
V e g et ati o n/ L a n d C o v e r C h a n g e s i J) M o n s o o n A si a
a n d it s i nf h e n c e o n A r e al E v a p o r ati o n

A b hik o K O ND O H (
り

*

c e nt e r f o r E n vi r o n m e nt al R e m ot e S e n si ng( C E R eS) , ･

C hib a U ni v e r $ 1ty

l -3 3
,
Y a ･y oi

-

c h o
,
h a g e

- k u
,
C hib a 2 6 3 , J A P A N

F a x .
＋8 1 - 4 3 - 2 9 0 _3 8 5 7

E -

m ail : k o n d o h & sir c . c r . c hib a -

u . a c .j p

A b st r a ct

T h e e xistl n g V eg et ati o n n a nd c o v e r m ap IS C r e at ed b y u si n g N O A 舶 v eg et ati o n i n d e x p r o d u ct

b a s e d o n t h e s e a s o n ality o f t h e v eg et ati o n fo r m a ti o n s . tlyd r ol o gi c al p a r a m et e r s a r e a s sig n ed t o e a cll

cl a s s b y u s in g a v ai l able gl ob al d at a s ets , 皿d p ot e n ti al e v ap o r a ti o n is c al c u h t e d . N att lr al v eg et ati o n i s

r e st o r ed b a s ed o n th e r el ati o n ship b et w e e n cli m at e an d v e g et atio n( of c a u s e it is a ch alle n g e t o b e

s ol v ed) , a n d it e n abl e s t o a s s e s s th e ch an g e in p ot e zltial e v a p o r ati o n d u e t o an th r op og e ni c

v eg et ati o nn a nd c o v e r ch a n g e s .

T h e d at a s e t s c u r r e rEtly a v ai l able a r e li mi t ed , a n d w e c a n n o t s ay th at th e h yd r ol ogi c al p r o c e s s e s in

gl ob al or c o Tlt in e rlt al s c al e s a r e s ufB cie ntly un d e r st o od . T h e a uth o r r e g a rd s this r e s e a r ch a s a t ri al

st u d y o n th e m e th od ol o g y . It is n e c e s s a ry t o i m p r o v e th e a c c u r a cy o f d at a s et s a n d m o d els wi th th e

u s e o f n e w d at a s et s
,
i n cl u di n g s at ellit e d at a , t h t a r e a v ail abl e in n e ar R It u r e .

I . b t r o d tJ C ti o n

M o s t i m p o rt a r Lt i d u e n c e of a n th r o p o g e nic v eg et ati o nn a n d c o v e r al l e r ati o n s o n r egi o n al

e n vh ' o n m e n t i s th e c h a n g e s i n w at e r b al a n c e a t th e g r o u nd s u rfa c e . H u m a n hist o ry c an b e r eg a rd ed a s

th e hist o ry o f v eg et ati o 〟la n d c o v e r al t e r a ti op . T h r o u gh th e m a n
■

s a c tivi ty d u ri n g th e hi st o ri c e r a , th e
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■in w a ･t e r b al a n c e d u e t o l a nd c o v e r

al t e r ati o n s .

2 . I) at a s el .s

S e v e n d at a s e t s , li st ed b el o w , a r e e m pl oy ed B
-

o m th e G l o b a l E c o D /S t e m D at a B a s e(G E D B) C D -

R O M c o m piled b y N O A AJ N G D C( N ati o n al O c e a ni c a n d A t m o sp h eri c A d mi nist r ati o n / N ati o n al

G e o ph y si c al D at a C e rlt e r) .

-

8 7 1



(i)

(ii)

(iii)

(i v)

( Ⅴ)

( vi )

( vi i)

E D C I N E S D IS M o rLthly E x p e ri m e n t al C al ib rat ed GI ob al V 喝 et a土i o n h d e x

Le g at e s a nd W ill m ott An n u al T e m p e r a t u r e

Le g at e s a nd W il lm ott Am u al C o rr e ct ed P r e cipit atio ll

Le e m a n s a n d C r a m e r II A S A M e an M o r lthly Cl o u d in e s s

M at th e w s S e a s o n d Alb ed o

Le e m a d s li old ri d g e Life Z o n e

Gl ob al El e v ati o n a nd B ath m et ry @ T O P O 5)

It is e a sy t o p oiflt O ut d efe cts o r p r obl e m s of th e d a:t a s et s , h o w e v e r , th e d a ･t a s c
t s ar e tr e a t ed h e r e a s

g i v e n d at a b e c a u s e th e y a r e c u r r e n tly t h e b e st d at a s et s ･

