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A B S T R A C T
T h e a cti viti es o f th e pl a n t s a H e c t o n n ot o nly th e gl o b al b ud g et o f c a rb o n di o xid e vi a

･ p
h o t o sy n th e si s p r o c e s s e s , b ut al s o th e w a t e r a n d h e a t t r a n sf e r f r o m th e v e g et at e d s u rf a c e

i n t o th e at m o sp h e r e vi a t r a n s pi r a:ti o n p r o c e s s e s ･ T h u s , m o nit o ri n g th e s e a s o Tl al a cti viti e s

o f v e
,

g e t ati o n (p h e n ol o g y) is i m p o rt an tl l n thi s p u rp o s e; s at ellit e r e m o t e s e n si n g ,
e sp e c l au y OPti c al s e n s o rs , l S e s s e nti al t o s ol v e ab o v e . H o w e v e r , V alid a ti o n sit e s o f r e m o t e

s e n si rLg alg o rith m s f o r v ari a bilib
, o f th e s u rf a c e st at u s h a v e b e e n li mi t e d . 1 n thi s a rti cl e ,

w e p r o p o s e d t h t a si m pl ¢ a n d c h e a p sy st e m t o m o nito r th e s u rfa c e st at u s u s l n g S e v e r al
r a di o m et e r s ･ 1 n this m eth o d , a n alb e d o m e t e r a n d t w o Ph ot o s y nth e si s A cti v e R a di a ti o n

(P A R : 4 00 -7 00 n m ) s e n s o r s a r e u s ed . I n c o m i n g a n d o u tg oi n g sh o rt , w a v e r adi ati o n

(a p p r o xi m at ely 3 0 0 140 0 0 n m ) c a n b e･ di vid e d i nt o P A R w a v el e n g th an d th e oth e r
w a v el e zl g th s I W e a s s u m ed th a [ diff e r e n c c in r a di a ti o n 食o m th e s u n a n d i n ･P A R r o u ghly

p r et 8 11d s a s n 軸 r
-i n fr a r ed w a v e

-

s r a di ati o n . F r o m th e s e s ets , w e c a n e sti m at e s th e

r efl e c t a n c e o f P A R w a v e (vi sible) a n d th at o f n e a r ･i n 舟a r e d an d v e g e t ati o n i n di c e s ( e .g .

,

N o r m ali z e d D i 触 r e n c e V e g et a ti o n I n d e x P D V r] , Si m pl e R B[ti o [S R]) . W e irlSt al】th e s e
s y st e r n s i n t o . f o u r t y pi c al l a n d c o v e r i n J ap a n . R e s ult s f r o m th i s s y st e m c a n b e

s u m m a ri z e d a s f oll o w s : 1) . T hi s sy s t e m t o m o nit o r th e v eg et ati o n 血 t u s g e n e r ally
p e rf o r m e d w ell i n e a c h l an d c o v e r . 2) . H o w e v e r , c o nif e r f o r e s t w a s n ot e xi) r e s s e d w ell th e
st at u s of v eg et ati o rl , b e c a u s e of l o w r efl e ct a n c e i n b o th vi sibl e an d n e a r

-i n fr a r e d
,
a n d 3) .

1 n t e r a n n u al v a ri a ti o n s i n N D V I a n d S R w e r e f o u n d
,
h o w e v e r s e n s o r

'

s ab s ol u t e v al u e

c h e c k s w e r e n e ed t o di s c u s s i n t e r arl n u al p h e n o m e n a d e ri v ed & o m th i s s y st e m .

I n t r o d u cti o n

T h e a cti viti es o f th e p la nt s af fe ct oll n ot O nly th e

gl o b al b u d g e t o f c a rb o n di o xid e vi a ph ot o sy nt h e sis

p r o c e s s e s , b ut als o th e w at er a n d h e at t ra n sfb r 丘o m th e

v e g et at ed s u rfa c e in t o t h e at m o sp h e r e vi a t ra n s pi r ati o n

p r o c e ss e s . T h JS , t O m O nit o r th e a c ti viti es o f v eg et atio n ,

s o - c all e d p h e n ol o g y lS i m p o rt a n t . 1 n th is p urp o s e , r e m o t e

s e n sl n g , es p e cially o pti c al s e n s o r s , is es s e nti al t o s o lv e

a b o v e a n d t o e x p a n d th e k n o w l e d g e at p at ch s c ale i nt o

r e g i o n al o r gl o b al L F o r e x a m p le , d et e ctin g th e o n s et an d

o ff s e t o f p h e TI Ol o g y ( c o rr e s p o n din g op e n l e a v e s a n d

fall e n le a v e s
,
r es p e cti v ely) 臥) m m lllti ･t e m p o r al o r

i nt e r a n n u al o p ti c a一r e m ot e s e n sl n g d at a w e r e c 町 ri ed o ut

i n c o nti n e nt al s c al e ( e .g . , W hit e e t a[ . , 1 9 9 7) a n d r e gi o n al

?
c aJ e ( e ･g ･ ･ H a shj m ot o e( a [ . I 2 0 0 I) ･ F urth e rr n o r e ･ s e v e r al
I n v e sti g

at o rs p o l nt ed o ut th e r el ati o n ship b et w e e n th e

s e v e r al y eg e t ati o rl i n di c e s w hi c h c al c ul at e d 色
.

o m th e

c o m bi n ati o n of s u rfa c e r e n e ct a n c e o f vi sible a n d

n e a r -i n 缶ar e d (N I R), a n d th e l at e nt h e at fl u x e s ( e ･ g ･ ,
S e u e rs

