
S c ali 皿g b e t w e e n N O A A A Ⅷ R R D a t a a n d L A N D S A T T M I) a
-
t a

f o r M o n it o ri n g a n d M a p pi n g o f W etl a n d

yo shif u mi Y a s u o k a
,
M ikio S ugi t a

,
Y o s hiki Y a m a g at a , M a s a y u ki 伽 1 u r a , T b m o y u ki S 血 m a

N a 也o n al h sti h lt e f o r E n vir o n m e d al St u die s

O n o g a w a 1 6 ･ 2 , T h k u b a , Tb a r a ki 3 0 5
,
J ap a n

P h o n e ＋81 - 2 9 8 -5 1 - 25 4 3
,
F a x ＋81 - 2 9 8 -5 1 -4 7 3 2

E - n ai l y y a s u o k a @ mi e s ･g oj p

A b str a ct

A s c ali71g t e C b iq u e w a s i n v e sd g at c d t o e r tr ap ol at e th e l ∝ al i nf o r n ati o n o n l a nd c o v e r typ e mi Ⅹtu r e s

d e ri v e d fr o m hi gh sp ati al r e s ol uti o n d at a C r M ) t o m o r e ∝t e n si v e a r e a th T O u gh 1 o w sp a 血1 r es ol u ti o n

b ut wi d e c o v e r ag e d at a( A V rl R R) . O v e r a c o m bi n ed s et of T M a nd jLV 甘R R
,
fi r st

,
l a n d c o v e r t y pe s

of 也e a r e a w a s cl a s si 丘6d i nt o th r e e c a t e g Qri c s i n d u di n g v e g et a ti o n
,

w at e r a n d o th e r s ( D o n - v e g et ati o n)
wi th T M d at a

,
aJld n e x t 瓜作I R R i m ag e d e n sity w a s st atisd 払11y r c g r e s s e d wi th c at e g o r y mi Ⅹt u r e

c o ndi也ollS d e ri v e d fr o m T M pi x el s in e a c h j Ⅳ珪R R pi x el . B a s ed o n th e r e B r e S Si o n 皿 Od d (s c ali n g

m o d el) 1 o c al i n f o rm ati o n o n th e c at eg o ry mi xt u r e w a s e st 血ated o nly 丘o m A y E R R d at a o v er m o r e

e xt e n si v e a r e a .
T h e m et h od is ap pli ed

p
( o th e w e d a n d ty p e c a t e g ori 2 Z[ti o n a n d m ap p in g wi t h A V H R R

w h e r e l a n d c o v e r i s r e q uir ed t o b c ch a r a c t e 血 ed b y d i e C O m Pl e x mi xt u r e s of v e g et ati o n , w at e r an d

s oil .
.

I . I n t r o d tL Cti o n

W etl 皿d is o n e th e m o s t v al u abl e e c o sy st e m s o n th e e a r th .
It ab o u n d s bi ol ogic al di v e r sity a n d a r e

tr e as u r e h o u s e s of li vi ng thi n g s . 〟s o to d ay th e i m p o rta n c e of w e tl a nd is p o h t e d o u t a s a m aj o r

e mi s si o n s o u r c e of m cth a n e w hi ch is o n e of th e g r e e n h o u s e g a s 由 ･ As d l a ng e S in w etl a n d s a r e n o w

s e ri o u s d u e t o v ar i o u s h u m a n a cti vitie s
,

it is u rg e n t t o m c mi t o r w etl an d s a n d t h eir s u r r o t l n di n g

e H vi r o Ⅱm e 11t 血o m p hy si c al
,
bi ol o gi c al o r s ∝i al vi e w p oi nts ･ G r o tl nd s u r v e y of w etla nd is

,
h o w e v e r

,

diffi c ul t an d ti m e - c o n s u mi n g ,
aL n d b e c a u s e O f its di 丘c ul ty th er e h a v e b e e n v e ry f e w ild o rm ati o n o n

w etl a n d h b o th of th e l o c al a n d th e gl ob al s c al e . R e m o t e s e n si ng n ay p r o vi d e an ef6e cti v e t o ol f o r

m o nit o ri n g a wi d e r a n g e o f w ctl an d p a r a n et e r s I

T h e r e a r e t w o ap p r o a ch e s t o a ppl y r e m o t e s e n s in g t o w etl an d m o nit o ri n g C Y a s u o k a et al 1 19 9 4) . T h e

