i  t h a t  iii t i i e’ut um ~h - I S I -  of lie’ R’ISF’
m- c-spesmlse (~~

) is  cove -re el  1w ~lSS- only 11 .5 (.005-2 / .0-! ) of the- total
IlMSl’ e’m m e u g v  1 ~ u u v u m  I l u m h l e -  at t hui ~u i v~’ I en g t h  - For t ime  155 - I - in te l  w : t vc ’-
I e’n g th s  - t I n e -  t o t u t  1 cu te r gv  si- a i I iii Ic is 22.5- - , 3- 1 - 0 1- , a mmd 3 1 - o- :- . re-s l’ c’c -
t m i - c-! y’ . I um f u m c t  , s- m ice cu t e  n- gv a v um i I :ihi Ic ~lce- n ’ c’u m s  es t O is a  r~is lSS~
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(F I gu r e  5- 8)  , it is expected  tha t a l t h o u g h 10-TSP’s 1-esp ont se i s -  - I S I  MSS- ,
the  h i gher  eneI’ c~, ue s  u m v u m i l a b l c  i s i l l  sy s t e m u n a t i c a l l y  wei g ht the lower MSS
b a n m d s -  h i~~lic’ i’ , and t F i e  lute - grated re_~ponse will he- characteristic of a
lowe r ban d .

SO

_ _ _  
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6 . SUMMARY OF RESULTS

6.1 Comparative Analysis of DMSP and Landsat Imagery

The data sample used for the comparative analysis of DMSP and

Landsat imagery was not as extensive as had been originally anticipated

because of the difficulties encountered in finding cases with Landsat

coverage in the area of an anomalous gray-shade pattern evident in a

DMSP image. Landsat scenes only cover a very limited area, so in many

potentially usable cases it was found that the Landsat coverage was just

outside the DMSP anomalous gray-shade pattern . Moreover , several other

potential cases were not usable because the only available DMSP data did

not include the low- or log-enhancement images; anomalous gray-shade

patterns cannot be detected except in the low- or log-enhancement data.

As a result of the difficulties in collecting a suitable data

sample , mos t of the cases even tuall y selec ted for analys is were for land

areas rather than the ocean . These cases satisfied the criteria of

reduced visibility in li ght fog or haze and the Landsat observation

being within two hours of the OMSP observation . However, the anaiysis

of subtle gray-shade patterns in Landsat data is more difficult over

land than over water because of the highly variable reflectance of the

background at the Landsat 80-meter resolution . The results of the

analysis of the cases described in Section 4 are summarized below .

6.1.1 Analysis of Cases Over Land

In all of the cases over land, the DMSP anomalous gray-shade

pattern is in an area of high humidities and reduced visibilities . As

explained in the theoretical discussion , high aerosol content (reduced

visibilities) is likely to be associated with a moist atmosphere ; the

theoretical computations were based on this condition .

The results of the analysis indicate that in each case the Landsat

MSS-4 (visible band) image displays an overall more hazy tone than the

other spectral bands. In some cases where the Landsat scene is in the

area of a relatively light-gray shade tone in the DMS P , the MSS-5

image also displays a somewhat hazy tone, although less than that of the

MSS-4. In all cases, the MSS-6 and 7 (near infrared) images appear
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less hazy’ than the shorter wavelength bands; the MSS-6 generally appears

somewhat hazier than the MSS-7. In the MSS-4 images , however , no

dist inct variation can be detected in the hazy tone from one portion of

the image to another; rather , the images display an overall hazy tone

even in areas where distinct tonal variations in the anomalous gray-

shade pattern are evident in the corresponding [)MSP image .

The hazy tone of the MSS-4 images can be established by examinin g

the contrast between adjacent terrain features with high and low reflec-

tivities. In Case 2 (Section 4.2), for example , it is readily evident

that the contrast in the MSS-4 and S bands is considerably less than

that in the MSS-6 and 7 bands . In at least one case , it was also

possible to compare the contrast in MSS-4 images for a scene within a

lighter tone area in the corresponding DMSP image and a scene within an

area that appears darker in the DMSP; in this instance , the former

image has a noticeably more hazy tone than the latter .

When comparing the various Landsat bands , it must be remembered

that the contrast between water and vegetated land is much greater in

the MSS-7 than in the MSS-4 band . In the near-infrared portion of the

spectrum (MSS-7) , water is essen tia l l y  black whereas vege tation is
hi ghly reflective; in the visible portion of the spectrum (MSS-4), the

difference in reflectance between water and land is considerably less.