,
1 9 8 5 ; V e r m a et a l . , 1 9 9 3; H ig u chi a n d K o n d o h ,

2 0 0 0 ; K o n d oh an d H ig u c hi , 2 0 0 1) . S e v er al o p er ati o n al

s at ellit e s ( e ･g . , A V 正 札 T M ) an d n e w g e n e r ati o n s e n s o rs

( e .i . , M O D I S , G L I) a r e a n d wi ll b e in o p e r ati o n , 5 0 th e

i q c 糊 5 e O f o p e r ati o n al s at ellit es w o uld m ak e th e

if 噂 卿 C 6 Of l o n g
- te r m E

l

m s E
'

t u m e a s u r e m e nt sit e s fわr

v ali 戯 ◎n of alg o ri th m s ri s e u p . H o w e v e r , v alid ati o n
site s 触 v a ri ab ility of t h e s u rf a c e st at u s w er e li m it e d .

R o c e n tly , s e v e r al a ctivi ti e s fo r l o n g
-t e r m m o nit o ri n g t h e

5 u rfh c e g u x e s in cllldi n g c a rb o n dio xid e h a v e b e e n ris e

u p i n c oTIti n e nt al o r re gi o n al s c ale ( e .g . , A m e ri - F I u x n e t ,
As i a n Fl u x n et

,
G A M E - A A N ) , b ut it w o tl) d b e l o o k e d

lik e th at t h e p oillt O f vi e w m o rlit o rin g t h e s ur fa c e st a t u s

of v e g et ati o n w a s la c k ed i n th e s e a c ti vi ti e s .

U s u ally , ill Sit u m e a s ur e m e n ts o f s p e ctr al

c h ar a ct e risti cs o f v e g et ati o n a re by s o m e sp e ct r o m et e rs

( e ,g . , Fi eld S p e c
R
) o r a vi d e o c a m e r a w hi ch c a n m e as u r e

th e N I R w a v el eTlg th (e . g . , SIl . V A C A M
R

) , h o w e v e r , b o th

sp e c tr o m e t er a n d vid e o c a m e r a h a v e t o o p e r at e nl a n u all y

b y r e s e a r ch e rs . T h u s m e a s u r e m e TLt in te r v al is l a r g el y

d ep e rl d e d o n th e o p er at e d r s s e a r ch e rs a n d d a t a i s

n o n - c o nti n u otlS in ti m e . V alid ati o n d at a fo r d et e cti n g th e

o n s et a n d o ffs et of p h e n ol o g y is b ett e r fo r

ー
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ti m e - c o n tin u o
.
u s r ath er th a n fi n 卓 s p e ct r al r e s ol uti o n

d at a s et wi th n o n - c o rlti n u o llS i n ti m e .

1 n t his a rti cl e
,
w e p r o p o s ed a si m pl e a n d ch e ap

s y st e m t o m o nit o r th e s u rfa c e st at u s u s l n g S e v e r al

r a di o m et e rs . O ur o bj e c ti v es w e re as f oll o w s :

1) ･ I nt r o d u c e t h e si m pl e a rid c h e ap sy st e m m o nit o ri n g th e
s u rfTa c e s t at u s o f v e g et aLti o n .

2) . T o a p ply this sy st e m i nt o t y pic ar la n d c o v er i n J ap a n

(g r a s sla n d , c o nife r f o r e st [r e d p in e fo r e s t] , p ad d y , alld
b r o a d -l e af fo r e st) , w e ch e ck t h e pe rf o rm a n c e o f th is
sy st e m ･

3) I
T o c o n sid e r i nt e r a n n u al p e rfo r m a n c e o f this m et h o d ,

w e c h e c k t h e a v a u abiliti e s o f th is s y t e m f o r

i nt er a n n u al v ariati o n s o f v e g et a王i o n a cti viti es .

S y s t e m o v e r vi e w a n d i JI S t all e d sit e s d e s c ripti o n
- S i m pl e p rl n Cipl e of th is sy s t e m

l rl t his s y s t e m , a n alb e d o m et cr a n d t w o p h ot o n

q u a n t u m s e n s o r s fo r m e a s u r e m e nt s o f P A R

( P h o t o s y nt h e sis A cti v e R a di aticl n : 4 0 0
･ 7 0 0 n m ) u s e d

( s e e Fig ･ 1 a n d F ig . 2) . ITI C O mi n g a n d o ut g o in g s ol a r
r a dia d o n ( a p p r o xi m at el y 3 0 0

- 4 0 0 0 n m ) c a n b e di vi d e d
i n t o P A R w a v el e n gt h a r ld th e oth e r w a v el e n g th s . I n th e

ot h e r w a v el e n gt h , s ola r r a di ati o n in th e tllt r a vi ol ct w a v e

( 4 0 0 rlr n) a b s o rb by o z o n e , lo n g e r w a v ele Jlg th sid e

(1 2 0 0 - n 7 n) , e n e rg y it s elf is v er y s m all, wi th s e v er al
a b s o rp ti o n b a n d by w at e r v ap o r, W hi ch c o m p ar e t o

n e ar -i n 丘
.

ar e d w a v e (7 0 0 ･ 12 0 0 n m) ･ T h u s , d ･iffe r e n c e i n
r adi ati o n o f s ol ar a n d o f P A R r o u gh ly p r et e n d s a s
n e ar -irI 丘ar e d w a v e

r

s r a di ati o n ,
E q u ati o n s c a n b e

e x p r e s s e d as foll o w s:

p p ^)～
≡ F A R †/ P A R J

N IR J ≡ R s J - P A R J

N IR †芸 R s † - P A R 千

p w )R
= N IR †/ N I B J

(1)

(2)

(3)

(4)

Fig . I A s rl a P S h o t o f a si m p l e s y s t e m fo r m o n it o rlJ l g

t h e s tl rf a c e st a t u s a t T e r re sl:ri al E n v i r o n m e n t al

R e s e a r c h C e n t e TT, U niv e rsity o f T岳Ⅶk tL b a , J a p a n .

