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A v c g e t s r f s n  csnapy  i~ a h i g h l y  inhamageneous medxum .&E 
m r c r a v s v c  E r e g u e e c i c s ,  a n d  b e e s u s e  ~ h c  s c a t  E e r i n g  e%emeaes  
Q l ~ s v e x s ,  s&alks, & r u i ~ s ,  and  b r a n c h e s 1  have  s uganwniforaw 
d l ~ t r i b u E i s n  i n  s r i e n k a t f o n ,  t h e  canopy i s  I x ke 'Ly  &a e x h i b i t  
n a n t % o k r o p i e  a E E e n u a t x s n  p r o p e s c i c s ,  Hn some c a n o p i e s ,  c h c  
s l ;&lk  may csnt&in k h e  okr@rwheh$$hing m a j o r i t y  of t h e  p l a n k ' s  
b i a s n s ~ s ,  which  s ~ g g o s t s  t haL  aa incidew81 8 .  i a r  wave wsufb be 
d k E F e r e n & i s l i y  a E t e f i u a t c d  by ehe canopy d ~ p e ~ d r n g  a n  e h e  
d i r e c t i o n  o f  Che i ncxdan6 eXecrrtc E i s t d  r e l s k i v e  to t h e  o t s X k ~ "  
o r f e n e a t i o n ,  The p r o p a g a t a o n  p r a p e r c a e s  o f  w vegetse ian canagy 
p l a y  a c c n t r a l  r o l e  in m o d e * %  i n g  $o&h Lhs h a c k s c a k t e r i n g  k e h a v ~ a r  
~ b s e r v & d  b y  &fi imaging r a d a r  and  th& a n z s s z a n  o b s e r v e d  b y  s 
r ad iomek~r ,  T h e s e  p r o p a g a & i o n  p r o ~ e r g i e s  a r e  i n  t u r n  g o v e r n e d  b y  
$he di .a le@&f%e properties and @he sax* ,  s h a p e ,  and 
alsgadis$+ibo&ions aF k h s  scst&erdzrs, Ln s p i c e  of t h c  c t i C a c a k  
nscd f o r  csnspy p r a p a g s k i s n  models  nnd e x p e r x m e n t s l  d a t a ,  v e r y  
f e w  i n v e s t i g s t i o n s  had h ~ e n  cawdue t sd  lpriat t o  t h i s  s t u d y  b bo 
Q e C e r m i n a  t h e  e x t i n c t i o n  p r n p e f r i e a  of  v e g c k a r i o n  c a n n p i c s ,  
e f&her  by c ~ n ~ t ; i k u e n L  & y p e  <l%sf1ves,  a t s l k r ,  e t c ,  B o r  aa a w h a l e ,  

W s h r e e - E a c e r e d  & p p r a & c h  *as  tiwdertaksn i n  k k i s  s e d y  
c a n s i s c i n g  sf  comp&xwen&asy I f i v c s t i g s k i o n s  v x t h  ear11 providing 
B n s u e r s  ko s p e c k F i ~  s ~ p e ~ t s  a f  t h e  overall queskdorl ,  The Flryt 
Facet caasise~d af Q i e ' l e ~ t r l c  m e a a a r e r n e n t g  t h a t  were coaduc&ed 
aver %he 1-10 G H z  $ant,? Ixo d a E ~ r r r r ~ n e  khe v & r r s t i o n s  o f  the 
d i e 3 . s c t r i c  p e r m i t t i v i e y  a n d  Pas$ Facear a $  s Functxon aE vaeer  
content and a s X i n i k y ,  D x & L ~ c t r k c  mixing m o d e f  3 were c i ~ v e l o p e d  
&nd e v a l u a t e $  a g s i n % &  the e w p c ~ i m e n t a E  dacs for i n d z v z d u a l  p f a n C  
p a r t 3  bZe~%se%, d k a l k s ,  E ~ - u ' i t >  QF ~%?~a? r sZ  hjfJ*PBS sf p l a n k s  ( w h ~ a k ,  
carn, and  s o y b e a n s l ,  80 example  i s  shawn xn F i g ,  I . ,  