3 . E ‡is ti n g V eg et ati o n 瓜a n d C o v e r

S at enit e r e m o t e s e n s l ng is th e m o st s uit abl e m e a n s t o p r o vi d e a e 由sti ng l a nd -c o v e r m ap l n

c o n ti n e nt al o r gl ob al s c al e s( T o w n sh e nd et a l . ,1 9 9 1) . V eg et ati o n/ la nd c o v e r cl a s sifi c ati o n i s m ad e

u si n g s e a s o n al t r e n d o f N D V I( N o rm ali z ed D iffe r e n c e V eg et ati o n I n d e x) ･

E D C - N E S D IS M o nlhb 7 E kp e n
'

m e n l aZ C a lt
'

b lla t ed G l o b al V e g et a ti o n J n db x i s u s ed t o cl a s sify l an d

c o v e r in A sia .
T h e v al u e of ND V I is s o m e 血 e s s m an e r th a n z e r o . It m e a n s th at r e d b a n d r efl e ct a n c e

i s high e r th a n th at of n e ar i n & a r ed b an d , a nd th e sig n al s o n v eg et ati o n h ar dly c o n t ai n in th e in d e x .

T h e mi n u s N D Ⅵ is r epl a c ed b y z e r o , a nd p r o 血c e n e w ND Ⅵ d at a s et .

I TI V e S tig at ed a r e a(6 0
o

N 12 O
o

S
,
60
o

E - 1 60
o

E) in cl ud e s M o n s o o n As ia . C lu st e r a n al y sis is

ap pli ed t o t w el v e m o n thly N D Ⅵ s , a d fo rty
- ei gh t cl a s s e s a r e obt ai n e d of w hich th r e e a r e m e mi n g -

1 e s s cl a s s e s d u e t o th e e H e ct of m ix el s ,

E a c h cla s s i s e x p e ct ed t o r ep r e s e zlt Ch a r a ct e ri stic hyd r ol ogic al p ar a m ct e r s . T h ey a r e th e

p ar a m et e r s , s ll Ch a s alb ed o , ai r t e m p e r a t u r e , p r e cipit a丘o n , e t c .

,
n e c e s s a ry fo r th e c al c ul ati o n of

h yd r ol o gi c al m od el, a n d s m all v a ri a n c e in e a ch cla s s is e x pe ct ed . S e v e r al gl ob al d at a s et s ar e

s u p e ri m p o s ed o n th e cl a s si丘c ati o n m ap , a n d th e a v e r ag e h y d r ol ogic al p ar am et e r s fo r e a ch cla s s a r e

e x tr a ct ed .

T a bl e 1 F o r e st t yp e s b y Ki r a
'

s w a J n th i nd e x . T r o pic al fo r e st is divi d ed i nt o tr o pic al s e a s o n al f o r e st

a n d t r o pi c al r ai n f o r e s t b a s ed o n th e r [ um b e r of m o T lth s w hi c h e x c e ed 5 0 r n m i n m o n thly p r e cip lt ati o n .

F o r e st T yp e C od e W a m th I nd e x P m > 5 0 Ⅱ 皿

T r o pic al R 血 F or e st F T R ･

T r o pic al S e a s o n al F o r e st F T S

S u bt r o pic al F o r e st F S T

E v e r g r e e n B r o ad Le af F o r e s t F E D

D e cid u o u s B r o ad L e af F o r e st F O B

C o nif e r o u s F o r e st F ND

( ℃ I

m o n th)

2 4 0 < 1 2

2 4 0 < < 1 2

1 8 0 - 24 0

8 5 - 1 8 0

4 5 - 8 5

< 45

( N u n . of m o n th)

K i r a( 1 9 4 5 a ,b) a n d Kir a e t a l .( I 9 7 6) r e v e al ed th at th e dist ri b u ti o n o ft h e w a m th i nd e x i s w ell
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Fig tl r e 1 C u r r e nt l a n d c o v e r . G r e y le v el( 0 -2 5 5)
d e n o t e s th e v eg et ati o 〟1 a n d c o v e r cl a s s e s . F ND (3 2) ,

