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s ci e n c e , S p o rt s an d C ult u r e o f J ap a n ･ T his st u d y l S al s o s u p p o rt ed b y a G r a n t
-i n - A id fo r

l n t e m a ti o n al S cie ntific R e s e a r ch (J oi nt R e s e a r ch) fr o m th e s am e M i nist ry d nd e r th e r e s e a r ch title

o f
”

S u rv e y an d m ap pi n g Of d e s e rtifl C ati o n of th e w h ole As i a
11

･ T h e a u th o r s m u st t h a nk th e s e

p r o g r am s ･
I n ad diti o n

,
w e wi sh t o th a n k m an y i ndi vid u al s s u ch a s L ･ K ･ P e r e r a f o r his w o rk of

c ol o r p r e s e n t ati o n o f t h e m ap , D e mi s G ･ D y e f o r his l an g u ag e e ditin g , S hi n I chih a shi f o r his

w o rk of m ap digiti z ati o n , a n d st affs an d st ud e nt s o f C E R e S fo r v a ri o u s a s si st a n c e ･
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D es e rtific ati o n i s a gl ob al p r oble m , n o t o nl y b e c a u s e of th e v a st a r e a s of d ryla n d s ,

w hi ch o c c u p y ab o ut o n e third of th e E a rth
'

s s u rf a c e . T h e p r o c e s s of l a n d d eg r a d ati o n

i niti at ed i n d e s e r ts c an e x p a n d lik e a c a n c e r t o b o rd e ri n g a r e a s . F o r e x am ple , p a rti cle s

of d tl St an d s alt bl o wn off fr o m t h e d ry , e x p o s e d B o o r o f th e A r al S e a a r e tr an sp o rte d

by w i nd o v e r g r e a t dist a n c e s r e a c hi n g R u s si a ･ I n t e rn ati o rl al C o n v e n ti o n t o C o m b at

D e s e rtifl C ati o n ( C C D) ad op t ed i n 1 9 9 4 , d efi n e s d e s e rtifl C ati o n a s
-

l& d d e g r ad ati o n
i n a rid

,
s e m i -

ari d a nd d ry s u b
-h u m id a r e a s r e s ulti n g fr o m v a ri o u s fa ct o r s , i n clu di n g

cli m at e v a ri ati o n s an d h u m an a c ti vitie s
”

. L o s s of p r od u cti vity i n a rid r e g i o n s C r e a te s

th e m aj o r e n vir o n m e nt al c o n st r ai nt s f o r s u s t ai n abl e d e v el o p m e n t . H un d r ed s m illi o n
●

of p e opl e i n th e c o u n t ri e s aff e ct ed b y d e s e rtifi c ati o n s uffe r di r e ctly fr o m sh o rt a g e of

f o od an d e n vi r o n m e n t al q u alit y . S e v e r al m illi o n of e c ol o gic al r e fu g e e s ( a c at e g o ry of

p e o pl e n ot r e c o g ni z ed b y U N a g e n ci e s!) s e ek a syl u m i n n ei gh b o ri n g c o un trie s ･ S o th e

p r oble m of d e s e rtific ati o n h a s tr an sfo r m e d t o s o ci al a n d p olitic al p r ob le m ･

T h e p e o pl e s of th e w o rld r e c o g n i z e th e i m p o rt an c e of thi s p r o ble m . T h e I nt e m ati o n al

C o n v e n ti o n t o C o m b at D e s e rti fl C a ti o n ( C C D) g a v e a n e w h o p e fb r th e p e opl e

s u ff e ri n g fr o m d e s e rtific ati o n . C C D r e c o m m e nd s c r e ati n g a m o nit o ri n g sy st e m of

d e s e rtifl C ati o n c o n tr ol . A s s e s s m e n t an d m ap p i n g O f d e s e rtific ati o n i s th e fir st st ep o f

this m o nit o ri n g . A s k n o w n , th e a s s e s s m e n t an d m ap p i n g Of d e s e rtifl C ati o n c an b e

c o n d u ct ed o n diff e r e nt l e v els : gl ob al , r e gi o n al ( C C D r e c o g ni z ed As i a a s o n e r e gi o n) ,
n a土i o n al a n d l o c al .

S t u d y of s ci e n tific p u bli c atio n s h a s sh o wn th at s ci e ntists an d e x p e rts of diffe r e n t

c o u n t rie s h a v e d e v el o p ed diffe r e n t m e th o d ol o g l e S f o r d e s e rtifi c ati o n a s s e s s m e n t .

F r o m this p oi n t of vi e w , a u th o r s app r o v e t h e effo rts of F A O an d U N E P i n th e

st an d a rdiz ati o n of t his m eth o d ol o gy . D e s e rtifl C ati o n m ap s p u blis h e d i n th e c o un tri e s

o f As i a i n s e v e r al c a s e s ar e n ot c o m p a r able .
R e m ot e s e n s i n g d at a h a v e b e e n u s e d t o

m ak e th e fi n al d e ci si o n i n all q u e sti o n abl e c a s e s . T h e a u th o r s p r o c e ed 丘o m th e

a s s u m pti o n th at c h an g e s i n sp e ctr al r e fl e ct an c e m e a s u r ed b y sp a c e i m a g e s a r e

i ndi c ati v e s of r e al ch an g e s i n d e s e rt e n vir o n m e n t .

S m all s c al e d e s e r tific ati o n m ap s c an n o t d e s c rib e l o c al p h e n o m e n a i n d e s e rt

e n vir o n m e n t al c h an g e . T hi s sh o uld b e t ak e n i nt o c o n sid e r ati o n b y an aly si s of th e

pr op o s ed m a p .

T h e a uth o r s h op e th at this m ap w ill p a v e th e w ay f o r fu rth e r p e rf e cti o n of th e

m e th od ol o gy of d e s e rti fi c ati o n a s s e s s m e n t an d m ap p l n g ･

･1
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C rit e ri a fo r d e s e rtifl C ati o n a s s e s s m e n t m u st t ak e i n c o n sid e r ati o n th e l o c al c o n d iti o n s of

th e st u d y a r e a . T h e s e c o n diti o n s sh o uld b e i n v e s tig at ed th r o u gh fi eld ob s e rv ati o n s , w ith

th e h elp o f r e m o t e s e n s i n g t O OI s ･ T h e r e s ults of s u c h in v e s tig ati o n c an b e i nt e rp r e t ed

a c c o rdi n g t o th e t y p e an d d e g r e e of d e s e rti fi c atio n . T h e ty p e s o f d e s e rtifl C a ti o n

c o n sid e r e d in this st u d y a r e a s fわllo w s :

1 - V e g et ati o n c o v e r d eg r ad ati o n .

2 - W i n d e r o si o n

3 - W a t e r e r o si o n

4 - S oil s ali niz ati o n

5 - S oil s ali ni z ati o n c a Ⅵs ed b y th e d r o p of A r al S e a l e v el

6 - R an g el an d w at e rl o g g l n g in C e ntr al A si a

C ri t e ri a fo r th e a s s e s s m e n t an d s m all s c ale m ap p l n g Of d e s e rti fl C ati o n w e r e d e v el o p ed fo r

e a ch l an d u s e ty p e . T h e fToll o w l n g C at e g o ri e s of l a n d us e w e r e id e n tifie d : f o r e st/ w o odl an d ,
r an g el an d an d m e ad o w , d ry ag r l C ult u r e , ir rig ati o n a g ri c u lt u r e an d th e d ry , e xp o s e d

b ott o m o f th e A r al S e a t B e c a u s e ab s ol ut e fig u r e s Of th e s e c h ar a ct e ristic s v a ry fr o m r eg i o n

t o r e gi o n , th e c rit e ri a a r e gi v e n i n r el ati v e fig u r e s (f o r e x am pl e , p e r c e n t a g e of th e a r e a
c o v e r e d w ith m o vi n g s an d d un e s) .

V e g et atio n c o v e r d eg r a d atio n i s c o n sid e r ed t o b e th e m ai n f o rm o f d e s e rtifl C ati o n . T h e

m aj o r c a u s e s o f t his t yp e of d e gr ad ati o n a r e o v e rg r a zi n g , fu el w o od , fi r e s of f o r e st s an d
h e a v y tr affi c m a chi n e s , w hi ch c o m p a c t th e s oil a nd kill t h e r o o t s of pl an ts . 甘盈b 且e且.i

s um m ari z e s th e cri t e ri a f o r a s s e s s l n g Of th e v e g et ati o n c o v e r d e gr ad ati o n . Fi v e c rit e ri a

w e r e d e v el o p e d t o an aly z e th e st at u s of v e g et ati o n d eg r ad atio n :

ト Pl 皿t C O m m u n lty : this c rit e ri o n a n al y z e s th e e xi sti n g t yp e s o f cli m a x pl a nt s i ‖t is

cli m a x
,
o r s e c o n d a ry .

2 - P e r c e n t ag e o f cli m a x sp e ci e s : Th e distrib uti o n a n d th e d e n sity o f cli m a x sp e ci e s

r e fl e ct cl e a rly th e o v e r g r a z l n g O f an a r e a . If 75 % o r m o r e of cli m a x pl an t s r e m ai n i n

th e l an d
,
it i s c o n sid e r ed slig htly d e s e rtifl ed , w hile 7 5

1 2 5 % is c o n sid e r e d a s m o d e r a t e

r an g e of d e s e rtifi c ati o n . If th e r e m a l n l n g Cli m a x s p e ci e s a r e le s s th a n 2 5 % , th e
●

■

sit u ati o n i s c o n sid e r ed t o b e s e v e r e t o v e ry s e v e r e .

3 - D e c r e a s e o f t ot al pl an t c o v e r : T his c rit e ri o n i s add r e s s e d t o q u an tify th e d e cli n e i n

v e g et atio n d e n sity , a n d is di vid e d i n th r e e d e g r e e s : l e s s t h a n 2 5 % , 2 5
- 7 5 % a n d m o r e

t b a n 7 5 % .

4 - L o s s of f o r ag e o n r an g el an d : R an g el an d is th e m ai n s o u r c e o f li v e s t o c k fo r ag e a n d

o c c u p l e S a l a r g e p a rt o f m an y r e g l O n S ･ R an g el an d c o n diti o n i s th e n f o r c o n sid e r e d t o

b e an i m p o rt an t i n dic at o r o f d e s e rtifi c atio n , th e c rit e ri a f o r thi s a s s e s s m e n t i s th e



q u a n tity of fo r ag e l o s s wi thi n r a n g el a n d , w ith t h e c at e g o ri e s f o r p e r c e n t a g e of lo s s a s

i n pl a nt c o v e r d e c r e a si n g (t hird c rit e ri a) ･

5 _ L o s s o f c u r r e n t i n c r e m e n t o f w o o d : T h e e sti m ati o n of this lo s s i n w o odl a n d cl a s sifie d

u s l n g th e s a m e p e r c e n t a g e c at e g o ri e s a s ab o v e ･

s o 姐 e F
･

O S豆o 皿 b y w 豆皿戚 o r w 如e 訂 a Cti o n s r e s ults fr o m a s e t of c o m ple x p r o c e s s e s , w hi ch c a n

b e g r o u p ed i nt o th r e e p h a s e s : p h y si c al d et a ch m e n t , tr an sp o rt ati o n an d d ep o siti o n of a s oil

p a rti cl e . T h e t e - s oil l o s s i s th e q u a n tify in g o f m at e ri al e x p o rt ed at a sp e cified p oin t at

t h e b o u n d a ry o f a n ar e a , a n d c a n b e e xp r e s s ed i n u nit s of t o n e s p e r s q u a r e kil o m e t e r ･ T his

r e s ult s i n r e m o v al of th e t op s oil , d a m ag e t o s oil st ru ct u r e a n d d etri m e n t al ch a n g e s i n

t e x t u r e . T h e m ai n c a u s e s o f s oil e r o si o n a r e o v e r g r a z l n g , W hich le ad s i n p a rti c ul a r t o a

r ed u ctio n i n th e pl an t c o v e r . U p r o o ti n g of sh ru b s l e ad s t o th e d e st ru cti o n of th e s oil

st ru c t u r e a n d th u s t o a c c el e r at e d e r o si o n of th e s oil b y w i n d a n d w ate r . If pl an t s , w hi c h

h ad p r e vi o u sly p r o t e ct ed th e s oil , a r e r e m o v ed b y u p r o oti n g , th e i n filt r atio n of

p r e cipit ati o n w a te r i n t o th e s oil d e c r e a s e s an d s u rf a c e r u n off i n c r e a s e s ,
仏

e n h a n c e d n o o d s
''

O c c u r .

D r o u g ht y e a r s a r e a n o r m al p h e n o m e n o n , d u ri n g w hi ch r ai nf e d c ulti v ati o n t ak e s pl a c e

b el o w th e s af e r ai nf all li m it , e sp e ci ally i n m a r g i n al 1 an d s ･ O n c e pl o u ghi n g h a s d e str o y e d

th e st ability o f s oil an d th e fi eld lie s f all o w , s oil p a rti cle s a r e th e n e x p o s ed t o wi n d

e r o si o n . T h e s oil p a rticle s a r e c a r ri ed a w ay b y d u st st o rm s o r a c c u m ul ate t o f o r m s an d

d u n e s .

T h e f oll o w l n g C rit e ri a a r e i m p o rt a n t f o r a s s e s s l n g th e m a g nit u d e of s oil e r o si o n :

1 - P e r c e nt ag e o f a r e a c o v e r e d w it h s an d d un e s : T hi s cri t e ri a is c o n sid e r ed f o r n o n
- a r able

a r e a s e x p o s ed t o w i n d e r o si o n i n th e f o r m of s a n d d u n e m o v e m e n t o r r eg r e s si o n ･ It i s

a s s um e d t h at i f m o r e t h an 7 0 % of th e un d e r a r e a c o n sid e r ati o n i s c o v e r e d w ith s an d ,

th e n th e ar e a i s s e v e r ely aff e ct e d by wi n d e r o si o n , A p e r c e nt ag e p f 3 0
- 70 of s an d

d u n e s i n di c at e s m o d e r at e w i n d e r o si o n a nd l e s s th an this p e r c e n t a g e i n dic at e s slight

w in d e r o si o n .

2 - P e r c e n t a g e of a r e a c o v e r e d w ith s od fb rm 1 n g Pl an t s : I n
･ th e n o n -

a r able l an d it is

i m p o rt an t t o c o n sid e r t h e p ar ts of l an d h a vi n g a p ot e n ti al f o r pl an ti n g c ulti v ati o n ･ A

n o n
-

a r abl e l an d h a vi n g 3 0
- 5 0 % g r a s sl an d i s c o n sid e r ed t o.,

b e slig htly aff e ct ed b y

w i nd e r o si o n . If t h e s o d c o v e r l n g an a r e a Of 1 0
-3 0 %

,
th e n it h a s a

r
m o d e r al e d e gr e e o f

●

3 -

d e s e rtifl C ati o n an d le s s th an 10 % i s a s e v e r e t o v e ry s e v e r e d e s e r tific ati o n .

T y p e of w at e r e r o si o n i n p e r c e n t a g e : T h e ty p e of w at e r e r o si o n r e n e c ts cl e a rly th e

m a g nit ud e of p r o ble m ･ If sh e et e r o si o n is t h e d o m i n an t f o rm ,
an d th e n it is c o n sid e r e d

t o b e cl a s sifi e d a s slig ht w at e r e r o si o n , if th e d o m i n an t w at e r e r o si o n i s rill e r o si o n

w ith fo r m a ti o n of g ullie s , th e n it is m od e r at e w at e r e r o si o n ･ T h e f o rm a ti o n o f n e t w o rk

of g ully e r o si o n t o g eth e r w it h ot h e r t y p e s of w at e r e r o si o n l e ad s t o s e v e r e w at e r

e r o si o n o r s e v e r e d e s e rti fi c ati o n .

