
A M o nit o ri n g M eth o d of D e s e rtifl C ati o n i n N ai m an
,

I n n e r M o n g olia
,
C hin a

T o s hi aki l m ag a w a
*

,
M i chik a 2 u F u k u h a r a

* *
,
W a Jlg T a o

* * *
a n d Z h u Z h e nd a

* * * *

* N ati o n al I n sth lt e Of A g r o - E n vi r o n m e ntal S ci e n c e s
,
M A F F

3 1 1 - 1 R an - n o nd ai
,
T s u k u b a

,
Ib a r aki

,
3 0 5 J ap a n

F a x : ＋8 1 - 2 98 13 8 - 8 2 7 7

耳m ai 1:i m ag a w a @ ni a e s . affr c .g oj p
* * N ati o n al h stit ut e o f A g r o - E n vir o n m e n t al S ci e n c e s

,
M A F F

3 - 1 - 1 K a n - n o n d ai
,
T s u k u b a

,
Ib a r aki ,

3 05 J ap a n

F a x : ＋8 ト2 9 8 -3 8 - 8 2 03

E m ai 1:fu k u h r@ ni a e s . a 於e . g oj p
* * *

h sti t u t e of D e s e rt R e s 飽 rCh
,
C hi n e s e A c ad e m y of S ci e n c e s

1 7 4 D o n g g an g W e st R o ad
,
L a n zh o u 73 00 0 0

,
C hi n a

F a x :＋8 6 -93 1 1 8 8 89 9 5 0

* * 榊
I n sti t ut c of G e og r ap h y ,

C hi n e s e A c ad e m y of S ci e n c e s

B uildi ng 91 7
,
T at u n R o ad

,
B eiji n g ,

1 0 0 1 0 1
,
C hi n a

F a x :＋8 6 - 1 0 - 6 4 9 1 1S 4 4

A b st r a c t

N ai m an Qi i s l o c at e d i n th e e a s t ed g e of H o rqi n d e s e rt a n d re c e n tly L 曲 ct ed b y d e s e rdfic ati o n .

Th e d e s e rti fi c 血 o n h a s p r o g re s s ed b y o v e r g ra zi ng a n d o v e r c u 血1g･ a n d fi x ed s a n d d u n e s b e g a n t o

m o v e a g al n i n th i s a r e a .
I n th i s st ud y ,

w e i nt e nd ed t o d e v el o p a m o nit o ri n g m e th od of

d es e nifl C 血 o n u si n g L an d s at d at a i n o rd e r t o u nd e r st an d h o w th e d e s e rtifi c ati o n h a s p r o g r e s s e d ,

W e c o uld d efi n e th e d e s e rti fl e d a r e a u s l ng l a nd u s e cl a s sific 血 o n a n d f oll o w l ng th r e e i nd e x e s;

v eg et a6 o n [(T M 4 - T M 3) / ( T M 4 ＋T M 3)] ,
st r u ct u r e [c r M 5 - T M l) / ( T M 5 ＋T M l)] ,

a nd r e d n e s s

[( T M 3 - T M l) / ( T M 3 ＋T M l)] . An d w e ob t ai n ed y e ar ly c h a n g e s b y s u p eri m p o si n g d e s e rtiB e d

ar e a s id e nd fi ed f r o m d at a of diffTe r e n t y e ar .

1 . I d r o d u c d o n

Th e t e r m
-'

d e s e d fic ai o n
-- i n it s te ch ni c al s e n s e h a s a b r o a d e r m e an i n g th a n si m pl y d e s c ri bi n g th e

ph e n o m e n o n o c c u m n g i n p e ri ph e r al ar e a s of d e s e rt s ･ T h e r ef o r e
,

