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N ati o n al S p a c e D e v el o p l n e nt A g e n c y of J ap a n
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,
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,
M i n a t o - k u

,
T o k y o 1 0 6 , J a p an

A B S T R A C T

J毛R S - I aTld E R S - 1 S A 久 d at a h a v e b e e n ll S e d t o

i n v e st lB at e th e u s e f ul n e s s of s p a c e b o r n e s y n th e ti c

a p e rt u r e r ad a r f o r m o nit o rl n g O f th r e e diff e r e n t

v e g e t ati o n ty p e s a n d th eir stl b s e q u e n t g r o w in g st a g e s .

O n e st u d y a r e a is l o c at e d o n P e n in s u l a r M al ay sl a
,

w h e r e n ? e p a d d y ,
ru b b e r an d oil p alr n a r e th e

d o m in ati n g c r o p t y p e s
,

a n d t h e o th e r i n N ii g at a ,

J ap a n
, w h e r e ri c e p ad d y is b ein g sttldie d .

R e s 111ts sh o w a cle ar (p o siti v e) c or r el ati o n b et w e ezl

th e し b a n d b a c k s c att e r a n d th e diff e r e n t g r o w l n g
st a g e s f o r all t h r e e v e g et ati o n ty p e s . F o r rtlb b e r a n d

Oil p a lm - th e c o rr el a ti o n is m o st p r o T1 0 tl n C e d d tl ri n g

也eir e a rly g r o w l n g St a g e s aft e r w hi ch th e sig n als

b e c o m e s at u r at e d b e f or e th e pl a nt s r ei ch th eir fu ll y

g r o w n s t ag e s ･ F o r p a d d y ,
th e b a ck s c at t e r e d sig n al

a pp e a r s t o b e s e n sitiy e e v e n f o r fu lly g r o w n pl an ts .

T h e b e h v i o r o f p a d d y i n S A R･ d at a i s h o w e v e r

diffe r e n t w h e n c o m p a ri n g 也e p add y sit e s i n M al ay si a

an d ill J a p a n ･ n is i s a r e stllt o f di ff er e nt g e o m et ri c al

p r op e rti e s o f th e p ad d y fi eld s , w h ic h ill t u r n
,

打 e d u e

t o sp e ci al g r o w l n g P r a ctic e s i n th e b ot h c o u n tri e s . F o r

ri c e fi eld s i n J a p a Tl
, P r eli mi n a ∫y r e stllt s s h o w a

s lg n ific a n t d i ff e r e n c e i n b a ck s c a tt e r r e s p o n s e

d ep e n d e nt o )1 th e il a n tirLg dir e c d o n of t h e ri c e . T h is

fe at tlr e i s TI Ot aP P a r eJlt f o r ri c c p ad d y i n M a h y si a .

C - b a n d b a ck s c att e r p r o v e d virt u al ly in s e71Siti v e f o r

d et e ctin g diff e r e n t g r o w IELg St ag e s f o r ru b b e r t rq e s
,

b llt
,

StlrP rlS l n gly e n ollg h ,
sh o w e d a cl e a r c o rr el ati o n

f o r oil p al m s . T his effe ct is d u e t o th e d iffe r e n t

ar c h it e ct u r e of th e t w o tr e e ty p e s ･ D t) e t o
.
l a c k o f

rm )Iti - t e m p o r al E R S - I d at a
,
ri c e p ad d y h a s n o t b e e n

i n v e s ti g at ed f o r C - b a n d .

K e y w o rd s: S A R , ri c e p ad d y , ru b b e r
,
o il p al m .

m O D U C T I O N

S p a c e b o r n e S A R is a v e ry I nt e r e sti n g c o m ple m e n t

t o t r a diti o n al o p t l C al s e n s o r s f o r v e g e t a ti o n

m o n it o n n g ,
ill P ar ti c ul ar f o r m o nit o n n g o f ag n c 111t u r al

c r o p s w h e r e it s al l - w e at h er c ap abilit y e n a bl e s r e g u l a r

d at a t ak e s d mi n B th e g r o w l n g S e a s o n .

P r eli n l n ary r e s ult s fr o m t w o e ff o rt s t o m o nit o r th e

gr o w th o f irrlg at e d ri c e w ith J E R S - 1 L -b a n d S A R
,

o n e

in M al ay s l a aJld o n e i n J a p a n a r e b e in g p r e s e nt e d in

仙i s p ap e r ･ Al th otl gh th e p r oj e ct s ar e･ o n -

g oi n g , r e s ult s

ob t ai n e d u p t o d at e ar e b ei n g di s c u s s e d ･ T h e p a p e r

als o b rie fly p r e s e nt s r e s ul ts o b t ai n e d fr o m s ttl di e s of

C -

aJ ld L - b an d b a c k s c at t e r f o r ru b b e r tr e e s an d oil

p al 7 n S i n M al ay si a .