4 - R e m o v al o f t o p s oil h o ri z o n of a r abl e l an d , th e a m o u n t of r e m o v e d t o p s oil eith e r b y

w i nd e r o si o n o r w at e r e r o si o n i s a v e ry I m p o rt an t i ndi c at o r o f s oil d e gr ad atio n ･ A

dis a p p e a r a n c e o f 2 5 % o f t o p s oil o r l e s s is c o n sid e r ed t o b e i n th e sli ght s oil e r o si o n

c at e g o r y , a p e r c e n t ag e o f 2 5
- 5 0 i n dic at e s a m o d e r at e s oil e r o si o n , w hil e if 5 0 % o f

t o p s oil o r m o r e a r e r e m o v ed th e n th e sit u ati o n i s s e v e r e d e g r ad ati o n ･



5 - B l o w -

o u t s of th e a r e a ( a blo w
-

o u t i s a s m ai ‖i oll o w m a d e b y t u rb u l e n t st r e a m o f

wi n d): If l O % o r m o r e o f an a r a bl e l a n d is affe cte d b y bl o w -

o u t s , th e n it h a s a s e v e r e

wi n d e r o si o n . If p e r c e n t a g e o f 5
- 1 0 o f a r e a h a s blo w - o u t s f e at u r e

, s o it is a m o d e r a t e s

w i n d e r o si o n c a u s e d b y bl o w - o u t s , a n d le s s th an 5 % it is slig htly affe ct ed b y w i nd

e r O S I O n .

6 - L o s s o f yield of m ai n c r o p l n P e r c e n t ag e : T h e m ai n c o n s e q u e n c e o f s oil e r o si o n i s a

r e d u c ti o n of fi eld yield . If th e r e d u ctio n i s e sti m at e d t o b e m o r e th an 5 0 % , th e n thi s

in di c at e s a s e v e r e t o v e ry s e v e r e d e s e rtifi c ati o n b y s oil e r o si o n , a l o s s o f 25 - 5 0 % o f

yi eld c r op i n di c at e s a m o d e r a t e d e g r ad ati o n , an d a l o s s o f 2 5 % o r l e s s i n di c at e s a

slig bt s oil e r o si o n .

T a b 且e 且.2 & 甘a b且c 1 .3 s u m m a ri z e th e c ri t e ri a f o r a s s e s s m e n t of th e s oil e r o si o n .

S oil s a 払n iz ati o n i s th e a c c u m ul ati o n o f s ol ubl e s alt s ( c hl o rid e s , s ulf at e s , c a rb o n at e s) of
s odiu m

,
m ag n e si um ,

o r c al ci u m . A lk ali ni z ati o n o r s o difl C ati o n i n v ol v e an e mi ch m e n t i n

s o di um i o n s . A hig h c o n c e nt r ati o n o f s alts i n th e s oil gi v e s ri s e t o s ali n e o r alk ali n e s oils .

T his is th e r e s ult of ir rig ati o n w ith o u t ad eq u at e d r ai n ag e an d w at e r w ith a hig h m i n e r al

c o n t e n t; th e w a t e r i s tr an spir e d w hil e t h e m i n e r al s in c r e a s e i n c o n c e n t r ati o n . If th e s oil

s ol uti o n b e c o m e s m o r e c o n c e n tr at e d th an th e s ol ut e c o n c e n tr a ti o n of th e pl an t c ell , w at e r

i s un able t o p a s s i nt o th e pl an t an d r e v e r s e m o v e m e n t of w at e r a n d n u tri e n ts c an o c c u r ,
●

c a us 1 n g wi ltin g an d d e a th t o th e pl an t . A c c o rdi n g t o th e F A O , a s oil i s c o n sid e r ed a s

s al i n e w h e n it s c o n t e n t i n s ol u bl e s alt e x c e ed s 1 t o 2 % i n th e 2 0 u p p e r c m , an d th e

a c c um ul ati o n of s alt b e c o m e s h a rm fu l t o pl an t g r o w th .

If th e s alty w at e r t abl e i n ari d an d s e m i - a rid a r e a s c o m e s w ithi n 1 t o 4 m o f th e r o o ts ,If 也e s alty

s o m e of th e w at e r c an ri s e th r o u g h c apilla rity an d c a u s e d am a g e b e c a u s e it i n hibits th e

pl an t s ability t o ab s o rb m oi st u r e ･ T h e pl an ts b e c o m e s t u n t ed o r di e d e p e n di n g o n t h e s alt

c o n c e n t r ati o n ･ If t h e s al t y gr o u n d w at e r r e a c h e s th e s oil s u rf a c e it e v ap o r at e s a n d l e a v e s

s alt c ry st al s o n th e s u rf a c e of th e fi eld s an d if th e q u a n tit y of s alty w at e r r e a ch in g th e

s u rf a c e i s g r e at e n o u gh , a r el ativ ely I m p e rm e ab le s alt c ru s t w ill f o rm o v e r t h e s oil ,
di m ini shin g i n flltr ati o n an d n at u r al le a chi n g .

T h e c ri t e ri a ad opt e d t o a s s e s s s oil S ali ni z ati o n a r e d e s cri b e d a s f oll o w s :

1 - S olid r e sid u e : T hi s c rit e ri o n q u an tifi e s th e p e r c e n t ag e of s ol u ble s alt i n th e u p p e r

t o p s oil ･ If it i s r a n g e b et w e e n O ･2 0 a nd O ･ 4 0
,
仙is m e a n s a slig b土d eg r e e of s alini z a土i o n ,

th e r an g e o f O ･ 4 0 - 0 ･6 0 % m e an s a m o d e r a t e d eg r e e of s ali ni z ati o n an d a p e r c e n t ag e

m o r e th 弧 0 ･ 60 c o n si d e r ed b ein g s e v e r e t o v e ry s e v e r e d e g r e e of s ali niz ati o n .

2 - S ali nity o f g r o u nd w at e r : F o r thi s c rit e ri o n , an am o un t of 3 - 6 g/lit e r i n di c at e s a sligh t

s ali ni z atio n
,
& o m 6 t o 1 0 r ef e r s t o m od e r at e s oil s ali ni z ati o n an d fr o m t o 1 0 t o 3 0 a

s e v e r e t o v e ry s e v e r e s oil s ali ni z a ti o n .

3 - S alinity o f ir rig atio n w at e r : W at e r i s th e s e c o n d s o u r c e o f s alt a 鮎 r th e s oil it s elf , t h e

4 -

a s s e s s m e n t i s m ad e b y t h e e sti m ati o n of s alt c o n t e n t o f ir rig ati o n w at e r i n g r am p e r

lite r ･ If th e s alt c o n t e n t r an g e O ･5 0 t o 1 ･O g/lit e r , th e s alini z atio n i s slight , an am o un t of

1 .0 t o 1 . 5 o f s alt in dic at e s a m o d e r a t e S aliniz ati o n
,
a n d m o r e th a n 1 . 5 o f s alt i n

ir r lg atio n w a t e r l e ad s t o s e v e r e s ali ni z ati o n .

S alt a c c um ul atio n : T h e am o un t of s al t a c c u m ul ati o n i s e sti m at e d i n t o n s p e r h e c t a r e ･

If th e a c c u m ul at ed s alt r an g ed fr o m 1 6
- 3 0 t o n n l a , it is c o n sid e r ed a s slig ht



s alini z ati o n , a n a m o u n t o f 3 0
- 4 5 o f s alt a c c u m u l ati o n r ef e r s t o m o d e r at e s al i ni atio n

a n d fr o m 4 5 t o 9 0 r efe r s t o s e v e r e t o v e r y s e v e r e s ali ni zti o n .

5 - L o s s of. yi eld of m ai m c r o p : If th e r e d u c ti o n o f yield of m ai n c r o p I S e sti m at ed t o b e

m o r e th a n 4 o %
,
t h e n this in di c at e s a s e v e r e t o v e r y s e v e r e d e s e r tific atio n b y

s ali ni z ati o n . A l o s s of 1 5 -4 0 % of yield c r o p i n di c at e s a m od e r at e d eg r ad ati o n a n d a

l o s s of 1 5 % o r l e s s i n dic at e s a sli ght s ali n i z ati o n .

甘盈払且e 且｡4 s u m m a ri z e s th e c rit e ri a f o r a s s e s s m e n t of t h e s oil s al inity .

D ryi n g u p t h e A r al S e a affe ct e d sig nifi c a n tly th e h y d r ol o g l C al sit u a ti o血i n th e T u r a n

L o w l a n d .
D ryi n g u p th e A r al S e a w a s c a u s e d b y withd r a w al o f w at e r of t h e A m u d a ry a

a nd th e S y rd a ry a ri v e r s f o r i rri g ati o n ･ A n e w a n t h r op o g e ni c d e s e rt h a s b e e n f o r m e d o n

th e fo r m e r A r al S e a b ott o m .
T h at r e s ult ed i n d e v el o p m e n t of d e s e rtifi c ati o n p r o c e s s e s , i n

p a rti c ul a r : b
l o w - o u ts a n d a c c u m ul atio n of s alt an d d u st , f o r m ati o n of s ol o n ch ak s , c h a n g e

of e n vi r o n m e n t al i n ri v e r d elt a s , d e g r ad ati o n o f v eg et ati o n i n th e lo w n o w of th e riv e r s

dis c h a rg e d i nt o th e A r al S e a . 甘a blc 且･5 e x pl ai n s cri t e ri a f o r th e a s s e s s m e n t of
-

s ali ni z ati o n

c a u s ed b y th e d r op of A r al S e a l e v el .

W aせe r且喝g 且n g i s h ap p e n e d w h e n th e p o r o sit y of t h e s oil is e n ti r ely fill e d w ith w at e r ,
●

w hi ch le ad s th e r a l S l n g Of th e w a t e r t able . T h e d e g r ad ati o n ap p e a r s w h e n th e w at e r b ri n g s

s alts t o w a rd s th e s u rf a c e a n d w h e n th e e x c e s s w at e r i n th e s oil h o ri z o n li m it s th e a e r obic

life .
I n all o a s e s of C e ntr al As i a e x c e s si v e ir ri g ati o n an d le a chi ng of s alin e s oils a r e th e

r e a s o n s o f a c c u m ul ati o n o f pl e nt y of w at e r . G r e at am o u n t of thi s w a t e r is n o t o nly

c o n d u ct ed b y sp e ci al c an als b ut al s o p e n et r at e s t o th e d e s e rt . T his un c o n tr oll ed w at e r

免o o d s r an g el a n d s an d f o r m s m an y n e w str e am s an d s m all h k e s ･ As a r e s ult th e

p r o d u cti v e d e s e rt r an g el an d s a r e p ut o u t of o p e r a ti o n ･ P al at abl e fo r a g e pl an t? a r e r epl a c ed

b y h y dr op h yt e s an d p h r e at o p h yt e s . N e w st r e a m s , b o g an d l ak e s hi n d e r th e m o v e m e n t o f

fl o c k s . T h e c rit e ri a fo r th e a s s e s s m e n t of r an g el an d w at e rl o g gl n g in C eqtr al A si a a r e th e

d epth of fr e sh g r o un d w at e r; ch an g e s of d o m i n a n t pl an t s an d th e pl an t c o v e r p e r c e n t ag e ･

T a b且e 且｡6 e x pl ai n s th e s e c rit e ri a .

T a b且c l . 1

C rit e ri a f o r a s s e s s m e nt of th e v eg et ati v e c o v e r d e gr ad ati o n

St at u s c rit e ri a D e s e rtific ati o n cl a s s e s

Slight M o d e r at e S e v e r e an d v e ry s e v e r e

1 . Pl an t c o m m u nit y C li m a x o r slig htly

ch an g ed

L o n g e xi sti n g

s e c o n d a ry

E p h e m e r al s e c o nd a ry

2 . P e r c e n t a g e of

cli m a x sp e cie s

> 75 7 5 - 25 < 2 5

3 . D e c r e a s e o f t ot al

pla nt c o v e r

< 25 25 - 7 5 > 7 5

4 . L o s s of fo r a g e o n

r an g el an d , %

< 25 25 - 7 5 > 7 5

5 . L o s s of c u rr e n t

i n c r e m e n t of w o o d , %

< 25 25 - 75 > 75



甘盈払且c 且｡2

C ri t e ri a fTo r a s s e s s m e nt of w i n d e r o si o n

St at u s c rit e ri a D e s e rtific atio n cl a s s e s

Slig ht M od e r at e S e v e r e an d v e ry
S e v e r e

N o n _ a r a bl e l a n d

1 . P e r c e n t ag e o f

a r e a c o v e r e d w i th

s a n d d u n e s

< 3 0 3 0 - 7 0 > 7 0

2 .
P e r c e n t a g e o f a r e a

c o v e r e d w it h s o d

f o r m i n g pl a n ts

5 0 - 3 0 3 0 - 1 0 < 1 0

A r able l a n d

1 . R e m o v al o ft o p

h o ri z o n , %

< 25 2 5 - 5 0 > 5 0

2 . B l o w -

o u t s
,

p e r c e n t a g e o f th e

. a r e a

< 5 5 - 1 0 > 1 0

3 . L o s s o f yi eld o f

m ai n c r o p , %

< 25 2 5 - 5 0 > 5 0

T a b且c 1 .3

C rit e ri a fわr a s s e s s m e n t o f w at e r e r o si o n

St at u s c rite ri a D e s e rtiflC ati o n cl a s畠e s

Slig h t M o d e r at e S e v e r e an d v e ry
S e v e r e

N o n _ a r a bl e l a n d

1 . T y p e o f e r o si o n S h e et e r o si o n
,
si n gle S h e et e r o si o n an d S h e et e r o si o n

,
rill s

,

rills rills , f o r m a ti o n o f

g ulli e s

n e t w o rk of g ullie s

2 . R e m o v al of t op
sbil h o ri z o n

,
%

< 2 5 2 5 - 5 0 > 5 0

A r a bl e l a n d

1
'

. R e m o v al of t o p
s oil h o ri z o n , %

< 2 5 2 5 - 5 0 > 5 0

2 . L o s s of yi eld o f

m ai n c r op , %

< 25 2 5 - 5 0 > 5 0



甘免払温e 且｡碩

C rit e ri a f o r a s s e s s m e n t o f s al i ni z atio n o fir ri g at e d la n d

St at u s c rit e ri a D e s e rtific ati o n cl a s s e s

Slig ht M o d e r at e S e v e r占arld v e ry
S e v e r e

1 . S oil s ali ni z a ti o n ,

s olid r e sidt le , %

0 .2 0 - 0 . 4 0 0 . 4 0 - 0 .6 0 , > 0 .6 0

2 . S ali nity o f g r o u n d

w at e r ,g/lit e r

3 - 6 6 - 1 0 1 0 - 3 0

3 . S ali nity o fir rig ati o n

w at e r , g/lite r

0 .5 - 1 .0 1 .0 - 1 .5 > 1 .5

4 . S e a s o n al s alt

a c c u m ul ati o n , t o n n l a

1 6 - 3 0 3 0 - 45 4 5 - 9 0

4 , L o s s of yield o f

m ai n c r op , %

< 15 1 5 - 4 0 > 40

甘ab le 且.5

C rit e ri a f o r a s s e s s m e n t of s oil s ali ni z ati o n c a u s e d b y t h e dr o p o f A r al S e a l e v el

St at u s c riteri a D e s e r tifi c ati o n cl a s s e s

Sli ght ･ M od e r at e- S e v e r e an d v e ry
S e v e r e

1 . C h an g e o f s oil F o r m a ti o n o f c o a st al

d e s e rt s oil p ar ti ally

c o v e r ed w ith

b ar kh an s

C o a st al s ol o n c h a k F o r m ati o n of d e ep

s ol o p c h ak

2 . Am o un t o f s al ts i n

s oil la y e r O
- 1 0 0 c m ,

t o n n l a

< 13 0 1 3 0 - 2 9 0 2 9 0 - 3 7 0

3 . C h an g e o f th e F o rm ati o n o f sh ru b P s am m o p hil o u s F r ag m e n ts o f

v eg et ativ e c o v e r ( H al o x ylo n sp e ci e s )
an d s e m i -

sh ru b -

v eg et ati o n

v eg et ati o n ,

T am a ri x sp e ci e s

h al o ph yte s



甘盈鮎且c 且｡6

C ri t e ri a f o r a s s e s s m e n t o f r an g el an d w ate rl o g gl n g in C e nt r al A sia

S t at u s c rit e ri a D e s e rtifl C ati o n cl a s s e s

Slig h t M o d e r at e S e v e r e an d

V e ry S e V e r e

1 . D ep th o f 丘e sh

gr o u n d w at e r , m

1 0 - 5 5 - 2 < 2

2 . C h an g e of T am a ri Ⅹ r am o - T am a ri x r am o - F r a g m itis a u st r alis
d o m i n an t pla JltS si s si m a , A lh agi

P e r S a X u m

si s si m a
,
A lh agi

P e r S ar u m ,

K a r eli ni a c a sp l a

3 .Pl an t c o v e r
,
% < 3 0 3 0 - 7 0 > 7 0

F o r d e v el op l n g t h e c rit e ri a , e x p e ri m e n t al d at a c olle ct e d in C e ntr al A si a a nd M o n g oli a
w e r e u s e d

, a s w ell a s lit e r at u r e s o u r c e s ･ S o m e d e s e rtifi c ati o n m ap s a n d e x p e ri m e n t al
st u die s c o v e n n g t h e a r e a s o r S y ri a , S a u di A r abi a , C hin a , I n di a a n d lr a n w e r e al s o u s ed i n

o Ⅶr p rqj e ct .

l ･ 2 C on e ctio n of g r o u n d 由Ⅶ地 a n d m ap p i n g
●

As s e s s m e n t an d m ap p l n g d e s e rtifi c ati o n i n th e fr am e w o rk o f this p r oj e ct w a s b a s ed o n
ap plic ati o n o fl o w -r e s ol uti o n s p a c e i m a g e s . N O A A / A V H R R d at a w e r e f o un d t o b e u s e fu l
fo r th e an al y si s o f d e s e rtifl C a ti o n ･ N o rm ali z e d D i ff e r e n c e V e g at ati o n l n d e x 即D V I) w a s
c o m p ut e d b y th e foll o w l n g f o rm u l a :

N D V I - ( N I R - R E D)/( N I R ＋ R E D )
Wh er e ‥N I R -

r e n e ct a n c e i
.

n n e a r i nfr a r ed sp e ct r al b an d ( c h a J m e1 2 of A V H R R)
R E D -

r en e ct a n c e l n r e d sp e c t r al b an d ( ch an n el 1 of A V H R R)
T w o t yp e s of N O A A/ A V H R R d at a w e r e u s ed :

- 2 1 - 3 1 M a y (1 9 9 2 - 9 4 ) d at a , 4 ar e -

m i n u t e r e s ol uti o n N D V I d at a

T h e o rigi n al d at a i s N O A A 伽 A S A P ath fi n d e r A V H R R L an d D at a S et
,

w b 血 h a s a n o m i n al 8 -k m r e s ol u tio n ･ T his d ata w e r e g e o m etri c ally
r egi st e r e d t o a 4 a r c

-

m i n u t e g rid ･

- A p ril 1 9 92
- M a r ch 1 9 9 3 d at a

, 3 0 a r c
-

s e c o n d r e s ol u ti o n N D V I d at a .