F D B(6 4) , F E B( 9 6) , P S T( 1 2 8) , F T S( 1 6 0) , F T R(1 9 2) ,

F B S(2 08) , A G R/ G R S( 2 2 4) , S E A( 2 4 0) a n d D 毛S( 2 5 5) ,

4 . R e s t o r a ti o ll 0f N at u r 血I V e g et ati o n
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Figt l r e 2 N a:t u r al 1 a n d c o v e r . G r ey le v el(0 - 25 5)
d e n o t e s th e v e g et ati o nn an d c o v e r cl a s s e s . F N D( 3 2) ,
F D B( 6 4) , F E B( 9 6) , P S T( 1 2 i) , F T S(1 6 0) , F T R( 1 9 2) ,
F B S(2 0 S) , A G R /G R S(2 24) , S E A (2 4 0) a Jld D E S(2 5 5) .
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B a s e d o n t h e c ri t e ri o n sh o w n i n T able 1 ,

c u rr e n t f o r e st t yp e is a s sig n ed t o e a c h

cla s s ･ O th e r cl a s s i s i nt e rp r et ed b y

r ef e rri n g g e o g r a phic l o c a ti o n s , ∑ ND Ⅵ ,

a nd s o o n .

T able 2 sh o w s th e ch a r a c t e ri sti c

v al u e s o f hyd r ol o gic al p a r a m et e r s fo r

e a c h v eg et ati o n n a nd c o v e r cla s s . Fig . 1

sh o w s c u r r e nt v e g d atio nn a nd c o v e r

m ap o v e r M o n s o o n As ia . F o r e st i s

d r a w n b y d a rk e r t o n e s , a nd gr a s s a nd

ag d c ult u r c l a n d一o o k s b d g ht . O c e a n 弧d
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f o r m ati o n s u nd e r g l V e n Cli m ati c

c o n diti o n s . It is obt ain e d a s th e m o st

& e q u e n t L H L Z cla s s wi thi n a

v e g et ati o 〟1a n d c o v e r cl a s s . T h e cl a s s e s

wi th a st e r(
*

) m e a n th at c u r r e n t

v eg et ati o nA an d c o v e r lS g r a s sl an d o r

c r o pl a Jld , b ut cli m atic c o nditi o n al 1 o w s

th e e xi st e n c e o f t h e fo r e st . N am ely , th e

a r e a s o f th e s e cl a s s e s ar e s u bj e ct t o

ch an g e i n l a nd c o v e r b y h u m a n s
T

a c ti vi ty

in th e hist o d c e r a .

T h e s e cl a s s e s a c c o u n t f o r ab o u t 24 p e r

c e nt o f th e l a n d ar e a wi thi n th e c al c ul ated

r e g l O n . M o st of w hic h o c c u p l e S I n di a a n d
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N a t u r al v e g et ati o n is r e st o r ed b a s ed m ai nl y o n t h e w ar m t h in d e x ･ Fig ･2 sh o w s th e h at u r al

v eg et ati o n i n M o n s o o n As i a ･ D a rk e r irrIP r e S Siq n c o m p a r ed wi th Fig ･1 in dic at e s t he r e st o r ati o n of

f . r e st . F o r e st cl a s s , F T S( T r o pic al S e a s o n al F o r e st) , ap p e a r s i n th e r e st o r ed cla s s e s b a s ed o n th e

rlu m b er o f m o rrth s wi th m o TI th ly p r e c lpit ati o n
l o v e r 5 0rr m .

5 . A r e al E v ap o r ati o n a n d
it s c b n g e s d tl e t O V eg et a ti o n A a n d c o v e r c h a n g e s

A h n a nd T at ei shi( 1 9 94) d e v el o pe d a m eth od t o c al c ul at e t h e gl ob al p ote n ti al e v ap o r ati o n( E p) b y

u si n g d at a s et s c o nt ai n ed i n G E D B ･ T h ei r m e th o d i s b a s ed o n th e P d e stley a n d T a yl o r m et h
･

od(P rie stley an d T ayl o r ,1 97 2) I It is p o s sibl e t o in c o rp o r at e th e v ari ati o n ofl a nd c o v e r t
h r o u gh al b ed o ･

T able 3 sh o w s th e cl a s s m e an s o f s e a s o n al al b ed o s 丘o m M ailh e w s S e a s o n a l A lb e d o d at a s et i n t h e

G E D B . M et e o r ol ogi c al p a r a m e t e r s a r e 匹tr a Ct ed 丘o m G E D B . W ith t h e s e v al u e s , m o Ⅱthly p ot e T Itial

e v ap o
r a ti o n s( F p) a r e c al c u h t ed ･ As f o r th e d et ail s of th e m e th od , r ef e r t o A n n a Jld T at ei shi(1 9 9 4) I