W O R K I N G A P P R O A C H

Fi eld w o rk i n M al ay s l a W e r e C O n d t) ct e d i n A
p ril

`

94 ,

o n e w e ek p ri o r t o 也e J E R S -1 p a s s
,

a n d i n A u g u st
`

9 4 ,

d mi n g a cq u lSiti o n . h t ot al
,
s o m e 1 5 0 t e st fi eld s w e re

s el e c t e d f o r g r o u n d t ru d 1 ･ F o r ru b b er an d o il p al m th e

f oll o w l n g P a r a m et er s W e r e m e a S ll r e d o r e sti m at e d:

t r e e/pl a nt h ei gh t
l

S t e m d b h
, p l an ti n g d e n sity ,

■
c an o py

cl o stlr e , P l a n ti n g d ir e cti o n
, g r o tl n d v e g et ati o n an d

sl o p e ･ F o r ri c e p a d d y ,
i n f o r m ati o n ab o tlt g r O W l ng

st ag e , pl an t h ei gh t , s o il c o n diti o n an d s o il t e xt tl re

w er e c oll e c t e d .

Fi eld w o rk i n N ii g at a , J a p an
,
is c u r r e n tly b ei n g

c o n d t)c t e d e v e r y 4 4 d ay s
,
i . e . at e v e r y J E R S - 1 p a ss

,

f o r d e t ai l.e d st u d y of th e r el ati o n s hip s b e t w e e n r ad ar

r e s p o n s e a n d r el e v an t p ar a m e t e r s f o r ri c e g r o w th
,

s u c h a s p l an t h e i gh t
, p l a n ti n g d e n si t y , p l a n ti n g

dir e c ti o n , p l a n t m oist u r e c o nt e n t an d l e af B q e a i n d e x .

T h e J E R S - l an d E R S - 1 d at a w a s p r o c e s s e d t o le v el

2 ･1 an d
"

P R r
'

, r e s p e c ti v ely (3 l o o k s i n t e n sity i T n a g e;

ヲ
an g e a n d a z i m u th c o r r el at e d ; g r o un d r a n g e) . S llb ･

1 m ag e S C O V e ri n g th e t e st fi el d s w e r e c o - r eg ist e r e d

wi th 皿 O V er al l R M S a c c u r a cy of 0 .5 - 0 .7 p i x els . T h e

p I X els c o v e ri n g th e s el e ct e d t e s t fi eld s w e r e e xt r a ct e d

a n d th e n o r m al i z e d r a d ar c r o s s s e c ti o n
,

o o
,

w a s

c o m p ut e d fo r e a ch 丘eld as f oll o w s:

CF O
- 1 0 * l o g l O【( D N 2) m e a n] ＋ c F

w h e r e
,

D N is th e d igi t al n u m b e r of a p lX el in th e S A R it n a B e

a n d C F is a n o ff s et c alib r ati o n f a ct o r .

T h e fi el d s w e r e th e n d i v i d e d i n t o g r o u p s

c o r r e s p o n diTl g t O V e g et a ti o n t y p e a n d g r o w l n g St ag e
,

aft e r w hic h g r o u p m e a n s a n d std ･d e v ･ w e r e c o m p u t e d ･
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Ri c e p a d d y i n K e d a h a n d P e rlis s t a t e s i n t h e

n o rd le r n p a r t O f W e st M al ay s l a is pl a n t e d i n A p ril an d

M ay a n d h a rv e st ed ab o tlt 1 2 0 d ay s l at e r
,
i n A u g u st

a n d S e p t e r n b e r . A s e c o n d s e a s o n st r e t c h e s fr o m

O ct o b e r - N o v e m b e r t o F e b ru a ry
- M a r c h . O n e f u n

g r o * 1n g S e as o n ty p lC al 1y c o m p r i s e s t h e f oll o w l n g
st a g e s : pl o w l n g ,

s oil p r e p ar atio n/i n u n d ati o n
, pl a n ti n g ,

pl an t g r o w th , b u d din g ,
rlp e n ln g an d h ar v e st . I n o rd e r

t o p r e s e r v e th e w at e r f o r th e f oll o w i n g S e a s o n
,

th e

丘eld s ar e n o r m ally n ot d r airLe d b ef o re h a r v e st .

Pl a ntin g lS p e rf or m e d eit h e r b y m an u al pla Tltl n g l n

血In d a te d field s o r b y s o c alle d b r o a d c a s ti n g ,
w h e r e

s e e d s a r e s p r e a d o n w et b a r e s oil fi eld s . I n th c f o r m er

c a s e
,
th e i n u n d at e d fi eld s ap p e a r bl a c k i n th e S A R

i m a g e a s th e b a c k s c att e r e d sig n al f r o m t h e w at e r

s u rfa c e i s v e r
y

l o w , b e t w e e n - 1 7 a n d 1 1 5 d B ･ R ip pl e s

or w a v es o n th e w ate r c a u s ed b y wi n d o r r ai n h a v e n o

eff e ct o n d i e L -b a n d b a c k s c att e r . A s f o r b r o ad c a st e d

field s
,

t h e s oil s u rf ac e i s ty p i c ally w et an d v e ry
s m o o th , gi v l n g ri s e t o a b o ut th e s am e l o w b a ck s c att e r

a s f o r iz ld n d at e d fi el d s .