R i g h t i s t w o P A R s e JIS O r S , C e n t e r i s a n

al b e d o m e t e r , I e rl i s b ri g h t rL eS S t e m P e r a t n r e
'

5

r a d i o m l e t e r
･

, r e s p e c ti v e)y ･ A d a t al o g g e r b o x e 8 n

b e s e e n f o r l o th e d a t a .

F ig ･ 2 A s n a p s h o t o f P A R s e n s o rs f o r t h is sy st e m ･ T o

c al c ul at e t h e r cfl e ct a n c e o f visib l e a Jl d N I R ,

b o t h d o w n w a rd a n d tlP W a r d m e 且S u r e d .

H e r e P r e p r e s e nt s th e r e n e ct a n c e o f e a c h w a v eLe n g t h

( visibl e , N I R) , s ub s c rip ts i n di c at e t h e e a c h w a v el e n gth ,
捌 R a n d N IR a r e r a di ati o n i n P A R a n d N I R w a v ele n gt h

w h ic h d e ri v e d 舟o m F A R s e n s o r s a n d a n al b e d o m et e r
,

r e s p e ctiv ely ( W m
'ヱ

) , R b s h o w s th e sh o rt - w a y ¢ r adi ati o n

d e ri v ed & o m a n alb e d o m et er ( W m
･2
) , J a n d †

in di c at e d o wn w a rd a n d u p w ard dir e ctio n o f r a di ati o n ,

r es pe ctiv ely ･ F r o m E q ･ (1) -(4), w e c a n e st h Tlat e e a c h
r en e ct an c e o f v isible a n d N I R . W e c a n a一s o c a一c ul at e t h e

V e g et a ti o n I n dic e s ( V Is) s u c h a s N o r m ali2:C d D iffe re n c e
V es et d i o n I n d e x O I D V l) , Si m p le R ati o (S R) ･ I n th is
st u d y , w e e sti m a壬e th e Vi s a s i n di c at o rs f o r t h e s u rf a c e

st at us of v e g eta:ti o n as foll o w s :

N D VJ = 空竺二空竺 (5)
F W [R ＋ P

'

A R

S R =

p N //～/ p p A R (6)

N D V I r a n g e d 丘or n
- I t o ＋l

,
w h e n v e g et ati o r) a cti vitie s

a r e hi gh , N D V I is cl o s e t o 1 , a n d S R u s ll ally r a n g e d 0 t o
1 0
,
w hic h i n c r e as e d wi th v e g et ati o rL a cti viti e s . Sig n als

斤o m P A R s e n s o r s a n d th e alb e d o r n et e r c a n b e st o r e d irlt O

m ulti - p u rp o s e d
.
d at alo g g e r ( e ･g ･

,
C R I 0 b y C a m p b ell S ci ･ ,

h c) e asily wi th o th e r m i cr o m e t e o r ol o gic al c o m p o n e rlt S ･

T h u s , it■is
■
e a sy t o c orrLp ar e th e s e a s o n al m ar c h of t h e

s ur 魚c e 屯u x es a n d v e g et ati o n a cti vitie s vi a i n sit u

m e as u r e m e Ttt V e g et atio n l n dic es ･ A d v a n t a g e o f t hi s

si m ple s y st e m c a n b e m e as u r ed th e st a 仙s o f v e g et ati o n

c o n ti n u o u sly . T his sy st e m is s uit abl e f o r m o nit o ri n g t h e

d a y t o d ay c h a n g l n g St at u s O f v eg et ati. o n o r s ur fa c e ･

T a bl e 1 Si t e d e s c rip tio T]S t O i n st al一 m e a s u r e m e n t

5 y S t e 甘l

Sit e N am e L a 上 L o n g . L a n d C o v e r

T E R C l 3 6 .
1 N 1 4 0 . 1 E G r a ssl a n d

T E R C 2 3 6 .1 N 1 4 0 ,
1 E R e d P i n e

B i心ap r o l 3 5 .5 N 1 3 6 .5 E P a d d y

B i w ap r o 2 3 5 .6 N 1 3 6 .2 E B r o ad - L e af
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F o r e st

- S it e d e s c ripti o n s f o r v alid
ati n g t hi s sy st e m

T a ble I sh o w s th e sit e of i n st all e d th e m o nit ori n g

s u rfa c e st at u s sy st e m .

T 印 .C l is a 岳r a S Sl a n d w hich c o n sist s o f s e v e r al

s p e ci e s of C 3 pl a nt s a n d C 4 pl a nt s g r a ss e s ･ This

g r a s sl a n d l o c at e s i n T e rr e st ri a = 三n vir o n m e n t a
l R es e a r ch

c e nt e r ( T E R C) , U ni v e r sity o f T 如k u b a , J a p a n . H er e is

als o th e w at e r a n d e n e r g y ¢x p e ri r n e nt al R eld w it h m o r e

t h a n 3 0 c o m p o n e nt s o f mi cr o m et e o r ol o g LC al a n d

hy d r ol o gl C al i n st ru m e nt s th a
l

t h a v e b e e n m e a s ur ed

r o uti n ely ( T o rit an i eL al . , 19 8 9) un til 1 9名2 1 In 1 9 99
,

p r eli mi n a ry G L ob al l m ag e r e x p e ri m e nt at E n vir o n ･ R e s ･

