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A c o m p a ri s o n w a s m a d e b et w e e n a l an d u s e m ap d e ri v e d fr o m re m ot e s e n sin g d at a an d an e xis 血 g l a n d u s e n a p ,
A

GI S ( G e o g r ap h ic I n fo r m a Lti o n S y st e m ) w a s i m pl e m e nt 8 d t D e V al t1 &t 8 t h e la n d tu ¢ c h a n g e o f th e C a mi 1i n g dist ri ct , L ll Z O LL

isla n d , th e P h ill P Pi n e s . D ef o r e s ta 也o n i n th e sttld y ar e a w as m o nit o r ed . S oil/ V 喝Ct atio n m a b i x m e th od w a s u s e d t o

c re at e l an d u s e m ap f r o m M O S
- 1J M B S S R 血t a . S at ellit e d ぬ t ak e n d 血 n g th e dr y s e as o n an d t h e r ai Ⅱy s e a s o n ,

r e sp e cti v ely , i n th 6 S t u d y 打 e a W er e tl S e d t o m ak e th e cl as si丘c ati o n m o r e a c c t m t e .

F oll o wi n g p r o c ed u r e s w e r e t a k e n f o r b o th s at e17it e i m a g e s ta k e n 血i n g th e d ry s e a s o n a n d d 血 n g th占r ai n y s e as o n i n

19 9 0 ･ ･ P I X els of th e i m a g e W e r e Cla s si丘e d a c c o rdi n g t o th eir V C R ( V e g et ati o n C o v e r a g e R atio) a n d S D I (S oil D ry n e ss

h d e x) tlS in g a m a 山 王. C la s siB ed i m a g e s d e ri v ed fr o m t w o diff er e nt s e a s o n s w 耶 th e n l o gic dly r elilt ed t o e a ch o th e r to

g e n e r at e th e s aLt elllt e ･d e riv e d h n d I) s e m a p . L a n d tlS e i nf o r n ad o n w as e x tr 8 Ct ed 丘o m a n e xisti n g t o p o g r a p hic m a[p

p ublish e d ill 1 9 77 . T h e i n f or m ati o n w a s th e n i叩 ut t O a GI S ( G e o g r ap hic h f o m 也o n S y st e m ) ･

L an d llS e m ap s O f t w o diff er e nt ti m e s w e r e l ogi c al ly o v erlai d o nt o e a ch oth e m o e v al u at e d th e l a n d u s e ch a ng e

h ap p e n ed d 血 g th e pe ri o d . C le ar d e c r e a s e i n f o r est a m a , n a m ely d e fo r est a ti o n w as m o nit o r6 d ･ F or es t ar e a i n th e

C am i 血g dist ri ct w a s ab o tlt 4 5 7 血
2 i n 19 7 7 , w h e r e a s it w a s a b o u t 2 4 6 k n 2 i n 19 9 0 ･ It h a d sh ru nk b y ab otlt 4 8

p er c e n t . S p ati al an al y sis o f th is ar e a sl1 0 W e d th at 4 5 p c m e nt o f th e e x
-f o r e st a re a t ur n e d i nt o p a dd y 丑eld ･

1 . I N T R O I)tJ C T I O N

R e c e n t d ef o r e s t ati o n of t r opic al f o r e st i n As ia h a s c o Ⅱ旭 t O b e o n e of th e m o st p r e s s l n g

e n vi r o n m e n t al p r o ble m s . T h e m aj o r c a u s e s of d ef o r e s t 血 o n i n As i a a r e c o m Ⅱ蛤rCi al 1 og gl n g , Shi 鮎n g
c ulti v ati o n , t r an s mi gr atio n , a cq u 皿 g Of fu el w o o d s , fo r e s t fTlr e , a g ri c ult u r al d e v el op n e nt , r e s o rt

d e v el op m e n t , m i ni n g an d l汀b a ni z ati o n .

D e f o r e st ati o n l e a d s s u c h d et e ri o r ati o n of n at u r al c o n diti o n s a s f oll o w s ( M u r al , 1 9 9 1):

R u n off r ati o i n c r e a s e s r e s ulti n g in fl a s h fl o o d .

W ate r l e v el a n d v ol u m e of g r o t n d w at e r d e cli n e ･

W ild an i m al s an d sp e ci e s b e c o m e e 血 ct ･

S oil is e r o d e d o r d e g r a d ed .