T h e t a r g e t r e s p o n s e i n c r e a s e s o nly sl o w ly d ll ri n g
th e fir st l ･5 m o nth aft e r p l a n ti n g ,

wi th ab o u t 1 d B i n

a v er ag e
,

a s th e t e n d er pl an t s b ar ely affe ct th e sig n al .

T h r o u gh o ut th e f o ll o w ln g 1 .5 m o n th s h o w e v e r
,

as th e

pla nt s g r o w t o th eir f ull 1e n g th o f ab o u t 1 0 0 c 7 n , a

Sig n ifi c an t c h a Jlg e C a n b e s e e n i n t h e b a c k s c att er

w hi ch a p p ar e n tly f oll o w s th e pl an t gr o w t h It r e a c h e s

its m a xi m u m v al u e ab o tlt 3 m o nt h s aft er pl an ti n g ･

D 町i n g th e l as t m o n th b e f o r e h ar v e st
,

a d e c r e as e o f

ab ollt I .5 d B c an b e ob s e r v e d i n th e S A R d at a . T h is

e v e ntp c oi n cid e s wi th t h e fi n al g r o w ln B St ag e Of th e

ri c e pl a n ts w h e n t h e m ois t u r e c o n t e n t s i n st alk s an d
le a v e s d e cr e a s e an d th e ri c e b e gin s t o O p e n .

- 2 0 o 2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 1 8 0 1 8 0

D a y s fr o m P la n ti n g

Fig u r e l ･ T e m p o r aJ b e h a vi o r of J E R S -1 L b a n d

b a c k s c att e r o b s e r v e d f o r i m g at e d ri c e i n

M al a y si a . D a y 0 c o r r e s p o n d s t o th e d a y o f

Pl a nti n g ,
d a y 1 2 0 t o t h e d a y f o r h a r v e s t .

E rr o rb a r s s h o w ＋/ - 1 st a n d a rd d e vi ati o n .

As th e p一an t s fi n al ly a r e r e z n o v e d d u d n g h a r v e st , a

slg nifi c an t d e c r e a s e i n th e b a c k s c att e r w o tlld b e

e x p e ct e d ･ T h e l a r g e h ar v e sti n g m a c hi n e s h o w e v e r ,

l e a v e d e e p w h e e l t r a ck s in th e s oft s m o ot h s oil an d

th e i n c r e as e d s u rf a c e r oll g h n e s s p a rtly c o m p e n s at e s

f o r th e ab o v e l o s s . 7Y le n et e ffe c t is a m e r e d e c r e a s e

o f a b o ut 1 d B
.

A ft er h 打 V e St h o w e v e r , o o a g al n un d e r g o e s a d r a sti c

ch a n g e , f al lin g s o m e 6 1 7 d B i n I .5 m o n th s , Al th o u gh
it h a s n o t b e e n v e ri fie d m o r e th a n o n c e dl1 ri n g fi eld

w o rk
･
it is b eli e v ed th at w e a th e ri n g a n d a d d itio n al

w at e r stlP Ply c o n trib u t e t o b r e aki n g d o w n th e r o u g h

s oil s u rf a c e .

F ig ･ l s h o w s th e t e m p o r al ch an g e o f th e r ad ar

b a ck s c att e r d tlri n g t h e f ull g r o w l n g S e a s o n A p ril 1

O ct o b e r 1 9 9 4 . T h e e rr o r b ar s s h o w ±1 s t a n d a r d
d e vi ati o n f o r CF O f o r e a c h r e s p

e ctiv e g r o w l n g St a g e .

D ay 0 i n di c at e s ( e s ti m at e d) d a y f o r pl a n ti n g ; d ay 1 1 0

ri p e fl eld s; d a y 1 2 0 a mi x o f rip e an d h a r v e st e d field s;
a n d d ay 1 3 2 h a r v e st e d fi eld s .

地 塾

R i c e c tll ti v ati o n i n J ap an is i n m a n y r e s p e ct s

diff e r e nt fr o m th at i n M al a y si a , b o th p h y sic ally a n d
w it h r e g a rd t o g r o w l n g P r a Ctic e s ･ I n th e N iig at a ar e a

,

也e p a d d y fiel d s ar e v e ry s m all , t y p l C all y o nly s o m e

6 0 b y 70 m et er s in si z e a n d n eig h b o ri n g fi el d s a re

s ep a r at e d b y l o w m u d b a r ri e r s
, s o m e 1 0 c m h i gh .

R o ad s l a rg e e n o t1 gh t o c a r r y a C ai ru n p ar all e l wi th

th e 丘eld s at a di st a n c e of n o m o r e t h an 2 0 0 m e t e r s

fr o m e a c h ot h e r .