”

d e s e rtific ati o n
'r

h a s b e e n

r ed e丘n ed i n A g e nd a 2 1 a s
‖

l an d d e g r ad ati o n i n ar id , s e m i -

a ri d a n d d ry s ub h u m id a r e a s r e s u lti n g

& o m v ari o u s f a ct o rs
,

i n cl u di ng cli m ati c v a ri ati o n s a nd h u m an a cti vitie s
'l

.
T h e t e rm

E-

d e s e rti 8 c ati o n
-t

i s cl e a rly u s e d n o w t o r ef e r n o t o nly s u r r o u ndi n g d e s e rt s
,
b ut als o m aj o r f o od

pr od u ci n g a r e a s i nt o s e m i - ari d a n d s ub h u m id a r e a s ･

E v e n i n E a st As i a , w h e r e th e r e i s litd e ari d a r e a
,

w e c an s e e th at th e n e w d efi niti o n b ri ng s t hi s

p r obl e m cl o s e r t o h o m e . I n p a rti c ul a r
,
i n E a st e r n C hi n a

,
w hi ch c o n t ai n s 5 0 % of th e l a nd a n d o v e r

90 % o f th e p o p ul ad o n of th at c o u n t ry ,
cli m ati c c o n diti o n s a r e c h a n g l n g fr o m th e s e mi - a ri d r eg l O n S

i n th e n o rth t o th e s u b tr opi c al
,

s ub h um id a r e a s i n th e s o u th
. Z h u et al

L )
e sti m at ed th at
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d es e rti丘c 血 o n i n C hi n a w a s i n d u c ed b y w at e r a n d wi n d e r o si o n
,

a ff e cti n g 1 .4 S 3 m illi o n k m
2

, ab o ut

1 5 % of
■

也e l a nd a r e a of
●

C hi n a .

Th e p u rp o s e o f th is st u d y i s t o d e v el o p a r n o nit o n n g m e th od

i n o rd e r t o un d e rs ta n d h o w d e s e rtifl C ati o n h a s p r og r e s s ed .

2 . S o m e c h a r a ct e ri sti c s o f d e s e r tific a ti o n i n N ai m a n

N ai m an i s l o c at ed ab o u t 4 0 0 k m N E of B eiji n g 伊ig .
1) .

Thi s s e m i -

a ri d r egi o n h a s a n

3 7 2 m m a n d a n n u al a v e r a g e

L a c u s 廿i n e s edi m e n ts i n th e

s t)rf a c e l ay e r d e p o sit s i n

an n u al a v e r ag e r ai nf au of

t e m p e ra .t u r e o f 6 .4
o

C .

Q u at e m a r y a r e th e r n ai n

th i s r e g 1 0 n
,

an d wi d ely

dis 廿ib ut ed s an d d u n e s
,
f o r m ed i n a n e a rli e r d ry p eri od

,

h a v e 触 ed an d b e c o m e c o v e r e d b y s oil a nd v e g et ati o n

wi th h u mi di fy h g o f cli m a t e , O n fi x ed s a n d d un e s a nd i n

th e l o w l an d s b et w e e n d u n e s
,

field c r o p s a r e g r o wn ,

e sp e cial ly c o m an d s o rgh u m . h ad diti o n
, th e g r a s sl an d s

of d e s e rtifi c ati o n u s l n g L a n d s a t d ata

N A]

T

r Ll a L l

W e st k5
p

8 eijizlg

S h ar lgh ai

E a st

Fig . 1 T h e st u d y a r e a

i n n o r th e a st e r n N ai m a n h a v e b e e n e x t e n si v ely d e v el op ed .

D e s e rti名c ad o n h a s b e e n c a u s ed b y th e d e st r u c ti o n o f n a t u r al v e g et a d o n a n d ab o ut I - 2 m of

t op s oil
,

a n d b e gi n s d th th e m o v e m e n t o f u n c o n s olid at e d s an d . I n th is r e g 1 0 n
,

a Str O n g wi nd of

5 r n /s (1 8 k m n l) ofte n bl o w s th e s a n d i n th e s p ri n g . L an d s at i m ag e s h a v e sh o w n w a v e
-lik e p att e m s

o n th e g r o u n d s u rf a c e fa ci ng th e d o mi n a Jlt wi nd dir e c丘o n
,

wi th wi d ely
-di st ri b u t e d s an d d u n e s

e 3(t e n di n g 舟o m w e st t o e a st . T h e m o v e m e n t of s a nd i s i n v e r s ely r el at e d t o p a rti cl e si z e
,
i . e .

