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SUMMARY 

The  NASA-Langley-developed L-Band microwave  radiometer  was u s e d   t o   r e m o t e l y  
measure sea s u r f a c e   s a l i n i t y   d u r i n g   t h e  March  1980  (Superflux I )  and  June  1980 
(Superf lux  11)   Chesapeake Bay  Plume Studies .   Obtained  measurements   of   micro-  
wave b r i g h t n e s s   t e m p e r a t u r e s   o f   t h e  sea s u r f a c e  were combined  with  measurements 
of  sea s u r f a c e   t e m p e r a t u r e   o b t a i n e d   w i t h   a n   i n f r a r e d   r a d i o m e t e r   a n d   i n v e r t e d   t o  
p roduce   co r re spond ing   va lues   o f  sea s u r f a c e   s a l i n i t y .   R e s u l t s   f r o m   t h e  Plume 
measurements ,   which   ind ica te   the   southward   ex ten t   o f   the   p lume  a long   the  
V i r g i n i a - N o r t h   C a r o l i n a   c o a s t ,  a re  p resen ted   and   d i scussed .   Add i t iona l   measu re -  
ments o b t a i n e d   f o r   t h e  Delaware Bay  Mouth f l i g h t  on  June 17, 1980,   and   the  James 
R i v e r - S h e l f   f l i g h t  on June  20, 1 9 8 0 ,   a r e   a l s o   d i s c u s s e d .  

INTRODUCTION 

The r e s u l t s   o f  several a i r c r a f t   p r o g r a m s   h a v e   d e m o n s t r a t e d   t h a t   g e o p h y s i c a l  
parameters   such  as t e m p e r a t u r e s ,   s a l i n i t y ,   a n d   t h i c k n e s s   o f   o i l  s p i l l s  can  be 
de r ived   f rom  pas s ive   mic rowave   measu remen t s   w i th   an   accu racy   t ha t   s a t i s f i e s  
m o s t   u s e r   a p p l i c a t i o n s   ( r e f .  1). I n   p a r t i c u l a r ,  a t e c h n i q u e  was demons t r a t ed   t o  
r emote ly   measu re   s ea - su r face   t empera tu re   and   s a l in i ty   w i th  a dual-frequency 
microwave   rad iometer   sys tem  ( re f .  2 ) .  A c c u r a c i e s   i n   t e m p e r a t u r e   o f  lo C and i n  
s a l i n i t y  o f  1 p a r t   p e r   t h o u s a n d  ( O / O O )  f o r   s a l i n i t y   g r e a t e r   t h a n  5 O / O O  were 
a t t a i n e d   a f t e r   c o r r e c t i n g   f o r   t h e   i n f l u e n c e   o f   e x t r a t e r r e s t r i a l   b a c k g r o u n d  
r a d i a t i o n ,   a t m o s p h e r i c   r a d i a t i o n   a n d   a t t e n u a t i o n ,   s e a - s u r f a c e   r o u g h n e s s ,   a n d  
ar, tenna  beamwidth.   The  radiometers,   operating a t  1.43 and  2.65 GHz, comprise  a 
t h i r d - g e n e r a t i o n   s y s t e m   u s i n g   n u l l   b a l a n c i n g   a n d   f e e d b a c k   n o i s e   i n j e c t i o n .   T h i s  
dual-freqEency  microwave  radiometer  system w a s  developed a t  t h e  NASA Langley 
R e s e a r c h   C e n t e r   f o r   t h e   p u r p o s e   o f   o b t a i n i n g   s e a - s u r f a c e   t e m p e r a t u r e   a n d   s a l i n i t y  
maps o f   c o a s t a l   a n d   e s t u a r i n e  areas. A s  t h e   o b j e c t i v e s   o f   t h e   j o i n t  NASA-NOM . 