C e nt e r . (P G LI E R C) w a s c ar ri e d o ut a s a n o Tl e y e a r
'

s field

c a m p aig n o f r e m o t e s e n sin g ( H ig u c hi e t al ･ , 2 0 0 0 a) ･

F r o m M ay in 1 99 9 , w e st 由1 B d th is m e a s ur e m e n t S y st e m

at g r as sl a n d . T E R C 2 is r ed pin e fわr e st w h e r e lo c at es a n

s o ut h sid e o f e x p e ri m e n t al fi eld (g r a s sl a n d) in T E R C I

S a m e s y st e m als o h as b e e n w o rki n g u n til A tlg u St 2 0 0 0 ･

B i w ap r o l is p a d dy l o c a t ed th e n orth e a st o f L 由 Bi w a

b y L ak e B i w a P r oj e ct 即疲 akit a , 2 0 0 0) . R o uti n e

mi cr o m et e o r ol o gic al r n e as u r e m ein t Sy St¢ m W a s St a r
t ed

J uly 1 9 9 8 , a n d this s y st¢m a d d ed hto th e r o uti n e sy st e m

i n M a y 2 0 0 0 . B i w a p r o 2 is b r o a d l e af f or est W h er e

lo c at e d th e n o rt h sid e Of L a k e Bi w a th at w a s als o

s up p o rt ed by L ak e Bi w a P r oj e c t . R o llti n e m e as t m m e nt

t o w er i n ≦他11 ed in 1 9 9 8 a Jld a d d ed m o nit o rin g sy st e m i n

A p ril 2 0 0 0 ･

_ D e t e r m i n e ttl e S tl rf a c e fl tI X e S at e a c h sit e

E n e rg y b al a n c e eq u ati o n at th e l an d stJrf
a c e c a n b c

x p r e s s a s f ollo w s:

R n - H ･ lE ･ G ･
B Q/a (s) ･ A h ･ P (7,

w h et e H a n d L E ar e s e n sibl e an d h t e nt･h e 幻 f h x i R Tl i s

n et r adi ati o rL, a is s o il h e at n u x , a n d a Q / 6t !S) is th e

r at e o f ch an
写
C O f e n e rg y st o r ag eやs o r n e l 町 er ( in p a d dy ･

s o m e l ay e r lS W at e r b o d y f o r izT lg ati o Tl) I G e n e r ally , t h e

t e r m o f e n e rg y ad v e ctio n , A h ,

b e a s s u m e d n e gligib le . V al u e

e d dy c o rr らI ati o n m eth o d in

T E R C 2 (pi n e f o r e}s t) wi th

f oll o w s;

H -

p CTp w
'

T
'

o f p h o t o sy n th e sis , P , c a n

of H ”( as ¢v alu ait e d b y a n

T E R C l ( 訂a SSl a n d). a n d

a s o ni c 町 Ie m O m et e r a S

(8)

of th e s u rf ac 8 伽 x es i n 1 h o ur a v er ag e at e a c h l a n d

C o v er .

R es ult s a n d dis c tLS Si o n

･ S e a s o n al c b n g e s i･ n th e s pb ct r Al r e n e ct a h C e a n d

▼eg et a ti o n i n dl
c e 鼻 孔t e a c h l a n d c o v e r

I) . T E R C l ( G r a s sl a n d)
Fig u r e 3 sh o w s th e･s e as o n a) c h a n g e s i n th e s u rf a c e

alb e d o
,
sp e ctr al r e fl e ct a rl C e O f vi sibl e a n d

N I R
･

v e g et atio n i n di c es , l E a nd ” d urin g d ay
ti m e , arid lE /Q n

a n d W Q n ･ D ぬ a y e r a g ed u siヮg
9 :0 0 - 1 5 =0 0 JS T , a nd

m . r e t h a n R s d o w n w a rd y al u e lS r n O r e th a n 2 0 0 W /T71
ユ
.

Q n i s d efi n ed as a v ai h bl c e n e rg y , Q 炉 R n
- G ･ S e a s o n al

v ari d i oIIS O f th e 5 u rf a c e al b ed o 甲n d o 8S i n di c
at o r o f th e

s u rf a c e st at u s ( e ,g . , 印g tl Chi el al l , 2 0 0 0b) , b u t as th e s e

v al u e s di yid e d ir(t o th e sig n als of vi sibl e a n d N [ R &
o rr)

th is sy st e m , w e c o u ld s e e m o r e in f or m a
ti o n ab o ut l a n d

s u rfa c e st at u s , F r o m Fig . 3 (也), r e 伽 Gt arl C e Of vi sibl e

d e c r p a s e d r apidly & o m
. 90 D f[y O f Y e a r ( D O Y) t o 14 0

D O Y . A fte r thi s
,
th e r e n e ct a n c e o f N T R i n c r e a s e d 斤o m

1 2 0 D O Y t o 1 70 D O Y .
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h e at of air , w is v e rti c al w in d c o m p o n e nt , T is air

t e m pe r at u r ¢･ o v e r
- b a r d e n o t e s th e a v e r ag n g a n d p ri m e

t h e d e viati o n 丘
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o Ttl th e m e a n . A 丘er esti m atio n o f H , LE

w a s d et er mi n e d b y E q . (7) a:t T E R C l a n d T E R C 2 ･

A t B i w a p r o l an d B i w ap r o 2 , th e s tu f h c e fl u x
e s w er e

e sti m at e d b y e n er gy b al a n c e m e th o d wi th B o w e n r ati o ,

a n d i n B i w a p r o l (p a ddy) , w e h a v e t o c o n sid er th e t e r m

o f S i n E q . (7) a s f oll o w s:

s -
壁 - 竿 ( T w ･

j
- T w

,
i

- I) C w (9,
6t

w h e rら D i is t h e d e p th b el o w th e ri c e pl a n t at t h
e ti m e E

'