,
th e

s m al l e r th e s a nd p a rticl e t h e g r e a t e r th e m o v e m e n t , a n d a n n u al d u n e m o v e m e n t of 5 m /y r h a s b e e 且

ob s e rv ed .
F u rth e r m o r e

,
i n th e g r a s sl a nd w e c an c o n 丘r m p oi nt s w h e r e th e s an d h a s b e e n e x p a nding

i n elliptic al p att e m s a r o u zld p o n d s . A t p r e s e n t
,

m e a s u r e s h a v e b e e n p ut i n t o eff e ct t o st o p th e

m o v e m e n t of s a nd
,

an d th e r e a r e pl a c e s i n p ed p h e ral a r e a s w h e r e v eg e t ati o n h a s i n v a d ed .

3 . E xt m c ti n g m e th o d s b y l a n d tIS e Cl a s sifi c a ti o n

W h e n w e 既tr a C t d e s e rtifi ed ar e a s u si n g L a nd s at D at a
,
th e m o st p r e ci s e m e th od i s t o d efi n e th e

d e s e rti fie d a r e a s an d l a n d u s e ty p e s b a s ed o n e xi sti n g m ap s a nd 丘eld s u r v ey .

S o
,

w e e x a mi n e d l a n d u s e cl a s sific ati o n i n a t e st a r e a of N ai m a n u s l n g la n d u s e u nit s of th e

d e s e rtifi c ati o n 皿 a p Of N ai m a n Q i . T h o s e un it s c o n t ai n a cti v e d u n e
, g r a s sl a n d

,
c r o pl an d

,
f o r e st

w ed a n d
,

vill ag e a nd w at e r b od y .

Fi r s t
,
i n th e t e st a r e a w e e st abli sh ed ab o u t 丘v e ty pi c al p oi nt s of e a ch u nit w h e r e h a v e n o t ch a n g ed

si n c e th e m a p p u bli sh ed . S e c o nd
,

w e c h e c k ed r efl e ct a n c e s o f th e e v e ry p oin ts u s i n g L an d s at d ata

ob s e Ⅳ ed o n diff e r e n t fi v e ti m e s & o m M ay t o S ept e m b e r i n 1 9 9 2 . Fig u r e 2 sh o w s a e x a m ple of

th e r e s ult . S o m e ch a r a ct e ri sti c s a r e s u m m a riz ed a s f oll o w s . A cti v e d u n e h a s th e hig h e st r e n e ct a n c e

a s c o m p a r ed wi th o th e r u nit s t h r o u g h b a nd s a n d d m e s . h c o n t r a st
,

w a t e r b od y h a s th e l o w e st o n e

o n b o th 4 th an d 5 th b a n d s
,

w hic h b el o ng t o n e a r i n fr a r ed r e gi o n
,
th r o u gh b an d s an d ti m e s .

An d

s o
,

a c ti v e d u n e

ab o v e r e a s o n s .

a n d l at e J uly .

c o v e r ed w i 也

a nd w a te r b od y a r e e a sily disti n g ui sh ed f r o m o th e r u nits u si n g o nly o n e d at u 皿 by

l n th e c a s e of o th e r u nit s w e c o uld di vid e th o s e u nit s u s l n g t w o d d a of l a .t e M ay

B e c a u s e c r o pl a n d a n d g r a s sl an d h a v e p o o r v e g et ati o n a n d f o r e st a r e a i s al r e ady

g r e e rl l e a v e s i n l at e M ay . An d c r o pl a n d h a s hi gh e r d e n si ty of v eg et ati o n th a n
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M ay l l J un e 3 0 An g ･1 9 0 ct .S M ay l l