(NMF) Chesapeake Bay P lume   s tud ie s  were t o  de t e rmine   su r f ace   ex ten t   and   concen-  
t r a t i o n   o f   v a r i o u s  water q u a l i t y   p a r a m e t e r s   u s i n g   s y n o p t i c   d a t a   o b t a i n e d   b y  
remote   sensors   which   could   be   compared   wi th   in -s i tu-measured  sea t r u t h   s a m p l e s ,  
t h e  NASA-Langley microwave  radiometer   system w a s  f lown  on-board  the NASA- 
Wal lops   F l igh t   Cen te r  P-3 a i r c ra f t  d u r i n g   t h e  March 1 9 8 0   ( S u p e r f l u x   I )   a n d  
June   1980  (Super f lux   11)   exper iments   to   s tudy   the   Chesapeake  Bay Plume s u r f a c e  
c h a r a c t e r i s t i c s .   S a l i n i t y   m a p p i n g s   o f   t h e   l o w e r  Bay area and  southward  a long 
t h e   V i r g i n i a   a n d   N o r t h   C a r o l i n a   c o a s t  were pe r fo rmed   t o   measu re   t he   p lume   ex ten t  
and movement. These  measurements were pe r fo rmed   u s ing   t he  L-Band ( 1 . 4 3  GHz) 
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r a d i o m e t e r   t o   m e a s u r e   s a l i n i t y   a n d   a n   i n f r a r e d   r a d i o m e t e r   t o   m e a s u r e  sea surface 
temperature .   The S-Band (2.65 GHz) r a d i o m e t e r  was n o t   u s e d   b e c a u s e   o f . t h e  
i n c r e a s e d   a m o u n t   o f   r a d i o   i n t e r f e r e n c e   f r o m   c o a s t a l   r a d a r   i n s t a l l a t i o n s  a t  its 
f requency.  

Th i s   pape r  w i l l  d e s c r i b e   t h e   t h e o r y   o f   t h e   r a d i o m e t r i c   m e a s u r e m e n t   o f  
s a l i n i t y   a n d   t h e   r e s u l t s   o f   t h e   J u n e  1980 measurements .   The   resu l t s  of t h e  
March 1980 measurement are n o t   a v a i l a b l e  a t  t h i s  t i m e  as a da ta   r eco rd ing   p rob -  
lem w i t h   t h e   i n f r a r e d   r a d i o m e t e r   p r e c l u d e s  a t i m e l y   r e d u c t i o n   o f   t h a t   d a t a .  

THEORY AND DATA REDUCTION 

The  measurement  technique i s  b a s e d   o n   t h e   p r i n c i p l e  that  matter, when 
h e a t e d   t o   a n   e q u i l i b r i u m   t e m p e r a t u r e  T, w i l l  e m i t  e l e c t r o m a g n e t i c   r a d i a t i o n ,  
whose spec t r a l   dependency  is  g o v e r n e d   b y   t h e   P l a n c k   r a d i a t i o n  l a w .  

It h a s   l o n g   b e e n  known t h a t   E a r t h ' s   a t m o s p h e r e  i s  e s s e n t i a l l y   t r a n s p a r e n t  
t o   t r a n s m i s s i o n   o f   e l e c t r o m a g n e t i c   r a d i a t i o n  a t  f r e q u e n c i e s   o f  1 t o  3 GHz. 
E x t e n s i v e   w o r k   o v e r   t h e   y e a r s   o n   m i c r o w a v e   s i g n a l   p r o p a g a t i o n   t h r o u g h   t h e  
atmosphere a t  centimeter w a v e l e n g t h s   h a s   i n d i c a t e d   t h a t   t h e   i n f l u e n c e   o f   c l o u d s  
is small a t  t h e s e   f r e q u e n c i e s   e x c e p t   u n d e r   v e r y  severe s t o r m   c o n d i t i o n s .  An 
a d d e d   f a c t o r   f o r   c o n s i d e r a t i o n  i s  t h a t   t h e   b a c k g r o u n d   g a l a c t i c   n o i s e   t e n d s   t o  
d e c r e a s e   s u b s t a n t i a l l y  as f r e q u e n c i e s   i n c r e a s e   b e y o n d   a b o u t  1 GHz. Therefore ,  
t he   f r equency   r eg ime   f rom 1 t o  3 GHz is  a w e l l - s u i t e d   c h o i c e   f o r   m i n i m i z i n g   t h e  
e f f e c t s   o f   e x t r a t e r r e s t r i a l   b a c k g r o u n d   r a d i a t i o n   a n d   a t m o s p h e r i c   i n t e r f e r e n c e .  