T h e cli m at e n ay c h a n g e t o d r y w e a th e r c o nditi o n ; c h ar a ct e ri z e d b y le s s r a in f all , hi gh e r

t e m p e r at u r e a n d m o r e e v ap o r ati o n ･

L an d u s e m a p I S Q n e O f th e m o st i m p o rt 皿t th e m a丘c m a:p s b e c a u s e it p r o vid e s th e p r e s e n t st a t u s of

l a n d u s e an d p att e m of its c h a n g e . L an d u s e c h an g e is v e ry f a st i n As i a ･ U p
-t o - d at e l an d u s e m ap I S

r e q ui r e d f o r m o n it o ri ng th e u rb a n a n d ru r al e n vi r o n m e nt ･ T his is w h y s atellit e r e m o t e s e n si n g l S

w id ely u s e d fo r l an d u s e ^ an d c o v e r m a pp l n g .

-
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E o w e v e r , c t m zlt digit al cl a s si丘c a .ti o n t e c h niq u e , f o r e x a I 叩1 e , m a xi m u m lik elih o od m e th o d h a s n o t

s ufa ci e nt a c c u r a cy fo r o p e r a h o n al tIti1iz ati o n . U si n g t w o i n d ep e n d e n t p a r a m et e r s d e d v e d 丘o m th e

i n fo r m ati o n o n v e g et atio n c o v e r a g e an d s o皿d ry n e s s c an r e s d t in th e high er a c c u r a c y in cla s sifi c ati o n
of l an d u s e F att e n s . C r o s s - 鑑 a mi n ati o n of t w o d at a s et s f r o m diffe r e n t s e a s o n s c an mi s e th e

cl a s si五c 虹i o n a D C tE r a C y .

2 . S T tJ D ¥ A R E A

T o m o nit o r th e ty pi c al d e fo r e st 血 o n i n th e P hilip pi n e s , C a mi 1i n g dist ri ct w a s s el e c t e d a s th e st u d y
a r e a ･ C 紅 血 g dis h ict isl o c at e d at w e st e r n - c e n tr al p a rt of L tl Z O n i sl a n d . Ii is ab o ut 1 5 0 k m

n o rth w e st of M a nila City . T h e sttldy a r e a c o v e r s ab o u t 2 5 k m e a s t t o w e s t , 27 k m ll O r th t o s o u th a n d

e n c o m p a s s e s app r o xi m at ely 6 75 k r n
2 ･ T h e a r e a i s l ∝ at e d at th e e a st e r n fo ot of Z a n b al e s m o un t ai n s ,

l a n d u s e i s m aid y p add y 丘eld a n d t r o pic al fo r e s t . T e r r ai n c o n sists of r el ati v ely fl at al1 u vi al pl ai n an d

st e ep m o u nt ai n sl o pe w i血 ele v ad o n s r a n gi n g 血o m 20 t o 1 1 8 0 m et e r s (Figt m 1) .
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Figt F e l ･ T h e st ud y a r e a (C a mi 血 g dist h ct , L u z o n isl a n d , th e P h ni ppi n e s) .

3 . D A T A

3 . 1 S a t e nite d & h

T w o M O S - 1J M E S S R d at a 伊ath - R o w : 2 9 -9 8 W ) th at c o v e r th e w e s t e r n -

c e n tr al p a rt of L t 況 O n i sl a n d

t ak e n d u ri n g t h e d ry s e a s o n (F eb r u a ry 1 , 19 90) an d th e r ai n y s e a s o n ( O ct o b e r 3 l , 19 9 0) w e r e
utili z ed t o c r e at e th e l an d u s c 皿 aP ･ T h e s e s at 6nit e i m ag e s i n cl u d e th e st ud y a r c a ･

h o r d e r t o mi ni mi z e th e c 触 t s
■
of s u n el e v ati o n w h e n c o m p a ri n g th e di(t a Ob t ai n ed in di ff e r e n t

s e a s o n s
,
r a di o n e hi c c o r r e cB o n w a s ap pli e d t o th e s e Ⅲ 山 一t e m p o r al i m ag e s I E a c h C C T v al u e i n th e

i m a g e w a s divid ed b y si zh , w h e r e 0 is th e s un el e v 血 o n at th e d at e w h e n th e s at ellite d at a w e r e
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a c q uir e d ･ T h e i m a g e s w e r e th e n l e o
-

c o d ed t o U T M c o o rdi n at e sy st e m . G e o -

B o din g w a s p e r fo r m ed

u s in g 1 :5 0 ,(X 氾 sc al e t op o g r a ･p hic m ap s p u blish e d b y N A h n I A ( N 虹i o n al M ap pin g & R e s o u r c e

b f o r n ati o n A n th o rity) 甲ig u r e 2) .