T M 4

＋ f or e st

- ～ G r a s sl a n d

＋ w a:t e r b od y

2 8 0

24 0

2 0 0

卦6 0

> ･

i;12 0

U

8 q

4 0

0

T M 3

J un e 3 0 An g .1 9 o ct .
8

TM 5

/
鴫

M ay l l

＋
w et l a nd

～ c r o pl a n d

J u n e 3 0 An g 1
1 9 0 ct ･ 8

- . a cd v e d u n e

＋ vi ll ag e

Fig ･
2 S e a s o n al ch an g e s i n sp e ct r al r e fl e ct a n c e of e a ch la n d c o v e =A an d u s e ty pe

gr a s sl an d i n l a ･t e J uly ･ Th e s e p h e n o m e n a sh o w difn c ul ty t o di vi d e i nt o c r o pl an d
,
f o re st an d g r a s s

l a nd b y o nly o n e ir n ag e ･ H o w e v e r w e c o uld s ol v e th i s p r obl e m b y u s l n g di ff e r e n t t w o i m a g e s

w hich ob s e rv e d o n sp n n g a n d s u m m e r . B e c a u s e i n l at e M ay c r o pl a nd a nd g r a s s l a n d a r e al m o st

b a re b ef o r e s e edi n g a nd t r e e s ar e c o v e r ed i n 丘
･

e sh g r e e n
,
i n h t e J uly a nd A u g u st c r o pl a n d an d g r a s s

la nd a r e c o v e re d i n g r e e n a n d c r o pl an d h a s a hi gh e r d e n sity th a n g r a s s l a n d . T hi s ch a n g e s r e A e ct

a v al u e of r ed b an d w hi c h i s 3 rd b an d i n T M a n d h a s hi gh r efl e ct a n c e a g ai n st th e p h yt o sy n d c

p lg m e n t chl o r op h yll .

I n th is st u d y ,
w e u s ed fiv e b a n d s d at a of L a n d s at T M fo r cl a s sify i n g l a nd u s e a s sh o w n b el o w ; 3 rd

b a nd of M a y 2 0 th a nd l st , 3 rd
,
4 th an d 5 th b a n d s of J uly 2 3 rd ･ W e t o o k th e pl a c e s w h e r e w e

ch e ck ed th e r e fl e cd o n of e a c h l a n d u s e ty p e f o r tr ai ni n g a r e s a n d cl a s siFl ed th o s e ty p e s wi th

su p e r vi s ed cl a s sifi c ati o n . An d w e h ad a hi gh p r ob abilit y i n th e cl a s si丘c ati o n( T abl et) . E a ch u nit s
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w a s di s cri mi n at ed & o m th e oth e r u nits wi th m o r e th an 80 % o f p r o b ability .
E s p e ci ally , c r o pl an d

a nd g r a s sl a nd w e r e dis cri mi n at ed wi th 95 % of p r ob abilit y .
As m e nti o n e d ab o v e

,
w e c o n五r m ed

this m eth od w a s u s e fu l f o r l an d u s e cl a s sifi c ati o n . tF w e c a n an n u al 1y cl a s sify th e l an d u s e i n th e

s a m e a r e a an d c o m p a r e th e r e s ult s
,

w e wi ll b e ab le t o g et d e s e rti丘c ati o n t r e nd s a s w ell a s

re cl a m ati o n an d ab u nd a n t of c r o pla n d a n d cl e ari n g a nd pl an t ati o n of tr e e s ･

T abl e 1 V eri fi c ati o n of la nd c o v e r/l an d u s e cl a s sifl C 如i o n wi th m a xi m u m lik elih o od m e 血o d

a cti v e d u n e r a s sl an d C r O l a nd fわre st W ed a nd vi ll a W at e r b od