D e s p i t e   t h e s e   a d v a n t a g e s ,   a c c u r a t e   s u r f a c e   t e m p e r a t u r e   m e a s u r e m e n t   b y  air- 
b o r n e   r a d i o m e t e r s   i n   t h i s   m i c r o w a v e   r e g i o n   r e q u i r e s   d e t a i l e d   k n o w l e d g e   o f   t h e s e  
e f f e c t s   f o r   c o r r e c t i n g   t h e   i n s t r u m e n t a l   o b s e r v a t i o n s .   T h e   c o r r e c t i o n s   t o   t h e  
m e a s u r e d   b r i g h t n e s s   t e m p e r a t u r e   o f   t h e   o c e a n   s u r f a c e   c a n  s t i l l  b e   o n   t h e   o r d e r  
of  a f ew  ke lv ins   and   t he re fo re ,   mus t  b e  t aken   i n to   accoun t .   The   appa ren t  
tempera ture  T R .  (which may a l s o   b e   c a l l e d   t h e   e q u i v a l e n t   r a d i o m e t r i c   t e m p e r a -  
t u r e   o f   t h e   c o m p l e t e  set o f   r e c e i v e d   r a d i a t i o n s )  i s  c a l c u l a t e d   f r o m   t h e   e q u a t i o n  
o f   r a d i a t i v e   t r a n s f e r   b y   m a k i n g   u s e  of t h e   R a y l e i g h - J e a n s   a p p r o x i m a t i o n   t o   t h e  
P lanck  l a w  ( a s  e x p l a i n e d   i n   r e f .  2 )  f o r  a measurement i n   n a d i r   d i r e c t i o n .  

+ T (h)<T> + ATw + ATp 

The f i r s t  t e r m  a c c o u n t s   f o r   t h e   a t t e n u a t e d  [1 - ~ ( h ) ]  emiss ion  (TB) 
f rom  the   ocean   sur face .   The   second term i n   e q u a t i o n  (1) c o m p r i s e s   t h e  tempera- 
t u r e   o f   t h e  downward r a d i a t i o n   o f   t h e   e x t r a t e r r e s t r i a l   n o i s e  (Tcos + Tgal)  
a t t e n u a t e d  (1 - T ~ )  b y   t h e   e n t i r e   a t m o s p h e r e ,   a n d   t h e  downward r a d i a t l o n  T a t m  
o f   t h e   a t m o s p h e r e   i t s e l f ,   r e f l e c t e d  (1 - e )   b y   t h e   o c e a n   s u r f a c e   a n d   i n   t u r n  
a t t e n u a t e d  [I - ~ ( h ) ]  by t h e   i n t e r v e n i n g   a t m o s p h e r e   b e t w e e n   t h e   o c e a n  ,and 
rad iometer .  The term (T> T(h)  is. the   ave raged   phys i ca l   t empera tu re   o f   t he  
in t e rven ing   a tmosphe re   be tween   t he   r ad iomete r   and   t he  sea s u r f a c e  times the  atmos- 
p h e r i c   o p a c i t y   S ( h )   f o r   t h e   i n s t r u m e n t   a l t i t u d e  H .  The n e x t  term ATw i s  t h e  
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apparent  temperature  contribution  due to the  sea  surface  roughness  generated  by 
shear  forces  of  the  surface  winds.  The  last  term ATp is  due  to  the  antenna 
pattern  deviating  from  the  ideal  "pencil"  beam  shape. 

The brightness  temperature  TB  is  related,to  the  molecular  temperature of 
a radiating  surface  via  the  emissivity  of  the  surface. The emissivity of a 
dielectric  surface  at a particular  wavelength  is  determined  by  its  complex 
dielectric  constant  which  for  calm  seawater  is a  function  only  of  temperature 
and  salinity.  Therefore,  the  brightness  temperature of the  sea  surface  is 
given  by 

where  the  emissivity e at  the  wavelength A is  expressed  in  terms of surface 
temperature  Ts  and  salinity S. Plots  of  brightness  temperature  as a function 
of  salinity  and  surface  temperature  at 1 . 4 3  GHz aregiven in  figure 1. The 
inversion  of  microwave  (L-Band)  brightness  temperature  using  the  infrared 
radiometer  measurement  of  surface  temperature  to  salinity  is  shown  graphically 
in  figure 1 and  is  obtained  using  derived  regression  equations. 

