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The f e a s i b i l i t y  o f  u s i n g  h i g h  r e s o l u t i o n  s a t e l l i t e  imagery as an a i d  t o  d e f i n i n g  t h e  t r a n s -  

p o r t  o f  p a r t i c u l a t e  a i r  p o l  1 u t i o n  plumes and t h e  d e t e r m i n a t i o n  o f  t u r b i d i t i e s  f o r  widespread 

haze l a y e r s  i s  d iscussed.  L i m i t a t i o n s  o f  t h e  techn ique  a r e  a l s o  noted.  

Recent work has demonstrated t h e  u s e f u l -  
ness o f  s a t e l l i t e  imagery f o r  t h e  d e t e c t i o n  
o f  p a r t i c u l a t e  a i r  p o l l u t i o n  plumes. 4 4 , 4 5 3 4 6 3 4 7  

I n  p a r t i c u l a r ,  t h e  Landsat s a t e l l i t e s  have 
been p r o v i d i n g  h i g h  r e s o l u t i o n ,  m u l t i - s p e c t r a l  
images o f  v a r i o u s  p o r t i o n s  o f  t h e  e a r t h ' s  s u r -  
f a c e  s i n c e  l a t e  1972. These s a t e l l i t e s  o r b i t  
t h e  e a r t h  sun-synchronously a t  an a l t i t u d e  o f  
~ 1 0 0 0  km, making 14 r e v o l u t i o n s  o f  t h e  e a r t h  
each day w i t h  c ross ings  o f  t h e  equa to r  a t  
0942 h r  l o c a l  t ime.  Every 18 days, a g iven  
s a t e l l i t e  r o u g h l y  r e p e a t s  i t s  t r a v e r s e  over  
a g i v e n  area.  The images, p r o v i d i n g  r e s o l u -  
t i o n  d e t a i l  t o  100-200 m, cover  a square 
s u r f a c e  area r o u g h l y  185 km by 185 kni. 

T h i s  r e p o r t  desc r ibes  e f f o r t s  t o  assess 
t h e  f e a s i b i l i t y  o f  u s i n g  h i g h  r e s o l u t i o n  
sate1 1 i t e  imagery as an a i d  t o  d e f i n i n g  t h e  
t r a n s p o r t  o f  power p l a n t  p a r t i c u l a t e s  i n  t h e  
atmosphere and t o  t a k e  advantage o f  t h e  d i g i -  

t a l  image p rocess ing  e x p e r t i s e  a v a i l a b l e  a t  
P a c i f i c  Nor thwest  Labora to ry  (PNL) . T h i s  
s tudy  was i n t e n d e d  t o  suppor t  M u l t i - S t a t e  
Atmospheric Power Produc t ion  Pol 1 u t i o n  Study 
(MAP3S) f i e l d  programs i n  t h e  Nor theas t .  

M i c r o f i l m  images taken  by Landsats I and 
I 1  over  Lake Michigan were scanned t o  s e l e c t  
those  images showing some t y p e  o f  plume de- 
velopment. One image f o r  lower  Lake Mich igan  
taken  on 10 June 1973 (Image I D  1322-1 6045) 
was s e l e c t e d  f o r  d e t a i l e d  a n a l y s i s  w i t h  a 
v a r i e t y  o f  computer enhancement techniques.  
A b lack-and-whi te  composite, made up o f  
images f r o m  t h e  f o u r  m u l t i - s p e c t r a l  scanner 
(MSS) bands (0.5-0.6 pm, 0.6-0.7 um, 0.7-0.8 um, 
and 0.8-1.1 um), i s  shown i n  F i g u r e  1.28. 
I n d i v i d u a l  plumes o r i g i n a t i n g  f rom t h e  shore- 
l i n e  a r e  e a s i l y  d i s c e r n i b l e  o u t  t o  50-100 km, 
where t h e y  merge i n t o  an o v e r a l l  haze. There 
i s  a l s o  ev idence i n  t h i s  photo o f  a lbedo v a r i -  

FIGURE 1.28. Black-and-white Composite of Lower Lake Michigan from a Landsat I Image Taken on 
10 June 1973 is Shown. Pollutant plumes are readily identified emanating from the shoreline. 
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a t i o n s  o f  t h e  s u r f a c e  water,  i n d i c a t e d  by 
some o f  t h e  s t r e a k  p a t t e r n s  near  t h e  western 
edge o f  t h e  l a k e  and by t h e  f a c t  t h a t  s h i p  
wakes near t h e  c e n t e r  o f  t h e  photo a r e  e a s i l y  
recognized.  

Th is  p a r t i c u l a r  example p o i n t s  o u t  some o f  
t h e  d i f f i c u l t i e s  o f  i n t e r p r e t i n g  s a t e l l i t e  
imagery, v i z .  t h e  v a r i e t y  o f  f a c t o r s  which 
can i n f l u e n c e  t h e  d i s c r i m i n a t i o n  o f  plumes 
a g a i n s t  t h e  u n d e r l y i n g  su r face ,  i n  t h i s  case 
water .  Some o f  t h e  f a c t o r s  which a f f e c t  
o v e r a l l  image c o n t r a s t  i n c l u d e  t h e  s p e c t r a l  
a lbedo o f  t h e  l a k e  s u r f a c e  th rough  wate r  
t u r b i d i t y  o r  wa te r  dep th  (nearshore)  v a r i a -  
t i o n s ,  t h e  amount of r a d i a t i o n  backsca t te red  
by t h e  plume, and d i f f u s i v e  l i g h t  s c a t t e r i n g  
by atmospher ic  molecules and haze l a y e r s ,  t h e  
1  a t t e r  be ing  most i m p o r t a n t  i n  h e a v i l y  p o l  - 
l u t e d  reg ions .  