Pl a n t l n g i s pe rf o r m e d b y m e ch a ni c al pl an ti n g
d e vi c e s m o tl n t e d o n th e b a c k o f s m all t r a ct o rs . T his

r e stllt s i n n e ar -

p e rf e c t st 血 Bh t lin e s of ri c e p l a n t s ,

w h i c h as w e s h all s e e l at e r , h a s a T n O St S ig nific a nt

eff e ct o n th e r ad a r b a c k s c att e r . T h e fi el d s a r e -al w a y s

ir ri g at e d at th e ti m e o f pl a n tin g ,
w hich i n d li s ar e a o f

J a
p a n o c c u rs d 打in g th e first w e e k o f M a y e v e r y y e a r .

D e p e n d i n g o n th e s p e ci e s
,
th e g r o w l n g P e ri o d v ar i e s

b et w e e n 1 2 0 a n d 1 3 5 d a y s ･ As a p a rt of th e n o rT n al

p r a cti c e s
,
丘eld s m ay b e ir n g at ed a n d d r ai n e d s e v e r al

ti m e s d u ri n g th e g r o w l n g pe ri o d
,

d e p e n di n g o n

w e a th e r c o n diti o n s
,

n e e d fo r ad ditio n al n u triti o n s et c .

D u e t o th e ab o v e cir c u m st a n c e s , m o n it o ri n g o f ric e

g r o w th i n J ap a n is n ot as st r a lgh t f o r w a rd as e .g .
i n

M al a y si a ･ T h e f a ct th at diffe r e nt s p e ci e s w ell m ay b e

p l a n t e d at field s n e x t t o e ac h o th e r , o r th at o n e fi el d

m ay b e irr lg at e d w hile th e n e x t o n e is d r ai n ed fu r th e r

c o m plic at e s th e p ict u r e
, O n th e o th e r h a n d , a s al m o st

al l fi e ld s ar e pl a n t e d wi th i n a pe ri o d o f a w e ek or 1 0

d ay s , th e y a r e al 1 at ap p r o xi m at ely th e s a m e g r o w ln g
st ag e

,
in d e p e n d e n t o f th e sp e cie s . T h e f a ct th at th e

s oil s tlrf a c e of d r ain e d field s n o r m ally is m oi st a n d

v e ry s m o o th ,
al s o d e c r e as e s th e diff e r e n c e i n

b a ck s c att e r b e t w e e n d r ai n e d a n d ir ri g at e d fi eld s .

D e p e n d e nt o n t h e g e o m e tri c p r o p e r ti e s o f th e

fie ld s
･

th e r ad ar b a c k s c at t e r v ar ie s s lg n ifi c a n tly .

F i el d s wi th r o w s o rie zlt e d i n r an g e dir e ct l O n h a v e a
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Fig u r e 2 ･ T e m p o r al b e h a vi o r of J E R S - l L - b a n d

b a c k s c att e r f o r i m g at e d ri c e fi eld s j n N iig a t a
,

J a p a n ･

'

5(
''

c o r r e s p o n d s t o fi eld s pl a nt e d i n r a n g e

dir e cti o n ,

`

廿
■

t o fi eJd s pl a nt e d i n a zi m ut h a n d
`'

◆
''

t o fi eld s pl a nt e d i n ot h e r dir e cti o n s .

v e ry diff e r e n t a p p e ar a n c e C o m p a r e d t o fiel d s wi th

o th e r l Pl a n tin g dir e c tio n s
,

b o th in t e rm s o f t o t al

t e m p ot al r a d i o m et ri c dy n a mi c , a s w ell a s in t e r m s o f

th e i niti al i nt e n s lt y f o r b ar e s oil fi el d s ･ A d y n am i c

r a n g e o f ab o u t 7 d B f o r fi eld s pl an t e d i n r a n g e

di r e cti o n h a s b e e n o b s e r v e d
,

c o m p a r e d t o o Tll y s o m e

3 d B f o r fi el d s p l a n t e d ill Oth e r dir e c ti o n s . A s e c o n d

p e a k o f h a s b e e n o b s e r v e d
l

f o r fi Ell d s p l a n t ed

p e rp e n dic tll a r t o r a Tlg e , i . e . i n a ヱil m lth dir e c ti o n
,

sh o w i n g a t ot al r a di o m et ri c r a n g e o f a p p r o xi m at ely
5 d B 伊i g ･ 2) ･ An i m p o rta Jlt O b s e r v ati o n

,
h o w e v er

,
i s

th a t t h e o v e r al l sh a pe o f th e t e m p o r al c u r v e
,

r e s e m bli n g th e t e m p o r al c tl n ,
e f o r fi eld s i n M al a y si a

( Fig ･ 1) ,
a p p e a r s t o b e th e s a - n e f o r a n y pl a n ti n g

dir e cti o n .