,

7h 7,l
･

is w at e r te m p er at u r e at th e ti m e E
'

..
a n d C w is th e

s p e cific h e at o f w at e r ･ W e r
e c al c u lat e d th e c o m p o n e nts

-
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F ig ･ 3 S e a s o n A[ v
a ri a ti o n s O = h e s u r f a c e al b e d o ( a) ,

印e Ct r a L r e h c t a n c e of v isib le
a n d N I B (b) b y th is

ErL e t h o d , y eg et ati o m i n d ic e s ( c) b y th is Dl e t h o
d
,

th e s e n si M e (F) zL n d l a t e n t(LE) h e a t flt[ x ( d) , a r
L d

n . r m ali 加 d v altLe O f t h e s u r f a c e f] u x es (L E /Q n ,

H IQ n) ( e) at T E R C l ( g r a s sl a n d) . E
a c h v &] u e i s



d a y ti m e a v e r a g e d (9 :0 0
-1 5 :0 0 J S T w it h R s

d o w n w a rd v al Ⅶe is m o r e t h h 2 0 0 W / m
2

) .
W e c o uld s e e th e p e a k o f r efl e c ta n c e of N I R i n 1 7 0 B O Y ,
斤o m th is v a ri ati o n of visib le a n d N I R

,
v eg ¢t ati o n in di c e s

in N D V l a nd S R als o h a v e s e a s o n al v a ri ati o n s , T h es e

v ari ati o n s w e r 8 Si mi l a r, b ut i n th e s u m m er , i littl e

diff er e n c e W a s fo u ld in th e v ari ati o n s h N D VI a n d S R ▲

B e c au s e of r o uti n e m e a s u r e m e n t sy st e m p r obLe m in
T E R C l , s o 血 e m e aS tJr e m e n t l ac k s w er e f o t m d in Fig .3

( a) a n d ( e) . H o w e v er it c o ul d s e e 斤o m Fig .3 th at t h e

v al u e s o f H a n d LE w e r e si mi l ar in w 血 e r (3 3 0 D O Y
- 9 0 D O Y ) , this p e rio d w a s als o th e ab s e n c e o f g r a s s , 8氏e r
` `

o n s et of p h e n ol o g y ( w ¢ c o uld d e 血 e th e d ay 斤o m F ig . 3

(ら) a n d ( c) a s 9q D O Y i n th is y e a r)
”

, LE e x c e eq ed H ( s e e
Fig . 3 【d] ,〔e]) , b e c a us e o f a cti vi ti e s of gr a s s ( v 6 g et a ti o Ⅰl)
th r o u g h th e p r o c es s of tr an Spir ab o n s ･

ユ) . T E R C 2 P i ed
.
pi n e F o r e st [ C o nif e 岬 o r e stD

Fig L q e 4 sh o w s th e s e a s o n al c h a n g es at T E R C 2 ( r e d

pin e f o r e s t) . 1t sh o u ld b e n ot e d th at x a x es i n Fig . 4 ( a)
a n d (ち) w 早r e ditfe r ettt A

.

o m th o s e o f Fig . 3 .
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f o r es t) . E a c h v a h l e is d a y ti m e a v e r a g ed w itl一 R s

d o w n w a rd v 斗h l e is m o r e th a n 2 0 0 W /T n
2
.

s ¢as o n al v ari ati o n i n th ¢ alb ed o w a s f o u n d i n Fig . 4 ( a) ,
b ut it s am p lit u d e w a s q uite S m all th a n g r a s sl a n d ( F ig . 3

[ a]) , G e n er al ly , c o nif er f o r e st h a s s m all r 8fl e c t a n c e irl

b o th vi sibl e 弧d N I R , i n thi s s t u dy , it w a s al s o f o u n d i n

Fig . 3 ( b) . B e c atLS e
■
of s r n all v al u e s i n r e8 e c t a D C e Of

visible an d N I R , N D V I an d S R v a rie d w id ely , b ut t h e re

w e r e n ot r ep r e s e nt 血e s tq f a c e st at u s o f r e d pin e . As a

c o n sid e r ab le r e a s o n o f th e s e p h e n o m e n a , w e
.
i n st all e d t h e

P A R r adi o m et er s ) u s t ab o v e th e r ed p in e c a n o p y , t h u s a

丘eld o f vie w w as t o o s m all a n d it c o uld b e c o tl Sid e r c d

th t th is s y st e m at r ed pirLe f o r e st d et e c t e d t h e l o c a一eff e ct

t vithi n a 丘eld o f vi e w of e a c h s e n s o r . W h e n i n st a】) this

sy s t e m i n t o c o nife r fo r e鴫it h a v e t o g e t all e n o ugh h eight

t o s e e a n o v e r vie w in c o nifer f o r e st .
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､

m e t h o d , t h e s e n sib l e 岬) a n d l a t e Tlt (岬) h e a t

触 Ⅹ ( d) , a lld r1 0 r 山 ali2 X)d y al u e o f th e s u rfa c e

fl u x e s (LZ u Q n ,
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s p e ct r al r e n e c t a TL C e Of r isib le a LId N I R ( b) b y
this m et h o d , y e g e t a ti o n in d ic es ( c) b y this

n e t h o d , t h e s e tLSibl e ( F) a n d l 山 e n t (L E) h e a t

Ll u x (q) , a n d th e m t e o f c b
rLg e O f e n e r g y

s t o r & g e i n i r rig a t e d w a t e r (列 a n d th e s o il h e a t

n tI X ( a) ( e) a t B i w a p r o l (p a d d y) ･ E a ctl V al u e is

d & y ti m e a v e r a g ed ( 9: 0 0
-1 5 : 0 0 J S T w it h R s
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d o w n w a r d v al u e is m o r e t h a n 2 0 0 W / m
2

) .