The s p e c t r a l  dependence o f  l i g h t  s c a t t e r -  
i n g  by aeroso ls  i s  a l s o  i l l u s t r a t e d  i n  F i g u r e  
1.28. Condensed wate r  plumes, which a r e  
dominated by p a r t i c l e s / d r o p l e t s  l a r g e r  than  
1-2 um, a r e  n e a r l y  n e u t r a l  i n  t h e i r  s p e c t r a l  
s c a t t e r i n g  c h a r a c t e r i s t i c s ,  w h i l e  smoke 
plumes, which a r e  dominated by p a r t i c l e s  
s m a l l e r  than  1  vm, s c a t t e r  l i g h t  p r e f e r e n -  
t i a l l y  i n  t h e  b lue .  Thus, smoke plumes 
shou ld  show up i n  t h e  0.5-0.6 pm and 0.6- 
0.7 ]Am bands w h i l e  condensed wate r  plumes 
( l i k e  c louds)  should appear e q u a l l y  w e l l  i n  
a1 1  s p e c t r a l  bands. 

S ince each s p e c t r a l  channel i s  c a l i b r a t e d ,  
i t  i s  p o s s i b l e ,  i n  p r i n c i p l e ,  t o  determine 
aeroso l  o p t i c a l  dep th  ( t u r b i d i t y )  f rom t h e  
u p w e l l i n g  r a d i a n c e  measurements. Ana lys is  o f  
t h i s  t y p e  has been a p p l i e d  t o  t h e  s tudy  o f  
d u s t  s to rm a e r o s o l 4 8  and t o  r e g i o n a l  and 
g l o b a l  mapping o f  a tmospher ic  t u r b i d i t y .  4 9  Y ,51 

Ground- t ru th  t u r b i d i t y  measurements, made 
s imu l taneous ly  d u r i n g  s a t e l l i t e  overpass, 
p r o v i d e  an independent measure and p robab le  
e r r o r  f o r  t h i s  t e c h n i q ~ e . ~ ~  The method i s  
most e f f e c t i v e  over  low-a lbedo sur faces  such 
as water .  T u r b i d i t y  va lues o b t a i n e d  f rom 
background o r  we1 1  -mixed urban haze by t h i s  
method a r e  reasonable,  c o n s i d e r i n g  t h e  number 
o f  assumptions about  aeroso l  s c a t t e r i n g  phase 
f u n c t i o n s ,  ae roso l  s i z e  d i s t r i b u t i o n  and 
aeroso l  compos i t i on  t h a t  must be made because 
these  q u a n t i t i e s  a r e  f a i r l y  w e l l  d e f i n e d  and 
do n o t  change r a p i d l y  w i t h  t ime .  The s i t u -  
a t i o n  f o r  o b t a i n i n g  meaningfu l  plume t u r b i d i t y  
i s  ques t ionab le  s ince ,  n o t  o n l y  i s  t h e  aeroso l  
s i z e  d i s t r i b u t i o n  changing w i t h  t ime ,  b u t  t h e  
condensed water  plume a l s o  changes w i t h  t i m e  
th rough  d i s p e r s i o n  and evapora t ion .  

Use o f  s a t e l l i t e  images f o r  d e t e c t i o n  o f  
p a r t i c u l a t e  a i r  p o l l u t i o n  plumes and f o r  es-  
t i m a t i n g  t u r b i d i t y  f rom areas o f  d i f f u s e ,  w e l l -  
mixed p o l l u t i o n  appears p romis ing .  A d d i t i o n a l  
images need t o  be examined t o  d e f i n e  t h e  v a r i a -  
b i l i t y  o f  s u r f a c e  albedo i n  o r d e r  t o  e x t r a c t  
t h e  most i n f o r m a t i o n  about  plume dimensions 
and t u r b i d i t i e s  o f  widespread haze b lobs .  It 
would a l s o  be u s e f u l  t o  speed up tu rnaround  
t i m e  f o r  image r e p r o d u c t i o n  -- a t  p r e s e n t  i t  
i s  on t h e  o r d e r  o f  one t o  two months. An idea ,  
which i s  p r e s e n t l y  be ing  e x p l o r e d  by PNL, i s  
t o  s tudy  t h e  f e a s i b i l i t y  o f  a d d i t i o n a l  ground 
r e c e i v i n g  f a c i l i t i e s .  
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PLUME RISE -- COMPARISON AND USE OF BRIGGS' FORMULAS 

D. R. Drewes 

Several w i d e l y  used plume r i s e  p r e d i c t i o n  equat ions a r e  compared, and f i g u r e s  a r e  p resen ted  

t o  show t h e  e x t e n t  o f  t h e  d i f f e r e n c e s  between them. One o f  t h e  equat ions,  which i s  a p p l i c a b l e  

f o r  buoyant plunies i n  a  n e u t r a l  atmosphere, i s  considered f u r t h e r .  Graphs a r e  presented t o  

show t h e  r i s e  p r e d i c t e d  under a  range o f  m e t e o r o l o g i c a l  and source c o n d i t i o n s .  These r e s u l t s  

can be used t o  e s t i m a t e  plume parameters i n  o t h e r  a p p l i c a t i o n s .  