& st ap pr o a c h i s l o c al
,

a nd i n th is ap pr o a ch v a ri o u s kin d s of th 6 m ati c m ap s i n cl udi n g a v eg et ati o n

n ap o r a l a n d c o v e r m a p a r e p r od u c e d wi th hi gh 甲Z(tial r e s ol uti o n 血 a o v e r i n di vi d u al w etl a n d s ･ n e

o th e r a p p r o a c h is c o n 血 e n t al /gl ob al
,

an d i n th is ap pr o a ch w etl an d ty pe m a p s a r e p r od u c e d o n a

c o 血 nt al o r a gl o b al s c al e b y cl a s si母血g w etl a n d s in t o s e v e r al c at e g o ri es s u c h a s b o g ,
f e r1 0 r

m a r sh in t e m s of mi xttl r e c o n diti o n s b et w e e n v e g et ati o n ,
w at e r a nd s oil ･ T 出s ap p r o a c h w o uld

r eq u ir e t o u s e wi d e c o v e r ag e (b u t lo w sp a 血1 r es ol u ti o n) d at a ･

T h e r e h a v e b e e n s e v e r al sttldi e s t o p r o d u c e l a n d c o v e r r n ap s of i n di vi d u al w etl an d s b y u si n g hi gh
sp ati al r e s ol u ti o n d at a f r o m t A ND S A T M S S

,
T M

,
S P O T Ii R V o r J E R S - 1 S A R ( e ･ g .

,
F e d e r al

G e o g r ap hi c D at a Q ) m mi tt e e 1 9 92; Y a n ag ata et al ･
1 9 9 2) ･ fli gh sp atial re s ol uti o n d at a is eff e ctiv e t o

-
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m o nit o r w etl a n d e n vir o n m e nt o n a l o c al o r a r e gi o n al s c al e , h o w e v e r
,
it c a n n ot c o v e r a n e xt e n si v e

a m a b c c a u s e th eir c o v e r ag e lS n ot S O wi d e ･ E x te ndi n g 血e a r e a w o tlld r e q u ir e t o tlS e wi d e c o v e r ag e

d at a fr o m N O A A j W H R R . N o m al i z ed Diff e r e n c e V e g et ati o n I n d e x ( N D V I) 丘ol n A V tI R R
,
f o r

e x a m pl e
, h a s tN 5 e n S u c c e s s fu lly utili z ed t o m o nit o r v e g et ati o n c o n diti o n s o n a gl ob al s c al e ( e .g .

,

T u ck e r et al ･ 1 9 95 ; D e 血ies et al . 19 9 5) . Ⅱo w e v c r
,

o n th e o th er h a n d
,

A V II R R d at a m n n ot d et ec t

氏l e SP a d al str u cttlr e S h mi x t u r e s of v e g et ati o n ,
w at e r an d s oil i n w etl a nd b e c at lS e its r e s ol uti o n i s t o o

c o a r s e ( 1 .1 k n ) .

h this st u d y a s c alin g t e c h iq u e b et w e e n T M a J ld 畑作I R R is in v e stig at e d t o u n m i x e a ch A Ⅵ1 R R

pi x el a n d t o e sti m d e th e l a 71d c o v e r mi x t u r e c o n diti o n s i n v e g et ati o n
,

w a t e r an d s oil 丘o m A y H R R

d at a .

'
s c ali n g m od el r el at e s hi gh sp ati al r e s ol uti o n d at a t o l o w s p ati al r e s ol u ti o n d at a

,
a n d to

e x tr a p ol at c th e l o c al kn o w l e d g e d e ri v e d 丘o m hi gh s p ati al r e s Ql uti o n d zlt a t O gl o b al s c al e ( m a v k a et al .

1 9 95; I v er s o n et al ･ 1 9 8 9) ･ I n this p a p e r
,
fir st ,

v e g et a ti o n i n d e E an d o th e r p a r am et e rs a r e c o m p a r ed

b et w e e n T M a n d A W E R R
,

a n d zle 出 th e r e h ti o n b et w e e n th e A y H R R i m ag e d e n sity a n d th e l a n d c o v e r

mi xt u r e c o n diti o n b a s ed o n T M d a s si5 c ad o n is in v e stig a ted .