3) . Bi w a p r o 1 (P a d d y)
Fig u r e 5 s h o w s th at s e as o n al ch a n g e s at B i w ap r o l

(p a d d y) . Th e s u rfa c e alb e d o i ndi c at e s th e 8 tq h c e st 如 娼
c h a n g e s 伽)r n th e> w 2Et 6 r b o dy t o ri c e c a n o p y (Fig ,5 【a]) ,
b ut t o s e e in Fig . 5 (b) , Tn O r e in fo r m 紙i o n d ) o u t th e
c h a n gi n g St at u s Of p ad d y . I n c r e a si n g th e le af a r e a d e n sit y
o f ri c e pl allt , r 8 n e Ct a n C e O f visibl e w a s d o c r e as m g

( 13 5 ･ 1 7 0 D O Y) , ot h e r w is e , i n th e r 姐e ct a n c ¢ of N I R
w as i n c r e a si n g 丘

･

o m th e st a rt of thi s s y 如 m u ntil 2 0 0

D O Y ･ This i n c r e a s e W a s C O rr e SP O rld e d t o th s i n c r e a s ¢ of

L e af A r e a I n d e x (L A I) , a n d t o s e e c a r e fully i n Fig . 5 ”)) ,
w e c o uld B e e th e i n cr 8 & S e Of r e瓜¢ct a n c e o f risible in

A u g u st(2 1 3 - e nd of this m e as n r 6 m C n t) . This p eri o d w a s
als o c o rr 甲P O n d ed t o th e ch a n g e o f st ag e o f p a ddy 丘o tn

g r o w i n g st ag e t o p o st
-

g r o wi n g ( ri c e pl a nt h a d c o m e i nt o
e ar) ･ O nly i nf o r m ati o n o f alb e d o (Fig . 5 [ a】) , s u c h
s u rfa c e c o n diti o n ch a n g e c o uld n o t b e d et e ct e d .

4) ･ B i w a p r o 2 P r o a d - Le a f F o r e st)
Fig u r e 6 s h o w s t h e s e a s o n al ch a n g e s at th e sit e of

8i w ap r o2 ( B r o a d - L ¢af F o r e st) , F r o m Fig .6 ( a), w e co uld
s 母e th e h igh alb ed o v al u e s i n w i nt e r, b e c a u s e of p r e s e n c e
o f s n o w , e sp e ci ally 丘

･

o m 3 6 0 D O Y i n 2 0 00 to 5 0 D O Y i n

2 0 0 l . W ith o ut pl otti n g i n Fig . 6 ( a) , s o m eti m e s v al u e s of
s u rfh c c alb e d o w e r e r e a ch e d 0

.6 , m ay b e th o s e d ay s

c o v e r e d b y s n o w . C or r e s p o n di n g･ t o th e high v al u es o f

t h e s u rf a c e alb e d o i n w in t er
,
r e n e cta A C e Of vi sibl e (F ig . 6

【b】) in w in t¢r w a s al s o high ･ H o w e v 町 , dq r h g 6 0 D Oγ
-

11 0 D O Y in 2 0 0 1 , th e 皇t d a 卵 al b e d o w er e d o cr e 粥 1n写
r ap idly , th is p e qi o d m a yb e c D rr 甲p O n din g t o th e stl 血 c e

c o n diti o n c h a n g e s B
･

o m s n o w c o y e r t o th e ab s e n c e of

s n o w
, 如 m Fig . 6 O )) , th e r efl e ct a n c e o f vi 曲Ii) k ep t hi gh .

W e ･ e x p e ct e d th at th is o b s er v ati o n r e s ult s u g g e st e d th e

e ff e ct o f th e sll ap e diffTe r e A C e b et w 印n F A R s e n s o r s an d

alb ed o r n et e r
,
ra:th 6 r th a n th e a ct u al plle n O m e n O n . As

s h o w n in Fig ･ 2
!
th e ligh t d et e ct o r O f P A R s e n s or i s 且at ,

o n th e oth e r h a n d , g e n e r ally ,
.
m o st o f al b 8 d o m et e r a n d

py r a n o m et e r hi v e d o m e m ad e by g h s s fo r
'

p r otc ctin g th e

d et e ct or p a rt ･ T h e d o m e 血ap e is b stt 町 ね ぬ 醐 也e

c b aElgi n g s ola r ele v atiもn a n d it s r a dia tio n , 叩d it is e a sy
t o r e m o v e th e SEI O W O V e r a n d o m e b y its elf. O n th e o th e r

h an d
, th e 伽t s h ap e is di斑c ult t o r e m o v e th e s n o w an d

m o r e affe c ti v e ag a ln St dirt o n th e d et e ct o r . T h e sit e o f

B i w ap r o 2 , l o c at ed o n th e m o st of t op o f m o un t ai n , wi 也

S n o w C o v e r i n wi n t er , th u s , th e r o ad t o a c c e ss th e

o b s er y ati o n sit e w as cl o s e d i n wi nt e r s e a s orl . S o , it w a s

i m p o s sib le t o m ai nt ai n th e i n st ru m e nt s O f th is sit e . T b

dis c u s s th e iJlt e r a n n u al v ari ati() A o f th e s u rf a c e c o n diti o n

via this sy st e m , it sh o uld b e n otic e th e d at a q u ality o f

s h o rt - w a v e r adi ati o n c o t n p o n etltS , e s p e cial ly d o w n w ar d

c o m p o tle nt S b e c a u s e of th e dirt o r s hi丘 o f dir e cti o n o f

e a ch d et e cl .o r .

