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A b st r a ct

I n an a tt e m pt t o utili z e s at ellit e d at a t o o bt 血 I a n d s u rf a c e f e a t u r e s of T
bkli m ak a n D e s e rt i n C hi n a ,

i n si t u m e a s u r e m e n t s of sp e ctr al r e fl e c t a n c e of th e l a n d s u rf a c e i s m ad e wi th th e p o rt abl e s pe c tr o

r adi o m e t e r i n th e sp e ct r al r a n g e of 40 0
- 2 5 0 0 n r n ･ T h e a n aly s e s of th e d at a s h o w f oll o w l n g

f e at u r e s . (1) T h e d lffe r e n c e i n s p e ct r al r en e c t a n c e of diff e r e n t
■
s o ils is c o m p a r at l V ely s m all . (2)

T h e r e i s a t e n d e n c y th at s pe ctr al r efl e ct a n c e of s oils i n c r e 弧 e S wi th i n c r e a s e s of w a v el e n gt h , f o r

e x am pl e , t h e a v e r ag e r e n e cta n c e o f th e s a n d s i n th e pe rip h e r y a r e a s o f Thkli m a k an D e s e rt i s 2 1

an d 3 8 % i n vi sibl e a n d n e a r i nf r a r ed s pe ctr a r e s pe c ti v ely . (3) It is f o u n d th at r e 8 e ct a n c e of th e

s oil s d e c r e a s e s w i th i n c r e a s e of m oi st u r e c o n t e n t . T h e l a rg e d e c r e a s e i s r e c o g ni z e d in 14 5 0 an d

1 95 0 n m s p e ct r a , w a t e r a b s o rp ti o n b a n d s ･ T hi s f a ct s u g g e st s th a t th e m o nit o n n g of s oil m oi s t ur e

i s p o s sibl e b y m e a s u n n g th e r a di an c e at t h e s e sp e c t r
a
, th u s L a Jld s at T M B a n d s 5 an d 7 w ill b e

effe c ti v e f o r m o nit o n n g s oil m oi s t u r e c o nt e n t ･

I n t r o d u c ti o n

T h e s p atial distri b u ti o n an d t e m p o r al v ari ati o n of v a ri o u s m at e ri al s i n wi d e a d d a nd s e mi
- a ri d

z o n e s a r e sig nifi c 皿 t P a r am et e r s f o r st u di e s of a d e s e rt its elf a n d d e s e rtifi c a ti o n m e ch an i s m ･ T o

o bt ai n th e s e p a r aJ n et e r S f o r a w id e a r e a s u c h a s T 独Ii m a k an D e s e rt i s n o t s o e a sy d u e t o its l ar g e

si z e aJ Id s e v e r e n a t u r al e n vi r o n m e n ts ･ W it h a c a p a bility of o b s e r vi n g a w id e a r e a n e BLrly

si m ult an e o u sl y a nd r ep eti ti v e m a n n e r w ith a s a m e s e n s o r , a s a t ellit e o b s e r v ati o n o ff e r s a

p o w e rf u l t o ol f o r th is p u r p o s e . I n o r d e r t o o bt ai n 血e l a n d s u rf a c e f e a t u r e s a c c u r a tely f r o m th e

s at ellit e d at a , i n f o r m a ti o n o n s pe ct r al r e n e ct an c e o f m at e d al s o n th e d e s e rt s u rf a c e i s n e c e s s a ry .