2 . C o m p a ri s o n o f V e g et ati o n l n d c x b et w e e n T M a n d A V H R R

L A m S År T M d at a of F e b ru a ry 9
,
1 9 9 0 an d N O A A A V H R R d at a of F e b ru a ry 1 , 1 9 9 0 o v e r K oh n

K a e n a r e a h T h ai l an d w e r e g e o m etd c au y c o r r e ct ed a n d o v e rl a y e d s o th at o n e pi x el of ∬ Er R R c o v e r s

a s et of T M pi‡els in a r e cta n g ul a r bl o dk of 3 6 冗 3 6 ( Fig 1 1) ･ S p ati al r e s ol u ti o n of o n e pix el of

+ 熱唱R R i s･ 町 O u n d 1 .1 kil o m etc T S a nd th at of T M i s a r o u n d 3 0 皿 et e r S . T h e n th e r el ati o n s b et w e e n

e a c h pi x el of 月y H R R a nd c o r r e sp o n di n g bl o ck of 3 6 Ⅹ 3 6 pi x els of T M w e r e st ati stic all y in v e stig at ed

h s e v e r al p a r am et e r s i n cltldi n g 血ag e d e n siti e s ( C C T c o u n t s) ,

‾
v e g et ati o n in d e x v al u e s , 1 an d c o v e r

比t e g Ori e s ･

( a) N O A A A V H R R : F e b .1
.
1 9 9 0 ( b) L a n d s a t -5 / T M : F o b . 9 . 1 9 9 0

Fi g . 1 I m a g e o v e rl a y b et w e e n N O A A A V H R R a Jld L A ND S A T T M o v e r K o lm E a e n h T h ail an d

( A Ⅵi R R : 1 99 0/2/1 , T M : 1 99 0rZ/9) .
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(1) ノⅣE R R ND Ⅵ a nq T M ND Ⅵ

N o r m ali z ed D i 触 rc n c e V e g et a ti o n h d e x P D V T) fo r 瓜 旧R R a n d T M 肌 d 血 e d b y

N D Ⅵ
用 例

= ( A V
2

- j W
l ) /(A W

2
＋ノⅣ

1 )

N D V I
T M

= 仁M
4

- T M
3 ) /ぐm

4
＋ T M

3)

w h e r e A V
l ,

JIV
2 ,

T M
3

a n d T M
4

a r e th c C C r c o u nt s f o r N O A A j ⅣE R R b an d

R egr e s si o n a n al y si s b et w e e n ND V I
jrV t R R

an d N D V I
T W

Sh o w s

v e g etati o n in d e x of I ･A N D S A T T M an d N O A A A y H R R ( r = 0 . 8 8);

N D V I
瓜/ 取 R

= O 1 5 2 ND Ⅵ
T M

＋ 0 ･1 4 ･

(1)

1 皿d 2
, 弧d

L A ND S A r T M b an d 3 狐 d 4 re s p e cti v el y ･ T h e mi ti o n b et w e e n ND Ⅵ v al u e fo r e a ch A yI王R R pi x el

a nd a n 竺
V e r ag e ND V I v al u e f o r

_
a

.__
c o r r e sp o n di n g T M bl o ck of 3 6 Ⅹ 3 6 pi x els is e ‡a mi n e d ( Fig .2) .

hi gh c o r r el a ti o n t x t w e e n th e

(2)

(2) A V ⅡR R ND Ⅵ a n d T M T a s s el ed C ap G r e e n n e s s h d e x

G r e c n n e!s Ind e x ( G I) w a s c al c ul at e d 血) m T M d at a b y

G I = - 0 ･ 2 7 T M
l

- 0 ･2 2 T M
2

- 0 ･5 5 T M
3

＋ O 1 72 T M
4

＋ 0 ･0 7 T M
5

I 0 ･1 6 T M
7

- 0 ･7 3 . ( 3)

T h e r el ati o n b et w e e n A V H R R ND V I a n d T M G I is s h o w n h Fi g ･3 ･

ND V l
,g q

= 0 ･ 2 8 ＋ 0 ･0 0 7 0 G I (4)

Tt in dic at e d l o w e r c o r r el atio n th a n th e c a s e f o r A V f R R ND Ⅵ a n d
'

r M ND V I an d th i s n a y b e t h e

曲 et of w at e r a r e ai n T M d ata w hi ch s h o w s r el ativ ely l o w e r G I v al u e s th 皿 ND V I .