Because of the inherent greater contrast in the near infrared , it would
be expected that a subtle haze pattern would be easier to detect in an

MSS-4 image. Nevertheless , the results of the analysis cannot be

attributed solely to this factor, and the observation that the MSS-4
• band is consistently more hazy is in agreement with the findings of

other investigators such as Fraser (1976) and Griggs (1978).

6.1.2 Analysis of Case Over Water

The case of an anomalous gray-shade pattern over water off the West

Coast is quite different from the cases over land, where the patterns

were associated with a synoptic pattern that produced a relatively broad

area of high humidities and reduced visibilities. The anomalous gray-

shade pattern off the coast appears to be associated with a more local-

ized condition. The Landsat imagery indicates that the pattern seen in
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the DMSP is partly the result of small cloud cells that were below the

resolution of the VIIR sensor. Uowever , since the DMSP pattern extends

beyond the areas of the small cloud cells detectable in the Landsat

imagery , i t  appears that  the .  gray-shade pattern is also , in part , the

resul t  of an area o. hi gh moisture and hi gh aer osol con t e n t  r e m a i n i n g  as

the clouds dissi pate; the remaining particles were even too sma l l  to he

detected at the Landsat resolution . ‘Ibis finding is in agreement ~ith

the analysis of these particular E)MSP images by Fett and Mitchell

( l~Y’T

In this case , the MSS-4 band appears to be measuring an overall

hi gher radiance, although the pattern of cloud elements appears the

same in the MSS-4, 5 , or b bands;  on ly  in  the MSS- ’ hand is the cioud

pattern significant ly reduced .

The comparative analysis for this case demonstrat es the c i g n i f i -  p

cance of the different resolutions of the I)MSP VIIR and the l.andsat MSS.

I t  may be , in fact , that  the d i s t i n c t i v e  tona l  d i f f e rences  observed

within several of the anomalous gray-shade patterns in DMSI’ images are

the result of the sensor integrating over a relatively broad area as

compared to Landsat. When the image is produced , all of the individua l

picture elements within a certain reflectance value fall i n t o  a par-

ticular gray—shade tone that is distinct from the adjacent tone . The

Landsat MSS, howev er , would detect severa l intermediate tones within the

same area.

In the case over water , areas with low reflectance (black) can he

detected along certain coastal areas in the l andsat imagery . These

patterns, which are particularly pronounced in the ~lSS-~ hand , are

believed to he areas of calmer water within the lee of the l and . .Just

south of the most pronounced of these black areas , a wave pattern in the

wa ter can also be detected , especiall y in the MSS-~ image .

b .2 Theoretical Analysis of Water Vapor Absorption

The theoretical analysis presented in Section ~ is based on certain

assumptions: (a) a parti cular model atmosphere , water vapor amounts,

and aerosol model and abun4ances; (h) a specific viewing geometry ; (c) a

simple radiative transfer model; and (d) viewing against a water surface .

- i. • __ •._



Keep ing these cons ide ra t i ons  in mind , the results of the theoretical

analysis of the effects of water vapor on the satellite imagery indicate

the following.

• DMSP and t.andsat MSS-4 , 5, and h radiances are more sensitive

to aerosol s c a t t e r i n g  than to wa te r  vapo r .

• La ndsat  MSS-7 rad iances  are hi gh l y  s e n s i t i v e  to wa te r  vapor

while DMSP is  a f f e c t e d  to a lesser degree.

• For realistic hi gh hum idity, low visibility situat i ons , it is

aerosol growth not water vapor , per Se , which increases UMSI’

rad iances ;  increased w a t e r  vapor abundance , in fact , dec reases

rad iances .

• Anomalous  g ray-shade  p a t t e r n s in areas where h u m i d i t y  is  hi gh

a re most l i k e l y  the  r e s u l t  of s m a l l  aerosol d r o p l e t s  in the

haze category (0 . 1 to 10 ~irn )

• A l t e r n a t i v e l y , when meteoro log ica l  c o n d i t i o n s  are appropriate ,

anomalous  g ray - shade  p a t t e rn s  may l)e caused by c loud  d rop l e t s

(2 0  to 400 p m ) ,  w h i c h  are not yet o r g a n i z e d  i n t o  cloud e l emen t s

la r ge en oug h to he seen at the  DMSP s p a t i a l  r e s o l u t i o n  ( 1 / 3  n i n i ) .