Although  the  demonstrated  absolute  accuracy  of  the  radiometer  system 
is  1 O / O O  for  salinity (>5 o / O O )  and lo C for  temperature,  the  relative  accuracy 
within a given  data  set  is  better  than 0.5 O / O O  and  0.5O C. The  spatial  resolu- 
tion  of  these'  measurements  is  given  by  the  antenna  beam  "footprint"  and  is  one- 
third  of  the  measurement  altitude. 

The output  data  of  both  radiometers  are  converted  to  digital  form  by a 
data  processor  developed  at  the  NASA  Langley  Research  Center.  The  processor 
also  conditions  and  formats  the  housekeeping  data  from  other  sources  that  are 
necessary  for  the  reduction  of  the  radiometric  data,  such  as  flight  parameters, 
time,  latitude,  and  longitude.  The  data  processor  is  capable  of  adjusting 
measurement  integration  times  independent  of the radiometer  settings.  This 
capability  provides  an  efficient  way to adapt  the  overall  integration  time  to 
the  aircraft  altitude  and  measurement  spatial  resolution  (antenna  half-power 
footprint  size). 

RESULTS 

All  the  radiometer  flight  measurements  during  the  June 1980 Superflux I1 
program  were  made  on-board  the  NASA-Wallops  Flight  Center P-3 aircraft  at  an 
altitude  of 152 m and  an  aircraft  speed  of 190 knots.  As  the  radiometer 
antenna  footprint  or  surface  resolution  cell  was  51 m (one-third of the  measure- 
ment  altitude),  the  resulting  measurement  time to advance  one  resolution  cell 
was 0.5 seconds.  However,  the  position  data  of  latitude  and  longitude  which 
was  being  recorded  from  the  aircraft  inertial  navigation  system (INS) was 
up-dated  only  once  every 2 seconds.  Therefore,  the  radiometer  measurement 
data  during  these  series of flights  were  only  sampled  and  recorded  every 
2 seconds.  The  L-Band  microwave  radiometer  had a one-second  integration  time 
for  the  measured  data so that  the  output  data  was  integrated  over  two 
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r e s o l u t i o n  cells: With a two-second  sampling rate, on ly   eve ry   o the r   i n t eg ra t ed  
measurement was sampled .   This   fac t   coupled   wi th   the   wide   spac ing   be tween  f l igh t  
l i n e s   d i c t a t e d  by f l i g h t  time r e s t r a i n t s   r e s u l t e d   i n  a l i t t l e  less than   des i r ab le  
c o n d i t i o n s   f o r   t h e   r a d i o m e t r i c   s a l i n i t y  mapping  of a geographica l  area. How- 
e v e r ,   t h e   o b t a i n e d   d a t a   d i d   a l l o w   f o r   c o n t o u r  mapping  of  the  measured areas as 
d i s c u s s e d   i n   t h e   f o l l o w i n g   s e c t i o n s   o f   t h i s   p a p e r .  The exper ience   ob ta ined  
dur ing   these   measurements   l ed   to   the   use   o f  a 0.3-second  sampling ra te  f o r  a 
series o f   f l i g h t  measurements  which were la ter  made o v e r   t h e   f r o n t s   o f   t h e  
Chesapeake Bay Mouth area. Th i s   f a s t e r   s ampl ing  ra te  a l l o w s   f o r  a much f i n e r  
s c a l e  measurement  of s a l i n i t y   w h i c h   c a n   b e   s e e n  by us ing  time p l o t s  of 
i n d i v i d u a l   f l i g h t   l i n e s .   T h i s  removes t h e   r e s t r i c t i o n s   o f   t h e  up-date time of 
l a t i t u d e  and  longitude  from the da ta   reduct ion .   Al though  the   parameters   o f  
l a t i t u d e  and long i tude  were r eco rded   f rom  the   a i r c ra f t  INS,  t h e   r e s u l t i n g   l o n g  
term d r i f t s   d u r i n g   t h e  3-hour f l i g h t s  were p r o h i b i t i v e   f o r   t h e   a c c u r a t e  mapping 
of s a l i n i t y .   E r r o r s  as l a r g e  as 2 n a u t i c a l  miles n e a r   t h e  end of a p a r t i c u l a r  
f l i g h t  were expe r i enced .   The re fo re ,   t he   ob ta ined   s a l in i ty   da t a   pos i t i ons  were 
co r rec t ed   u s ing   da t a  as recorded  from  the  on-board Loran-C system. The f o l -  
lowing i s  a d i s c u s s i o n ,   i n   c h r o n o l o g i c a l   o r d e r ,   o f   t h e   r a d i o m e t r i c   f l i g h t  
measurements made during  the  June  1980  Superf lux I1 missions.  