a cti v e d u n e

g r a s sl a n d

c r opl a n d

fわre st

w ed a nd

vill ag e

w at e r b od

9 6 .
8 7

0
.
2 9

0
.
0 0

0 .0 0

0 .0 0

0 .0 0

0
.
0 0

1
.
2 5

9 4 .7 1

2 . 8 2

4
.
5 1

2 .5 0

0 .5 4

0 .0 0

0
.
00

0 .2 9

9 4 .8 6

0 . 0 0

0
.
0 0

0 . 1 8

0 .0 0

0
.
0 0

1 .1 4

0 .9 1

8 0 .5 6

6 ,7 5

2 .0 6

0 . 6 1

0 .0 0

0 .
8 6

0 . 00

12 .$ 5

8 1 .25

8 .0 4

2 .7 4

0 . 0 0

1 . 2 9

0 .
0 0

1 .0 4

2 .5 0

8 6
.
0 3

0 .0 0

0 . 0 0

0 . 0 0

0
. 00

0 . 00

5 . 75

0 . 00

95 . 43

4 . A z) e x t m cti llg m et h o d b y l a n d c o v e r d l a n g C S

T h e cl a s si丘c ati o n m e th od o f la nd u s e i s eff e 血 v e i n m o nit o ri ng d e s e rtifi c ad o n
,
b u t th e r e i s n o

g u a r a n t e e th at L a n d s a t d at a a r c p r o v id e d fo r it e v e ry y e ar ･ S o
,

w e e x a m i n ed a m e th od t o d e 血e

t h e d e s e rd fi ed a r e a b y o nl y o n e i m ag e a n d p r o p o s ed f oll o wi n g t h re e i nd e x e s
･

Fi r s t
,

a v e
.
g et ati o n i n d e x w a s u s ed t o i d e ntify u n v e g et at e d r e gi o n s I

F o r L A ND S A T T M d at a ( T M 4 1 T M 3) / Cr M 4 ＋T M 3)
F o r L A m S A T M S S d ぬ ( M S S 7 - M S S 5) / ( M S S 7 ＋ M S S 5)

L o w v al u e s of th i s i n d e x r ep r e s e n t ed u n v e g e t at e d ar e a s . C o m p a ri s o n s w e r e m ad e wi th c o m p o sit e

i m ag e s t o d e ri v e th e th re sh old
,
th e n u n v e g et a t ed a r e a s w e r e id e n ti fl e d ･ An d

,
t o c o n sid e r s e a s o n al

n u ct u ad o n s i n v e g et a ti o rL
,

W e u s ed a ut u m n a n d s p n n g d at a a n d c o m m o n a r e a s w e r e i d e n d fi ed ･

s e c o n d
,

w a t e r b odi e s a n d m an - m ad e st r u c t u r e s s u ch a s s etd e m e n t s
,

w hi ch w e r e i n cl ud ed i n th e

u n v eg et at ed r egi o n s
,
h ad t o b e r e m o v ed .

F o r th at p tJ rP O S e
,
th e r a ti o ( T M 5 - T M l) / ( T M 5 ＋T M l)

w a s ob t ai n e d . Si n c e b a r e l a n d i n this b a n d r ati o w a s hig h e r th a n w a t e r b o die s a nd m a n - m ad e

st ru c t u r e s ,
it w a s p o s sibl e t o s ep a r at e th e t w o .

T h e r ef o r e
,
th e in d e x d e ri v ed 丘

.

o m th i s r ati o w a s

n a m ed th e str u ct u r e i nd e x . S i n c e th e r e w a s n o M S S s e n s o r c o r r e sp o ndi n g t o T M 5
, ol d d at a w ere

m a sk ed b y w at e r b o di e s a n d m a n - m ad e st r u c t u r e s d eri v ed 舟o m th e n e w i m a g e s ･
T hird

,
u si n g th e

r ed n e s s i n d e x ( T M 3 - T M l) / ( T M 3 ＋T M l) w hich r e fl e ct s th e a m o u n t of o x idi z ed ir o n c o n t ai n ed in

th e g r o un d
,
d e s e rt a r e a s w e r e id e mi fi e d b y th e g r o un d c ol o r i n e a ch r egi o n .