$he s a e o ~ 8  f a c e t  o f  the study conaisged a& dxrecc 
me&%uremankg oE canopy  a L b e n u a I x x s n ,  Usxng t ruck-mounted  r a d a r s  
a s  t r a n s m i t t i n g  s o u r c e s  p s s i k x u n s d  above  t h e  c a n o p y ,  and small 
recci aakefinas a s u n E e d  on f%&sr$Xass +fa 11% underneaEA &he 
e s n o p y  $ow t h e  s a i l  s u r f a c e d ,  a t & c n u s K i s n  msaswrements #ere 
conducked a a  a EuncEion oE i n c i d e n c e  angle C r e l a t i v e  $a n a d i r % ,  
m i e r a w a v e  Freyueney ,  snd p o l a r i z a t i o n  canExgutarisn, In 
a&dil;ian, %lpecic92 E a p e r l m @ n r %  weyo ~ a a d a ~ k e d  t ~ f  $%rkgluatb & h e  
r@%aE.iue csntribatEona a f  t h e  v a r i o u s  canspy  c s n s e i t u e n t s  Che 
t a b a l  loss  for  a k c a n a a k a a n b  f ~ c t o r  a$ & h e  canopy ,  Thesc  ineXudc8 
wheak decspf%a&isn axpec imewla ,  i n  wh ich  massaremcnes a E  t h e  
c a n o p y  l a s s  f a c t o r  w e a @  m a d c  $@Ease and a f t e r  cukting a f f  &nd 
r emoving  rhe v h e ~ t  h e s d s ,  and s a y b e a n  d e f s l r a t ~ o n  expErirnengs 



w h i c h  p r s v i d s d  camysarx%on a f  The ~xt.snc$iorn Idttss due ?.a k h a  
~ k a 2 k s  a l o n e  w i X h  %he to&&%% l o a s  d u ~  ?.eo the s k a l k ~  and leavgs 
cogsther, Accardzng Eo Pig, 2, &he ~ E a ' I k s  a c c o u n k  f o r  & h e  
r n a j a r k k y  of ehe propagBt ion  Loss a w  a soybean8 c a n o p y  f o r  
v c r C i c s 2 l y  p a l a r i z e d  waves, whereas Ehe l eavss  are %ha domiw%n% 
sbsorbers $or horizantal polarizakion, 

a cEznspy pYOp%gB% kBW model id&$ c ~ Q v @ ~ Q ~ @ Q ~  C O R E Z ~ L  0% t h r e e  
$ a ? r m s :  {a1 ZlcegE lo rm that acso-punts far sbsorption hy  rawdrlassrly 
o r i e n & a d  d i s c - a h ~ p c d  leaves, < $ I  a stalk kerm tha% &cc r j un t s  far 
abaorpkion by a u n z s x s s f  crystal c a f i s i s t i n g  OF Chis, vertsca2, 
l s a s y  c y l s n d o r ~  i n  sn air b a c k g r o u n d ,  and Cc) a b r a n c h  t e r m  e h a t  
a c c o u n t 8  F a r  tane Iss% by a m s d i r t r n  contaxning randamly orxeneed 
n e e d l e - s h a p e d  b r a n c h e s ,  The El r s t  a n d  khrrd terms are 
g o $ a r i z & k . ~ o n - i n C i l ~ p ~ f i d ~ f e t  and vary w i t h  i o c x d e a ~ ~  angle ;r% sdc 3: . 
The s&alk term has a slrong d~pendsnce  on bath p n l a r i z a f i s n  and 
insrdenca angle, The m a d s %  u s s  f o u n d  to be tn goad agreement 
w h t h  @wp@ram@nt&% ab5s9-wat ions .  O n e  or $he key p&ramakem.& i n  the 
madgk is the dzckeetric conscan8 a F  the v e g e k 8 x & i a n  rnakerxal, 
w h i c h  was c a l e u l a t c ~  u%xng Lhe t l l a h e c t r r c  r rn~axing  ~lodels devclhgpcd 
in Z h @  f i r s t  Escet  a f  % h i s  investig&lion, The c s m b x n s t i s n  sf kha 
dae1ecF.ri.c mixing made2 and the c s n a p y  p r o p a g a r i s n  m a d e l  provides 
&he means ro esmputc  she lass f a c t o r  of k h e  canegy i F  g i v e n  ehe 
w ~ k e r  c a n b e n t %  and v&kume F r d ~ E i a n ~  b f  the ~ a a ~ p y  uunstatuents 
sod % h e  canopy he%gh&, T h c  model  a c e a u n t ? s  f a r  t h e  d e p e n d e n c e  an 
f asc i dance  a n g X e ,  polar azer non a n t i  w a v e l e n g t h ,  

f n  khe n e x %  f a c e t  oB e h i s  y c u d y ,  w e  sttemptvd t o  r s l a L c  t,ha 
resul&s obtained abovg L o  ~ h c  remo8e sensine prob1@m, In order  
to Eecus the s t u d y  era e h e  canopy i t s e " t  and a v o z d  p r a b l e m s  
a g s o c a a t e d  w i % h  uari~'tisas i n  t h e  sail b s c k g r n u n d ,  it was decid~d 
&a caver &he sail s u c E a c e  w i t h  screen w i r e  and mekg pwssive 
m a c r s u a v e  a l a @ r v a t s o n s  a s  a fuactlon o f  trme o v e r  Fhe  growing 
cyc ' lo ,  The  scnae~ ware, w h - a l e  1 %  h a s  no  d ~ ~ ~ e t g " 8 i b - s l e  e E 8 - ~ ~ t  ~ f i  