T b e o r lg l n al d ぬ is th e G lo b al L a n d 1 - k m A V H R R d ぬ s et p r od u c e d b y
tb e U nit e d St at e s G e ol o gi c al S u Ⅳ e y ( U S G S) w bi c b c o n si st s of 1 0 - d ay
c o m p o sit e , n o m i n a11y トk m r e s ol utio n d at a ･ F r o m t his d at a s et , m o n t hly
c o m p o sit e 3 0 a r c

- s e c o n d d at a w e r e d e ri v ed .

T h e fi r st ty p e o f d at a w a s u s e d b e c a u s e i n C e n tr al As i a an d adj oi ni n g a r e a s th e m a xi m u m
g r o w t h of v eg et atio n t ak e s pla c e i n th e e n d o f M ay ' aft e r i n t e n si v e w i n t e r an d sp r l n g
p r e cipit ati o n .

T h e m ati c m ap s an d p u blic ati o n s w e r e u s ed fo r c oll e cti o n of th e g r o u n d tr u th ( S e e t h e list
gi v e n i n th e e n d of this c h apt e r) ･ 6 6 2 pl ot s of ap p r o xi m at ely e q u al a r e a w e r e s el e c t ed



魚o m 也e s e s o u r c e s . F o r e a c h s a m pl e pl ot , th e m e a n N D V Ⅰ(4 ar c
- m i n u t e i m a g e ry ) w a s

c al c ul at e d fr o m 5 pix el s :

N o rth

W e st C e n tr al E a st

S o utb

E a ch s a m ple pl ot c o n t ai n s th e f oll o w i n g i n fo r m ati o n : c o o rdi n at e s of
th e c e n tr al p oi nts ,

l a n d u s e ty p e ( s e e 甘a 払且e A .3 of A p p e n di x A) , a n d d e s e rtifl C ati o n cl a s s a n d th e c a u s e s of

d e s e rtific ati o n (s e e 甘組b 且e A ｡4 of A p p e n di x A) ･ T h e s am pl e pl ot s w e r e di st rib ut ed a c r o s s

th e r eg i o n i n th e fbll o w l n g W ay : C e n tr al A si a
- 2 8 0 , M id dl e E a st

- 1 5 4 , C hi n a - 94 ,

M o n g oli a
- 6 6 , A fTgh an i st an , P akist an an d I ndi a

- 6 6 ･

I n t e rp r e t ati o n of s m a u
- s c al e i m a g e w a s c o n d u ct ed b y th e f oll o w i n g P r o c e d u r e :

●

1 ･ U n s u p e rv i s ed cl a s sific ati o n o f 4 a r c
-

m i n u t e N D V I i m ag e s ,

2 . L an d c o v e r cl a s sific atio n by 3 0 a r c
-

s e c o n d m o n th ly N D V I d at a an d s u rf a c e

t e m p e r a t u r e d e ri v e d fr o m ch a n n el 4 & 5 d at a( T at ei shi , 1 9 9 9) ,

3 . V is u al i nt e rp r et ati o n o f di ff e r e n t cl a s s e s of i m ag e ry w ithi n la n d s c ap e
-

an al o g u e s i n e a ch g e o g r ap hi c al z o n e ･

T h e a s s e s s m e n t o f d e s e rtific ati o n i n this st u d y is c o n c e m e d o nly w ith th e d ryl an d s an d

s e m i -d ryl an d s o f A si a ( ab o ut 9 ,8 04 ,70 0 k m
2

) ･ A nd th e a s s e s s m e n t e x cl ud ed th e f oll o w i n g

cl a s s e s : B o g s , S ol o n c h ak s , B a r e l a n d , St o n e s , M o un t ai n s , M o vi n g s an d an d E xt r a
-

a rid

l an d s . M o un t ai n s h e r e m e a n m o un t ai n a r e a s e x cl ud e d fr o m a s s e s s m e n t b e c a u s e th ey d o

n o t b elo n g t o d ryl an d s ( K h a ri n et al , 1 9 93) ･

1

cl a s sifi c ati o n of th e d ryl an d s of A si a u s ed i n this p r oj e ct i s b a s ed o n th e l an d s c ap e th e o ry

o f S o vi et g e o g r ap h e r s ( K h a ri n et al , 1 9 93) ･ T a ble l ･ 7 sh o w s th e a r e a s of d ryl an d s

cl a s sifi c ati o n o f A si a . F ig t m 且｡且( c o v e r p ag e) is a sh ad e d r elief i m a g e o f A sia , w hic h

sh o w s th e m o rp h ol o g y o f diff e r e n t f e a t u r e s i n A si a , an
d Fig u r c 且･2 ( c o v e r p ag e) is th e

d ryl a n d s m ap ll S ed i n thi s s 仙d y ･

甘a b 且e l .7

St ati stic s of r e g l O n al d ryl a nd s m ap of A si a

C l a s s n a m e A r e a
,
k m
2

P e r c e n t ag e

S e m i - a rid l an d 3
,
0 4 0 ,1 8 9 2 5 .4 9

A rid l a n d 7
,
2 94

,
21 9 6 1 . 1 4

E xt r a - a rid l an d 1 ,1 9 4 ,5 63 1 0 . 0 1

M o u nt ai n s 4 0 1 ,1 4 8 3 .3 6

T ot al l l
,
9 3 0 ,1 1 9 1 0 0 .0 0

L e g e nd f o r s m all s c al e m ap p l n g O f d e s e rtific ati o n
w a s d e v el o p ed f o r e a c h l a n d u s e t y p e ･

T h e f oll o w i n g c at e g o ri e s o f l an d u s e w e r e id e ntifi ed : fo r e st/ w o o dl a n d , r a n g el an
d an d



m e ad o w
, d ry a gri c ult u r e , i rrig ati o n a g ri c ult u r e , a nd dri e d up s e a B o o r o f th e A r al S e a .

L a n d u s e t yp e an d th e d o m i n an t l an d d e g r a d ati o n ty p e d efin e d e s e rtiFI C a ti o n cl a s s . 甘a 払且e

且･S s h o w s th e l an d u s e typ e s a n d th eir a r e a s c o n sid e r e d fわr a s s e s s m e n t an d 甘a 触且c 且.9

sh o w s t h e l an d c o v e r ty p e e x cl u d ed fr o m a s s e s s m e n t ･ T h e d et ails f o r l e g e nd of
d e s e rti fl C a ti o n m ap a n d d ryl a n d s m a p a r e g i v e n i n A p p c m dix A .

T a b且c 1 . 8

L a n d u s e t yp e s c o n sid e r e d fわr t h e st u dy

L a n d u s e A r e a k m
2

P e r c e n t ag e

F o r e st/ w o o dl an d 4 0 8 ,4 2 1 4 . 1 7

R an g el an d an d m e d o w 7 ,9 9 6 ,5 3 2 8 1 .5 6

D ry ag ric u lt u r e 6 7 5
,
7 9 0 6 .8 9

■Ⅰmi g atio n ag r l C ult u r e 7 0 4
,
3 1 5 7 .1 8

D ri e d u p s e a 月.o o r 19 ,6 4 2 0 .2 0

T ot al 9 ,8 0 4 ,7 0 0 1 0 0 .0 0

T a b lc l . 9

Cl a s s e s e x cl u d e d 丘o m a s s e s s m e n t

Cl a s s n am e A r e a k m
2

P e r c e nt a g e

B o g s 5 1 4 0 .0 2

S ol o n ch ak 1 2 1 ,5 6 8 5 . 7 2

B a r e l an d 1 13
,
09 1 5 .3 2

St o n e s u rfa c e 4
,
2 4 9 0 . 2 0

M o u n t a in s 4 0 1
,
1 4 8 1 8 .8 7

M o vi n g s an d s 2 9 0
,
2 8 6 1 3 . 6 6

E xtr a - a rid l an d 1
,
1 9 4

,
5 6 3 56 .2 0

T ot al 2
,
1 2 5

,
4 1 9 1 0 0 .0 0

1 . 3 D a t a s o tl r C e S

T h e f oll o w i n g s o u r c e s h a v e b e e n u s ed fo r th e c o m pil ati o n o f t h e d e s e rtifl C ati o n m ap of
A si a .

M eth o d ol o gi c ?I p u blic ati o n s

B ab a e v , A ･ G ･

,
N ･ G ･ K h ari n an d N ･ S ･ O rl o v sk y ･ A s s e s s m e n t an d m app i n g d e s e rtifl C ati o n .

A m e th o d ol o gi c al g uid e ･ D e s e r t R e s e a r c h I n stit ut e
,
A s hk h ab ad ･ 1 9 93

,
44 p ･

F A O N N E P ･ P r o vi si o n al m eth o d ol o g y fo r d e s e rtifl C ati o n a s s e s s m e n t an d m ap pin g 1 1 9 8 1 ,
5 7 p .
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F A O/ U N E P , P r o vi si o n al m e t h o d ol o gy fo r a s s e s s m e n t an d m ap p i n g Of d e s e rtific ati o n .

1 98 4 . 8 4 p .

H a r ah s h eh , H . a n d R y ut a r o T at ei s hi . E n v ir o n m e n t al G IS d at ab a s e f o r d e s e rtifl C ati o n

st u die s i n W e st A si a . P r o c . 1 9 As i an C o nf . R e m o t e S e n s i n g . M a nil a
,
1 6 - 2 0 N o v e m b e r

19 98 . p p . C - 4 -1 - C -4 -6 .

K h a ri n , N ･ G ･

,
N ･ T ･ N e eh a e v a a n d K ･ R et z h epb a e v ･ M e th o d ol o gi c al p rl n Ciple s o f

d e s e rtific atio n a s s e s s m e n t a n d m ap pin g ･ Y ly m P ubl ･

,
A shk h ab ad .1 98 3 , 97 p .

K h a ri n , N ･ G ･

,
A M ･ B ab a e v an d , K . K u rb a n m u r a d o v . M eth o d ol o gy o f a s s e s s m e n t a nd

m ap pi n g d e s e rtifl C ati o n o f ar id l an d s i n M o n g oli a . D e s e rt R e s e r a r ch I n stit ut e
,
As h kh a b ad

,

1 9 9 2
,
8 0 p . (In 釈.u s si a n) .

K h a ri n
,
N ･ G ･ D e g r ad ati o n d e s t e r r e s s e c h e s e n M o n g oli e ･ S e ch e r e s s e

,
8
,
N 3

,
1 9 97 , p p ･

1 6 3 - 16 8 .

M o h am m ad p o u r , A .

,
F o r o uh a r

,
M ･ V e g et ati o n m ap pl n g Of Ir an u s l n g N O A A d at a . P r o c .

●

I n t ･ S y m p o si u m o n v eg et ati o n m o nit o ri n g , A u g u s t 2 9
- 3 I , 1 9 9 5 , C bib a , J ap a n , pp ･ 5 0 - 5 7 ･

P e tr o v ･ M ･ P ･ A b o u t li m it s of a rid r e g 1 0 n S ･ P r obl e m s of d e s e rt d e v el o p m e n t 1 9 7 5 , N 2 , p p ･

3 - 1 0 (I n R u s si an ) .

S u rr e nd a Si n gh , Am a r K a r , D ･ S J o shi , ･ D e s e rtifl C ati o n m app l n g i n W e st e rn R aj ast an .

●

Am al s of A rid Z o n e
,
1 9 92

,
3 1

,
N 4

, pp . 23 7 - 2 4 6 .

T at ei shi R ･ an d W e n C h e n g G an g ･ L an d c o v e r d at ab a s e of As i a ･ P r o c ･ I n t ･ S y m p o si u m

o n v e g et atio n m o nit o ri n g , A u g u st 2 9
- 3 1

,
19 9 5 C hib a , J ap an , p p ･ 13 - 1 9 ､

T at ei shi R ･ an d W e n C h e n g G an g ･ As i a 3 0 -

s e c o n d l an d c o v e r d at a s et w ith g r o u n d t r u th

i nfb m ati o n
,
C D - R O M

,
L C W G/ A A R S

,
1 9 9 9 .

Z h u Z h e n d a , Li u Sh u , D i u X i n m i n . D e s e r tific ati o n an d r e h abilit ati o n o f a rid l an d s i n

C hi n a ･ D e s e rt R e s e a r c h l n stit ut e , L a n z b o u , 1 9 8 8 . 2 2 2 p .

T h e m aiic m a p s a n d aせ払s e s

A r ab W o rld A tl a s - N at u r al p a rt ･ A r ab w o rld A tl a s f o u n d ati o n , A r ab L e a g u e , C ai r o , E gy pt ,

1 9 95 . 2 5 p .

A s o ci al an d e c o n o m i c atl a s o f ln di a ･ o x f o rd U ni v e r s lt y P r e s s , o xf o rd , 1 98 7 . 2 5 4 p .

H o u H si oh Y u ･ V eg et ati o n m ap of C hi n a ･ I n stit ut e o f B ot an y , A c ad e m i a Si nic a . B eiji n ,
1 9 8 7 .
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馳 ar in
,
N ･ G .

,
G . S . K al e n o v a n d A . A . Ki ri1

'

t s占v a
,
M ap o f h u m an

- i n d u c ed l a n d

d eg r ad ati o n i n t h e A r al S e a b a si n , s c al e 1 : 2 ,5 0 0 ,0 0 0 . D e s e rt R e s e a r c h In stit ut e ,

A sh k h ab ad
,
1 9 93 .

E L a ri n
,
N . G

,
G . S . K al e n o v an d V ･ V . V ol o vik

,
M a p of d ryl an d s of As i a . D e s e rt

R e s e a r c h I n stit ut e , A sh k h ab a d , 1 99 3 .

L an d u s e m ap of C hin a , 1 : 1 0 0 0 0 00 . B eiji n , S ci e n c e P r e s s , 1 9 9 0 .

0 1d e m an
,
L ･ R ･

,
R ･ T ･ H ak k elin g an d W . G S o m b r o e k . W o rld m ap o f th e st at u s o f

h u m an - i n d u c ed s oil d e gr a d ati o n . IS R I C
,
U N E P

,
1 99 1 .