S e a s o n al v ari ati o n i n y e g et ati o n in dic e s (F ig ･ 6 [c])
s h o w e d a r

.

a pid ris 早 u P i n M a y 2 0 0 0 (1 2 0 - 1 5 0 D O Y) ,
a 鮎r this rlS e up , N D V l k e pt r elati v e一y st a bl e v ale i n

s u m m e r a n d a ut u m n . F r o m Fig .
6 ( c) , in th e b r o a d

-le af

fTo r est
,
thi s r rLe th o d c a n d et e c t t h e o n s et of ph o n ol o g y

( o p e n le a v e s) . T h e s e a s o ll al m ar ch of th e s u rfa c e n u x e s

( H . L E) c art b e s h o w n in Fig . 6 (d) , ( a) , t h e s e ft u x e s
d 6 ri v e d 丘

･

o m b o w e n r ati o m eth o d , n o r rrL aliz e d v al u e ,

a /Q n , h a d mi ni m u m p e ak s in th e b 喝in ni n g of A l 鳩U Bt h 1

2 0 0 0 (Fig . 6 [ o]) . T his p eak i s
･di 飽re n t 丘

･

o r n th e r apid

i n c r o 8 S ¢i n y 喝 ¢触i o n i ndi c e s h M a y (Fig , 6 [ c]) . arid th e

p ¢ak h r ef k ct a n c e of N I R a r o utld 1 5 0 D O Y i n 2O O O ( Fig .

6 ”)I):
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F ig . 6 S e as o TI AI y & r h ti o n s of t h e s tJ rf a c e 81b e d o ( a) ,
Sp e ct r aJ r e A e ct a n c e o f yisib le a n d N I R (b) b y
t h is m e t h o d , y eg et a ti o B i n d ic es ( c) b y t his
m et h o d , th e s e n sib l e (IT) a Tld l at erlt (lE) h e at

f[ tL X (d) , a n d n o r m a)i 之C d v alll e O f t h e s u rfa c e

B tL X e S (1 E /Q n , 氏/Q Jl) ( e) a t T E R C 2 ( r e d p iT] e

f o r e s t) . E a c h v al u e is d a yti m e a v e n g e d

(9 : 0 0 -1 5 :0 0 J S T w it h R s d o w n w a r d y Al u e
.

is

m o r e t b JI 2 0 0 W /Tn
2

) . It d e n o t e s t h a t x a x e s J n

F ig . 6 (b) w a s s c al e d b y l o g s c al e b e c a u s e of

hig h r e n e ct a n c e o f v isib le i n w j n t e rT･

IJl t e r C O m P a ri s o n s o f s e a s o n al y a ri a ti o m ill

r efl e c t a n c e of vi s ibl e a n d N m
,
a n d

v e苫et a ti o n iJldi c e s a t e a c h l a n d c o
v e r

Fig u r e 7 s h o w s s e a s o llal v a ri ati o n s i n alb e
d o ,

r ef k ct a n c e o f visible a n d N I R a n d N D V l at e a ch l a El d

- 73 -



c o v e r . T his fig Lq e r e p r e s e nt s W ell th e c h a r a ct e ri sti c s o f
La nd c o v er di 触r e n c e s i n th e p oin t o f vi e w i n y e g et aLti o n
st at u s . F r o m Fig . 7 ( a) , e v e n if inf o m a ti o n o f t h e s u rf a c e
alb e d o

,
s u r fa c e st at u s c a n d et e c t in s o m e l e v el

, h o w e v e r,
a d d t his s y st e TT) i nt o r o ut in e mi c r o m e te o r ol o gic al
m e a s u re rrl e nt S y St e Jn ･ m o r e in f o r m ati o n c o u ld b e g aln ･

T his fig u r e als o s u g g e st e d u s t h at this m e th o d i s u s e h l i n
ag ri c ult u r al fi eld , r ath e r th a n fo r e st . H o w e v er , b o th t w o

f o r e sts Sit e
,
w e i n s t all e d th e t w o P A R r a di o m et e r j u st

ab o v e t h e c a n o p y o f fo r e st . If e n o u gh h eigh t f o r
i nst alli ng t his s y st ¢m c o uld b e a v ail abl e , th e r e s ults
w o uld b ¢ c h a n g e d .
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m D nit o r in g th e s u rf a c e st at u s u s ln g a n alb e d o m et e r a n d

t w o P A R r a di o m e t e rs ･ T his s y s t e m
'

s a d v a nt a g e ar e ,

血stly , c a n m o nit o r c o nt h u o u sly ] n ti m e , a tld r e] ati v eJy it

is B e e o f m ai nt ai n o f t his s y st e m .
R o uti n e m ai nt a l

t

n i s

cle an u p th e d e t e ct o r o f e a ch r a di o m et e rs ･ C o m p a r e t o

o th er i n sit u o p ti c al r e m ot e s e n s o rs n e e d s r n O r e SP e n din g
ti m e ･ S e c o n dly , th is sy st e m c a n e a sily a d d e d in t o o th er

mi c r o m et e o r ol o g l C al m e a s u r e n l e n t Sy St e r n W it h s a v e th e

b u dg et . T h e p n c e s of m o st of P A R r a di o m et e r s a r e

c h e ap e r th a n th e o th e r i n st ru m e nt s ･ W e h o p e t h at this

s y st e m w o uld b e c o m e t o p op ul ar i n mi c r o m et 8 O r Ol o g l C al

m e as u r e m e 叫 a n d v alid ati o n sit es e x p a n d e d aLI o v e r t h e

c o ntin e r(t S w ith this sy st e m s .
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D ay of Y e a r (2 0 0 0 -2 0 0 1)
Fi苦l 7 h t e r ･ S e a s o Jl al v a ri ati叩 S O f t h e sil rf a c e 且1b ed o ( a) , r e 伽 c t a n c色 o f yi 曲1 e ( b) , r e n e c t a n c e o f