Fig w e 2 1 S at elh te i m a g e s a ft e r s un
- ele v ati o n c o r r e cti o n a n d l e o

-

c o

'

di n g ･

3 .2 E xi sti n g m a p

As f o r th e e 由 ti n g m ap , t o p og r a:phic m ap at a s c al e of 1 :5 0 , 00 0 c o m pil e d a n d p u blish e d b y

N A M R I A in 1 9 7 7 w a s u tiliz e d .

4 . A N A L Y S I S A N D D I S C tJS S I O N

4
.1 L a n d llS e Cl a s s 氾 c ati o n p r o c e d u r e s tIS u g s oil/ v e g et ati o 払 m at ri x m et h o d

U sin g s oiu v e g e t a ti o n m atri x m e th o d , pi ㍊1s o n th e s a t e nit e i m a g e w e r e cl a s sifi e d a c c o rdin g t o th ei r

v e g e t 血 o n c o v e r ag e a n d t o th eir s oil dr ym e s s ･ S oiV v e g et atio n m at ri x m e th o d p r o c ed u r e s ar e d e s c ri b ed

a s f oll o w s .

4 . 1 . 1 V e g et ati o n l n d e x

T o e v al u Et e th e v e g et ati o n c o v e r ag e i n f o rm ati o n , K
- V e g et a山)n h d e x ( K VT) w a s u tni z e d ･ K V I is a

v e g e t 血 o n i n d e x b a s e d o n r e fl e ct a n c e of v eg et ati o n i n n e a r I R w a v el e n gth a B Sh o wn s c h e m a ti c a n y i n

Fig u r e 3 (Y o shid a et al . 1 99 3) . K V I is gi v e n b y

K V I ≡ B a n d3 - ( a x B a n d 2 ＋ b ) (1)
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w h e r e a a n d b 批 C O n St a n tS + H e r e a i s o bt ai n e d & o m th e sl op e , a n d b is th e y
- s e g m e LIt Of th e l e a st

sq u a r e 血 e 血 th r o u gh th e d ぬ p oint s th at c o n s tit u t e th e d e s c ri ptio n of b a z e s oil o n th e s c att e r plot of

b a n d 2 v er s u s b a n d 4 ･ T his r e g r e s si o n l in e is c o n v e n
ti o n al ly c all e d th e S oil Lin e ･ B an d2 an d B an d3

a r e t h e C C T (c o m p ut e r c o m p ad bl e t ap e) v al u e s of th e pi x el c o n c e m e d at M O S
- 1 瓜4 E S S R b a n d 2

( R e d : 6 1 0
-6 9 0 n m ) an d b a n d 3 (I R : 8 0 0

- 1 10 0 n m ) , r e sp e c ti v ely ･ U si n g K V I , V e g et atio n C o v e r

R a d o ( V C R) w a s th e n c al c d at e d fo r e a ch pi x el t o e sti m at e d ie P r O P O rd o n of v e g et ati o n c o v e r a g e t o

th e a r e a o f th e pix el c o n c e r n ed ･ V C R is gi v e n b y

V C R = K V I / K V I
m a x (2)

w h e r e E V I
, n a t i s th e m a xirr lu m V al u e of E N I r e c o rd e d i n t h e i m ag e of th e st u d y ar e a . V C R of an y

F 状 el o n th e S oil Li n e is e q tl al t o 0 f o r th e r e i s n o v eg et ati o n o n th e s e p l X el s . Pi x el s i n th e i m a g e w e r e

cl a s si 丘ed i nt o 5 l e v els a c c o rdin g t o
■
th ei r V C R v al n e s 丘o m hi gh t o l o w .

4 . 1 . 2 V e g et a ti o n C o v e r R ati o

T o e v al u at e th e s oil d ry n e s s i n fo r m ati o n , S oil D r y n e s s h d e x (S D I) w a s u tiliz e d . S D I , r ef e r r e d t o

a s S oil h d e x (SI) b y F u k uh a r a e t al ･(1 9 7 9) ,i s s e n siti v e t o th e s o n b ri gh h e s s , w hi c h d e p e n d s o n s oil
m oi st u r e 血d s on o rg a hic n att e r c o n ditio n s ･ S D I i s gi v e n b y