P h y si o
-

g e o g r aphi c al atl a s of th e w o rld ･ M o s c o w
,
G U G K

,
29 8 p ･

( In R u s si an ) .

T h e m ap o f a e oli an l an df o r m s i n T akli m ak an d e s e rt ･ D e s e rt R e s e a r ch I n stit ut e , L a n zh o u ,
1 9 8 0 .

T h e n a ti o n al e c o n o m i c a tl a s of C hi n a ･ O x f o rd U ni v e r sit y P r e s s , O x f o r d ,1 9 9 4 ･ 3 1 4 p ･

T h e Ti m e s atl a s or 也e w o rld ･ C o m p r e h e n si v e e d diti o n ･ Ti m e s B o o k s
,
L o n d o n

,
1 98 9 .

2 2 5 p .

T u b e n g e n A tla s o f M id dle E a st , T ub e n g e n U ni v e r sit y , S t uttg a rt , G e rm an y , 1 9 78
-1 98 7 .

ヨo p .

W o rld atl a s o f d e s e rtifl C ati o n . U N E P , 1 9 92 , 69 p ･
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T h e r e gi o n o f C e nt r al A si a i n cl u d e s fi v e n e w ly i n d e p e n d e n t c o u n tri e s (th e' f o r m e r S o viet
R ep u bli c s o f th e S o vi et U ni o n) : K a z ak h st an , T u rk m e ni st an , Kirg y z st an , U zb eki st an an d

T ajikist a n . T h e a r e a a n d p o p ul ati o n o f th e s e c o u nt ri e s a r e g i v e n i n 甘汲b且e 2 ｡且.

T a b丑e 2 . A

T h e a r e a an d p o p ul ati o n of C e ntr al A si an c o un tri e s ( K h a ri n , 1 99 6)

C o u n tri e s L an d a r e a
,

Ⅹ1 0
3
kn
2

p op ul ati o n , 革1 0
3

1 95 9 1 9 7 0 1 9 7 9 19 8 9 19 9 6

K a z ak h st an 2
,
7 1 3 . 3 9 ,29 3 1 3

,
0 0 9 1

,
4 6 8 1 6

,
5 3 8 1 6 ,79 1

u zb e kist an 4 4 7 .
4 8 ,1 19 l l

,
79 9 1 5

,
3 9 1 1 9

,
9 0 6 2 2 ,1 9 3

K irg y z st an 19 8 . 5 2
,0 0 6 2 ,9 3 4 3 ,5 29 4

,
29 1 4

,
46 1

T u rk m e nist an 4 8 8 . 1 1
,
5 1 6 1

,15 9 2 ,75 9 3
,
5 3 4 4

,
5 0 01

T ajikist an 1 43 .1 1 ,9 8 1 2
,
90 0 3 ,8 01 5

,
1 1 2 5

,
7 0 7

T ot al 3
,
9 9 4 . 4 2 2

,
9 7 5 3 2

,
8 0 1 4 0 ,16 1 49

,
3 8 1 5 3

,
7 8 6

C e ntr al A si a ( c all ed M iddl e As i a b y R u s si a n g e o g r ap h e r s) is l o c a t ed w ithin v a st A r al o -

●

C a s p l an b a si n ･ V a s t d e s e rt an d s e m i - d e s e rt pl ai n s , pi ed m o n t pl ai n s an d o a s e s of
l

i r rig ate d s oils a r e th e m a in l an d s c ap e s of th e r e g i o n . T h e n e w fl V e c o un t ri e s m e n ti o n ed

ab o v e f o rm a s ep a r a t e g e op olitic al r eg i o n .

T h e s e c o u n tri e s h a v e m u ch ･i n c o m m o n : 也e ph y si c al e n vir o n m e 叫 e c o n o m i c h e rit ag e

fr o m th e f o r m e r S o vi et U ni o n , si m il a r tr aditi o n s i n ag ri c ult u r e , an d a si m ila r c ul t u r e a n d

r eligi o n (isla m ) .

T h e d e s e rt s of C e nt r al A si a a r e l o c at e d i n th e t e m p o r al b elt of th e c o n ti n e n t al cli m at e .

S um m e r i s h ot
,
d ry an d cl o udl e s s ･ W i nt e r is m ild

,
e x c e pt th e n o rth e m p a rt o f th e r eg 1 0 n

w h e r e w i nt e r i s c old ･ T h e s e cli m atic fe at u r e s a r e i nt e n sifl ed b y g e o g r ap hic b a r ri e r s ,
w hic h is ol ate th e te r rit o ry fr o m th e s o u th . S o th e t e m p e r at u r e r e g l m e i n s u m m e r d o e s

n o t st r o n gly diffe r fr o m th e n eig h b o ri n g c o u n t rie s
I Ir an an d A fgh an i st an . Cli m ati c

i n dic e s of th e r eg l O n a r e g i v e n i n T a ble 2 . 2 .

D u st s t o rm s ar e o n e o f th e m o s t c h ar a ct e ristic fe at u r e s of th e r eg 1 0 n ･ D u st st o rm s b e gi n

b y t h e w i nd v el o ci ty 9
- 1 4 m /s e c an d s o m eti m e s w ith a l o w e r v el o city of ab o u t 6 - 8

m / s e c ･ T h e gr e at e st n u m b e r o f d ay s i n a y e a r w ith d u st st o rm s w a s r e gist e r e d in t h e

f oll o w i n g st ati o n s : C h e s lm e
- 1 1 3 d ay s ( 1 94 8) , R e p et ek - 1 0 6 d ay s ( 1 93 9) , M oll a -

K o r a - 14 6 d a y s ( 1 93 8) , M ui n ak - 1 2 1 ( 1 9 5 8) . H igh alb e d o is al s o a c h a r a c te ristic
f e at u r e o f th e d e s e rt ･ It t ot al s 3 0 -3 4 % fo r b a rk h an s an d s

,
2 0 - 2 5 % f o r d ry s an d an d 2 5 -

3 5 % f o r p eb ble s u rf a c e . F o r s an d d u n e s g r o wn b y v e g et ati o n alb e d o f alls t o 2 0 % .

A lb e d o o f c ulti v at e d v eg et ati o n i s m u c h l o w e r , ab o u t 5 % ( B ab a e v et . al , 1 9 9 3) .

1 3



T h e m ai n fTe at u r e s of s oil c o v e r i n C e n t r al A si a n plai n s a r e i n cl o s e c o r r el ati o n w ith a

z o n al f a ct o r i . e . , th e s m al l q u a n tit y o f p r e cipit ati o n ･ A c c o rdin g t o
”

S oil m ap of C e n tr al

A si an R ep u bli c s
”

( L o b o v a , 1 9 71) t h e foll o wi n g s oils a r e c o m m o n i n th e pl ai n s r egi o n of

C e ntr al As i a: g r ay b r o wn typic al , g r ay b r o w n s ol o n et s
-lik e

, g r ay b r o wn s ol o n c h ak -lik e
,

d e s e rt t ak y r -lik e
,
t a ky r , d e s e rt s an dy s oil . G r ay b r o wn s oils a r e m ainl y c o m m o n i n th e

U st u rt an d K r a s n o v od sk p e ni n s ul a , i n s o m e p a rt s o f th e K a r ak u m an d th e K y zylk um

d e s e rt an d i n pi e d m o n t pl ain s a s w ell ･ D w a rf s e m i - sh ru b v e g et ati o n i s th e m o st

c o m m o n f o r th e s e s oils ( A rte m i si a k e m r u dic a , A . t e r r a - a lb a , S a ls ol a g e m a s c e n s , S .

o ri e n t alis a n d A n a b a sis s al s a ) . C o mm u nitie s o f H al o xyl o n p e r si c u m an d ot h e r d e s e rt

sh ru b s a r e c o n fi n ed t o d e s e rt s an d y s oils .
T ak y r

-lik e s oils a r e m ai nly c o m m o n i n t h e

an ci e n t d elt a pl ai n s of th e Am u d a ry a , th e T e d zh e n an d t h e A tr ek ri v e r s , w h e r e

肋l o w lo n ap hyll u m , S als ol a o ri e n t alis an d S ･ g e m a s c e n s a r e th e d o m i n a n t s p e ci e s ･

D istrib uti o n of ag ri c ult u r al l an d b y l an d u s e ty p e s is gi v e n i n T a b le 2 3 ･ C o tt o n is th e

m ai n c a sh c r o p o f t h e r e g i o n . Ⅰmi g at ed f ar m l an d o c c u p i e s 8 .6 7 2 m illi o n h a . T h e

p r od u cti o n of c o tt o n i n 1 99 2 w a s 3 1 5 ･O th o u s an d s o f t o n s i n K a z ak h st an , 6 8 ･O i n

K u rg y z st an , 6 ,2 92 .0 i n U zb ekist an , 1 ,45 7 . 0 i n T u rk m e ni st an , 9 2 0 .0 i n T ajikist an ･

L i v e s t o c k n u m b e r s t o t al ed b y m illi o n h e ad s 1 7 .4 , 6 4 . 1 , 4 . 9 , 2 .0 an d 0 .2 3 f o r c attl e
,

sh e e p an d g o ats , pig s , h o r s e s an d c am el s r e sp e c ti v ely ( K b ari n , 1 9 9 6) ･

T a ble 2 . 3

D istrib u ti o n of a g ri c ult u r al l a n d of C e nt r al A si a b y l an d u s e t yp e s , h a ( K h a rin , 19 9 6 )

L an d u s e

T y pe s

C o un t ri e s

K a z a kh st a n Kir gy z st an U zb ekist an T u rk m e ni st a n T ajikist a n T ot al

A r able l an 3 6
,
0 0 0 - 5 3 7 4

,
1 83 1

,
2 3 3 8 2 2 4 2

,
7 7 5

H a ym akin g

L an d

3 0 0 1 6 6 1 1 9 9 3 0 6 2 4

●

R an g el an d 1 8 0
,
0 0 0 5 ,2 33 23 ,1 4 4 3 4

,5 2 7 3 ,4 3 6 2 46 ,3 4 0

･ T dt al 2 1 6
,
3 0 0 5 ,93 6 2 7 ,44 6 3 5

,79 6 4;2g 8 2 8 9 ,73 9

As T a bl e 2 . 1 sh o w s
,
th e p o p ul ati o n m o r e th an d o ubl ed o v e r th e la st 3 0 y e a r s ･ I n g e n e r al

也e d e m o g r a p hic p r o c e s s i n C e ntr al A si a is fbll o w l n g a p a 仇e m o f
"

hig h bi r 也 r at e
- big b

m o rt ali ty
”

,
w hich is c o m m o n t o all d e v el o pi n g c o u n tri e s , w it h c o n tr a ry t o th e m od el

"

l o w birth r at e - l o w m o rt ality
”

o f d e v el o p ed c o un tri e s . B u t this o ffi ci al st atisti c s d o n o t

r e fl e cts th e r e al sit u a ti o n .

B y r o u gh e sti m ati o n , fr o m 4 t o 5 m illi o n p e o ple ( m ai nly R u s si an s) h a v e e m ig r at e d fr o m

th e c o u n tri e s o f C e ntr al A sia si n c e 1 9 91 .
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T h e d ryi n g
L

u P Of t h e A r al S e a w a s c a u s e d b y w ith d r a w al of w at e r fr o m th e A m u d a ry a

an d th e S y rd a ry a ri v e r s f o r i r rig ati o n . B y th e a s s e s s m e n t o f 1 9 93 ( K h arin et al l , 1 9 93)
s ali ni z ati o n of s oil s d u e t o th e d r o p of th e A r al S e a l e v el o c c u r ed i n an a r e a of 4 9 , 1 9 7

k m
2

. A n e w an th r op o g e ni c d e s e rt w a s f o r m e d i n t hi s v a st a r e a . R a z ak o v (1 9 94) fo u n d

th at 75 m illi o n t o n s of s alts w e r e bl o w n･ off fr o m th e d ried 且o o r of th e A r al S e a . T h e s e

s alts w e r e t r a n sp o r te d b y w in d o v e r g r e a t dist a n c e s ･

W i n d e r o si o n m ai nly o c c u r s i n s a n d y d e s e r t . T r a c ts of m o v l n g S a n d d u n e s o f

an th r o p o g e ni c o rlg l n a r e c o nfi n ed t o th e ar e a s o f a cti v e h u m an i nt e rfe r e n c e i n d e s e rt

e n vi r o n m e n t ( r o ad s , c a n al s , c o n s t ru cti o n site s e t c ･) ･ I n K a z ak h st a n , wi n d e r o si o
.

n

affe ct ed 2 0 . 5 m illi o n h a of pl o u gh l an d an d 25 m illi o n h a of r an g el an d . T e c lm o■g e n l C

d e s e rtific ati o n o c c u rr e d in th e a r e a of 1 8 1 .3 th o u s an d h a . T h e s e a r e a s i n cl u d e g a s

pip eli n e s , m i ni n g sit e s an d m ilit a ry t e s t sit e s of th e f o rm e r U S S R ( B ait uli n a nd

B e kt u r o v a
,
1 9 9 7) .

I n th e K ar ak u m d e s e r t , n at u r al e r o si o n (d e 凸ati o n) is o b s e rv e d o n 15 % of s an d s g r o w n

b y v e g et atio n . T h e s e e r od e d a r e a s i n cl u d e bl o w - o u t s
,
si n gl e b a rkh an s ( m o vi ng s an d

d u n e) an d g r o u p s of b a rk h an s . T h eir lo c ati o n c an b e st udi ed o nl y b y l a rg e - s c ale
●

m ap p l n g ･

T r a ct s o f m o v i n g S an d s o f n at u r al o rigin h a v e b e e n e x cl ud ed & o m a s s e s s m e n t ･ F o r

e x am pl e , D zhillik um s an d s (lit .
"

F u ri o u s S an d s
”

) a r e kn o wn i n th e K ar ak um d e s e rt ･

T h e s e s an d s ar e i n a c c e s sible f o r p e o pl e .

w at e r e r o si o n d e v el o p s o n th e m o un t ai n sl o p e s an d i n th e pi ed m o n t pl ai n s of C e nt r al

As i a . A c c o rdi n g t o th e m ap of K h a ri n et al . ( 1 99 3) , w at e r e r o si o n in th e A r al S e a b a si n

w a s r e gi st e r e d i n th e a r e a o f 8 2 ,5 78 k m
2

. T h e sli ghtly e r o d ed a r e a d o m i n at e d ( 6 4 %) , th e

r e m ai ni n g a r e a is m o d e r at ely d e gr ad e d . N u rb e rd y e v (1 9 8 2) st udi ed s oil e r o si o n i n th e

K o p et d ag pid m o n t pl ai n ･ W h e at
,
b a rl ey an d l o c al v a ri etie s o f p 早rs W e re C ult

iv at ed i n

this b elt . T h e in te n sity o f w ate r e r o si o n i s d e p e n d e n t u p o n sl o p e , e x p o s u r e an d

t e ch niq u e of till a g e .
A c c o rdi n g t o B ait ulin an d B e kt u r o v a (1 9 9 7) , w at e r e r o si o n i n

K a z ak h st an aff e ct ed 2 0 .5 m illi o n h a , a m o n g w hich 5 .2 m illio n h a w e r e aff e ct ed s e v e r ely .

Am u ally in this c o u n try 6 0 m
illi o n t o n s of s oil m at e rial w a s w a sh e d a w ay fr o m

pl o u g bl a n d .

T h e c o n str u cti o n of g r a n di o s e ir rig ati o n c a n al s i n C e n土r al A si a a n d r e cl a m a ti o n of n e w

l a n d s h a v e l ed t o ch a n g e s o f p h y si c al e n vi r o n m e n t . S o m e a r e a s h a v e b e e n t r a n sfb - ed

t o z o n e s o f e c ol o g l C al c at a st r op h e , s u ch a s th e T e d zb e n o a si s in T u rk m e ni st 皿 ･

D u kh o v nyi (1 9 8 0) h a s d e v el op ed a cl a s sific ati o n of ch an g e i n ir rig at e d s oils ( T ab 且e2 ･ 4) .