In these cases , the  ob served anomalous  g ray - shade  p a t t e r n s  i n

hi gh h u m i d i t y  area s are caused more by the l ack  of spat i a l

r e so lu t  ion of the  I)MSP i n s t r u m e n t  t han  by the  l ack  of spectra l

resolution .
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7 . CONCLUS I ONS ANt) RECOMMI NDAT IONS

1 Conclus ions

A key requ i rement of the s tudy  was to compare ~MSP and Landsat

data to de termine  w h i c h  wavelengths within the t o t a l  DM51’ spectra l
range are respo a s ib le  for the anomalous gray-shade p a t t e r n s .  Under the

• scope of the  e f f o r t  i t  was p o s s i b l e  onl  to carry out a compara t i ve

analysis of the satellite imagery ; dig ita l data were not analyzed . From

the results of the imagery analsis , it is difficult to draw quantita-

t lye cone l u s ions  to address the quest ion of which arc the wavelengths

most r e spons ib le  for , the observed 1)MSP response. I ’he photograp h i c

processes used in producing the DM SP and Landsat images in t roduce

substantial variabi I l t v  in the  final products , whether on a day—to —day

bas i s  or even when the images  for  the  ~l i  f f c r e n t  Lan dsat  hands  of the

same scene are produced .

Furthermore , because of the limited data  s amp le , only one case over

a w a t e r  bac k ground was an a ly z e d . For the  ba la n ce  of the  observed cases

over land , s p e c i f i c  conc lus ions  are d i f f i c u l t  to f o r m u l a t e  s ince  a n a l y s i s

• of the imagery tends to  focus on the “haz ines s ” of the  scene , w h i c h  i s
real ly a measure of scene cont rast reduct ton. An ana l sis of ha: m ess

would  i n v o l v e  e x a m i n i n g  the changes in i n t e n s i t i e s  for  nei ghbor ing sce n e

p i x e l s  w i t h  d i f f e r e n t  sur face  r e f lect anc es  ( such as wa te r  v s .  v e g e t a t i o n ) ;

c a l c u l a t i o n s  were performed , however , only for one surface  type .

F a r l i e r  a n a ly s i s  ( l s aa c s  and Chang 19’S)  indicates t ha t  con t r a s t  reduc-
• t i o n  i s  very s ens i t i ve  to spectral  hand pass , mode l atmosphere , and

reflectance properties of the scene v iewed .

The qualitative results of the imagery analysis indicate that the

• shor ter  wave l ength Lands at  hands , e s p e c i a l ly  MSS-4 , appear more h a z y

- 

• 

than the longer w a v e l e n g t h  bands (MSS-~ and ~) . The t h e o r e t i c a l  analy :~.is ,

however , i nd i ca t e s  t ha t  simulated radianc es  from the OHS)’ are s i m i l a r

to the Landsat M SS—t ~ hand rather  than to Band 4 . As an e x p l a n a t i o n

for t h i s  apparent c o n t r a d i c t i o n , the  r e l a t i v e  cont r ibu t i ons of energy

from the d i f f e r e n t  spectra l i n t e r v a l s  c o m p r i s i n g  the t o t a l  L)MS P response

must be considered rather than the response func t ion  a lone .  Whereas
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only a 10% contribut ion at the MSS-4 wavelength might be expected froni

the response functi on , the relat ive energy contribution is actuall~ more

than 20%. The magnitude of the contribution at the MSS-4 wavelength ,

combined with the sensitivity of wavelengths near the peak DM51’ response

(0. to 0.8 i~m ) to inc reases in haze , results in the [*1St’ sensor he tug

quite responsive to aerosol loading.

An a l t  ernat ive e x p l a n a t i o n  for  the apparent cont rad ict ion bet ween

the  r e s u l t s  of the imagery’ analysis and the  t h e o r e t i c a l  a n a l y s i s  may be

fo rmula ted  based on the  di  f f er I n g  spat ial  r e s o l u t i o n s  of t he  t w o  i n s t ru -

ments  ( a p p r o x i m a t e l Y  ~00 m for  I)MSP and So m for  the  tan dsat MSS) . K i t h

these  r e s o l u t i o n s , some 50 to 100) Landsat p ixels a re  c o n t a i n e d  w i t h i n

one [*ISP resolut  ion e l e m e n t .  Therefore , a t m o s p h e r i c  features with con-

t inuou s l y v a r y i n g  i n t e n s i t y  responses , such as ha z e  or deve lop in g

cloud s , are sampled by Landsat at a much hi g her r e s o l u t i o n  - The DM51’

sensor , however , w i l l  produ ce an a r t  i f i c  ia 11 y di st inct boun da r si n ce

the  v a r y i n g  i n t e n s i t i e s  w i t h i n  the  t’i e l d - o f - v i c w  w i l l  be averaged over