T h e r e a r e n o t a f e w p a p e r s o n t h e s pe c t ral r e fl e ct a n c e o f l a n d s u rf a c e( Le u , 1 97 7 , B e c k e r , 1 9 8 5 ,

Ci e mi e w ski , 1 98 7 , J a ck s o n et . al l

,
1 9 9 0

,
H i c k a n d R u s s ell

,
1 9 9 0) , h o w e v e r th e r e a r e o nl y a

f e w r e p o rt s o n th e i n sit u o b s e rv a ti o n o n sp e
c tr al re n e ct an c e o v e r TA kli m ak an D e s e n (r s u c hiy a et ,

al . , 1 9 9 1 , Ⅰ血iy am a et . al .
,
1 9 92

,
1 9 9 3 , 1 9 9 4) ･ T h e m oi st u r e c o n t e n t i n th e s an d is a v e r y

i m p o rt a n t p ar am e t e r , p a rti c ul a rly i n a ri d an d s e m i a ri d l a n d s ･ If it is r etri e v ed o v e r t h e wi d e a r e a s

f r o m th e s a t ellit e d a ta
,
th e r e s ult c an s u r ely c o n tri b u te t o th e st u di e s of d e s e rt it s elf an d

d e s e rtifi c a ti o n m e c h a n lS m a S W ell . E sti m ati o n O f m oi st u r e c o n t e nt i n th e s an d s an d s oil s m a y b e

p o s sibl e , if t h e r el ati o n
b e t w e e n th e r e m e ct an c c an d th e s oil m oi st u r e c o n t e n t i s d et e mi n ed

e x pe n m e n tal ly ･ H o
w e v e r

,
a si m ult a n e o u s m e a s u r e m e n t s o f s pe c 打al r efl e c t an c e a n d w a t e r c o nt e n t

o f s a n d s a n d s oil s a r e n o t e a s y d u e t o th e diffi c ulty l n m e a S u n n g th e w at e r c o n t e n ti n sit u .

I n a d d lti o n t o t h e i n si t u m e a s u r e m e n t s of sp e c t r al r e n e c ta J I C e O f v a ri o u s m at e ri al s o n th e l an d
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s u rf a c e of Thkli m a k an D e s e r t , th e v a ri o u s ki n ds or s a n d s a n d s oil s w e r e s a m pl e d i n th e s o u
th e r n

a n d n o rt h e r n p a rts o f th e d e s e rt i n t h e n
ei gh b o rh o o d o f H o t an a n d A k s u r e s pe c ti v ely t o o bt ai n

r eli a ble b a ck g r o u n d d at a o n
th e r el ati o n shi p b et w e e n s oil m o

i s t u r e c o nt e nt a n d r e n e c t a n c e ･ T h e n

s pe ct ral r efl e ct an c e o f s a m pl e d s a n d s a
n d s oil s w a s m e a s u r e d i n t h e r a n g e b e t w e e n 4 0 0 n m a r id

2 5 0 0 n m i n th e l a b o r at o r y u n d e r diff e r e n
t s oil m oi st u r e c o n t e n t ･ I n thi s p a pe r , s oil m oi st u r e

c o n te n t(S M C) is d efi n e d b y th e f oll o w i n g e q u ati o n ,

s M C( % i n w ei gh t) = 1 00( a
- b) / a (1)

w h e r e a a n d b a r e w ei gh t o f a s a m pl e an d w eig ht o f a d ri e d s a m pl e r e sp e cti v el y ･

R e s u lt s

l n S it u M e a s ur e m e n t s o f S p e c t r al R e fl e c t a n c e

T h e s pe ct r al re 瓜e ct a n c e of typ I C al v e g et
a ti o n s o b s e r v ed i n 7 hkli m ak a n d e s e rt a r e s h o w n t o g eth e r

wi t h s pe ctr al s ol a r i r r a di a n c e i n Fig 1 . I n th e vi sibl e s p e c t ru m n o s lg nifi c 皿 t diff e r e n ce i n th e

s pe ctr al r e n e c t an c e a m o ng t h e s a m pl
e s i s r e c o g ni z e d ･ H o w e v e r th e r e i s a l ar g e diff e r e n c e i n T le a r

-

i nf r a r e d sp e ct ru m aJ n O n g th e s p e ci e s ･ T h e s p e c tr al r efl e ct a n c e of S al s ol a c o lli n a an d H al o st a s h y s

c a s pi c a , di strib Llb;d s p a r s ely i n a g o bi d es e rt (st o n y d e s e rt); G at e s( 1 96 5) , A ll e n(1 9 6 8) ,