An aly s IS Of t h e v a ri ati o n s i n th e t ot al t e m p o r al

r ad i o m e t ri c r a tlg e S b et w e e n fi el d s w i th diff e r e n t

pl a ntin g dir e cti ollS is a p p ar e n tly n ot t ri v i al . A t fir s t

th o u gh t
･

o n e c o uld e x p e ct th at fi eld s pl a n t e d i n r a n g e

dir e cti o n w o d d gi v e ri s e t o a l o w e r b a c k s c a tt e r
,

o p p o sit e t o w h at h a s b e e n ob s e r v e d
, si n c e t h e o p e n

s p a c e s {)f w at er o r b ar e s oil b et w e e n th e pl a n t r o w s

a r e m o s t vi si･bl e th e n a n d a l ar g e P art O f t h e
_ 5

tr a n s m itt e d sig n al t h e r ef o r e w o uld n o t b e s c att e r e d
b a ck ･ I n a n y o th e r dir e c d o n

･
t h e r ati o o f ri c e pla n t s v s ･

_ 6
op e n sp a c e w o ul d b e m t)c h l a rg e r an d th u s r e s u lt i n a
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st r o n g b a c k s c att e r i s t h at th e st ri ct g e o m e tr y o f d) e

pl a n ti n g r o w s a n d c ol u m n s r e s ult i n th at all pl an t s

1 8

wi t hi n o n e r e s o h lti o n c ell (1 8 * 1 8 m e t e r s) i nt er a ct t o

g i v e ris e t o a u nif or m str o n g b a c k s c att e r r e s p o n s e . F o r
- 9

fi e ld s o ri e n t e d i n o t h e r dir e c ti o n s th a n r a n g e

di r e c ti o n , th e s tric t g e o m et r y wi ll i n st e ad c a u s e th e
- 1 0

b a c k s c att e r t o d e c r e as e ･ T h e f a c t th at t h e pl a n ti n g

g e o m et ry i s st ri c t i n r o w dir e cti o n
,
i . e . th e d ire cti o n - l l

w hi c h d i e tr a ct o r h a s b e e n m o v i n g ,
b tlt le s s st ri ct i n

th e dir e c ti o n p e rp e n d ic ul a r t o thi s
,

m a y e x pl ai n th e

s e c o n d p e ak th at o c c u r s f o r field s pl a n t e d i n a zi m tl th

dir e c ti o n ･ H e r e
･
th e li n e s of pl an ts a r e n o t a s s tr ai g ht

as th e r o w s i n t h e pl an ti n g di r e c ti o n ･ N e v e r th el e s s, it
ap p e ar s t o b e s uffici e nt t o e nl 1 an C e th e b a c k s c atte r ed
s lg n al a b o v e th e l e v el o f fi eld s o ri e n t e d i n o th e r

dir e cti o n s .

T h e i niti al offs et v a ri ati o n i n th e b a c k s c att er f o r

fi eld s w it h diff e r e nt pl an t in g d ir e c ti o n c a n b e

e x pl ai n e d as r e s ultin g fr o m b a ck s c att e r c a u s e d b y th e

r o ad s a n d l m ld b arri er s w h ic h c o nt am in at e p I X el s n e a ,

th e e d g e s o f th e fl eld s ･ R o ad s o ri e n t ed p e r p e n di c ula r

t o t h e r a n g e di r e cti o n g i v e ris e t o a s tr o n g b a c k s c atter

c atlS e d b y a dih e d r al t y p e o f d o u bl e b o un c e of th e

r ad a r slg n al o n th e s m o ot h s oil an d th e r o a d sid e s .

D u e t o th e v e ry s m al l si z e s of t h e fi eld s h o w e v er
,
it is

diffi c ult t o e x clu d e s tlC h pi x els ･

It is o b vi o tlS th at th e a b o v e dis c u s si o n a b o u t 払e

b a c k s c at t e r Tn e C h a ni s m s a r e m e r e s p e c ul a ti o n s a n d
th at a m o r e t h o r o u gh s tu d y is r e q uir e d ･ S u c h a st u d y is

c u r r e ntly u n d e r w a y , ai m l n g at P r o v idi n g a m o re s olid
dl e O r e ti c al b a c k g r o u n d t o t h e dir e c ti o n al b e h a vi o r of

p ad d y field s i n J a p an .

&

N e x t
,
l et u s r et u T

'

n t O M al a y si a , t o h a v e a l o ok at

th e b a c k s c att e r b e h a v i o r at L - an d C - b a n d f o r t w o

C O m m O n tr e e C r o p s; ru b b er t r e e s an d oil p al n s ･

R u b b e r t r e e s i n M al a y si a n o rm ally g r o w t o a t ot al

h ei gh t of 1 2 I 2 0 m et e r s
,
d e p e n di n g o n th e s oil an d

t e rr ai n c o n diti o n s . T h e t ru n k d i 孜m et e r S el d o m e x c e e d s

3 0 c m ･ A ft er 2 0 - 2 5 y e a rs
,
th e p r od u cti vi ty d e cr e a se s

an d t h e fi el d s a r e n o r m ally･ cl e a r e d f o r a n e w

g e n er ati o TI Of tr e e s t o b c pl a n t e d .