On June 1 7 ,  1980,   the   rad iometr ic   measurement   o f   sa l in i ty  was performed on 
s e v e r a l   f l i g h t   l i n e s   a c r o s s   t h e  mouth of  the  Delaware Bay between  the  hours 
of 6 : 3 7  and 7 : 4 0  EDT. Also a few l i n e s  were flown  from  the Bay mouth out  over 
t h e  open  ocean. The r e s u l t s  of these  measurements a re  shown i n   f i g u r e  2 where 
s a l i n i t y   c o n t o u r s  are shown as a func t ion  of l a t i t u d e  and  longitude.  While  the 
amount of da t a   ob ta ined  was l i m i t e d   i n  terms of  geographic area s i z e ,   t h e  
obtained  contours  a re  s u f f i c i e n t   t o  show that t h e  Bay mouth d u r i n g   t h i s  time 
period (mid f l o o d   t i d e   c y c l e )   h a s   l o w e r   s a l i n i t y  waters a t  the  southwestern end 
and h i g h e r   s a l i n i t y  waters toward the   nor theas te rn   end .   F igure  2 a l s o  shows 
t h e   g r a d u a l   i n c r e a s e   i n   s a l i n i t y  as you progress   outward  f rom  the Bay mouth 
over  the  open  ocean. Also i n d i c a t e d   i n   f i g u r e  2 a re  t h e   l o c a t i o n s  of s e v e r a l  
o i l   s p i l l s   t h a t  were de tec t ed  by t h e  L-Band radiometer  along  the  open  ocean 
f l i g h t   l i n e s .   T h e s e   d e t e c t i o n s  were ind ica t ed  by a sharp   s tep- func t ion   type  
d e c r e a s e   i n   t h e  L-Band radiometer   measured  br ightness   temperature   of   several  
degrees  Kelvin.  

The next  mission w a s  flown  on  June 2 0 ,  1980,  between 0 6 : 0 4  and 0 7 : 4 2  EDT 
which was n e a r   t h e  end  of t h e  ebb t i d a l   c y c l e .   T h i s   f l i g h t   c o n s i s t e d  of a 
f l i g h t   l i n e  down t h e  James River ,   across   the  Chesapeake Bay mouth  and out   over  
t h e  open  ocean  to   the  cont inental   shelf   break  and  re turn.  The r e s u l t s  of t h i s  
mission are shown i n   f i g u r e  3 w h e r e   r e p r e s e n t a t i v e   s a l i n i t y  numbers are shown 
a l o n g   t h e  measurement f l i g h t   l i n e .   T h i s   f i g u r e  shows t h e   g e n e r a l   i n c r e a s e   i n  
s a l i n i t y  as you  progress down t h e  James Rive r   t oward   t he   s a l t i e r  Bay waters; 
t h e   s a l i n i t y   i n c r e a s i n g   a c r o s s   t h e  Bay entrance  toward  the  open  ocean  with 
some va r i a t ions   due   t o   t he   mix ing   ac t ion  of t h e  Bay waters; and  then  the 
g r a d u a l   f u r t h e r   i n c r e a s e   i n   s a l i n i t y   o u t w a r d   o v e r   t h e   o p e n   o c e a n   t o   t h e   c o n t i -  
nen ta l   she l f   b reak .  