Si n cl ai r(1 97 1) p oi nt ed o u t th at t h e r efle ct a n c e of pl a n ts i n n e a r
-i nf r 2u

l

e d i s i nn u erl C e d b y t h e l e ar

a r e a
,
w a t e r c o nt e n t an d c 早ll st n l Ct u r e Of th e l e a v e s . Si n c e th e l e a f a r e a o f th e v e g e t ati o n s i rl th e

d ry a r e a i s
J
s m al1 c o m p a r ed wi [h t h o s e o f n o n

- d ry a r e a , th e r efl e c t a n c e of th e v e g e ta ti o n i n
一

指kli m a k a n D e s er t w ill b e s m all e r th a n t h a t i n n o n - d ry a r e a v e g et ati o n i n n e a r
-i n f r a r e d sp e ct r a . I n

c a s e of T a J n a ri x h o w e v e r l e af d e rl Sity is g e n e r a u y l a r g e r th a n th at o r th e f o r m e r t w o v e g e t a ti o n ,

th u s sp e c tr al r en e cta n c e of Ta m ari x i s l a rg e r th a n th at of
'

･d l e t w o , e s pe ci ally i n n e a r
-i nfr a r ed

s pe c t r a ･
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Fi g . 1 C an op y r efl e c t an c e or S a s ol a c olli n a ,
■
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t o g eth e r w i th i n c o m l nB S P e C t r al s ol a r i r r a di a n c e .
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Fi g . 2 s h o w s th e s p e c tr al r e fl e ct a n c e o f s a rld s a t th e s u rf a c e a nd
4 diffe r e n t d e pth享n th e s a n d

d u n e a r e a l c c a t e d 3 0 k m t o th e e as t or K a s h g a r (3 9 : 3 2 N / 7 6 : 1 0 E) ･ W ith i n c r e a si n g d e p th , th e

r efl e ct a n c e d e c r e a s e s s h o wi n g th e i n c re a s e Of m oi st u r e c o nt e n
t t o w a rd d e e p e r l ay e r .

V a ri ati o n or

r e n e c t a n c e wi t h m oi s ttlr e C O n t e n tS i s d e s c ri b e d- l at e r i n d e t ail . Fi g ･ 3 i n di c at e s th e sp e ct ral

r eft e ct a n c e of ri ch a n d p o o r s ali n e d s oil s . T h e r e n e ct a n c e of s aJi n e d s oils is hi gh er th a n th at o r

sli gh tly s al i n e d s oil s i n w h o l e s pe ctr al r e g 1 0 n ･ S al i n e d s a n d is ofte n ob s e r v e d i n th e ri v e r b e d s

a n d a g n c ult u r a1 1 a n d ･ I n H ota Jl a nd A k s u a r e a s , th e s uff e ri n g f r o m d a m a g e o f s
al t w e r e

f r e q u e n tly o b s e r v e d ･
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L a b o r a t o r y m e a s t ) r e 仙 e n t s o f s p e c t r a l r e n e c t a n c e o f s a m p l e d s a n d s

a n d s o il s

T h e s a m pl e s of s a n d s w e r e d ri ed u p i n a n ai r o v e n a t c o n st m t t e m pe r at u r e of l O O
o

C I f o r 10

h o u rs ･ A ft e r c o oli ng th e m i n a d e si c c at o r , t h e s pe c tr al r e n e ct a n c e o r th e s a m pl e s w a s m e a s u r ed

wi th a s p e ctr o
-

r adi o m e t e r , G E R M a (k I V i n th i sp e c tr al r a n g e f r o m 4 0 0 t o 2 5 0 0 n m u n d e r
diff e r e n t s oil m oi s h lr e C O n t e n t . A s a li gh t s o u r c e 5 m W t u n g st e n l a m p w a s u s e d . T h e r ef e r e n c e