N】浪( c) , a n d ND V I ( a) a t e a ch
_
h tLd c o y e r w h e r e th is m et h o d a p p li ed .

R e f c r e JI C e S

K o Jl d oh , A ･

,
a n d A . H ig u c hi, 2 0 0 1 : R el ati o n s hip b et w e e n

s p e ct r al r efle ct a n c e a n d e v ap o ra ti o n 丘o m v e g et a Lt ed

s u rf a c e . H y d r ol o gi c al P r o c e s s 如 , 1 5 , 1 7 6 ト1 7 7 0 .

H as h i m ot o
,
H ･

, M ･ S u ヱu ki, a n d A . H ig u c hi, 2 0 0 1 :

A n aly sI S O f s oil s u r 免c e m oist ur e a n d ･p h e n ol o g y ln

T h ai la n d u si n g N O A A / A V I 皿 R . J J ap a n S o c .

H y d[ ol ･ & W a t e r R e . w u r , 1 4 , 2 77
-2 8 i . (i n J ap a n e s e

wi th E n gl is h A b st r a c t)

H ig u chi, A . , K . N is hid a , S . Iid a , N . N ii m u r a, a n d A ,

K o n d o h , 2 0 0 O a: P r eli m t n ary gl o b al irn ag er

e xp e ri m e n t at e n vi r o n m e n t al r e s e a r c h c e nt er ,

t mi v er sity o f t s u k ub a (P G L I E R C) : It s o v e r vi e w ･ J .

J a n a h e s e A s B O , H y d r ol. S ci . , 3 0 , $ 1
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wi t h E n glis h A b st r a ct)
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2 0 0 0 b : R elati o n s hip s b et w e ezl th e s u r fa c e f】u x e s at

g r a s sl a n d , p a d d y 鮎1d , arid at c o p s e , a n d sp e ctr al
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地上設置型植生 モ ニ タリ ン グシス テム を用 いた

日本での 代表的な土地被覆で の植生指標の季節変化
- P G L I E R C

,
琵琶湖プロ ジ ェ ク トの成果か ら -

樋 口 簾志
1

1 西 田顕郎
2

･ 近藤昭彦
3

, 田中賢治
4
, 戎借宏

5

, 飯田真
一

6

, 中北英
一

7

l 博 (

2 博 (

3 理博

4 工修

5 康博

6 理修

7 工博

理)

農)

名古屋大学助手 地球水循環研究セ ン タ
ー

( 〒46 4 - 8 6 0 1 名古屋市千種区不老町)

筑波大学辞師 筑波大学農林工学系 (〒3 05 ･ 8 5 7 2 つ くば市天王台1 ･ 1 ･ l)

千葉大学助教授 環境リ モ
ー トセ ン シ ン グ研究セ ン タ

ー

( 〒2 63 ･ 8 5 2 2 千葉市稲毛区弥生町)

京都大学助手 防災研究所水資源研究セ ンタ
ー

( 〒611 ･ 0 0 1 1 京都府宇治市五 ヶ庄)

愛媛大学助教授 農学部生物資源科 ( 〒79 0 - $ 5 6 6 愛媛鼎松島市禅味3 - 5 ･ 7)

筑波大学大学院生 地球科学研究科 (〒30 5 - 8 5 7 7 つ くば市天王台I -I - 1 陸域環境研究センタ ー )

京都大学助教授 工学研究科環境地球工学専攻 (〒6 06
･ 8 5 0 1 京都市左京区吉田本町)

本研 究では 光学セ ン サ ー 搭載衛星デ ー タ の 検証及び地表面フ ラ ッ ク ス との 対応 関係

を調 べ るため に簡易式 の 地上設置型植生 モ ニ タリン グシ ス テ ム を日本 を代表する 土

地被覆上 (草地, 水 田, アカ マ ツ 札 落葉広葉樹) に設置 し, それぞれの 土地被覆か

ら得られ る植生指標 の 季節変化に つ い て示 した . その 終息 以下の 知見が得 られ た ;

1 . 草原系 ( 草地 ･ 水 田) では 各植生 の 季節変化特性を良好に モ ニ タ
ー する こ とが 可

能で ある , 2 . 森林系 ( ア カ マ ツ林 ･ 落葉広葉樹) で はセ ンサ
ー とキ ャ ノ ピ

ー

の 距離

が 近す ぎるため, 思うような結果を得る こ とが出来なか っ た. 3 . ただ し全般として

は各土地被覆特性を示 す連続したデ
ー タを取得する ことができ, シ ス テ ム の 妥当性 を

示 す ことがで きた.

キ ー ワ ー ド: 地上設置型植生モ ニ タリン グシ ス テム , 植生指標, P G LI E R C , 琵琶湖

プ ロ ジ ェ ク ト

( 2 0 0 1 年 1 2 月 2 0 日 受理)
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