The overfl ight  radiometer  measurements  for  the  Chesapeake Bay Plume were 
performed  on  June 23,  25, and 2 7 ,  1980.   The  approximate  locat ions  of   the  f l ight  
l i n e s  are shown i n   f i g u r e  4 .  The measurements  of  June 23,  1980, were performed 
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between  the   hours   o f  06:OO and  08:33 EDT which w a s  a t  t h e   m i d d l e   o f   t h e   e b b  
t i d a l   c y c l e .  The o b t a i n e d   s a l i n i t y   c o n t o u r   l i n e s   f o r   t h i s   m e a s u r e m e n t  are 
shown i n   f i g u r e  5. I n   c o n s t r u c t i n g   t h e   s a l i n i t y   c o n t o u r s  shown i n   f i g u r e  5 
f rom  the   measu red   da t a  some l i b e r t y   h a d   t o   b e   t a k e n   i n   c o n t o u r i n g   b e t w e e n  the 
f l i g h t   l i n e s   ( f i g .  4 )  due   t o   t he i r   w ide   spac ing .   However ,   t he   amoun t   o f   da t a  
o b t a i n e d  w a s  s u f f i c i e n t   t o   a l l o w   l i n e - t o - l i n e   c o n t o u r i n g   t h a t  w a s  r e p r e s e n t a t i v e  
o f   t h e   g e n e r a l   c h a n g e s   i n   t h e   s u r f a c e  water s a l i n i t y   a n d   t h u s   o u t l i n e   t h e  
Chesapeake Bay Plume  ex ten t .  A s  s e e n   i n   f i g u r e  5, t h e   l o w e r   s a l i n i t y   C h e s a p e a k e  
Bay water f l o w s   o u t ,   d u r i n g   e b b   t i d a l   c y c l e ,   t h r o u g h   t h e   l o w e r   p a r t   o f   t h e  Bay 
e n t r a n c e   a n d   s o u t h w a r d   a l o n g   t h e   V i r g i n i a   a n d   N o r t h   C a r o l i n a   c o a s t   t o  i t s  
sou the rnmos t   ex t r eme .   Th i s   body   o f   l ower   s a l in i ty  Bay water  c o u l d   b e   d e s c r i b e d  
as a s a l i n i t y  p lume   by   t he   i soha l ines   o f   f i gu re  5. A l s o   s e e n   i n   f i g u r e  5 are 
t h e   h i g h e r   s a l i n i t y   o c e a n  waters b e i n g   s w e p t   i n t o   t h e  Bay e n t r a n c e  a t  t h e  
n o r t h e r n   e n d ,   d u e   t o   C o r i o l i s   f o r c e s ,   b u t   n o t   e x t e n d i n g   v e r y   f a r   u p   t h e   i n s i d e  
o f   t h e  Delmarva p e n i n s u l a  as had  been  previously  measured (ref. 2) as t h e  low 
s a l i n i t y  waters are  s e e n   t o   e x t e n d   a c r o s s   t h e   e n t i r e  Bay mouth. 

The  measurements made on June  2 5 ,  1980 were per formed  be tween  the   hours  
of  05:53  and 08:51 EDT which   occur red  a t  the   beg inn ing   o f   an   ebb   t i da l   cyc le .  
The r e s u l t s  of t h e s e   m e a s u r e m e n t s   a r e  shown i n   f i g u r e  6. The  most  obvious 
f e a t u r e   o f   t h e   s a l i n i t y   c o n t o u r s   i n   t h i s   f i g u r e  i s  t h e   c o m p r e s s i o n   o f   t h e  
l o w e r   s a l i n i t y   w a . t e r s   i n w a r d   a t   t h e   C h e s a p e a k e  Bay  mouth  and the   na r row  wid th  
o f   t h e   p l u m e   a l o n g   t h e   c o a s t .   E v i d e n t l y   t h i s  w a s  t h e   r e s u l t   o f   h a v i n g   j u s t  
undergone a c o m p l e t e   f l o o d   t i d a l   c y c l e .   T h i s   o b s e r v a t i o n   c a n   b e   s e e n   e v e n  more 
c l e a r l y   i f   f i g u r e  6 i s  compared   w i th   f i gu re  5 wh ich   shows   t he   ou t f lowing   o f   t he  
Bay waters d u r i n g  mid ebb t i d a l   c y c l e .  