r e n e ct a JIC e W a s a S t an d a rd w hit e p a i n t m a n u f a c LLlr e d b y K o d a k . S oil m oi st u r e c o nt e Llt W a s

c o n tr olle d th r o u gh sp r a ym g di stille d w at e r o n th e s am pl e s i n a v l nyl p o u c h a nd mi x e d w ell b y
s h a ki n g . T h u s m e a s u r e m e n t s w e l e m a d e fi rs t un d e r a c o m pl e t ely d r y c o n diti o n t h e n u n d e r th e

c o n diti o n of g r a d u al i n c r e m e n t of s oil m oi st u r e c o n t e n t Fig ･ 4 s h o w s t h e sp e ct r al r e n e ct a n c e o f

d ry s a n d s s am pl e d i n th e p e n p h e ry or 泡kli m ak a n D es er t ･ T h e r e n e ct a n c e of r e d s an d s am pl e d

i n K a sh g a r i s s m all e r th a n
-

th at of o th e r .

s a n d s . O n th e o th e r h an d r e n e ct a n c e or s ali n e d s a n d

s a m pl ed i n H ot a n i s c o m p a r ati v ely hi gh d u e t o th e f a ct th at t h e s a Jld s u 血 ° is c o v e r e d wi th a
thi n w hiti s h c r u s t o f s alt .

T h e re s ults or th e m e a s u r e m e n ts of sp e ctr al r efl e c t a n c e i n vi sibl e a n d n e a トi nfr a r ed s pe ctr a f o r th e
d ry s a n d s s a m pl e d i n s o uth e r n a n d n o r th e r n e d g e s of Th kli m a k a JI D e s e rt a r e g l V e n i n T a bl e 1 .

T h e s an d r efl e ct a n c e i n B a ch u a nd T u rf a n i s s m all e r th a n th at of oth e r s am pl e s ･ T h e s e s am pl e s

m a y c o n si st or a si m ila r ty pe o f th e r e d dish b r o w n s oils w hi c h a r e f o u n d fr eq u e ntly iFl t h e a r e a s
fr o m K a s h g a r a s s h o w n i n Fig , 4 t o B a ch u a n d T u rf a n i n n o rth e r n p a rt of T h kli m ak a n D e s e rt .
T h e a v e r ag e r efl e ct an c e o f th e s oil i n s o u th e m a n d n o rth e r n e d g e of T Akli m ak a n D e s e rt i s 2 1 .2

aJ ld 2 8 ･8 % i n vi sibl e a nd n e a r -i nf r a r e d s pe ctr a r e s pe cti v ely sh o w i n g t h a t th e r efl e ct a n c e i n n e ar -

i n f 血 d p a rt is f ai rly la rg e r th a n th at l n Vi sibl e p a rt (f o r d ry s oil) . T a ble 2 i n di c a t e s r e n e ct a n c e

wi thi n th e s pe ct r al b a n d s o f i - ds a t M S S a nd T M , S P Crr H R V f o r v a ri o u s d ry s an d s s a m pl e d i n

s o u th e r n an d n o rth e m w e s t e dg e or T 姐i m a ka JI D e s e rt . T h ey w e r e c al c ul at ed fr o m th e sp e c tr al
r efl e ct a n c e l T) e a S u r e d i n th e l ab o r at o ry ･ Si n c e th e o b s e r v e d sp e c tr al r efl e ct a n c e d at a o f th e s oil i n
th e vi sibl e t o I R p a rt i n Th kli m ak a n D e s e rt i s f e w , th e s e r e s ult s wi ll b e u s e f ul fo r i nt e r p r eta ti o n of

s a tellit e i m a g e d a t a of T hkli m a k a n D e s e rL
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Fi g ･ 4 S p e ct r al r efl e ct a n c e of H e m atit e , D u n e s an d a n d s ali n e s oil s c oll e c t e d
at K a sh g a r(3 9 : 48 N /7 7 :26 E) , S a c h e , H o t a n(3 7 : 1 0 N / 8 0 : 0 2 E) r e sp e cti v ely ･
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L a b o r a t o r y e x p e ri m e n t s o f s p e ct r al r e fl e c t a n c e v s m oi st u r e c o n t e n t s