& h ~  graukh B F  the p l d n t ~ ,  ~ C E B  a6 8 C C > ~ ~ Q I C $ ,  i n %  s u ~ f d c c  w i t h  a 
near-z~ro emiasivity, Thus, s a r i  rnozsrure vsriaerons e x e r c r s e  na 
1n5luance an the c a h a p y  e m r s s r o n ,  Thxs technique was used ta 
h w v s s t i g ~ t e  % h e  v s r l a k i a n  a& t h e  Rsashtnexs t e m p e r a k u t ~  of  the 
c s n a p y  with l o o k  d r r e e r t l o r t  brclarmve t ~ 9  the r o w  d ~ r ~ c g l a s n l ,  
a n c i d e a c t z  s n g l c ,  a ~ d  p n f @ r ~ z w t . i o n  confxgura&ron Bar wheat, 
soybeans, a n d  c o r n  canopies, A radia~ivc Lransfer mode l  we5 aged 
to re%ate & h e  brightness t@mperaturc ta b x a p h y s i c a l  pnrametets uE 
the c a n o p y  t h r s u g k  t h e  canspy  loss f a c t o r ,  vxgu rc  3 shows GhaL 
the experrmenkal ahscrvstions are  in good a g r e e a e n z  w z C h  T ~ E  
model predieeions, A second see aF radzometcr sbs@rval%one were 
made For c a n o p i e s  under n a t u r w l  condtgzons ( n u  screen u s e d 8 ,  The 
r a d x a t x v e  LP S n s F c r  msdet was er r$enc1~d t o  i n c l u d e  :l sorid-mlraiaEurc 
b e r m  C A R L  ~ C C O U ~ ~ T S  f o r  t k ~  e m i s s t a n  and  rcFlac&ean by the  s o x 1  
surEacc, Again goad agreement ,  w s s  f o u n d  between theory swd 
expa'rrme?n&, 

The m a j s r i k y  0% rnkcrouavc s c a t L c r  xng s n d  emtss ion models 
r s p u r t e d  k n  Che T i % ~ r a L u x = ~  have Lceated the canopy  as w n  
isots~plc medium, T h i s  rmglies t h w t  the &rtenuat.scm coeff/cren$ 
i s i n~ ; f epen f i cnC  of pd41ar t Z A ~ S O $ % +  3 iOc i ~ 1 ~ 8 a r & t l  a w g l e ,  srrd l a s k  
dxrect~on t nn a % l m u L h ) ,  The yses@?wk study has shown @..hat. an m w s r  



c a s e s ,  none o f  t h e  above  a s s u m p t i o n s  a r e  v a l i d .  C o n s e q u e n t l y ,  
m o d e l e r s  w i l l  h a v e  t o  i n c a r p g r a t e  t h e  a n i s o t r o p i c  c h a r a c t e r  o f  
t h e  canopy i n  t h e i r  m o d e l s ,  which  i s  l i k e l y  t o  l e a d  t o  more 
a p p l i c a b l e  mode l s  f o r  t h e  b a c k s c a t t e r i n g  and e m i s s i o n  f rom 
v e g e t a t i o n  t h a n  now e x i s t s .  

The work conduct -ed  t o  d a t a  h a s  e s t a b l i s h e d  t h e  o v e r a l l  
f u n c t i o n a l  r e l a t i o n s  be tween t h e  p r o p a g a t i o n  c o e f f i c i e n t s  o f  a  
v e g e t a t i o n  canopy  and i t s  b i o p h y s i c a l  and g e o m e t r i c a l  p r o p e r t i e s .  
The r e s u l t s ,  however ,  a r e  b a s e d  on  a  number o f  s p e c i f i c  
e x p e r i m e n t s  t h a t  were c o n d u c t e d  f o r  a  s p e c i f i c  s e t  o f  c r o p s  a t  
s p e c i f i c  s t a g e s  o f  g r o w t h .  The  g o a l  o f  t h e  n e x t  p h a s e  o f  t h i s  
s t u d y  i s  t o  d e v e l o p  a  g e n e r a l  p r o p a g a t i o n  model  t h a t  may b e  
a p p l i e d  t o  a  wide  r a n g e  o f  canopy  t y p e s  and c o n d i t i o n s .  The 
e x p e r i m e n t a l  component  o f  t h e  s t u d y  w i l l  b e  d e s i g n e d  a c c o r d i n g l y .  



Figure 1. Measured Dielectric Behavior of corn 
1 cakes . 
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F igure 2. Comparison o f  a t t enua t i on  measurements 
made f o r  soybeans canopy be fo re  and 
a f t e r  d e f o l i a t i o n  f o r  v e r t i c a l  and 
ho r i zon ta l  p o l a r i z a t i o n s .  



F igu re  3. Coriparison o f  t he  tetzporal reco rd  of t he  b r i g h t n e s s  temperature 
o f  soybeans canopy w i t h  model p r e d i c t i o n .  
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