Fig L3 sh o w s an n u al E p in M o n s o o n As ia fo r c u r r e nt v e g et ati o n c o v e r ･ T h e m ag nit ud e o f t h e

e v ap o r ati o n s e e m s ap pr op ri at e i n th e mi d
l atit u d e s an d i n th e lm mi d t r o pi c s , h o w e v e r , it i s o b vi o tlS

t h t Ep o v e r e sti m at e s a c t u al e v ap o r ati o n in th e s e mi
- a ri d a n d a ri d a r e a s I

T abl e 4 sh o w s th e a v e r ag e s e a s o n al alb ed o fo r f o r e st cl a s s e s ･ It is d et e mi n ed a s a n a v e r a g e of th e

s a m e cl a s s i n T abl e 2 , Al b e d o di st rib u tio n fo r n at u ral v eg et ati o n is r e s t o r ed b y c o n v e rt in g n atL lr d

v e g et ati o n m ap t o al b ed o m ap u si ng T able
4
, an d E p is r e cal c u h t ed wi th th e s a m e m e th od a s Fig ･3 ･
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T a bl e 4 A v e r 喝e al b ed o s( % ) f o r e a ch fo r e st typ e . T r opic al s e a s o n al f o r e st d o e s n o t ap pe a r in t h e

c u IT e nt V eg et ati o n c o v e r n l ap( fig u r e 1) .

C u s s N S P R I N G S U M M E R F A L L W m E R

F N D 9

F D B 5

F ヱB 1

F S T 3

F T R 2

14 . 6

1 5 . 5

1 4 . 2

13 . 0

1 0
.
6

7 . 2

7 . 7

5 . 7

3 . 6

0 . 7

3 . $

4 .7

3 .8

2 .9

0 .6

2 . 7

3 .
4

2 .8

2 .$

0 . 6

Fig .4 sh o w s E p f o r n at u ral v e g et ati o ll e v e r M o n s o o n As i a , a nd Fig .5 sh o w s th e a m o u r[t o f

ch a ng e s i n F p b et w e e n n at u r al a lld c u rr e n t v e g et ati o n . T h e r e g l O n W hi ch s u bj e ct t o l a rg e a r e al

c h an g e in E p is l ndia an d e a s t e m a Jld s o u th e r n C h in a . C e n tr al pl ai n of M y a n m a r a J ld T h ai l an d is th e

l a rg e st a u e ct ed a r e a rl e X t t O I n di a a Jld C hi n a . T h e am o u nt of c h a n g e i s l a rg e in I n di a , M y a n JT la r an d

T h aila nd .

6 ･ C o n c h di n g R e m a r k s

T his p ap e r d e s c rib e s a r e s ult o ft e zlt ati v e w o rk c o n c e r n in g t h e gl ob al h y d r ol ogi c al c h a n g e s d u e t o

fu nd am e rlt al t r a n sf o r m ati o n s o f E a rth
'

s s u rfa c e by h um a n
'

s a c tivi ty . W e still h a v e t o c o n sid e r m o r e

ab o u t s e v e r al is s u e s t o app rわa ch th e 占o n clu si o n .
T h ey a r e ,( 1) t o i m p r o v e th e a c c u r a cy of th e gl ob al

d ai a s et s
, ( 2) t o g et p r e ci s e r e c o g niti o n o n th e h yd r ol ogi c al p h e n o m e n a a n d v eg et ati o n d y n a mi c s , a nd

(3) t o e n h a n c e th e skills of th e m o d el .

Am o n g th e gl ob al d at a s et s , l a n d c o v e r m a p I S C r u cial f o r dist ri b u t ed h y d r ol o gi c al m o d clin g ,

S e v e r al i n t e r n ati o n al p r o) e c t s a r e p r o g r e s s l ng t O m a k e hi gh r e s olu ti o n gl ob al l a nd c o v e r m ap wi t h th e

u s e of s a:t ellit e d ぬ . T h e G L I( G L ob a[ I m a g e r) i s o n e o f th e m o st p r o mi sin g s e n s o r, w h ich is

pla mi n g t o b o a rd A D E O S
-ⅠI s at ellit e .

I n th e h y d r ol o gi c al vi e w p o l nt S , it i s i m p o rt a n t t o s e a r c h p r o p e r d eR niti o n of e 由st in g la nd c o v e r

th a土 mi ni mi z e s th e v a ri a n c e of h yd r ol ogi c al p a r am et e r s wi thin a cla s s .
I n o t h e r w o rd s

,
it is d e sir abl e

t h at a n u m b e r of h yd r ol o gi c al p ar a m et e r s c an b e d e ri v ed 鮎 m th e l a nd c o v e r d e丘niti o n fo r u s e in th e

8 u x c al c ul ati o n s ,
It is th e sig niB c a n t s u bj e ct t h at m u st b e r e s ol v ed at a n e a rly d at e .