R e s tllt s fr o m th e c tl r r e n t S ttl d y sh o w a cl e ar

c o r r el ati o n b e t w e e n J E R S - l L E E b a 血d b a c k s c att e r

a n d t r e e h eigh t (F ig 1 3) A T h e d y n am i c r a n g e is ab o ut 5

d B., w id l th e sig n al s alt) r ati n g at a t r e e h eigh t of a b otlt

1 2 1 n e t e r S ･ T r e e h ei gh t i s cl o s ely c o rr el at e d t o

g r o w i n g S t a g e f o r i n di vid u al st an d s b u t d e p e n din g o Tl
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Fig u r e 3 . L - a n d C -b a n d b a c k s c a tt e r v s . r u b b e r

tr e e h eig h t .
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s oil a n d t e I T ai n c o n diti わn s
, g r o w i n g sp e e d an d h ei gh t

at f ull g r o w th v a r
y b e t w e e n st a n d s I I n g e n e r al

h o w e v e r
,

1 2 m e t e r s w ill c o r r e s p o n d t o a n

in te r m e di at e g r o w l n g St ag e
,
i m ply l n g t h at s at tl r ati o n

o c c u rs b ef o r e t h e s t an d s r e a c h t h ei r f ull g r o w t h s . T h e

m aj or S C att e n n g m e ch an is m f o r ru b b e r t r e e s is g r o u n d

/tr u n k i nt e r a c ti o n a n d s c att e ri n g O n t W lg S a n d

t)r a n c h e s . T h e l e a v e s h a v e little e ff e c t o n th e t ot al

b a c k s c alt e r .

E R S -

1 C v v b a n d d a t a s h o w s n o c o r r e l ati o n

b et w e e n b a c k s c att er an d t re e h ei g h t f o r rllb b e r
,

o o

v a ry i n g b et w e e n 1 7 a n d - 8 d B e v e n f o r n e w l y pl a n t e d

fi eld s ･ T h e m aj o r S C att e n n g m e c h a n is m at C - b a n d is

sc att e ri n g O n th e l e a v e s a n d t wi g s ･ T hi s i n s e n siti vit y
ev e n f o r t h e y o tl n g St a g e s W h e n th e c a n o p y lS n ot y et

f ull y d e v e
l

1 0 P e d m a y b e d u e t o t h at t h e g r o u n d is

c o v er e d b y g r as s a n d/ o r s o c all e d l e g tl m e S wi th

le a v e s o f ab o ut th e s a m e si z e a s ru b b e r l e a v e s .

〔迫_ 辿
Oil p al m s n o r m ally g r o w t o a t o t al h eib ht of ab o l lt

1 2 1 1 6 m e te r s
,
i n c l u di n g t h e l a rg e f e n -lik e b r a n c h e s

w h i c h e x t e n d f r o †n t h e t o p of th e t r u n k 一i k e a n

u m b r ell a . T h e t ru n k is v e r y r o u g h
,

wi t h s c ale s lik e a

la rg e sp ru c e c o n e . As w itb r u b b e r
,
th e oil p al m s ar e

p r o d u c ti v e f o r ab o u t 2 0 - 2 5 y e a r s
,

aft e r w hi c h th e y
al s o wi ll st a rt t o f al l o v er if th e y a r e n o t cl e a re d .

F o r L - b a n d
･
t h e d y n a mi c r a n g e b e t w e e n n e w l y
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pl aT lt e d a n d old oil p a lm p l an t ati o n s is ab o ut 4 d B .

Th e sig n al s at u r at e s at a l e v el of a r o tl n d ･7 d B , w hi ch _ 1 2

is ab o u t 1 d B I o w e r th an f o r ru b b e r . T his di ff e re n c e

c a n b e att ri b tlt e d t o th e d i ff e r e n c e i n st ru ct u r e

b et w e e n oil p al m s an d ru b b e r tr e e s ･ D tl e t O･ th e v e ry

- 1 4

r o u g h s u rf a c e of t h e t ru n k s of th e p al m tr e e s , th e

gr otl n d/t ru n k i n t er a c ti o n is lik el
y c o n tri b ut e l e s s t o t h e

tot al b a c k s c att e r , w hile
,

o n t h e ot h e r h a n d
,

th e

Co nt rib u ti o n fr o m th e c a n o p y wi th it s l a rg e b r a n ch e s

:a Tl b e e x p e ct e d t o c o n tri b tlt e m O r e ･ A tt e n u ati o n b y
血e c an o p y l a y e r i n b o th dir e cti o TI S C an b e a s s u m e d t o

Fu r th e r w e a k e n th e d o u bl e -b o tl n C e e ffe c t fr o m th e

h n k s an d d i e g r o u n d .

F o r C - b an d , th e r e is a cle ar c o rr el ati o n b e t w e e n

:ad a r b a ck s c a tt e r a n d g r o w t h of th e p al m t r e e s
,
i n

;tr o n g c o n t r a st t o th e sit tl ati o n f o r r u b b e r . T h e

ユy n a mi c r a n g e is ab o ut 3 d B wi th s at u r ati o m ar o u h d - 6
也

, ab o tlt 1 .5 d B hi gh e r th a n th e s at u r ati o n le v el f o r

Ⅶb b e r ･ W i 也 tb e l a r g e l e a v e s 皿 d b r a n ch e s o f 血e

っal m tr e e s
,
t h e c a n o p y l ay e r is e x p e ct e d t o b e 也e b y

h r m o st d o m in at l n B S C att e r e r f o r C - b an d .