3 ･ E sti m ati o n o f c at e g o ry m l X l n S r ati o f r o m N O ÅA A V H R R d at a

S c ali ng m od el tx :t w e e n I ･ A ND S A r T M an d N O A A A V H R R w a s h v e stig at ed ぬ e s 血 at e th e mi xi n g
血i o o f l a n d c o v e r c at eg ori e s in e a ch pi x el of jLW H R R d at a ･ B a s e d o n t h e d e d v e d m o d el

,
th e l o c al

inf o r m ati o n a r o u n d K o h n K a ell d e lj v c d 丘o m T M d at a w a s e h p olated t o h e w h ol e S o u th - E a st As ia

r egi o n th r o u gh 月′E R R d ata .

(1) A Ⅵ丑岨 ND Ⅵ a n d T M l a nd c o v e r c at eg o ry( V eg et a ti o n
,
11 0 n -

V eg et ati o n
,

w at e r)
E a ch pi x el of I ･A ND S A T T M w a s

,
fir st

,
cl a s sified h t o thr e e c at eg o ri e s i n cl u d in g v eg et ati o n

,
n o n -

v c g et atio n a n d w at e r a r e a b y u si n g un s u p e r vis e d cl a s sifi c ati o n
,
a n d i n e a ch bl o ck of 3 6 冗 3 6 pix el s

,

z ati o h a r e a of e a ch c at e g o ry )
V

I
N

,
W f o r v eg eta ti o n

?
n o t, ･ v eg et ati c m an d w ate r r e sp e cti v ely 〉

w a s

c al c ul ate d ( V ＋N ＋W - 1) ･ T h e n A Ⅵ 皿 R ND Ⅵ w as ･c o r r el ate d wi th V
,

N
,

W u si ng m ul tipl e

r eg r e s si o n an al ysis . T h e r e g r e s s l O n m od el

ND Ⅵ
朋 R R

= 0 ･2 4 V ＋ O 110 N ･ 0 ･0 4 W (5)

w a s o bt ai n ed h high c o r r el a ti c m ( Fig ･
4) ･ T b e c p a r a m e te r s V

, N , W a m mi xi n g r ati o of v e g e t ati o n ,

R o n - v e g et a ti o n a nd w at e r h o n e A V ⅡR R pi x el
,
th c r ef Q r e

,
E q .(5) sh o w s 血at A V m N D Ⅵ c a n b e
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o
.
O 5 q .1 0 . 1 5 O , 2 0 . 2 5

E 9tlm at d N D V I
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e sti m at ed fr o m d i e C a t eg o ry m l X m g r ati o b a s ed o n th c l an d c o v c r cl a s si8 c ati o n u si n g T M d at a ･

(2) A V H R R C C r c o u nt a nd T M l an d c o v c r c at eg o ry ( v e g et atio n , n o n
･

v eg et ati o n , w at e r) ･

T h e r elati o n b et w e e n A V H R R i m ag e d e n siti e s ( C m c o u nt s) a n d t h e c a te g o ry Ⅱlix h g r ati o (Ⅴ
,
N

,
W )

w as e x a mi n ed
,

an d th e m ultipl e r eg r e s si o n e q u ati o n s

ÅV
l

= 3 1 ･1 V 十5 2 ･6 N 十 3 3 ･4 W

A V
2

= 5 2 ･6 V ＋6 7 ･5 N ＋ 3 0 ･O W

( 6)

w e r e d e ri v ed f o r A V H R R i m ag e d e n sity i n b a n d 1 ( A V
l) a n d b a nd 2 ( A V

2) ･ T 出s r el ati o n s h o w s

也at th e c at c g o ry mi xi n g r ati o ( Ⅴ
,

N
,

W ) c a n b c i n v e rs ely s ol v ed 丘o m E q .( 6) a n d th e r el ati o n

V ＋N ＋W = 1 , a n d th at th e C at e g o ry T n Ⅸ m g r ati o c a n b e c sti m at e d 丘o m N O A A A V m i m a g e d e n sity