F ig ･ 5 sh o w s m oi stt F e C O nt e n t V S SP e C tr al r e fl e cta n c e r el ati o n s hip f o r a y ello w s oil s a m ple d n e ar

S a c h e of s o u th e m p a rt of T h kli m ak a n D e s e rt . A t 0 .5 % m oi st u r e c o n t e n t
,
a n e ff e ct of m oi st u r e

c o n te n t s o n s pe ct r al r e n e c t an c e i s s m al l ･ A t 1 ･0 % m oi sttlr e c o n t e n t
,
h o w e v e r it is r e d u c e d b y

5
.6 % . A b o v e 3 _ 0 % of w at e r c o n t e n t , th e v a ri ati o n b e c o m e s s m alle r i n vi sibl e r e gi o n .

A t 14 5 2 a n d 1 9 4 1 n m H 2 0 ab s o rpti o n b a n d s , a r at e of d e c re a s e of r e fl e cta n c e i s l a rg e r th a n th at

i n vi sibl e s p e c t r a l
T his is a s c ri b e d t o th e s t r o n g ab s o rpti o n of w at e r . I shiy am a et . al .(Is hiy a m a

e t ･ a ･

, 1 9 92) r e p o rt e d th at th e d e c r e a s e s i n th e r e fl e c t a n c e w ith th e w at e r c o n t e n t s c an b e
e x plai n e d b y th e r el ati v e d e c r e a s e o f th e r e 丘a cti v e i n d e x ･ T his e x pl ai n s th e d e c r e a s e i n th e

r efl e ct a n c e i n th e vi sible light w h e n th e w at e r c o n t e n t b el o w i s 3 . 0 % . O n th e o th e r h a n d , 血e

la rg e r at e of r e 凸e ct a n c e d e c r e a s e i n n e ar - in 丘ar ed r e g l O n i s a s c ri b e d t o th e str o n g ab s o rpti o n Of

w at e r it s elf al o n g w ith th e e ff e c t of rel ati v e d e c r e a s e o f r ef ra c ti v e i n d e x of s a n d w i th w a te r .

Fig ･ 6
.
s h o w s s pe ct r al r e fl e ct an c e of th e s o il(r e d dish t a n c ol o r silt) s a m pl e d n e a r B a c h u o f n o r th

w e st e r n p ar t o f Th kli m ak a n D e s e rt ･ I n th e vi sibl e s pe ct ru m , r e fl e c t an c e i s s m al l a:t 1 % m oi s t u r e

c o n t e n t . T h e c ol o r of th e s oil c h a rLg e S f r o m r e d t an t o d a rk r ed i n re sp o n s e t o i n c r e a s e of s oil

m oi stt F e c o n t e n t u P t O 2 % ･ B e y o n d 4 % th e c ol o r c h an g e b e c o m e s n egligi bly s m al l . I n
■
n e a r -

i r 血 打ed s p e ct ru m , h o w e v e r , a la r g e c h an g e i n th e r e n e ct a n c e i s ob s e rv e d i n si m il ar w a y a s

sh o w n i n Fig . 6 .

T able 1 A v e r ag e r e n e ct a n c e( % ) of s oils s a m ple d i n th e p e ri p h e r y of T akli m a k a n
D e s e rt i n vi sibl e

,
n e ar an d m id dl e i nf r ar ed sp e c tr a

S t atio n s

R e fl e c t a n c e( % )

V i si bl e S p e ct ru m N e a r , mi d dl e t n fr a r e d S p e c t r a

(4 0 0 - 7 0 0 n m ) ( 75 0 1 1 0 5 0 n m ) ( 70 0 - 2 5 0 0 n m )