P 4 - B a n d 4
s D I ≡ a r ct an

高言面
‾

= 面 (3)

w h e r e P 2 a n d P 4 a r e th e x ぺ 0 0 rdin at e (R e d) a n d th e y
-

c o o rdi n at e ( R ) of th e pix el th at h a s th e
m a xi m u m v e g et atio n c o v e r ag e , r e s pe ctiv ely ･ T h e high er th e S D I v al u e of a p l X el , th e d ri e r th e s oil of
th e pi x el is ･ Pi x els i n th e i m a g e w e r e th e n ag a l n Cl a s sified i nt o 5 le v els a c c o rdi n g t o t h eir S D I v al u e s

& o m hi gh t o l o w .
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Fig u r e 3 ･ C o n c e pttl al 負gt q e o f K Ⅵ , V C R , an d S D I .
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4 . 1 . 3 S o il/ v e g et ati o n m at ri x m eth o d

E a c h pi x el w a s distrib tlt e d o v e r 5 ×5 m a 血 of V C R a n d S D I , an d th e y w e r e cl a s sifi e d i nt o 8

cl a ss e s a s s h o wn i n T abl e 1 a c c o r din g t o th eir la n d c o v e r c o n diti oh s (Fig u re 4) .

T abl e 1 I L an d u s e ^ a n d c o v e r cl a s sific atio n cl a s s e s u si n g V C R an d S D I ･

Cl a s s n u m b e r C la s s

1 G r o u n d w at e r

2 D r b a r e s oil

3 W et b a r e ･

s o il

4 D ry s m al 1 v e g et atio n

5 W et s m 姐 v eg et atio n

6 D ry high v eg et ad o n

7 W et high v eg et 血o n

8 F o r e s t

s m all > v c R . H igh

W et

I
S D I

1
D ry

※ 6 /
I

l l 1
.

2
.

15

16 1 7 19 20

2 1

E歪≡盃ヨG r o un d w at e r

W et

b a r e s o n

D ry

b a r e s oil

W et

s n ai l v e g .

Fig u r e 4 . S oil/ v eg et ati o n m atri x a c c o rd in g t o V C R a nd SI)Ⅰ.
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4 .1 .4 R e -

c l a s sifi 由ti o n

S oil/ v eg et a B o n m a 血 m eth o d w a s c 山王ied o ut t o b ot h i m a g e s t ak e n d u ri n g th e d ry s e a s o n an d th e

r a n y s e a s o n th at r e sd t ed i n t w o s et s of la n d u s e h a n d c o v e r cl a s si丘e d i m ag e s ･ U si n g G IS o v e rl ay

fu n cti o n , th e s e t w o i m ag e s w e r e c r o s s
-

e x a mi n ed t o g e n e r at e a r e
- cl a s siR e d l a n d us e m ap l n O rd e r t o

m a k e th e l a n d u s e cl a s si丘c 血i o n m o r e a c c t u at e ▲ Cla s si丘c atio n cl a s s e s w e r e d et e r m i n ed i n o rd e r t o

k e e p th e c o n sist e n cy w ith th e cl a s s e s d e ri v ed 丘o m th e e xi sti ng 皿 aP Cr able 2) .

T able 2 . L an d u s e cl a s sifi c ati o n cl a s s e s .

Cl a s s n 血 r C la s s

1 W a 触

2 Fish p o n d

3 B a r e s oil

4 U pla n d fh r mi n g A eld

5 P ad dy

6 F o r e s t

4 ･ 2 E xt r a ctin g h n d tl S e i n f o - ati o n f r o m th e e xi sti n g m a p

L a n d u s e i nf o r m ati o n w a s e x tr a ct e d 加 m an e xi s 血g t op og r a p hic m ap c o m pile d a n d p u blis h e d b y
N A M R 払 i n 1 9 77 ･ I n o rd e r t o m ai nt ai n th e c o n si st e n c y wi th th e s at euit e -d e ri v e d la =Ld u s e m ap , l a n d

t lS e i n fo m 血 ) n w a s digi d z e d w ith th e ai d of G IS s oft w ar e s o th at o v ed ay an al y sis c an b e c a mi ed o u t .
A t t h eps a m e 血 m , m aj o r r o a d s a n d ri v e rs i n this a r e a w e r e al s o digi ii z e d t o m a k e th e g e o g r a p hic al
r e gi str ati o n e a si e r ,

4 ･ 3 h n d ll S e C b n g e a n al y sis

S ate11it e -d e ri v ed l an d u s e m ap a n d th e la d u s e m ap d e ri v e d & o m th e e xi s 血g m ap w e r e lrEP u t i nt o a
G IS t o p e r fo - a n o v e d ay an al y sis i n o rd e r t o d ete c t th e la nd u s e c h a n g e h ap p e n e d b et w e e n 1 97 7 an d
1 99 0 ( 刑g u r e 5) . W i th th e h ell, of G IS , sp ati al distri b tlti o n of la n d u s e ch a =lg e W a S al s o d et e c te d .