F ig . 4 an d 5 s h o w th e L - a n d C -b an d b a c k s c att e r as

b n cti o n s o f th e h eig h t of th e t ru n k s a n d th e l e n g th of
h e b r a n c h e s

,
r e s p e cti v ely . N ot a bl e is t h at th e r a d a r

℃S P O n S e S ar e V e r
y Si m il ar f o r L -

a n d C - b a n d
,
f o r b o th

F u n k s a n d b r a n c h e s
,

i n d ic at l n g t h a t th e m aj o r

ie at t e r e r s f o r b o th f r e q u e n cie s m a y b e th e s am e ,

li v e n t h e b ett e r s e p a r a bility b y b r a n c h l e n gt h th an

ru n k h ei gh t f o r
y o u n g p al m s f u rt h e r l e a d s t o th e

: o n c l u si o n t h a t th e l a r g e b r a n c h e s ar e t h e m o st
･1g nifi e an t s c att e r e rs als o at L -b a n d .

O il p al m

×
｢ ぅ ー J E R S -1 O ”p aEm

- ･ ◎ - E R S - 1 0 II p alJT[

〉く 卑a n ch l e n 8 坤I m ]

0 2 4 6 8

Fig u r e 5 ･ L - a n d C -b a n d b a c k s c att e r v s ･ o ll p al m

b r a n c h l e n gt h .

S U M M A R Y

R e s ult s p r e s e n t e d i n th is p ap e r sh o w th al L E E
-b an d

B A R is s e n siti v e f o r diff e r e n t g r o w i n g St a g e s O f

ir rl g at e d ri c e ･ T h e b a c k s c a tt e r r e a c h e s it p e a k v al u e

ab o u t o n e m o nt h b e f o r e h a r v e s t , aft e r w hi c h it d r o p s

a b o tlt l 15 d B ･ T h e t ot al r adi o z71 el ri c r a n g e s f o r p a d d y
fiel d s i n M al ay s la a n d p a d d y fi eld s i n J a p a n w e r e

h o w e v e r f o u n d t o b e diffe r e nt . T h e b a c k s c att e r e d
i n t e n sit y f o r p a d d y fi eld s i n J a p an w e r e f o u n d t o b e

st r o n gl y d e p e n d e n t o n t h e pl a nti n g dir e c ti o n o f th e

fiel d s , w hil e in M
_
ala y si a

･
t h e b a c k s c att e r e d sig n al

w a s v e r y h o m o g e n e o u s . T h e diffe r e n c e b e t w e e n t h e

b a c k s c att e r b e h a v i o r c a n b e e x pl ai n e d b y th at i n

M al ay s l a
･

W h e r e m an u al pl a nt i n g b r o a d c a sti n g i s

p r a ctic e d ･ th e ri c e pl a nt s c an b e c o TISi d e r e d sp r e ad
r a n d o ml y o v e r th e fl el d s

,
w hile i n J ap an , m e c h a ni c al

p l a n tl n g r e s ult i n fi eld s w it h st ric t g e o m et ri c al

p att e r n s . T h e di ff e r e n c e i n si z e o f 也e fi eld s w a s f oll n d
t o b e a n o th e r f a c t o r w hi c h h a d sig nifi c an t e ff e ct o n

也e r ad ar b a c k s c att e r .
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T h e r e s u lt s fr o m th e st u dy o f ru b b e T a LLd oil p al m

s h o w t h a t L E E
- b a n d S A R is s e n siti v e f o r 7TI O n it o n T lg

th e g r o w t h o f th e ( w o tr e e c r o p s t o a c e rt ai n le y el ･

C v v b a n d i n ( u r n
, P r o v e d t o b e virt u ally l n S e n Siti y e t o

t h e g r o w th o f ru b b e r i n th e t e s t a r e a
,

w hile b ei n g
c o rr el at ed wi th th e g r o w th o f y o u n g oil p al m tip t O a

( t m n k) h ei gh t o f 2 m e t e r s aft e r w h ic h t h e si g n al

s at tlr at e d . T h e s at u r ati o n l e v els f o r ru b b e r a n d oil

p al m w e re f o ll n d t o b e diff e r e n t . I n c o n cl u si o n
,
L - a n d

C - b a n d S A R ap p e a r t O C O m Ple m e nt e a ch ot h er q uit e

w e u f o r m o n it o n n g of t h e t w o tr e e c r o p s ･ C-b a n d

s e e m s s llil abl e f o r distin g u is h in g th e t w o s p e cie s a s it

s atLlr at e S at diffe r e nt l e v els al re ad y f o r y o u n g g r o w th .

L - b a n d a p p e a rs m o r e u s ef ul f o r m o Tli to n T lg g r o w th
,

aS

w ell a s f o r disti n cti o n b et w e e n th e sp e ci e s f o r f ully

g r o w n p一an t ati o n s .