R eg ar di ng th e th ird p r obl e m , m a n y s o phisti c at ed m o d el s a r e a p p e a r ed in r e c e rlt d a .y s( fo r e x a m pl e ,

S h u kl a e t al .
,
1 9 9 0) , T h e a c c u r a cy o f th e r e s ult s , h o w e v e r , d e p e nd s o n t h t ofir[p ut d at a a n d it s

sp ati al distri b u ti o n s .
A 洗e r s ol vi n g th e p r obl e m , th e s e c o m pli c at e d m o d el s wi ll b e u s e fu l t o u n d e r st a n d

t h e d y 71 a mi c b e h vi o r of t h e v eg et ati o n a n d th e cli m at e .

T h e m o st i m p o rt a n t p r oble m i s c o rL C e mi ng th e ap p r op n at e r e c o g niti o n of th e n at u r al p h e n o m e n a

c o n c e r n ed . M an y 丘eld in v e stig ati o n s , t h at a p p e a r i n th ej o u m al s , r e v e al th at th e r e a r e m a n y 免ct o r s

th at m u st b e c o n sid e r ed i n th e m o d el ･ F o r e x a m pl e , e n e rg y ad v e c ti o n , pl a nt g r o w th st ag e , d e g r e e of

s oil c o n s e r v ati o n
,
et c ･

,
c an i n fl u e n c e th e w a t e r b al a n c e at th e g r o tl n d s u lf a c e . N o n eq uilib ri um

p h e n o m e n a b et w e e n v e g et ati o n a nd cli m at e is th e m o st i m p o rt a nt is s u e b u t di 戊 c ult t o s olv e .

It i s p o s sibl e t o s t at e fu rt h e r di 氏c ulti e s c o n c e mi n g t h e m e th o d ad opt ed in th is p ap e r . S u c h a n

e m piric al m et h o d is o n e p o s sibl e w ay t o a s s e s s th e a nt h r o p og e ni c c h an g e i n gl ob al w at e r b al a n c e ,

a n d it is a n u rg e n t th e m e ill th e c o nt e x t o f E a rth e n vi r o n m e r lt al c h a n g e s . T h e r e m u st b e a si m pl e

- 9 2 -
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Figll r e 3 P ot e Jltial e v ap o r ati o n fo r

c u rr e T It la n d c o v e r . 0 : O c e a n , 1 : 0 - 4 0 0
,

2 : 4 00 - 6 0 0
,
3 : 6 0 0 1 8 0 0

,
4 : 8 0 0 - 1 0 0 0

,

5 : 1 00 0 - 1 2 0 0
,
6 : 1 2 0 0 - 1 4 0 0

,
7 : 1 4 0 0 -

1 60 0
,
8 :
I
1 6 0 0 - ( n m/y e a r)

Fig t)r e 4 P ot e n tial e v ap o r ati o n f o r

n at u r al v eg et ati o n . 0 : O c e a n
,
1 : 0 - 4 0 0

,

2 : 4 00 -6 0 0
,
3 .

'

6 0 0 - 8 0 0
,
4 ニ8 0 0 - 1 0 0 0

,

5 : l o o°- 1 2 0 0
,
6 : 1 2 0 0 - 1 4 0 0

,
7 : 1 4 0 0 -

1 60 0
,
8 : 1 6 0 0 - ( m m /y e ar)

Fig tl r C 5 C h a n g e s i n a Jlrl u al p ot e mi al

e v ap o r ati o n d u e t o la nd c o v e r ch an g e s .

0 : O c e a n , 1 : n o ch an g e , 2 : 0
- 2 , 3 : 2

- 4 ,

4 : 4 - 8
,
5 : 8 -1 6

,
6 : 1 6 -3 2

,
7 : 3 2 - 6 4

,
8 :

6 4 - 1 2 8 , 9 : 1 2 8
- ( n d y e a r)



r e h ti o n ship o r r ul e b et w e e n h yd r olo gi c al p h e n o m e n a an d s u 血c e p a r a m e t e r s t h t c o ul d b e d et e ct able

b y s at enit e r e m o t e s e n si n g(f or e x a rEIPl e , K o nd o h 1 99 5) , an d i士i s a cl u e t o u nd e r st an d 由ob al

e l= vi r o n m e n t al ch a n g e d u ri n g th e hi st o ri c e r a .
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