H o ta T)( 3 7 : 1 0 N 1 8 0:02 E) 2 5 .2 3 3 .8

S a c h e(3 8:2 0 N / 7 7 :0 3 E) 2 4
.0 3 5 .0

E as h g a r (3 9 :1 3 N / 7 6:1 0 E)
_

2 4 .9 3 0 .2

K a s h g a r (3 9 :1 3 N / 7 6 :1 0 E) 2 2 .9 2 9 3

E a sh g a r (3 9 :1 3 N / 7 6:1 0 E) 2 3 .9 3 2 .1

B a c h (3 9 :4 8 N / 7 7 :2 6 E) 1 5 .2 2 0 .5 3 9 .7

B a c h u(3 8 : 3 0 N / 7 6:4 6 E) 2 4 .4 3 6 . 8 3 3 .7

B a c h u(4 0 : 2 7 N / 7 9:1 5 E) 1 9 ,4 3 6 .1 3 9 . I

B a c h u( 4 0 :0 3 N / 7 8 :4 1 E) 1 5 .4 3 1 .2 4 1 .4

T u rf a n( 4 2 :54 N 1 8 9:2 9 E) 1 4 .1 2 1 .7

T u rf a n( 4 2 :5 4 N I 8 9 :2 9 E) 1 4 .5 1 8 .6

A v e r ag e R e fl e c t an c e( %) 2 1 .2 2 9 3 3 8 . 4 .

A v e r a g e R e fl e c ta n c e

f o r 4 0 0 - 2 5 0 0 n r n 3 0 ,0

St a n d a rd D e vi a ti o n( o) 4 .1 9 6 .2 1 2 .8 9
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T a bl e 2 E sti m at e d sp e ctr al r e n e ct a n e e( % ) in th e s pe ct r al b a n d s o f L a n d s at M S S , T M an d
S P O T H R V f o r v a ri o u s d ry s oils s a m pl e d i n s o u th e rn a n d n o rt h e m e･d g e s oI

T akli m ak a n D e s e rt

T a r g et

甘o ta n ( 1)

S p e c t ral R e f[ e ct a n c e( %) of th e S oil s

L a n d s a t M S S B an d s L a rld s at T M B 8 n d 且 S P O T H R V B a n d s

4 5 6 7 1 2 3 4 5 7 1 2 3

2 9 .5 3 3 .7 3 2
,
4 3 5 .1 2 7 .2 3 1 .4 3 3 . 7 3 3 .4 4 5 .9 4 6 .7 3 0 .5 3 4 .0 3 3 .5

S a c h e ( 2) 2 5 .5 3 1 .5 3 l .1 3 3 .7 2 2 .1 2 6 .3 3 1 ,6 3 2 . 1 4 5 .2 4 8 .2 2 4 ,9 3 l . 8 3 2 .2

S a c h e ( 3) 3 2 ,6 3 7 3 3 6 .9 3 9 .1 2 8 . 9 3 3 .4 3 7 . 4 3 7 .8 4 6 .2 4 7 .6 3 2 .2 3 7 .6 3 7 .9

K a s h g a r ( 4) 2 0 .0 2 7 .2 28 .1 3 2 .1 1 6 .6 2 0 . 8 2 7
.5 2 9 .9 2 7 .2 4 3 .3 1 9 .4 2 7 .5 3 0 ,i

K a s h
g a r (5 ) 2 2 .1 3 0 .8 3 2 .4 3 8 ,3 1 9 .9 2 2 .6 3 1 .2 3 4 .9 4 7 .3 5 3 .2 2 1 .4 3 l .2 3 5 .2

B a c h tl ( 6) 2 1 .1 3 0 .4 3 l .5 3 7 .2 1 8 .4 2 2 .0 3 0 .5 3 3 .7 4 7 .2 5 0 .4 2 0 .4 3 0 . 6 3 3 .9

S ta n d a r d

D e vi a ti o n
5 .0 3 .4 2 ,8 2 .7 4 . 9 5 .3 3 3 2 .7 2 . 8 3 .4 5 . 4 3 .4 2 .7