(A V
l

an d A Vi) I Fi g u r e 5 s h o w s th e 瓜t e g O ry mi d n g r ati o i m a g e of S o uth - E a s t As ia 加 m N O A A

A Ⅵ 瓜 R i m ag e b a s ed o n E q ･( 6) . T 出s s c al in g m od el i ndi c at c s 也at th e 加 d in fo Ⅱn ati o n ( c at e g o ry

mi xi ng r ati o) d e ri v e d 丘o m L A N D S A T T M d ata is e 紐 a p olate d to m o r e e x t e n si v e a m b y tlSi n g

N O A A A V H R R d at a .

4 . C o n cl u si o zL S

T his st u d y d e m o n s tr ate d th at s c ali n g te c lm i q u e s w o uld p r o vid e a t 00 1 t o e xt r ap ol2(t e l o c al in fo Ⅱn ati o n

丘o m hi gh sp a 血1 r e s ol uti o n d at a t o l a rg e r s c al e b y u si n g lo w 甲ati al r e s ol uti o n d at a ･ As m o st of th e

gl ob al is s u e s i n cl udi n g d e fo r e s t ati o n o r d e s e r tirl 悦ti o n o d 由n at e 丘o m l o c al e v e n ts s u ch a s shift in g

c ul ti v ati o n o r e xt c n si v c l o g g l ng , m O nit o ri ng e a rth s u 血 c e ch a n g e s req uir e s 也at ob s e r v ati o n of

la n d c o v e r sh o uld e m b r a c e th e t e r r ai n b m lD C al t o gl o b al . Li 血 g l o c al wi th glo b al主s o n e of 血e k e y

a s p e ct s h ta cklin g wi th gl o b al e n viI O n m e n t ali s s u e s a n d a m e th o d pr op o s ed h this st ud y is e q e c te d

to pl ay a r ole in r c al i zin g th c b ri dg e b ct w c e n th e l o c al an d th c gl ob 血 h rc m ot c s e r) si 場 l

A c k n o wi e d g c m c n t

T h e st u dy is c a r ri ed o u t a s a p a rt of th e r e s e a r ch pr oj e ct
.T
G l ob al M o nito 血 g a n d M a pp 血g of

W etla n d s b y R e m ot e S e n si n g
”

s up p o rt ed b y th e J ap an 血 vi r o n m e nt A ge n cy ( Gl o b al E h vi r o Ⅲn e Dt

R e s e ar ch F u n d) .

R ef e r e n c e s

D ef ri e s , R . S . , et al .,

-'

ND V I -d eri v ed l am d c o v e r d a s si B c ati o n at a gl o b al s c al e ･ h t e r n ati o n al J o u r n al

of R e m ot e S e n si n g
”

,
v ol . 15 , p p . 3 5 6 7 ･ 3 5 8 6( 1 9 9 5) .

F ed e ral G e og r a phi c I) at a C o m itt e 6
,

''
A p pli c ati o n of s atelht e d at a fo r m a p pi n g an d m o nit ori n g

w etl a n d s
l-

,
W etl an d S u b c o m mi tte e . U S .Fi sh an d W ild S e r vi c e (1 9 9 2) ･

E la v k a
,
C . A .

,
et al .

,

-T
U n mi xi n g ノⅣH R R i m a g e ry to a s s e s s cle a r c ut s a nd fo r e s t r e g r o w th i n

O r eg o n
-I

,
ⅢE E T r a m s . G 氏s . v ol . 3 3 , p p 7 8 8

･ 7 95(1 9 95) .

I v e rs o n
,
L . R . , et al リ

ー-

A t e ch niq u e f o r e h p ol ati n g a n d v al id atin g fo r e s t c o v e r a c r o s s l a rg e r e g l O n S
''

,

h t e m a ti o n al J o u m al of R e m o t e S e n si n g ,
v ol . 1 0

,

A
p p .1 80 5 ･ 1 81 2 ( 19 89) .

T u ck e r
,
C .J

リ
et al

り

-'
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