.
Fi n al ly ,

d e s e rtiR ed

a r e a s id e n tifi ed 血) m d at a of di ff e r e n t y e ar w e r e s u p eri m p o s e d t o ob tai n y e a rly ch a n g e s ･

N e x t
,

w e v e ri {l ed a ap plic ati o n of th is m e th od i n a t e s t a r e a
,

a 3 0 kn sq u a r e ar e a w a s s el e cted a s

th e t e s t a r e a
,

an d w a s a n al y z ed f o r d e s e rd 6 c ati o n p att e r n s i n th e l a st 1 0 y e a rs I D e s e rd fy i ng

r e gi o n s h a v e l o w v e g et ati o n i n d e x e s . W hit e c ol o r ed ar e a s sh o wi n g th e s oil c ol o r s of thi s a r e a s w e re

id e n ti G ed
,

th e r e
.
s ult s 舟o m an al y si s of old a n d n e w i m ag e s w e re s u p e ri m p o s ed t o cl a ri fy th e

ch a n g e sO 7ig .3) .

T h e sp 血 al p r o p o rti o n s of th e t e st ar e a u n d e rg o l n g d e s e rtifi c ati o n w e r e r o u gh ly 4 0 % ･ An d th e a r e a

of r e cl ai m ed l an d a n d th e a r e a of n e w ly d e s e rti fy i n g l a n d w e r e r o u ghly 1 2 % in th e di stri ct s ･
T his

fa c t i ndi c at ed th at th e sp atial e x t e n t of d e s e rtific ad o n i s al m o s t c o n st a n t i n th e l a st 1 0 y e a r s ･
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1 9 9 1 .8 .2 2 髄d e s e r b 帝re c ｡ v eふ d e s e rti丑ed

82 - 9 1 2 9 .2 % 1 2 3 % 1 2 .0 %

Fig .3 C o m p o sit e p h ot o of L an d s at T M O eft) an d r e c e n t t r e n d of d e s e rtifi c 血 o n i n N ai m an
,

h n e r M o n g oli an A u t o n o m o u s R egi o n

E sp e cial ly th e a r e a s a r o u n d th e s d tl e m e n t s a n d a r o un d t h e N - S ru n n l n g r O ad an d rai l w ay i n th e

e a st e m p a rt of th e t o w n sh o w ed s o m e r e c o v e ry 丘o m 1 9 8 2 - 91
,
i n c o n t r a st t o o utlyi n g a r e a s

,
w h e r e

d e s e rtifi c ati o n c o nti n u e d . T h e s e f a ct s sh o w th at d e s e rd 丑c a:ti o n d o e s n ot p r o c e ed un il at e r al1y

reg a rdl e s s of th e st at e o f d e g r ad a;d o n ; r a th e r
,
th an k s t o s o m e s o rt of m e a s u r e s i m pl e m e n ted w h e n

r el ati v ely e a sy t o d o s o
,
th e p r o g r e s s of d e s e rtifi c ati o n c o uld b e r e st r ai n ed .

F u r th e rm o r e
,

W e V e ri fi ed th e r e s ul ts o f th e an al y si s b y g r o u n d t r u th . H e r e
,

w e i n t r od u c e f oll o w i n g

比r e e sit e s .
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A
■'

p oi nt (4 2
-

4 9
'

5 6
”

N
,
1 2 0

'

4 5
'

1 5
”

E) ,
sit u a t ed o n ab o ut l O k m of 丘x e d s a n d d u n e s i n e a s te m

N ai m a n ( A i n Fig .3) ,
i s an ar e a w hi c h L a n d s at d at a an al y si s sh o w ed t o b e d e s e r d fy i n g f r o m

198 2 - 1 9 91 . A c c o rdi n g t o a d e s e rB fi c ati o n m ap c o m pil e d b y th e C hi n e s e A c a d e m y of S cie n c e
,

c r o pl an d th a;I h a d b e e n c uld v at ed b y th e d ry fa r m i n g m e th od w a s cl a s si丘ed a s ab a n d o n ed f ar m l an d

in 19 5 8 a n d a s sh r ubl an d i n 1 9 7 4 , a n d sh ru bla n d s of wi ll o w w e r e s e e n i n th e a r e a . T h e r e w a s n o

tra c e of c ulti v 血 o n o n th e f o r e st 凸o o r
, J u st a s c a nt C O V e n ng Of g r a s s