T h e a u th o r of this T abl e c o n sid e r s th o s e c h an g e s a s st able , w hi ch al w ay s t a k e pla c e by

i rrig ati o n ･ N o n st abl e c h an g e s d o n ot al w ay s o c c u r ･ S o m e 9 0 % o f ir rig at e d fa r m l an d s in

C e ntr al A si a a r e aff e ct ed b y S ali niz atio n . P o o r a g r ot e c h niq u e s , i n s u ffl Ci e n t d r ai n ag e

n e t w o rk s an d l a c k o f c r o p r o t a ti o n a r e t h e m ai n fa ct o r s sti m ul ati n g s oil d e gr ad atio n i n

c o tt o n o a s e s o f th e r e g l O n .
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甘a払且e 2 ｡嶺

C h an g e of e n vir o n m e n t al fact o r s u n d e r t h e i m p a ct o f ir rig ati o n ( D u k h o v n yi ,1 98 0 )

T y p e of ch an g e s F a c t o r s of c h a n g e s し P o sitiv e

e ff e ct

N e g ati v e

effe ct

St able , N o n - M ildi ng th e cli m at e ＋

c o ntr ol ed C h an g e o f n at u r al v e g et ati o n ＋

C h an g e o f m i c r o o rg an i s m s 十

C h an g e of w ildlif e ＋

L o w e rl n g th e f o r c e of w i nd ＋

C h an g e o f ri v e r fl o w
十

C h an g e of c ult u r al v eg et ati o n ＋

L o w e n n g n o n p r o d u cti v e e v ap o r a ti o n ＋

N o n - s t able
,

C h an g e of g r o u n d w at e r l e v el ＋

＋

C o nt r ol e d C h an g e o f h u m idit y i n a e r a ti o n z o n e

C h an g e of g r o un d w at e r m i n e r ali z ati o n

C h an g r of ri v e r w a t e r m i n e r al i z ati o n ＋

C h an g e o f p h y si c al p r o p e r ty of s oil ＋

･ C h a n g e o f s alt c o n t e n t i n a e r a ti o n z o n e ＋

E r o si o n of sl o p e s

U s e o f m i n e r aliz ed w at e r f o r i r rig ati o n , ab s e n c e o f c r op r o t ati o n an d a pplic atio n o f

l ar g e am o un t of f e rtiliz e r s h a s l ed t o s e v e r e s oil d e g r ad ati o n i n T u rk m e ni st an ( D e s e rt

R e s e a r c h I n stit ut e , 19 9 6) . A s kn o wn , an o pti m al q u an tity of fe rtili z e r sti m ul at e s th e

p r o d u cti vity o f ag ri c ult u r al c r op s an d s oil f e rtili ty . B u t if a n o v e rly ab a n d a Jlt am 0 un t Of

f e rtili z e r i s ap pli ed th e s u rpl u s o f nitr o g e n c an d ep r e s s s oil bi ot a . T h e s e v e rity o f s oil

s ali ni z ati o n i n i r rig at e d fa r m
-l an d s of T u r kn ep.ist an ar e distrib ut ed i n th e follo w l n g

w ay : n o n s alin e 4 . 6 %
,
slig htly s alin e 2 8 .5 %

,
m od e r at ely s ali n e 5 3 .8 %

,
s e v e r ely s ali n e

1 3 .1 % .

S ali niz ati o n of ir rig at e d s oils is a s e ri o u s p r obl e m i n K a z a k h st an . T h e s oils o f th e

s e c o n d a ry s ali ni z ati o n o c c up y 3 76 . 7 th o u s a n d h a , w hi ch c o n stit ut e s 2 0 % of all irri g at ed

l an d . A b o u t 0 .5 m illi o n h a of ir ri g at ed l an d h a v e b e c o m e un u s e d b e c a u s e of s ali ni z atio n

an d pr obl e m s w it h ir r lg ati o n sy st e m s . T h e si z e of th e a r e a o f u n u s ab le l an d
,
i n c r e a s ed

丘v e ti m e s a 鮎 r 1 9 9 0 ( B ait uli n a nd B ekt u r o v a , 1 9 9 7) .

2 . 3 D e g r a d ati o n o f th e v eg et ati v e c o v e r

T h e c a u s e s o fl an d d e g r a d ati o n i n C e n tr al A sia , w ith p e r c e n t a g e of affe ct e d ar e a s , a r e a s

f oll o w s : v e g et ati o n cl e a r l n g 2 8 % , o v e rg r a z l n g 2 9 % , e x c e s si v e ir ri g ati o n 9 % ,
c o n st ru cti o n of r o a d s an d c an al s 8 %

,
h ay p r o d u c ti o n 3 % , u n d e rg r a z l n g 3 % , w a t e r

filt r ati o n 2.%
,
o th e r c a u s e s 1 8 % (R L ar i n et al . , 1 9 93) . T h e c a te g o ry o f ot h e r c a u s e s

i n cl u d e s fi re s
,
m i n e w o rki n g , m o v m e n t o f tr an s p o rt ati o n v e hicl e s , an d oth e r n o n

-

id e n tifi ed c a u s e s ･ D e g r ad ati o n of t h e v e g et ati v e c o v e r i s th e m ai n ty p e o f l an d

d eg r a d ati o n i n C e nt r al A si a . U s u ally , v e g et ati o n d a m ag e is t h e i niti al st ag e of h u m a n

i nt e rf e r e n c e i n t h e d e s e rt e n vi r o n m e n t v eg et ati o n .
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D eg r ad ati o n o f fo re s ts i n C
e n tr al As i a is o n e o f th e m o st dis a st r o u s p r o c e s s e s ･

A c c o rdi n g t o th e cl a s sific ati o n of fo r e st s i n th e f o r m e r U S S R , th e m aj o rity of C e ntr al

A si a n f o r e st s b el o n g t o th e fir st c at e g o ry
-

p r o t e c ti v e f o r e st s ･ I nf o r m ati o n o n th e a r e a

a n d gr o w i n g St o ck o f f o r e st s i n th e r eg i o n i s g i v e n i n 甘盈触且c 2 ｡5 ･ T h e t ab le t e stifie s t o

p o o r f o r e st r e s o u r c e s of C e n tr al A si a ･ D u ri n g 1 98 1 th r o u gh 1 98 9 , th e si z e o f f o r e st a r e a

di m inish e d i n all R ep u blic s , e x c e pt K a z akh st a n (甘a払且e 2 46) I I n T u rk m e ni st a n , th e

r e d u c ti o n o f th e f o r e s t ed l a n d o c c u r e d la r g ely a s a r e s ult of w o od c utti ng f o r fu el .

T ab 且e 2 . 5

A r e a s of f b r e st s 皿 d gr o w l n g St o c k i n C e n tr al A sia n R e p ubli c s

( N ati o n al E c o n o m y of tb e U S S R , 19 9 1 )

R ep u blic s P e r c e n t ag e o f f o r e st e d F o r e s t a r e a p e r G r o w l n g St O C k ,

L an d i n h abit a nt
,
h a m illi o n m

3

K a z a kh st a n 3 . 1 6 6 .3 3 66 .0

K i rg y z st a n 3 . 3 0 6 .3 2 3 .0

U zb ekist a n l l . 6 0 0 .6 ll .0

T ajikist an 1 .6 0 0 .1 6 . 0

T u rk m e ni st an 1 2 . 1 0 3 .0 1 4 .0

T a b且e 2 .6

T h e si z e of i nd tl St ri al w o o d c utti n g in C e n t r al A si a n R ep ublic s

( N ati o n al E c o n o m y of th e U S S R , 19 9 1 )

R ep u blic s I n d u s tri al w o o d c u tti n g , th o u s an d h a F o r e s t ed a r e a , th o u s a n d h a

1 98 1 1 9 83 1 9 8 4 1 9 8 7 19 8 8 1 98 9 1 98 3 ､

､
1 9 89 C h a n g e

K a z ak h st an 8 5 . 4 8 7 .2 72 .7 71 .8 7 1 .2 6 5 .9 9 ,3 5 3
■ 9 ,6 43 ＋28 8

K irgy z st a n an 0 . 7 73 7 7 2 9 - 8

U z b ekist an 8 . 4 1 0 .0 1 0 .1 1 0 .2 4 ,3 5 .8 1 ,9 0 9 1 ,3 0 2
-3 9 2

T ajikist an 0 . 2 3 6 .1 3 1 .1 3 2 .5 3 2 .5 3 2 .5 45 8 4 1 0 - 4 8

T u rk m e ni st a n 5
,
1 21 4 ,1 2 7

- 9 9 4

A c c o rdi n g t o S u k hik h (1 9 9 1) , th e p r o d u c ti vity of f o r e st s i n C e n tr al A si a h a s d e cli n ed

d u ri n g th e la st 5 0 y e a r s ･ D u ri n g 1 95 0 th r o u gh 1 9 9 0 , eff o rt s of aff o r e st ati o n w e r e

c o n d u ct ed i n an a r e a t o t alli n g 5 ･ 7 m illi o n h a ･ F r o m this a r e a , O nly l ･ 7 m illi o n h a w e r e

c o
.

n s e rv ed an d r e gist e r ed a s p r o d u cti v e f o r e st s ･ S u k hik h ( 1 9 91) al s o i n dic at ed th e

p r i n cip al c a u s e s of f o r e st d e g r ad ati o n i n th e r eg l O n : a ni m al gr a z i n g , u n w a r r a n t ed c u tt in g ,

p o o r s ci e n tifi cj u stifl C a ti o n o f m e a s u r e s o n f o r e st r eg e n e r ati o n , an d l o w s al a ry o f r an g e r s

an d oth e r f o r e st p e r s o n al ･ M an y c a s e s of u n w a r r a n t ed c uttin g w e r e r egist e r e d i n

T u rk m e ni st a n .
A t o t al of 6 03 c a s e s o f vi ol ati o n of th e F o r e s t C o d e w e r e r egist e r e d in

1 9 9 1 a n d 9 05 c a s e s i n 1 9 9 2 ( D e s e r t R e s e a r c h l n stit ut e , 1 9 9 6) I

D e g r ad ati o n of d e s e rt r an g el a n d is a r e s ult o f th e o v e r
- e x pl oit ati o n o f f o r ag e r e s o u r c e s ･

T h e d e g r e e o f d e g r ad ati o n i n g r a z l n g l a n d d ep e n d s u p o n t h e c o m p o siti o n o ‖iv e st o c k

an d t h e i nt e n sity o f g r a z l ng ･ S h e ep m ai nl y g r a z e h e rb a c e o u s pl an t s , c am el s f e e d o n

sh ru b s an d s e m i sh r u b s
,
a n d g o at s c a n c o n s u m e all ty p e s o f v e g et ati o n ･ A s y st e m of fr e e

r a n g l n g d o m i n at e s th e r a n g e m an ag e m e n t o
f C e nt r al A si a ･ S h e ep c a n m o v e fr o m
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w a t e ri n g p oi nt s m a xi m u m at 5
- 7 k m ( N ik ol a e v , 1 9 7 2 ) ･ R a n g el a n d aLr O u n d w a t e ri n g

p oi nt s c a n b e divid ed i n t o th e fbll o w l n g Z O n e S :

1 . T h e third st ag e of la n d d e gr a d ati o n ( v e ry s e v e r e p r e s s u r e ) , 0 ･ 5 - 1 ･5 k m
,

2 . T h e s e c o n d st ag e of l an d d eg r ad ati o n ( s e v e r e p r e s s u r e ) , 1 ･5 -3 ･5 k m
,

3 . T h e flr S t S t ag e O fl a n d d eg r ad ati o n ( m o d e r at e p r e s s u r e ) , 3 ,5
- 7 ･ O k m ･

B e r e z n e v (1 9 9 5) f o u n d th at in s e v e r al p r o vi n c e s of K a z ak h st an f o r ag e p r od u cti o n i n

d e s e rt r a n g el a n d s w a s e x h a u st e d e v e n b y th e 1 9 60
'

s ･ N e gle c 血 u y , t h e n u m b e r of

li v e st o c k i n c r e a s e d b y 4 0 % d u ri n g th e l a st 2 5 y e r a s ･ C u rr e n tly , 2 5 % of r an g el an d s , th at

h a v e w at e n n g p oi nts , a r e s ubj e ct t o d eg r ad ati o n ･ I n g e n e r al li v e st o ck i s p r o vid ed w ith

p a st u r ag e b y 5 1 ･ 8 % ･ I n T u rk m e ni st an , 5 0 ･5 % of r an g el an d s a r e slightly d e s e rtifi ed , 4 5 %

m od e r at ely d e s e rtifi ed an d 4 .5 % a r e s e v e r ely d e s e rtifi ed ( D e s e rt R e s e a r ch In stit ut e ,

1 9 9 6 ) . I n U z b e kist an , 5 8 % of t h e v e g et atio n i s slightly d e g r ad ed , 3 7 % a r e m o d e r at ely

d e gr ad e d an d 5 % ar e s e v e r ely d e g r ad ed ( K h ari n , e t al ･

,
19 93 ) I

R ef e r e n c e s

B ab a e v
,
A . G .

,
N . G ･ K h a ri n a n d N ･ S ･ O rl o v sk y ･ A s s e s s m e n t an d m ap p i n g O f

d e s e rtifl C ati o n p r o c e s s e s ･ A m e th o d ol o gi c al g uid e ･ Y ly m P u bl ･ , A sh k h ab ad ,1 99 3 ･ 6 3 p ･

B ait ul in , I . , G .
B ekt u r o v a

,
･ N ati o n al str a t eg y t o cp m b at d e s e r tifl C a ti o n i n th e R e p u bli c of

K a zak h st an . D e s e rtific ati o n C o n tr ol B ulletin , 1 9 9 7 , N 3 0 , p p . 1 9 - 2 7 .

B e r e z n e v
,
E . N . I m p r o v e m e n t o f d e s e r t r an g el an d s i n th e A r al S e a b o rd e ri ng a r e a ･

p r obl e m s of D e s e rt D e v el o p m e n t , A a sh k h ab a d , 1 9 95 , N 1 , pp ･ 43 - 4 7 (In R u s si a n) ･

D e s e rt R e s e a r c h l n stit ut e/ 珊 E P , N ati o n al a cti o n p r o g r am t o c o m b at d e s e rtifi c atio n i n

T 血 e nist a n .

,
A sb k h ab d , 19 9 6 . 1 0 6 p .

D uk h o v n yi , V ･ A ･ G ol o d n ay a St ep p e
-

an e x am pl e o f c o m pl e x d e v el o p m e n t ･ P r obl e m s

of D e s e rt D e v el o p m e n t , A shk h ab d , 19 8 0 , n 6 , p p ･ 3 - 1 6 (I n R u s si an ) ･

K h a ri n
,
N . G .

,
G . S .
K al e n o v an d A ･ A ‥ K i ril

'

t s e v a
,
･ E x pl an at o ry n o t e t o th e m ap of

h um an - i n d u c e d l an d d e gr ad ati o n i nth e A r al S e a b a si n , s c al e 1 : 2 5 0 0 0 0 0 ･ D e s e rt

r e s e ar ch I n stit ut e , A sh k h ab ad , 19 9 3 . 8 3 p .

K b a ri n , N . G . S tr at e gy t o c o m b at d e s e rtifi c atio n i n C e n tr al A si a ･ D e s e rtifi c ati o n C o n tr ol

B ull etin , 1 9 9 6 , N 2 9 , p p . 2 9 - 3 4 .

L o b o v a
,
E ･ V ･ S oil m ap o f C e nt r al A si a n R e p ublic s , s c al e 1 : 2 5 0 0 0 0 0 ･ G U G K

,

M o s c o w , 1 9 7 1

N ati o n al e c o n o m y of th e U S S R . S t ati sti c al P u blis h e r s , M o s c o w , 1 9 9 1 ･ 8 2 0 p ･ (In

R u s si a n) .

N ik ol a e v
,
V ･ N ･ N at u r al fir ag e r e s o u r c e s o f T u rk m e ni st an ･ Y ly m P u blish e r s , A sh k h ab a d ,

1 9 7 2 . 2 15 p . (In R u s si a n) ･
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N u rb e rdy e v , K ･ S oil e r o si o n i n t h e pi ed m o n t pl ai n o f th e K o p etd ag a n d t h e t e c h niq u e s t o

c o n tr ol it . Yly m P ub lish e r s , A sh k h ab ad , 1 9 8 2 . 2 0 0 p ･ (I n R u s si a n) ･

R a z ak o v
,
P . M .
E c ol o gi c al m e a s u r e s i n th e A r al b o rd e ri n g a r e a : i n v e stig ati o n an d th e

p r o g r a m of
a cti o n ･ M eli o r at sl ay 1 V O d n o e k h o zy ai st v o , M o s c o w , 1 9 9 4 , N l ･

, p p ･ 1 3 - 1 8

(In R ㍑s si a n) ･

S u k hik h , V .
I . P r o bl e m s of f o r e stry in C e n t r al As i a a n d K a z ak h st a n . L e s n o e k h o z ayist v o ,

M o s c o w , 1 9 91 , N 6 , p p . 2 - 7 (In R u s si an ) .