The l a s t   f l i g h t  measurement of t h i s  area was  made on June  2 7 ,  1980 
between  09:34  and  11:38 EDT which  was a t  mid t i d a l  cyc le .  T h i s   m i s s i o n ,  how- 
e v e r ,   d i d   n o t   c o v e r   t h e   c o m p l e t e   a r e a  shown i n   f i g u r e  4 a s   t h e  most   southern 
f l i g h t   l i n e   f o r   t h i s   d a y  was l i n e  No. 5. The r e s u l t s   o f   t h e s e   m e a s u r e m e n t s   a r e  
shown i n   f i g u r e  7. Because   o f   t he   sho r t e r   a r ea   o f   cove rage ,   on ly   t he   uppe r  
p o r t i o n   o f   t h e  Bay plume i s  s e e n   i n   f i g u r e  7 a s   t h e   l o w e r   s a l i n i t y  waters e x i t  
t h e  Bay e n t r a n c e .  The s o u t h e r n   e x t e n t   o f   t h e  plume a l o n g   t h e   c o a s t  was beyond 
t h e  area of  measurement. 

CONCLUDING REPlARKS 

The ex ten t   o f   t he   Chesapeake  Bay P l u m e  was  mapped  by remote  measurement  of 
i t s  s u r f a c e   s a l i n i t y   u s i n g   a n  L-Band mic rowave   r ad iomete r   du r ing   t he   June  1980 
Chesapeake Bay P lume   S tud ie s   (Supe r f lux  11). The obtained  measurements   of  
mic rowave   b r igh tness   t empera tu re   o f   t he  sea s u r f a c e  were combined  with  measure- 
ments   o f   the  sea s u r f a c e   t e m p e r a t u r e   o b t a i n e d   w i t h   a n   i n f r a r e d   r a d i o m e t e r   a n d  
i n v e r t e d   u s i n g  a r e g r e s s i o n   a n a l y s i s   t o   p r o d u c e   c o r r e s p o n d i n g   v a l u e s  o f  sea 
s u r f a c e   s a l i n i t y .  The r e s u l t s   o f   t h e s e   m e a s u r e m e n t s   d e m o n s t r a t e   t h e   u t i l i t y   o f  
u s i n g   s u r f a c e   s a l i n i t y  as a d e s c r i p t i v e   f e a t u r e   f o r   t h e   e x t e n t   o f   t h e   C h e s a p e a k e  
Bay Plume  and  one  that   can  be  t imely  measured  by a remote   sensor .   Whi le  i t  
w o u l d   b e   d e s i r a b l e   t o   h a v e   o b t a i n e d  many more  measurements  over several t i d a l  
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c y c l e s   a n d   f o r   t h e   d i f f e r e n t   s e a s o n s  o f  t h e   y e a r   t o  form a comple t e   da t a   bank  
o f   s u r f a c e   s a l i n i t y   m e a s u r e m e n t s   f o r  the Chesapeake Bay Plume area, t h e   r e s u l t s  
o b t a i n e d ,   t o   d a t e ,  are r e p r e s e n t a t i v e  of t h e  Plume  and  because of t h e  "first 
time" n a t u r e   t h e r e b y   f o r m  a benchmark   of   in format ion   which   o ther   work   or  
measurements   can  reference.  
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F i g u r e  1.- B r i g h t n e s s   t e m p e r a t u r e  a t  n o r m a l   i n c i d e n c e   v e r s u s   m o l e c u l a r  
s e a - s u r f a c e   t e m p e r a t u r e   f o r   s m o o t h  sea a t  1 . 4 3  GHz. 

F i g u r e  2.- S a l i n i t y  map of  Delaware Bay Mouth on   June  1 7 ,  1980 
( 0 6 : 3 7 - 0 7 : 4 0 .  EDT) .  
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Figure 4.-  Flight  lines f o r  June  1980  Chesapeake Bay Plume  measurements. 



Figure 5 . -  S a l i n i t y  map of Chesapeake. Bay Plume 
on June 23,  1980  (06:66-08:33 EDT). 

Figure 6 . -  S a l i n i t y  map of Chesapeake Bay Plume on 
June 25, 1980 (05:53-08:51 EDT). 
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