,
a nd s a n d d u n e s h ad b eg un t o

e n c r o a c h o n s o m e p ar t s of th e a re a . T hi s c o nditi o n c o r r e sp o nd ed w ell wi th th e r e s ul t s o f th e i m ag e

P r O C e S S l n g .

rr

B
TI

p oi nt(4 2
o

4 9
'

8
.1

N
,
1 2 0

o

4 7
'

3 3
'-

E) l o c a ted ab o ut 8k m S S E of
”

A
”

p oi n t( Fig s) , w a s al s o j ud g ed

to h a v e b e e n d e s e rti fy i n g fr o m 19 8 2 -9 1 . A c c o rdi ng t O th e d e s e rtifi c ad o n m ap ,
th i s ar e a w a s

cla s sifi ed a s g r a s sl an d i n b o th 1 95 8 a n d 1 9 7 4 , b ut a c o m p ari s o n of th e t w o y e a r s sh o w s a v a st

r ed u cti o n i n sp ati al e x t e n t a n d a t r a n sf o r m ati o n i nt o s e lrli -

s olid s an d d u n e s I A fi eld st u d y r e v e al e d

sc an t tr a c e s of c ulti v a .ti o n i n d ep r e s si o n s
,
b ut th e g r o u nd w a s n e a rly c o v e r ed b y s a n d

,
an d th e s a n d

d u n e s h ad b eg u n t o m o v e ag a l n .

- 1 15
-
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C
-'

P oiLlt( 4 2
o

5 1
'

2
”

N
,
1 2 0

o

4 2
'

1 1
‖

E) diff e r s 丘
･

o m th e t w o p r e vi o u s sit e s i n th at it w a s d et e mi n ed

t o b e la n d th at w a s r e clai m ed & o 皿 th e d e s e rt i n 1 9 8 2 - 9 1 . T hi s i s a n a r e a of s a n d d u n e s ab o ut 5 kn

e a st o f N ai m an 伊ig 3) I
T h e d e s e rti 鮎 ati o n m a ･p Sh o w ed th e s u r r o u n di n g a r e a t o b e o n e o f m o vi ng

a nd s e mi - m o v i n g S an d i n 1 9 5 8; b y 1 9 7 4
,
th e c e n tr al a r e a h ad b e c o m e a m o v i n g S an d ar e a

,
wi th th e

s u r r o u ndi n g a r e a c o n sistl n g Of s olidifi e d s a nd d u n e s . I n th e c o m p o sit e L a nd s at i m ag e s & o r n 19 91
,

th i s a r e a cl e a rly diff er s fr o m th e w hit e c ol o r of th e m o v l n g S a nd d u n e s , l e adi n g u s t o a s s u m e th at

v eg et &d o n i n th e a r e a h a s r e c o v e r ed . M o r e o v e r , th e t o p o g r ap h y of th e a r e a c o n si st s of s m all p at ch e s

of u nd ul ati n g m o vi n g d u n e s ( m a xi m u m si z e 7 - 8 m) , b ut m o s t o f th e g r o u nd s u rfa c e h a s v e g etati o n

c o v e r s u ch a s g r a s畠e s of th e A rt e m e si a f mi 1y a n d y o un g wi ll o w s an d o th e r s c ru b . T h e s an d d un e s

h a v e al s o b e e n ob s e r v ed t o b e s olidi fy i n g . T hi s is th e r e s ult of a p r ohibiti o n o n g r a zi n g e n a c ted

ab o ut 5 y e a r s p r e vi o u s . I n ad diti o n t o n a t u r ally r e c o v e n n g g r a s s e s
, p o pl ar g r o v e s h a v e al s o b e e n

pl an t ed i n p a rt of th e a r e a .