Z o n n
,
Ⅰ. S .

,r V . N . N ik ol a e v , , N . S . O rl o v sk y . T h e p r a c ti c al e x p e rie n c e i n d e s e rtific atio n

c o nt r ol i n th e U S S R . M o s c o w
,
N a uk a P u blis h e r s , 1 98 l . 1 1 4 p . (In R u s si an ) .
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C 選A P 甘鼠鼠 3

M I E) D L E 監A S 甘
- A si a n C o Ⅶnt ri e s -

3 .1 ‡m 舌r o d Ⅶ ct孟o 皿

T h e p r e s e n t st u d y is c o n c e rn ed w ith th e d e s e rtifl C ati o n i n th e As i an p a rt of M idd le

E a st ･ T h e r e g i o n c o n si sts of fo u r s u b
- r e g i o n s : 1

- T u rk ey , 2
- I r a n

,
3 - A r a bi an p e ni n s ul a ,

w hic h i n cl u d e s th e c o un tri e s o f S a u di A r abi a
, Y e m e n , U A E , O m an , K u w ait , Q at a r

an d B al 1r ai n , an d 4 - T h e F e rtil e C r e s c e n t c o u n t ri e s
,
w hi ch in cl u d e s I r aq , S y ri a , J o r d an ,

I s r a el
,
Si n ai of E gy pt an d th e o c c u pie d t e rri t o ry b y Is r a el .

W ith this d efiniti o n th e t ot al l an d s u rf a c e i s ap p r o xi m at ely 6 ･2 62 m illi o n k m
2

. T h e

t ot al p o p ul ati o n is ab o u t 2 4 0 m illi o n i n 1 9 9 9 a s e s ti m at e d b y t h e a u th o r , an d th e

a - u al p o p ul ati o n g r o w th r at e i s 3 % .

T h e p r obl e m of d e s e r tifl C ati o n i n M id dle E a st h a s a l o n g hist o ry th r o u gh th e p a st

c e n t u ri e s ･ It h a s b e e n s u bj e ct t o l o n g -t e rm ch an g e s i n cli m at e an d h um an a c ti vitie s .

T h e n s l n g h u m a n p o p ul atio n a n d , th e a s s o ci at ed g r o w th i n c o n s u m p tio n of li m it ed
r e s o u r c e s b y h um a n a cti vi ti e s h a s l ed t o s e v e r e d e g r ad ati o n of v e g et atio n an d s oil , an d
t o s h o rt ag e w at e r r e s o u r c e s , w hi c h c o m p o s e th e e s s e n ti al n at u r al r e s o u r c e s f o r h u m an

e xist e n c e ･ W ithin th e r e g i o n , d e s e rtific ati o n i s o n e o f ty pi c al f o r m s of e n vi r o n m e n t al

d e g r ad ati o n .

3 . 2 P h y sic a且a n d n at u r al ch ar a c t e ri stic s

3 . 2 . 1 R elies fe at tl r C S

I n g e n e r al M id dle E a st r e g l O n C a n b e di vi d ed i nt o si m pl e z o n e s , n o rtb e m m o 皿 t ain

b elt , c o m p n s l n g th e st at e s of T u rk e y , Ir an an d n o r th e rn p a rt of lr aq ･ T h e s e c o n d z o n e

f o r m ed b y pl ai n s an d dis s e ct ed plat e a u s ( B e a um o n t et al . , 1 9 7 8) . Fig u r es .且 sh o w s th e
distri b uti o n of th e s e fTe at u r e s .

I n th e m o un t ai n p a rt , th e P o n t u s M o u n t ai n s i n T u rk e y , an i nt e r ru pt ed c h ai n o f
highl a n d s p a r all el o f B la ck S e a c o a s ts , ri s e i n alt 血 d e m o r e th a n 3 0 0 0 m s o u t h of Ri z e .

T h e hig h e st p e ak o f this c h ai n is 51 65 m at A r ar at M o un t i n th e e a st p a rt ･ I n th e

s o u th e m
l
c o a s t of T u rk ey , th e T a u rt u s M o un t ai n s i nt e r s e c t w ith th e P o n t u s M o u n t ai n s

an d p r e s e n t a n at u r al b a r ri e r t o h u m an m o v e m e n t ･ T h e An at oli an Pl at e a u o c c u p l e S th e
c e n tr al p a rt of T u rk ey ; it is f o u n d at ab o u t 5 0 0 m el e v ati o n an d r el ati v ely is ol at e d
丘o m th e c o a st s .

I n I r an
,
m o u n t ai n s a r e di vid e d in t o t w o p a rt s al o n g a s o u t h w e s t -t o - n o rt h e a st tr an s e c t .

I n th e n o rth of Ir an an d al o n g th e s o u th e rn sh o r eli n e s of C a s p l a n S e a a r e l o c at e d t h e
E lb u r z M o un t ai n s

,
w hi ch ris e t o an el e v ati o n of 5 5 1 0 m at D am a v an d M o u n t . I n t h e

s o u th w e st of Ir an
,
o v e rl o o ki n g th e Tig ris - E u p h r at e s l o w l an d s an d P e rsi a n G ulf , th e

Z ag r o s M o u n t ai n s str e t ch al o n g th e Ir aqi
-Ir a ni an b o u n d a ri e s ･ T h e hig h e st el e v ati o n

r e a ch e s 4 5 4 8 m at M o un t Z ar dk u h ･ T h e e a st o f I r an i s o c c u pie d b y th e
”

E a st e m

I r an i an H ig hl a n d s
”

, w hi ch fo r m a n at u r al b o rd e r s b et w e e n Ir an an d A fg h an i st a n a nd

2 0



Bl a c k S e a

A n a tOlia n P [ a te a u

* s
. I

a
D e a d S e a

L o w la n d s

C u nt H e

3 O OO nl

N o u n

_ . . . _ _
- 一
息

㌔

ra ra t

♂
S

C a sp ia n S e a

M o u nt D a m a ∀an d

H 息
4 548 rTi

K o p et D a g
‾

{
ヽ -

､
＼

〔⊃ D a sh ＋ K avir

Z ard K u h

Tig ris E u p h r a te s

D a sh - 母 -I ut

0 k m

Fig Ⅶr e 3 .且 M aj o r r elie f fe at u r e o f th e M id dle E a st ( B e a um o n t , 19 7 8 , m odified b y a u th o r s)

2 1



att ai n a n altit u d e o f 2 5 0 0 m ･ T h e c e n tr al plat e a u o f I r an i s di vid e d i nt o t w o m aj o r

b a si n s b o th w i th inl a n d d r ai n ag e ･ T h e D a s ht - e - K a vi r f o r m s a h u g e s alt d e s e rt i n th e

n o rth
,
w hile tb e 工) a s血t -且ut fわr m s t h e s o u th e m b a si n .

I n th e E a st o f th e R ed S e a i n th e A r a bi an P e ni n s ul a
,
hig hl a n d s al o n g th e R e d S e a a r e

f o u n d w h e r e th e hig h e st p e a k is m o r e th an 3 70 0 m in Y e m e n . F r o m this c o rn e r th e

r eli e f g e n e r ally d e clin e s i n el e v ati o n t o w a rd th e n o rth an d e a s t o f t h e p e ni n s ul a . I n

c e n t r al A r abi a , th e r elie f fo r m s s e ri e s o f w e s t w a rd f a ci n g e s c a rp m e n ts i n an a r c -lik e
f o rm a r o u n d th e m ai n highl an d m a s s o f t h e W e st C o a s t ･ U pl an d a r e a s a r e f o u n d i n th e

p r o xi m it y t O th e M ed it e r r a n e an e a s t e m c o a st , w ith a g r a d u al d e cli n e i n altit u d e

t o w a rd s th e i nt e ri o r . T h e s e big bl a nd s att ai n a m a xi m u m o f 3 0 0 0 m at M o u n t H e m o n .
T h e p att e rn of r elie f i n thi s r eg i o n is c o m plic at e d b y th e e xi st e n c e of t h e n o rt h -

s o u th

f a ult z o n e of th e D e ad S e a l o w -l an d s
,
w hi ch h a s dis s e ct ed t h e u pl an d b elt t o f o r m a

tr o u g h
-lik e r e g 1 0 n d e s c e n din g t o 4 1 0 m b elo w s e a l e v el at th e s u rfa c e l e v el o f th e

D e ad s e a ･ T his is th e lo w e s t p oi n t i n th e gl o b e .

T h e l ar g e st l o w l an d b elt o f th e r e g i o n St r e t ch e s fr o m n o rt h of Ir a q t o th e m o u n t ai n s o f

O m an ･ I n I r aq it i s c ･r o s s ed b y t h e la rg e ri v e r s of Tigr l S a n d E u p h r at e s w h e r e a s i n th e
s o u th e rn p a rt th e r eli ef is m i ni m al . T h e l o w l an d b elt c o n ti n u e s a s an atte n u at e d z o n e
al o n g th e w e s t e m sh o r e of th e G ulf t o b r o ad e n i nt o an e x t e n si v e pl ai n in s o u th e a s t e rn
A r abi a

,
w h e r e th e l a r g e st s an d S e a i n th e w o rld , th e R u b

'

al k h ali is f o u n d . H e r e s o m e

d un e s a r e m o r e t h an 2 00 m i n h ei gh t Fi n ally , th e M o un t ai n s o f O m a n r e a c h a

m a x i m um o f 3 0 0 0 m at G eb el A I A k h d a r ( B e a um o n t e t al . , 1 9 78) .

3 ･ 2 . 2 G e ol o g y

In g q n e r al t e r m s , th e old e st r o ck s o f P r e - C am b ri an an d P al e o z oi c ag e s a r e f o u nd o n

th e st able m a s s e s of A r abi an P e ni n s ul a ･ T h e s e b a s e m e n t r o ck s ar e e x p o s ed i n w e st e m

j h abi a ･ N o rth w a r d s
, p r o g r e s si v ely y o u n g e r r o c k s m o stly of s e di m e n t a ry o rlg l n o c c u r

s u ch a s th e f a m o u s N abi an S an d st o n e .

I n t h e F e rtil e C r e s c e n t a n d lr a n r eg l O n S m a ri n e s e di m e n t s , i n p a r tic ul a r li m e st o n e a n d

m ar ls of M e s o z oic ag e m ak e u p a m u ch l a rg e r p r op o rti o n of th e o u t c r o p . C al c a r e o u s

s edi m e n ts a r e of an e c o n o m i c i m p o rt an c e , a s th e y c o n s tit ut e r e s e r v e s f o r oil . R o ck s of
T e rtia ry ag e c o n sist m o s tly of m a ri n e s an d s , cl ay s , m a rl s a nd li m e s t o n e . T h e s e r o ck s
o c c u r al o n g a w id e z o n e p a r all eli n g th e G ulf a n d i n th e i nl a n d b a si n s of lr a n a n d

T w k e y .

T hi ck Q u at e m a ry s e di m e n t s a r e c o nfin e d t o th e u pl an d b a si n s , w h e r e th e m aj o r v all ey
sy st e m s o f Ti gris , E u p h r at e s an d oth e r s a r e fTo rm ed ･ E ru pti v e r o c k s , m ai nly b a s alt a r e
f o un d i n th e highl an d z o n e s of T u rk ey an d Ir an , a n d i n th e adj a c e n t a r e a t o th e m aj o r
f a ultin g z o n e s of t h e D e a d S e a l o w l an d s an d R e d S e a r e g l O n ･ V ol c a ni c p e a k s a r e s e e n
i n M o un t A r ar a t an d M o u n t D am a v an d ･ I n o th e r pl a c e s , l a v a u p w elli n g h a s o c c u rr e d
al o n g fis s u r e s r ath e r th an fr o m s l n gl e v e n t s ･ T h e s e c a s e s a r e f o un d a r o u nd J eb el e d
D r u z e i n S y ri a an d i n th e u pl an d s o f w e s t e rn S a u di A r abi a .
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3 ｡2 .3 G c o m o 『p 払o且o gy

G e o m o rp hi c h a z a rd s pl ay a s ig nific an t r ol e i n l a n df o r m s f o r m ati o n an d st r o n gly aff e ct
h u m a n a c ti vi tie s ･ M o st o f th e s e h a z a rd s a r e a di re ct r e s ult of w ate r a cti o n ･ I n u pl a n d
a r e a s

,
l an d slid e s , e r o si o n an d m u d 鮎 w s a r e c o m m o n o c c u r r e n c e s o n u n st a ble sl op e s

w ith littl e v e g et ati o n c o v e r . F r eq u e n t 剖o o d s c an d e v a st at e ri v e r s an d lo w l a nd a r e a s .

W ith th e lo n g d ry s e a s o n th at p r e v ails al m o st e v e ry w h e r e d u ri n g s u m m e r , w i n d
e r o si o n i s a m aj o r h a z a rd , w i nd s c a u s e th e m o v e m e n t of l a r g e q u an titi e s of fin e -

g r ai n e d m at e ri al s , l e a v i n g b e hin d a c o n c e n t r a土i o n of c o a r s e -

g r ai n e d s e di m e nt s ･ S a n d y
d e p o sit s a r e c o m m o n th r o u gh o ut t h e e a s t e m p a rt of M iddle E a st .

I n I r an s alt w e ath e ri n g h a s b e e n dis c o v e r e d t o b e a n i m p o rt an t p r o c e s s i n th e
b r e ak d o wn o f r o ck s c r o s s i n g th e allu vi al f an s a n d pl ai n s o n t h e m a rg i n Of D a sh - e -

K a vi r(B e a u m o n t e t a l , 19 7 8) . F u rth e r e vid e n c e o f th e i m p o rt an c e o f this p r
.

o c e s s i
?

fo u n d i n a d e s c rip ti o n of c r a cki n g p a r all el st o n e o n p a v e m e n t s u rf a c e s l n S i n ai

(Y a al o n , 19 7 0) ･ As i n Ir a ni
.

an e x am ple , th e g r o w th of g y p s u m an d s alt c ry st als in fl n e
c r e vi c e s s e e m s t o b e th e p r i m e C a u s e O f s alt w e ath e ri n g ･

B e a um o n t e t al l
, ( 1 9 78) e m pl o y e d 竺

si m ple b a si n m o d el t o d e s c rib e th e

g e o m o rp h ol o gy l n M id dle E a st ･ T hi s s i m pl e m od el di vid e s th e b a si n i nt o f o u r
e n vi r o n m e nt al z o n e s : u pl an d , all u vi al f an , all u vi al pl ain a nd s alt l ak e o r s al t d e s e rt .
T h e u pl a n d z o n e is ch a r a c te ri z e d b y st e ep o u t c r op s , w hi ch ar e u s u ally r e si st an t r o ck
ty p e s ･ G e n e r ally this z o n e h a s an e r o si v e a c ti vity r e s ulti n g fr o m s e v e r e w e a th e ri n g
c o n diti o n s

,
n u vi al a cti vity an d m a s s m o v e m e nt o n st e ep sl o p e s ･

T h e th r e e o th e r m o rp h ol o gic al z o n e s ar e e s s e n ti al ly d ep o siti o n al i n n at u r e . T h e

allu vi al f an z o n e is sit u at e d at th e m a rg i n Of th e u pl an d z o n e an d ch a r a c t eri z ed b y
●

sl op e s of 3 t o 1 5 d eg r e e s , w ith c o a r s e m at e ri al s b r o ug ht o ut b y fl u vi al a nd m ud n o w
a c ti vity .

T h e all u vi al p lai n p o s s e s s e s l o w e r sl o p e th an th at of all u vi al fa n , a n d i n m an y c a s e of
M id dle E a st , f o r m s th e m aj o r m O rP h ol o gi c al z o n e ･ It is chi e n y f o r m ed b y w ate r a c ti o n
d ep o siti o n , b u t w i n d e r o si o n als o o c c u r s h e r e ･ T h e fin e r s u rf a c e m at e ri al is g e n e r ally
r e m o v ed b y th e w i nd , 1 e a v l n g a St o n e O r P a v e m e n t d e s e r t b ehi n d , an d fo r m i n g
d ep o sit s of l o e s s o r s 皿 d d u n e s i n t h e l o w e r p a rt s o f th e z o n e , o r o n th e m a rg l n S Of th e
adj a c e n t s alt d e s e rt .