, t r e l a t  i~-e l~ broad area , as co mpared to Lands at  . I’hi  s e x p l a n a t  ion , P1

r e l a t ed  to the  spa t i a l  r e so lu t  ions of the sensor r at h e r  t han  to  sp ect r a l
d i f f e rences , has not been inves t  igated  in the  present  s t udy .

2 Reco mme ndat ions t’or hurther Study

The compara t i ye ana lvs  is of the 1)MSP and Lands at imagery demon-

st ra tes  the qua l i t ~~~ive  v a r i a t ion in intensities measured by t he d i i ’-

ferent spectral  bands , in some cases , however , the v a r i a t i o n s  in
in t e n s i t y  are sub t l e  and are difficult to assess f u l l y  t h r o u g h  image
a n a l c s  is a lone .  I t  i s  recommended , t h er e t ’ore , t h a t  f u r t h e r  a n a l y s i s  •

he ca r r i ed  out using 1.andsat dig i t al tape data.

The ana l s i s  of d i g i t a l  tape data  would  pe rmi t  a q u a n t i t a t i v e

cva l uat ion of the  i n t e n s i t y  variat ions .  The cont ras t  r edu ct ion  over
land could be de te rmined , and u t r i at  ions in intensit~’ over  wa te r  t h at
may not be de te c t ab le  in the  im ag e  r~ cou I ~1 he measured . hu rt hermore . an
e x p e r i m e n t a l  analysis of the  t and sa t  data could  be c a r r i e d  out t o  s m u —
l a t e  the reduced r e so lu t  ion of the t)MSP ~HR. Such an ana Ivs i s  wou ld
d e t e r m in e  whe the r the anomalous g r a y — s h a d e  p a t t e r n s ob served in t he  DM51’
imagery are the  r e su l t , a t lea st ~n part , of the spat i a l  a v e r a g i n g  by
the VII R sen sor.
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1-o r f u r t h e r  t h e o r e t i c a l  ana l y sis , a s tud y’ of r e a l i s t i c  r e l a t i v e

humidity/aerosol growth models is recommended to determine more accurately

the watci- vapor and aerosol loading factors for the atmosp here . Such

relationships , when included within the radiative transfer calculation ,

w i l l  enable  the  d y n a m i c s  of aeroso l growth pertinent to the asset and

dissi pation of reduced visibility situations as seen from space to he

modeled .

It is also recommended that further analy sis he undertaken to:

(ii repeat the calculations carried out in this study substituting a

maritime aerosol model and (2) evaluate the impact of aerosol scattering

anisotropy on the mode l results. Under the first of these proposed

additional tasks , the analysis would be extended by substituting a

maritime aerosol model of Shettle and I-cnn (1976). Optical properties

of a model tropical atmosp here with varying water vapor amounts and the

maritime aerosol amount would then be computed over the DMSP/Landsat

spectral interval (0.4 to 1.1 )im), and radiative transfer theory would be

used to evaluate monochromatic upward radiances using these optical

properties . Finally, simulated satellite incident radiance would be 
- 
r

calculated by wei ghting the monochromatic results using the appropriate

DMSP and Landsat MSS sensor bandpasses.

Under the second task , calculations would be performed using an

aerosol model with preferred scattering direction. Since Mie scattering

is highly’ anisotropic , it is desirable to evaluate the magnitude of this

effect on previous results. In this task two sample calculations would

be made using a tropical atmosphere with maritime aerosol amounts and

two diverse water vapor abundances. In addition to the optical prol)erties

available from the current study, the aerosol-scattering asymmetry

factor would be evaluated using a computer code developed at ERT. The

radiative transfer equation including scattering anisotropy would be

solved , and both monochromatic and simulated DMSP/Landsat radiances

would be computed. Results of the current study would be compared to

assess the impact of anisotropy . It is expected that examination of

the preferred scattering properties of the aerosol will lead to the

delineation of specific sensor geometries favorable to the enhancement

or suppression of anomalous gray shades.
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