Di sti n ct d ef o r e st ati o n w a s m mi t o r e d d mi n g th e p e ri od . C o n sid e r ab le am o u n t of fo r e s t a r e a d e c r e a s e d
b y n e a rly h al f @ igt m 6) 1 0 f 4 ･6 × 10 2 h 2 of f o r e st a r e a in 1 9 7 7

,
2 ･1 × 1 0 2 k m 2 t u n ed i nt o p ad d y

i n 19 9 0 1 T his e x plai n s 9 3 ･9 p e r c e n t of th e t ot al l o s s of fo r e st a r e a ( n g u r e 7) .
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Fi g u r e 5 . L an d u s e m ap s : T op o g r a phic m ap o rigin (19 7 7) an d s at enite
-d e ri v e d (1 9 9 0) .
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Fig u r e 6 , L a n d tL S e C h an g e fo r s et d e m e n t , b a r e s oil , p a d d y , u pl a n d 丘eld , a n d fo r e s t : 1 97 7 t o 1 99 0 .
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取匠闘 F o r e st - ) P q d dy

F ig u r e 7 ･ S p ati al dist ri b u ti o n of l a n d u s e c h a n g e ( F o r e st (1 97 7) - > P ad d y (1 9 9 0) ) .

5 . C O N C I JtJS I O N

D ef o r es t ati o n i n L t L Z O n isl an d ･ t h e P hih p pi n e s w a s m o n it o r e d an d e v al u at e d b o th n u m e ri c al 1y an d

sp atially wi th th e h elp of s oiU v e g et ad o n m at ri x m e th o d a n d G IS t e c lm i q u e ･ F r o m 19 7 7 t o 1 9 9 0 , a

c o n sid e r able a m o un t o f f o r e st a r e a tt - e d i nt o p a dd y i n th e st ud y ar e a . S oi〟v eg et atio n m a tri x

m e th o d , a l a n d u s e cl a s si丘c ad o n m e th o d n 血 g t h e i nf o rm ati o n o n v eg et ati o n c o v e r ag e a n d o n s oil
d ry n e s s i s e ff e c ti v e t o g e n e r at e a l a n d tlS e m ap & o m s a tellit e d at a ･ U si n g t w o sit s of s at ellit e d at a
a c q u ir ed d u ri ng th e d ry s e a s o n an d th e r ai n y s e a s o n , r e s p e c ti v ely , m ak e s t h e cl a s sific ati o n a c c u r a c y
hi gh er .

A C K N O W L E D G M E N T S

P a rt of this sttld y w a s m ad e a s th e c o o pe r ativ e w o rk w ith N ati o n al S p a c e D e v el op m e n t A g e n cy

( N A S D A) o f J ap a n ･ T h e a u th o r s a r e g r at e fu l t o N A S D A f o r p r o vi di n g th e M O S
-1/ M E S S R d at a .

R E F E R E N C E S

1 ･ F u k u h ar a
,
” .

I H ay a s hi , E ･ , Y a s u d a , Y . , As an u m a , I .

,
E m o ri

,
Y .

,
an d lis ak a , J . ,

- ･

E x tr a c ti o n o f

s oil inf o r m ati o n 丘･

o m v e g et at e d a r e a/
'

ナ
M a c hi n e P r o c e s s i n g Of R e m o t ely S e n s ed D at a S y m p o si u m ,

p p .2 4 2 - 2 5 2 . , 1 9 7 9 .

2 ･ M u mi , S ･ ･

' '

A p plic ati o l ”f r e m o t e s e n s m g in As i a an d O c e a ni a ･

- E n vir o n r n e n t al c h a n g e m o mi t o ri n g
-

- I

, ( As i a n As s o ci ati o n o n R e m o t e S e n si n g : M u r al , S .) , 1 99 1 .

3 ･ Y o shid a
･
M ･

, R o n d al ･ D ･J ･

,
E v a n g elist a , M ･ A . M ･

,
a n d S ait o , G ･ ,

”

L an d - u s e A an d - c o v e r an al y sis

b y th e m at ri x m e th o d u si n g r e m o t e s e n s l n g
-■

･ A si a n - P a c ･ R e m o t e S e n si n g J ･ , V ol ･5 , p p ･7 9 - 8 4
,

19 9 3 .
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