A C K N O V n
. E D G E M E N T S .

T h e stt) d y of th e M al ay s ia n C r o p s W as p e rf o m e d a s

a p a rt of a j oi n t r e s e a r ch c o o p e r ati o n b et w e e n 血e

N ati o n al S p a c e D e v el o p m e n t A g e n c y of J ap a n

(N A S D A ) , th e M al a y si a n C e n tre fo r R e m ot e S e n si n g

( M A C R E S) a n d th e M al a y si a n D e
p a rt Tn e n t O f

A B ri ctllttlr e ( D o A) ･ Fi eld w o rk w a s p erf o r m e d j oi n tly
b y th e a g e n ci e s

,
w hil e t h e d at a a n al y sis p r e s e n t e d in

t hi s p a p e r w a s p e rf o r m e d a t N A S D A b y A .

R o s e Tlq V ISt .

T h e■sttld y o f i m g at ed ri c e in J ap a n w as p erf o r m e d

b y N A S D A i n c o o
p
e r ati o n w i th 1 o c al f a r m er s i n th e

N iig at a a r e a ･ F i eld w o r k w a s p e rf o r m e d b y A .

R o 忌
,

e n q vi st a n d I寸･ O B tl m a
,

a n aly si s w o rk pe rf o m e d

b y A . R o s e n q v ISt .

R E F E R E N C E S

D ob s o n M ･ C
”
U l ab y F ･ T ･

･
Le T o a n T ･ ･ B e a u d o in A

. ,

E ･ a s i s c h k e E ･ S ･ a n d C h ri s t e n s e n N . ( 1 9 9 2) .

D e p e n d e n c e o f R a d a r B a ck s c att e r o n C o Tlife r o u s

F o r e st B io m a s s . I E E E T r a n s a c ti o n s o n G e o s cie n c e a n d

R e m o t e S e n s i T 8 1 9 9 2
,
V ol ･ 3 0

,
N o ･ 2

, p p 4 1 2 - 41 5 .

H s u C . C .

,
S hi n R

.
T

.
,
K o n g J A

,
Le T o a n T . a n d

B e a ll d oi n A .
, ( 1 9 9 3) . A p p li c ati o n o f T h e o r etic al

M o d el f o r M i c r o w a v e R e r n ot e S e rL5 1 n g O f F o r e st
.

Z n te r n a ti o 朋 I G e o s ci e n c e a n d R e m o t e S e n s z n
g

S y m
p

o si u m (I G A R S S
'

9 3) ･ T o k y o
,
J a p arl

,
A u g u st 1 8 - 2 l

,

1 9 9 3 . D i g e s t
, p p 5 9 5 - 5 9 7 .

E:a r am M ･ A ･

,
Le V i n e D ･ M ･

,
A m a r F ･

,
F u n g A . K .

,

M o u gi n E . 皿 d L o p e s A ･ ( 1 9 9 3) ･ U n d e rs t an di n g th e

R el a ti o n b e t w e e n F o r e s t B i o m a s s an d t h e R ad a r

B a c k s c att e r S ig n al s . I n t e m a ti o tl al G e o s ci eI Z C e a n d

R e TT1 0 t e S e n si n g S y m p o si u m (I G jL R S S
'

9 3) . T o k y o
,

J ap a n
,
A u gtl St 1 8-2 1

,
1 9 9 3 ･ D ig e st

, p p 5 7 3 - 5 7 5 .

K tl r O S u T , , F tljit a M ･ a n d C hib a K . ( 1 9 9 4) . Ri c e

C r o p M o nit o r l n g wi th E R S - 1 C - b a n d B A R , F E

'

fZ al

R e p o r t of J E R S -1 / E R S l l S y st e m V m jiv a ti o n P r o g r a m
.

y o1 2
, p p 1 2 0 - 1 2 6 ,

M i r azld a F ･ P ･ a n d C ar 一 J ･ R
. ( 1 9 9 4) . A p p li c ati o n of

t h e S e mi v a ri o g r a m T e xt u r al C l a s sifi e r ( S T C) f or

V e g e t ati o n D is c ri mi n ati o n U si n g S I R - B D at a o f th e

G ui a n a S hield , N o rth w e s te m B r a zil ･ R e m o t e S e n si n g
R e v z

'

e w s ,
1 9 9 4 ,

V o1 1 0
, p p 1 5 51 16 8 .

R a n b er g E . ( 1 9 8 4) . Z e r o e s i n th e G a u s s - D o olittl e

S c h e m e ･ L a T W m b
'

t a r D ig e s t 1 9 8 4 ･ R o y al l n st . o f
T e c h n ol o gy ,

S t o c k h ol m . K T H - f m 〟L m k - 8 4 .

R o s e n q vist A . ( 1 9 9 5) . E v al u ati o n of L- , C - a n d S -

b a n d S A R f o r C h a r a c t e ri z a ti o n o f T r o pi c al T r e e
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