T h e s alt l ak e a n d s alt d e s e rt z o n e o c c u r o nly l n b a si n s w itb o 山 d r ai n a g e o u tl et s .

M at e ri al s i n t his z o n e i s n o r m ally 丘n e g r ai n e d , of silt o r cl ay si z e , w ith t h e c o a r s e r
m at e ri al h a vi n g b e e n d ep o sit e d d u ri n g p a s s ag e o v e r th e all u vi al f an an d pl ai n z o n e s .

S alt c m st s a r e o 鮎 n fわu nd o n g r o u n d s u 血 c e a n d a s alin e d e p o sit o c c u r s i n th e s oil

p r ofil e ･ Sl o p e s a r e v e r y g e ntle , an d a s a c o n s e q u e n c e w at e r b o di e s a r e v e r y sh all o w

an d c o v e r e x t e n si v e a r e a s ･ W ate r m o v e m e n t i nt o this z o n e fr o m a dj a c e n t u pl an d s
t ak e s pla c e m o stly i n l at e w i nt e r a nd e a rly sp r l n g ･ B y l ate s u m m e r all st a n di n g w at e r
h a s n o rm ally e v ap o r at e d a n d s alt c ru s t s a r e fo r m e d . T h e D a sh - e - K a vi r of c e n t r al Ir an
a n d t h e Ri v e r J o rd an ill u str at e v e ry w ell t his m o d el .
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3 ｡ 2 . 4 S o豆丑

S oil is o n e of t h e m o s t vit al n a t u r al r e s o u r c e s i n a n y r e g i o n , b e c a u s e , w ith o ut it ,
ag n c ult u r al a cti vi ty is n o t p o s sibl e ･ It is als o r el ati v ely e a sily d e st r o y ed b y th e c a r el e s s

a cti o n s of m an ･ B a sic fa ct o r s c o n tr ollin g s oil f o rm a ti o n a r e cli m at e , p a r e n t m at e ri al s ,
v e g et ati o n , sl op e , h y dr ol o g y , m i c r o

- o rg an i s m s , h u m an a cti vity an d ti m e . P a r e n t

m at e ri al a n d cli m at e c o n ditio n s ar e u s u ally th e m o s t sig nifi c an t f a c t o r s i n n u e n c l n g
s oil ty p e s .

I n t h e M id dl e E a st , a n u m b e r o f s oils ty p e st an d o u t e x c epti o n ally i m p o rt an c e wi th
r eg a rd t o eit h e r th eir t ot al a r e a o f o c c u r r e n c e o r t h eir ag rl C ult u r al p r o d u cti vity . I n

t e r m s of th e G r e at S oil G r o u p cl a s si TI C ati o n , th e s e ty p e s a r e th e R ed D e s e rt s oil s

(i n cl u di n g lith o s ols an d s an d); Si e r o z e m s (i n clu di n g lit h o s ols an d s a n d); R e d dish
P r ai ri e

,
R ed di sh C h e st n u t an d R e d dish B r o w n s oils; T e rr a R o s s a , a n d R e n d zi n n a s ;

C h e st n u t a n d B r o wn s oils; an d all u vial s oils ( B e a u m o n t e t al . , 1 9 78) .

T h e R e d D e s e rt s oil s a r e t h e m o s t w id ely o c c u r r l n g s oils in M id dl e E a st , m o st o f th e
◆

A r ab i a n P e ni n s ul a
,
I r a q , J o r d an an d s o u th e rn Ir an ･ O w i n g t o th e d ry n e s s o f th e r e g 1 0 n

i n w hi ch t h e s e s oils a r e f o un d
, an i m al an d pl an t gr o w th w ithin th e m i s m i ni m al a n d

c o n s eq u e n tly th e h um u s c o n t e n t i s v e ry l o w ･ S oil h o ri z o n s a r e p o o rly d e v el o p e d a n d

th e t e x t u r e i s c o ar s e w ith m an y u n w e at h e r ed m at eri al s .

Si e r o z e m s o r G r ey D e s e rt s oils a r e c o n fl n e d t o t h e n o rth e rn an d c e n t r al p a rt s o f Ir an

w h e r e t e m p e r at u r e c o n ditio n s d y e c o ol e r ･ T h ey a r e ch a r a ct e ri z ed b y t h e a c c u m ul atio n
o f c alciu m c a rb o n a‡ej u st b el o w th e s u 血c e ･ N eith e r t h e R ed D e s e rt s oils n o r t h e G r ey
D e s e rt s oils a r e o f g r e at ag ri c ult u r al si g nifi c an c e .

R ed dis h P r airi e , R e ddish C h e st n ut an d R ed di sh B r o wn s oil s a r e f o u n d i n th e r e g 1 0 n Of

th e
u

F e rtil e C r e s c e n t
m

of n o rth e m l r aq an d S y ri a ･ T h e R e d di sh P r airi e s oils ap p e a r t o

h a v e b e e n d e v el op ed un d e r g r a s sl an d c o n diti o n s an d a r e of g r e at ag rl C ulttlr al
●

p r o d u c ti vi ty p arti c ul a rly fo r c e r e als . I n slig htly d rie r a r e a s , R ed d is h C h e st n u t a nd
R ed dish B r o Ⅶ･ s oil s o c c u r ･ T h e s e s e e m t o fb - u n d e r a r a n g e of v e g et ati o n
c o n diti o n s

,
b ut all s h o w th e d e v el o p m e n t of a c al ciu m c a rb o n at e h o ri z o n at d ept h ･

T e rr 礼 R o s s a s oils a r e o f e x c ep ti o n al ag rl C ult u r al i m p o rt a n c e a n d d e v el o p ed o n b a rd ,

p u r e c ry st al lin e li m st o n e s u n d e r a M e dit e r r an e an cli m ati c r e g l m e , a n d o c c u r

e xt e n si v ely i n T u rk ey , S y ri a , L eb an o n , J o rd an an d Is r a el ･ T h e d e ep r ed c ol o r o f th e s e
s oils is th o u g ht t o b e d u e t o t h e p r e s e n c e o f s e sq u 1 0 Xid e s of i r o n i n c o n sid e r able

q u an titi e s ･ T h eir cl ay c o n t e n t i s c o m m o nly ab o v e 5 0 % an d b e c a u s e of this , t h eir
m oi st u r e h oldi n g c 叩 a City is g o o d ･ D u e t o t h eir u n st abl e st m c t u r e , th e s e s oils a r e

s u s c eptibl e t o w at e r e r o si o n w h e n v e g et ati o n c o v e r i s r e m o v ed .

R e n d zi n a s oils p o s s e s s d a rk g r e y o r b la c k s u 血 ･c e l ay e r s o v e rlyi n g lig ht e r c ol o r ed
m at e ri al

,
w hic h is hi gh ly c al c a r e o u s ･ S u ch s oils a r e f o u n d o nly o n s o 免1i m e st o n e s a n d

m a rl s , u s u ally in a s s o ci atio n w ith T e r r a R o s s a s oils , w hich fo rm o n m o r e r e si st a n t
c al c a r e o u s fb m ati o n s .

I n th e tr a n siti o n al z o n e b et w e e n g r a s sl a n d s oils a n d a rid d e s e rt s oil s , C h e st n ut a n d

B r o w n s oil s a r e f o u n d ･ T h e y a r e b e s t d e v el o p ed i n c e n t r al A n at oli a , I n m o r e a rid

r eg i o n s , th e C h e st n ut s oils a r e r epl a c e d b y B r o w n s oils , w hic h a r e si m il a r i n p r o fll e
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c h a r a c t e ri stic s , b ut c o n t ai n l e s s h u m u s a n d c o n s e q u e n tly a r e o f a ligh t e r c ol o r . B o th o f

th e s e s oils t e n d t o b e f o u n d i n r e g i o n s , W hi c h a r e m a rg i n al fo r d r y
-l a n d fa r m l n g ･

Al l u vi al s oils a r e th e m o st f e rtile s oils f o u n d in th e M id dl e E a st ･ T h e y o c c u r al o n g th e
m aj O r ri v e r sy ste m s , a n d a r e e sp e ci ally w ell d e v el o p e d i n th e Tig ris

- E u p h r at e s
l o wi a n d s ･ T h e t e x t u r e of this typ e o f s oil v a ri e s c o n sid e r ably ' d ep e n di n g u p o n l o c al
s edi m e n t s u p ply c o n diti o n s ･ I n th e l a rg e r ri v e r b a si n s sill y - cl ay s , silty

-l o a m
,
an d silty

-

cl ay
-l o a n s t e n d t o b e p r ed o m i n a n t ･ W h e r e p o o r d r ai n a g e o c c u r s , s ali nity c a n b e a

p r o ble m .

3 . 2 ｡ 5 C 且豆m ai e

T h e M id dl e E a st h a s a sp e cial a n d u n u s u al cli m at e ･ M o st p a rt s of th e w o rld
e x p e ri e n c e th ei r r ai n fall eit h e r m o stly d u ri n g s u m m e r(th e w ar ヮ

s e a s o n) o r dist rib ut e d
th r o u g h o u t t h e y e a r ･ O nl y in a v e r y fe w a r e a s i s th e r e a m a x i m u m r ai nf all in wi nt e r

(t h e c old s e a s o n) A T his i s th e s o -

c alled
”

M edit e r r a n e an
”

cli m at e
,
w h ich is ty pifie d b y

a l o n g i nt e n s ely h ot a nd d ry s u m m e r , an d a r el ati v el y m il d , r a l n y wi nt e r , wi th
o c c a si o n al c old s p ells .

T h e c o n tr a s t b et w e e n th e s e t w o s e a s o n s c o n diti o n s pl an t life an d th u s ag ri c ult u r e .
N ati v e pl a nt r e s t i n th e h ot s e a s o n , w hi c h is o p p o sit e t o w h at h ap p e n s in c o dl e r
t e m p e r at u r e cli m at e ･ S o m e pl an t s s u ch a s c e r e al s m a t u r e q ui ckly t o c o m plet e th e

g r o w t h c y cl e b ef o r e th e o n s e t o f h ot w e ath e r; oth e r s , c hi eB y b ulb s , fl o w e r i n sp n n g o r
a u t u m n

,
w hilst s o m e

,
s u c h a s th e cit r u s b e a r f ru it i n w i nte r . A ll th es e h a v e a m a rk e d

e ffe ct o n ag ri c ult u r al r o uti n e s an d g e n e r al li vi n g h abit s , lik e th e s um m e r sie st a , w hi ch
i n v ol v e s b r e aki n g th e d ay i nt o r e st p e ri od s , w i th a v e ry e a rly m o m l n g St a rt , an d
c o n ti n u an c e of w o rk in th e e v e n l n g ･ A u t u m n i s w a n a n d s u n n y , w hile sp ri n g l S

I

ch an g e able a J ld s ubj e ct t o c old sp ells , b o t h a r e sh o rt , i n t e rm edi at e s e a s o n .

T e m p e r at u r e s a r e f ar hi gh e r th an th o s e at th e E q u at o r ･ D a y m a xi m u m o f 3 8
o

C t o 4 6
o
C

is u s u al
,
an d a fig u r e O f o v e r 5 2

o

C ･ i s k n o wn ･ I n w i nt e r , th e i nt e ri o r l a nd c a n b e c old
,

e sp e ci ally at hig h e r el e v ati o n s ･ S n o w c an f all i n m o u n t ai n s
･

i n T u rk ey , I r an , S y ri a ,
L eb a n o n

, J o rd a n a n d Y e m e n ･ T h e pl at e a u s o f T Ⅶrk e y a nd lr a n e x p e ri e n c e s e v e r e
w i nt e r s

,
w ith s e v e r al m o n t h s of fr o st an d u p t o 1 2 0 d ay s of s n o w c o v e r a r e m i n d e r of

th eir g e o g r ap hi c al p o siti o n adj a c e n t t o R u s si a ･ T h e m i ni m u m t e m p e r at u r e r an g e s fr o m

4
o
C t o I 0

o

C d ep e ndi n g u p o n th e g e o g r 叩hic all o c ati o n ･ W id e 且u ct u a ti o n s t e m p e r a t u r e
b et w e e n d ay a nd nig ht a r e c h a r a ct e ri sti c or t h e i nt e ri o r , b u t n o t cl o s e t o th e c o a s t

( Fish e r , 1 9 8 0) .

An i m p o rt an t c h a r a c t e ri sti c o f M id dl e E a st cli m at e i s t h e s c an t an d ir r e g ul a r r ai n f all .
M u ch o f th e e n tir e r e g 1 0 n h a s l e s s th a n 2 5 0 m m a n n u ally ･ T hi s d e fi ci e n c y l S i nt e n si fi e d
b y th e hi ghly sp o r adi c an d ir r eg ul a r n at u r e of th e a ut u m n , fo r i n st a n c e , i n 1 9 7 2
K u w ait an d p a rt s o f th e G ulf c o a s t h ad u n p r e c ed e nt ed fl o o d s th at w a sh e d a w ay
p a rk e d c a r s ･ I n J o rd an ofrl Ci al st ati stic s m e n ti o n ed a d aily r ai nf all of 1 5 8 m m N a o u r ,
s o u th o f Am m a n (Q u d ah , 1 9 9 8) ･ A l s o t h e r e c a n b e h e a v y r ai n i n op

e l o c ality a nd n o n e
a f e w kil o m ete r s a w ay ･ O n th e oth e r h a n d , th e r e a r e a f e w r e g i o n s W h e r e p r o d u c e
an n u al t ot al s of 75 0 - 1 0 0 0 m m ･ T h e s e a r e u s u ally u pl a nd a r e a s cl o s e t o l a rg e s e a s
n o rth e rn I s r a el

,
L e b a n o n

,
an d w e st e m S y ri a , s o u th a n d w e st T u rk e y an d n o r th o f l r an

cl o s e t o t h e C a s p l a n S e a 一 T h e e x t r e m e s o u th a n d e a st o r A r abi a c a n b r u sh ed b y
m o n s o o n al c u r r e n t f r o m I n di an O c e a n

,
a n d t h u s h a v e a l o c al s u m m e r r ai n f all ･

･

p a rt s of
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Y e m e n an d O m an a r e i n n u e n c ed in this w ay . N o r m ally , th e w i nt e r r ai n s b e gi n i n

O ct o b e r
,
w ith a s e ri e s o f st o r m s . H e a vi e st r ai n f an s d u ri n g J a n u a r y i n th e w e st , an d

､

F eb ru a ry o r M a r ch i n th e e a s t ･ T o w a rd s th e e n d o f A p ril th e s e m ay b e t h e Tl n al o n s e t

o f r ai n
,
an d f r o m J u n e t o S ept e m b e r n o r ai n w h ats o e v e r i n th e s o u th , an d o nly v e ry

s m al l am o u n ts i n th e n o rth .

T w o o th e r p h e n o m e n a m ay b e m e n ti o n ed : t h e o c c u rr e n c e o f h ot an d d u s t o r s an d -

l ad e n wi n d s fr o m d e s e rt a r e a s , a n d t h e p r e v al e n c e o f hig h at m o sp h e ri c h u m idity n e a r

th e c o a s ts . T h e s a n d wi n d s , k n o w n a s K h a m a si n s , a r e u n ple a s a n t vi sit ati o n s th at c an

l a st u p t o 4 8 h o u r s an d t h ei r m ai n effe ct , a p a rt f r o m h u m an i n c o n v e ni e n c e , i s t o

w ith e r g r o w i n g C r o p s O n a l a rg e s c al e . H igh h u m idity , e sp e ci all y i n s u m m e r m ak e s

li vi n g c o n diti o n s diffl C ult i n s u c h a r e a s a s th e P e r si an G ulf , th e R e d S e a an d p a rts of

L eb an o n . An ot h e r eff e ct is t h e i nt e n s e e v ap ot r a npi r ati o n d u e t o th e h igh t e m p e r at u r e s

an d l o w p r e cipit ati o n ･ D e t ail e d w o rk o n p ot e n ti al e v ap otr an s pir ati o n am o u n t s i n th e

M id dl e E a st r e v e al e d m a r k ed v a ri ati o n s th r o u gh o ut th e r e g 1 0 n . T h e hig h e st v al u e s of

m e an an n u al e v ap ot r an spi r ati o n , of m o r e th a n 1 1 4 0 m m , a r e c o n fi n e d t o th e a r e a s

s o u 也 of 3 0 d eg r e e s l atit ud e . M e diu m v al u e s
,
b et w e e n 5 7 0 a n d 1 1 4 0 m m

,
o c c u r

th r o u g h o ut m u ch of T u rk ey , t h e e a st e rn M edit e r r an e a n c o a st al r e g 1 0 n , S y ri a , n o rth e m

J o rd an , n o rth e rn I r aq an d i n t h e highl a n d s o f Ir an , w hil e fig u r e s b el o w 5 7 0 m m a r e

fo un d o nly i n th e hig h e st u pl an d r e gi o n s o f T u rk e y an d n o rth e m I r an ( B e a um o n t e t

αり 9 7 8) .