5
. C o n cl ll d h g r e m ar k s

I) e s e rti fic 血 o n i n N ai m a n w a s ch a r a c t ed z ed b y r e a c ti v a .ti n g Of 丘Ⅹe d s a n d d u n e s . h th i s st ud y , w e

p r o p o s ed a m o nit o r l n g m e th od of d e s e rd 丘c 血 o11 u Sl n g L a n d s a t d at a i n o rd e r t o u n d e r st an d h o w

d e s e rtif l C 血 or L h a s p r og r e s s ed .

A t fi r st
,

w e d e v el op ed a m o nit o n n g m e th o d of l a n d u s e ch a n g e b y s u p e r vi s ed cl a s si fi c ati o n . T his

m e th od n e ed s d at a o f t w o diff e r e llt ti m e s i n th e s a m e y e a r
,
b u t sh o w s h o w l a nd u s e ch a n g ed in

e a ch pi x el , W e di d n o m o r e th an sh o w th e hi gh p o s sibilib
, Of a p pli c atio n i n th i s st u d y , I n n e a r

fu t u r e
,

w e w a rlt t O S h o w a r e s ult u si n g th i s m e th od s
,
if w e wi ll b e abl e t o g et th e d at a o f diffe r e n t

y e a rs i n this a r e a . S e c o n d
,

w e i n v e st 唱at ed ･ a m o n it o ri n g m eth od of l an d c o v e r ch an g e s b y

f oll o w m g th r e e i n d e x e s; n at u r al v e g et ati o n
,

s t ru ct u r e s
,

an d s oil r e d n e s s . T h e s e i nd e x e s w e r e v e ry

eff e cti v e t o un d e r sta n d th e c o n di七o n s an d t r e nd s of d e s e rtifi c ati o n . W e c o nfi m l ed th at n o

sig ni丘c a n t c h a n g e s i n sp ad al e xt e n t of d e s e rti丘c ab b n w e r e s e e n i n th e t e s t dis 山ct .
L a nd

m a n a g e m e n t a r o un d m aj o r S ettl e m e n t s
,

r o ad s
,

r ai l w a y :li n e s
,

et c .

,
w a s r e h ti v ely m ed c ul o u s an d

d e s e rt l a n d w a s b ei n g r e cl ai m ed . C o n v e r s ely ,
i n o u tlyi n g r eg i o n s n e w d e s e rt l an d w a s a p p e ar 1 n g ,

As d e s crib ed ab o v e , w e c o ul d un d e rst a n d th e c o n diti o n s an d t r e n d s of d e s e rd 丘c ati o n th r o u gh this

m eth od .

6 . A c k n o w l e g e m e n t

T h e a u th o r s e x p r e s s m a n y th a n k s t o P r of . Li u Xi n M i n a n d P r of . Z a o H ali ll
,

h sti t ut e of D e s e rt

R e s e a r ch
,
C hi n e s e A c ad e m y o f S ci e n c e s

,
f o r m a rty h elpf u s u g g e sti o n s a n d th ei r h elp l n O u r fl eld

w o rk s . T h e a u th o r s al s o e x p r e s s m a n y th a nk s t o M r . T ak e shi W at a n ab e
,
J ap a n l nt e r n 血 o n al

R e s e a r ch C e nt e r f o r A g ri c ult u ral S ci e n c e s
,
f o r hi s a s si st a rl C e i n iz n ag e p r o c e s s i n g . L a n d s at d ata

w e r e o w n ed b y th e U nit ed St at e s G o v e r n m e n t a n d s u p pli e d b y E O S A T/ N A S D A .

7
.
R ef e r e n c e s

z h u
,
Z h e n d a et al (1 9 9 2)ニ C hi n a : D e s e rti fl C a .ti o n M ap pi n g a nd D e s e rt R e cl a m ati o n . F o r m

''

W o rld

A 舶s of D e s e rti fi c ati o n ,

'T

U N E P
. p p ,

4 6 - 4 9 .
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