C o n cl u di n g R e m a r k

T h e f o r e g o l ng a n al y s t s l e ad s t o th e f ollo w l n g c o n cl u si o n . T h e a v e r a g e r e n e ct a n c e of th e s o il i n

th e p eri p h e ry a r e a o f n kli m ak an D e s e rt i s 2 1 ･2 an d 2 8 ･8 % in vi sibl e a n d n e a r -i n 舶 re d sp e c t r a

r e sp e cti v ely ･ I n th e l o n g e r p a rt o f n e a r i n 丘a r e d sp e c t rt) m th e r efl e ct an c e i n c r e a s e s t o 3 8 .4 % . T h e

e ff e c t of s oil m oi st u r e c o n t e n t i s l a rg e r i n 1 4 5 0 a n d 19 5 0 n m w a t e r ab s o r pti o n b aふd s an d
d e c r e a s e s i n a c c o rd an c e wid l in c r e a s e

_
Of s oil m oist u r e c o n t e n t . Al th ot1 gh th e u s e of r adi a n c e a t

L a n d s at T M b a n d s 5 an d 7 a g e th e o r eti c al1y eff e cti v e f o r m mi t o n n g s oil m oi st u r e c o n t e n t , 也e

r el ati o n ship b et w e e n r efl e cta n c e an d m oist u r e c o n t e n t i s t o o w e ak t o p r edict a c c t m t e w at e r

m oi st u r e c o n t e n t . I n o rd e r t o o v e IT: O m e th is sit u ati o n
,
th e ab s ol ut e v al u e s of r adi an c e sh o u ld b e

u tili z e d ･ I n th is c a s e
･
h o w e v e r

, th e r e m o v al of at m o sp h e ri c e ff e ct i s r eq uir e d si n c e its effe ct is

s a m e o rd e r of m a g nit u d e a s th at o f w at e r c o n te nt .

T h e sp e c tr al r e n e ct a n c e of v e g et a ti o n s an d s oil s of 泡kli m a k an D e s e rt obt ai n e d i n th is r e s e 打 Ch

wi ll b e u s e fu l f o r i nt e rp r et ati o n of s a tellit e i m ag e d a t a of T 祉1i m a k an D e s e rt .

R e f e r e n c e s

l ･ D ･ J ･ Le u , Ⅵsible an d n e a r -i n fr a r e d r e fl e ct a n c e o f b e a c h s a n d s : a S t u d y o n th e s pe ct r al

r e n e c t a n c e/ G r ai n si z e r el a ti o n ship , R e m o t e S e n si n g of E n vi r o rz m e n l , 包1 6 9 - 1 8 2 (1 9 7 7) .

2 ･ F ･ B e c k e r ･ P I R a m an an t si z e h e n a an d M ･ P
･ S t oll , A n g ul ar v a ri ati o n of th e bidi r e cti o n al

r e fl e c t an c e of b a re s oils i Tl th e th e r m al i n f r a r e d b a n d
,
A p p li e d O p ti c s , ⊇生 3 6 5

- 3 75 (19 85) .

3 1 J I Ci e mi e w ski
,
A m o d el f o r s oil s u rf a c e r o u g h e s s i n fl u e n c e o r L th e sp e ctr al r e sp o n s e of b ar e

s oils in th e vi sible an d n e ar -i nf ra r e d r an g e , R e m o t e S e n si n g of E n v z
'

r o n m e n t
, 塁,9 7 - 1 15 (1 9 8 7) .

4 ･ R I D , J a c k s o n e t ･ al ･ ･ B idir e c ti o n al m e a s u r e m e nt s of s u rf a c e r e n e ct an c e f o r v i e w a n gle

c o r r e c ti o n s of obliq u e i m ag e r y , R e m o t e S e TZ Si n g of E n vi r o n m e n t , 星 18 9 - 20 2 (1 9 9 0) .

5 ･ P ･ T I H i c k an d W ･ G ･ R ･ R u s s ell ･ S o m e s p e c tral c o n sid e r ati o rts f o r r e m o t e s e n s i n g Of s oil

s al i ni ty . Åu s t . J . S o il R e s .

, 呈邑, 4 1 7
1 4 3 1 (1 9 9 0) .

6 ･ K ･ T h c hiy a , T ･ I shiy a m a a n d S ･ S u gi h a r a , I n v e stlg ati o n of s u rf a c e c o nditio n i n Takli m ak a n
D e s e rt , P r e IS Y(I n t e rn ati o n al S p a c e Y e ar )

- P re s e n t an d F e at u r e s E a A E n vi r o n m e n t D at a S e一l .
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2 n d l nt e r n ati o n al C o nf e r e n c e o n J ap a n e s e E a rth O b s e r v ati o n P r o g r a m , P r o c e e di n g s of P r e IS Y

h t e r n ati o n al S y m p o si u m i 2 09
- 2 2 6 (1 9 9 1) .

7 ･ T . I shiy a m a , S . S u gih a r a , K . T h chiy a , P . J . Li u an d G . F . L u : R e n e ct a n c e セa ri ati o n of

Thkli m a k a n D e s e r t s a n d s i n r el ativ e t o s oil m o ist u r e c o n t e n t , P r o c e e di ng s o f J ap a n
- C hi n a I n tl .

S y m p o si u m o n th e st ud y of 血 m e c h mi s m of d e s e rti B c atio n , 1 3 5
- 15 3 (199 3) .

8 ･ T ･ Ishiy a m a a n d S ･ S tlgi h ar a , St u die s o n th e d e s e rtific ati o n/ S t u die s o n t h e c h a n g e s of th e
s u rf a c e c o n diti o ll i n th e d e s e rt , - D i stri b uti o n a nd p h y sic al p r o p e rti e s of s u rf a c e m at e ri als -

(i n

J ap a n e s e) A m al R ep o rt , J ap a n
- C hi n a J oi nt St u d y o n D e s e r(ific ati o n , S cie n c e an d Te c h n o l o g y

A g e n c y of J ap an , 6 3
- 8 4 (19 9 2) .

9 ･ T ･ I shiy a m a , K . T h c hiy a , S . S u gi h ar a an d P . J ,
Li u , h v e s tig a丘o n o f th e s u rf a c e c o n diti o n in

T 祉1i m ak an D e s e rt (i n J a p an e s e) J o u m a l of G e o g Tla P hy , i9i , 4 , 3 3 4 13 5 1 ( 1 9 9 4) .

1 0 ･ D ･ M ･ G a t e s , l L J ･ K e e g a n , J ･ C ･ S c hlete r a n d V C ･ W eid n e r , S p e ct r al p r op e rti e s o f

pla nt s ,
■A pp l . O p t . , 4 : l l

- 2 0 (19 6 5) .

1 1 ･ W A ･ Al 1 e n a n d A ･ J ･ Ri c h ar d s o n , I nt e r a cti o n o f ligh t w ith a pl an t c a n op y : I . Op tz
'

c al S o c .

A J n e n
'

c a , 塾 8 , 10 23 - 10 2 8 (1 96 8) .

1 2 . T . R . Si n cl ai r , R . M . H o ff e r a n d M . M . S c h r eib e r , R e 且e ct an c e a n d i n t e rn al st ru c t u r e of

le a v e s 丘o m s e v e r al c r op s d u ri n g a g r o w i n g s e a s o n , A g r o n o m y J o u m a l , 亘ま, 8 6 4 -8 6 8 (1 9 7 1) .

1 3 , T ･ I shiy a m a , S . S u gih ar a , K . T h c hiy a , P . J . Li u
,
a n d G . G ,

L u
, V d a ti o n o f S an d

b n e cta n c e wi th M ois 山re C o nt e n t . J . A n
l

d 血 n d St u d i e s
, 基 3 9 - 4 3 (19 9 2) .
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