3 .3 S o ci al a n d e c o n o m i c g e at tl r C

3 .3 .1 P 叩 u 且atio n

O n e o f t h e a c u t e is s u e s , w hi c h e x e rt a p r o f o u n d i n fl u e n c e o n d e s e rtifi c ati o n i n M id dle

E a st c o u n t ri e s
,
1 S p o p ul ati o n p r e s s u r e . T his p r oble m a ri s e s a s a r e s ult o f a hig h birth

r at e
,
t o g eth e r w ith a f airly l o w d e ath r at e . T his sit u ati o n h a s m ultipli ed d e m an d s o n

n at ur al r e s o u r c e s t o fu lfill p e o pl e
'

s n e ed s i n w a t e r , f o o d an d sp a c e , w hi c h m e an s m o r e

di r e ct o r i n dir e c t p r e s s u r e s o n th e l an d an d its a v ail ab le r e s o u r c e s o f w at e r , s oil an d

v e g et ati o n . S t u die s m e n ti o n ed th at th e n e e d s o f in c r e a s l n g p o p u l ati o n is m o r e th a n

d o u bl e o f t h e p r o d u c ti vity ( A O A D , 1 9 9 4) .

A s a c o n s e q u e n c e o f t his p r o c e s s , d e s e rtifl C ati o n o r m o r e g e n e r ally e n vir o n m e n t al

d e g r ad ati o n h a s att a ck ed m illi o n s o f h e ct a r e s i n th e M i ddl e E a st , of w h ich m o r e th an

7 0 % ar e s e v e r ely d e g r ad ed c o m p a r e d t o th e sit u ati o n i n 1 9 6 0 of lo w d e n sity o f

p o p ul ati o n w h e n d e s e rtifi c ati o n w a s sligh t t o m o d e r at e .

H i st o ri c ally , t h e M i ddle E a st c o u n ti e s h a v e h ad a p op ul ati o n o f 1 4 m illi o n i n 6 0 0 A D

( B e a um o n t , 1 9 7 0) , th e s a m e a u th o r a r ri v e d at lo w e sti m at e , w hi c h h e a d opt e d , o f 2 0

m illi o n f o r 1 92 0 (i n cl u di n g E g y pt an d Lib y a) . B y 1 9 5 0 , th e s a m e r e gi o n c o n t ai n e d

ap p r o xi m at ely 4 4 m illi o n p e opl e .

I n this st u dy , s e v e r al s o u r c e s h a v e b e e n e x a m i n ed t o c o m pil e e sti m at e s o f p op ul ati o n

g r o w th b y d e c ad e fr o m 1 9 60 t o 2 0 0 0 . T a b且e 3 .l an d F ig u r e 3 ｡2 e x pl ai n s t h e s e

i n v e s tig atio n s , fr o m w hich s e v e r al c o n cl u si o n s m ay b e m ad e .
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甘a払且c 3 ｡且

P o p ul ati o n g r o w th of M iddle E a st

C o u ntr y C o u nt ry

S u rf a c e

x l O
3
k m
2

P op ul ati o n i n M illi o n s 舟o m 1 9 6 0 t o 2 0 0 0 G r o w t h

- r at e ‰

1 9 98
1 9 6 0 1 9 7 0 19 8 0 1 9 9 0 1 9 9 5 2 0 00

S a u di A r abi a 2 ,1 4 9 .9 0 4 .8 5 6 .4 3 8 .5 0 1 4 .2 0 1 8 .7 3 2 2 .2 0 3 .68

Y e m e n 5 2 7 . 9 7 5 .3 0 7 . 0 3 8 .9 0 1 0 .5 0 1 4 .7 3 1 8 .0 0 3 .3 0

K u w ait 1 7 . 82 0 .5 6 0 . 7 6 1 .6 0 2 .1 0 I .8 2 2 .0 8 3 .8 0

O m a n 3 1 2 .
5 0 0 .4 6 0 .6 6 o .9 0 1 .5 0 2 .13 2 .6 0 3 .7 l

B ah r ai n 0 .6 2 0 . 14 0 . 1 9 0 .43 0 .5 0 0 .5 8 0 .7 0 2 .5 8

Q at ar l l .
0 0 0 . 05 0 . 1 0 0 .3 0 0 .4 0 0 .5 4 0 .8 0 2 .7 4

U A E 7 5 .5 8 0 . 14 0 .
1 9 0 .9 2 1 .6 0 2

. 9 3 3 .0 0 3 .5 0

Ir a q 4 3 7 . 0 0 6 . 9 0 9 . 83 13 .8 0 1 8 .9 0 2 0 .6 5 2 3 .8 0 3 .7 0

L e b a n o n 1 0 .4 0 1 .85 2 .4 6 3 .0 0 3 .0 0 3 .6 7 4 . 0 7 2 .1 5

S y ri a 1 8 5 . 1 8 4 .5 7 6 .
2 4 8 .6 0 12 .5 0 1 5 .

4 5 1 7 .5 0 3 .3 0

J o rd a n 8 9 .2 0 1 .0 0 1 .3 5 2 .2 0 3 .5 0 4 .1 0 4 .9 0 3
.4 0

W e st B a nk & G a z a 6 .2 2 0 .5 6 0 .7 5 1 .3 5 1 .8 9 2 .1 3 2 .8 0 4
.0 2

T u rk e y 7 8 0 .5 8 2 6 . 7 0 3 5 .5 3 4 6 .2 0 5 8 .0 0 6 4 .5 7 6 9
.5 0 2

.0 0

Ir a n 1
,
6 5 0 ,0 0 2 1 .7 5 2 8 .5 3 3 6 .8 0 4 8 ,4 0 6 4 .4 0 7 0 3 0 3 .4 0

Is r a el 2 0 . 7 7 1 .5 0 2 .8 0 4 .0 0 4 .7 0 5 ,1 7 5 .9 0 l .9 1

T ot al 6
,
2 7 4 .7 4 76 .6 0 1 03 .2 0 1 3 7 .5 0 1 8 4 .6 9 2 2 1 .5 4 2 4 8 .2 0 2 .9 8

T h e p o p ul ati o n of th e M id dl e E a st w a s tr ebl e d fr o m 1 9 6 0 w ith 7 6 . 6 m illio n t o 24 0

m illi o n i n 19 9 9
,
a n d i s e x p e c t ed t o b e 4 8 0 m illi o n b y 2 0 20 . C o m p a r e d t o o th e r

c o u n tri e s , M id dle E a st c o u n tri e s h a v e a h igh p o p ulati o n g r o w th r ate , ab o u t 2 .9 8 % a s

a v e r ag e . T h e w o rld p o p ul ati o n g r o w th r a t e i s ab o ut 1 . 7 % . Fig u r e 3 . 2 , w it h it s

e x p o n e n ti al s h ap e , sh o w s cl e a rly this p o p ul ati o n i n c r e a sl n g an d th e hig h v al u e o f

p op ul ati o n g r o w th r a t e . T h e c o n diti o n s of life a r e v e ry difTI C ult i n M iddle E a st w ith

l o w i ndi vid u al i n c o m e . T hi s sit u a ti o n i n c r e a s e s th e p o p ulatio n p r e s s u r e o n th e

a v ail abl e n at u r al r e s o u r c e s
.
an d le a d s t o l an d d e g r ad ati o n ･ It i s w o rth n otin g th at in th e

p a st this r e g i o n h ad high ag r i c ult u r al p r o d u cti vity .

3 ･3 ･2 A g ric u 蜘 r e
- L a m 如

.
s e & L iv e s t o c k -

A g ri c ult u re h a s a fu n d a m e n t al i m p o rt an c e i n th e lif e o f th e r e g i o n . 甘汲bl e 3 ･ 2 gi v e s

s o m e i ndic at o r s f o r th e i m p o rt an c e of a gr l C ult u r e . O v e r th e w h ol e r e g i o n , a g r i c ul t u r e

c o n tri b ut ed dir e c tly t o ab o ut 1 5 % of th e G D P i n 1 96 8
- 1 9 69( B e a u m o n t el a l ” 1 9 7 8) .

I n 1 9 9 4 - 1 9 95
,
th e c o n t rib 山io n of a gr l C ultu r e i s e sti m at ed fわr th e w h ol e r e g l O n t O b e

ab o u t 15 .5 % ; w ith a n e t d e c re a s e i n th e a g ri c ult u r al l ab o r f o r c e b et w e e n 1 9 7 0 an d

1 9 95 , w hi ch m ay a g ai n b e i n te rp r e t e d a s i n c r e a s l n g Of p r e s s u r e o n n at u r al l an d

r e s o u r c e s . L o w p r od u cti vity l S O n e Of th e r e g 1 0 n
'

s m aj o r e c o n o m i c p r ob le m s , a nd this

is d u e t o p h y sic al c o n diti o n s ･
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Fig tl r e 3 . 2 P o p ul ati o n g r o w th o f M id dl e E a st
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甘a払温e 3 ｡2

I m p o rt a n c e of ag r i c ult u r e i n M id dle E a st

P e r c e n t ag e P e r c e n t a g e of P e r c e n t a g e P e r c e n t a g e of

c o n trib uti o n t o l ab o r fb r c e c o n trib uti o n t o 1 ab o r f o r c e

G D P b efo r e 1 9 7 0 b ef o r e 1 9 7 0 G D P -

a氏e r 1 9 95 a允e r 1 9 95

S a u di A r abi a 6 . 0 6 0 . 0 8 .8 5 .5

Y e m e n 6 7 . 0 20 .0 6 2 . 0

Ir aq 19 .0 4 7 .0 5 .0 2 0 . 0

S y ri a 2 6 . 0 4 9 .0 2 8 .0 2 2 .5

J o rd an 15 . 0 3 9 .0 6 .0 1 0 . 0

L eb an o n 1 0 . 0 4 7 .0 8 .8 9 . 0

I r an 1 9 . 0 46 .0 23 .0 29 .0

T u rk ey 2 8 . 0 6 9 .0 16 .0 44 .0

I s r a el 6 . 0 1 0 .0 2 . 0 2 .6

( a) L a n d ⅦS e

w at e r a v ailabilit y is th e m o s t i m p o rt an t c o n s tr ai nt o n a g rl C ult u r al l an d u s e ･ A w i nt e r

- o r sp r i n g m a xi m u m a n d a l o n g s u m m e r d r o u ght c h a r a c te ri z e th e p r e cipit ati o n r eg l m e S ･

T his p att e m l a r g ely d et e r m i n e s th e ti m e a v ailabl e f o r c r o p g r o wi h , th o u g
h l o w

t e m p e r at u r e i n w i nt e r an d high e v ap otr an spir ati o n i n s u m m e r r e stri c
t r apid g r o w th t o

th e p e ri o d 丘o m F eb r u a ry t o M ay i n F e rtile C r e s c e n t a
n d fr o m A p ril t o J uly i n th e high

c e n tr al p a rt s of T u rk e y a n d Ir an ･

w h e at a nd b a rl ey a r e 也e m o s t i m p o rt a n t c r op s i n t e - s of th e a r e a d e v o t ed t o th e m a s

w ell a s th eir p r o m i n e n c e i n th e di et ･ A s i n di g e n o u s pl a nt s , th e y a r e
､

w ell ad apt ed t o

l o c al c o nditio n s .

T h e c riti c al c o n diti o n s a r e m et i n p a rt s of th e r e g i o n W h e r e m e an a - u al pr e cipit ati o n

e x c e e d s 24 0 m m an d r el ati v e i nt e r -

a r m u al v a ri ability le s s th a n 3 7 % ･ M o st of th e

r e gio n c a m o t s u p p o rt d ry f a r m i n g (r ai n fed f a r m i n g) a nd
･

p e r m an e n t c ultiv ati o n

d ep e n d s l a r g ely u p o n th e a v ail ab ility of w at e r f o r ir ri g ati o n , a nd t
hi s i s r e st rict ed ･ T h e

sit u ati o n of ag r l C ult u r al l an d u s e l S P r e s e n t e d i n T ab le 3 ･ 3 ･

A s it is sh o w n i n T a ble 3 ･3 , h u m an u s e s o nl y p a rt o f th e M id dle E a st ar e a ･ T h e

m o u n t ai n s a r e t o o hi gh in pl a c e s f o r c o m f o rt abl e u s e , an d i n w i nte r th ey a r e t o o c old ･

T r a c t s of s 皿 d a n d st o n e d e s e rt p r o vid e p h y sic al c o n t r a st , b ut 血u m a n u s e is g e n
e r ally

r e stri ct ed t o w h e n an o c c a si o n al sh o w e r h a s p r o d u c e d a fl u sh of h e rb a g e ･ I n spit e of

th e s e c o n diti o n s
,
f a r m l n g l S Still b a si c t o th e s o ci o

- e c o n o m i c life of th e M id dle E a st ･

H o w e v e r , a n n u al c r o pl a n d c o v e r s a v e ry s m all p a rt of th e r e g i o n , e sti m ate
d at an

a v e r a g e of 6 ･
5 % of t ot al l an d ･ T h e r an g el an d , h o w e v e r , is c o n sid e r ably w id e

( T a b且e 3 . 3) . E v e ry w h e r e th e a r able ar e a h a s b e e n i n c r e ? si n g ･ F o rm e r g r a zi n g l a n d h a s

b e e n pl o u g h ed u p i n t h e d r y fa rm 1 n g a r e a s , an d ir rig atio n h a s b e e n e x t e n d ed i n
t o th e

a ri d p a rt s o f th e r e g 1 0 n ･ T h e u s e of t h e c ulti v at ed a r e a i s al s o c h an g l n g ･ T h e c r o pp l n g

p att e m i s d o m i n a t ed b y w h e at a n d b a rl e y ' w hich o c c up y m
o r e th an 5 0 % o f th e fi eld

c r op ar e a a nd r e a c h ed o v e r 8 0 % in Ir a n , Ir a q , J o rd a n ,
T u rk ey a nd Y e m e n (B e a u m o n t

e t al . , 1 9 7 8) .
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L an d u s e dist rib utio n i n th o u s a n d k m
2

C o u n try

S u r fa c e

Ⅹ1 0
3 k m
2

P e r m a n e n t

c ulti v ati o n

A n n u al

Cr op s

Ir ri g at e d ar e a f o r e st r an g ela n d

S u rfa c e % *

S a u di A r ab ia 2
,
1 4 9 .9 0 0 .9 5 1 5 .3 0 1 6 .0 8 1 0 0 .0 0 .8 7 7 6 4 .4 0

Y e m e n 5 2 7 .9 7 2 .0 0 8 .5 0 3 .8 0 4 5 .7 2 0 .0 0 1 5 8 .4 0

K u w ait 1 7 ,8 2 0 .0 4 0 .0 5 1 0 0 .0 1 .3 4

O m a n 3 1 2 .5 0 0 .4 3 0 .1 8 0 .6 2 1 0 0 .0 1 0 .6 0

B a hr ai n 0 .62 0 .0 2 0 .0 2 0 .0 3 _ 1 0 0 .0 0 .l l

Q at ar l l .0 0 0 . 0 2 0 . 06 0 . 13 1 0 0 . 0 0 .5 0

U A E 7 5 .5 8 0 .33 0 .2 0 0 . 6 7 1 0 0 . 0 1 .5 2

Ir a q 4 3 7 .0 0 2 .7 0 3 4 . 6 0 3 6 .2 6 9 4 .5 1 3 .l l 3 9 .3 3

L e b an o h 10 .4 0 0 .9 3 1 .1 0 0 .8 6 4 6 .2 0 .8 0 0 . 1 0

S y ri a 1 85..1 8 6 .7 0 4 2
. 0 0 1 0 .1 3 2 0 .5 5 .5 5 7 8 . 7 0

J o r d an 8 9 .2 0 0 .9 4 1 .2 0 0 .6 8 2 9 .9 1 .4 0 7 . 8 1

W est B a nk & G a z a 6 .2 2 0 .1 2 0 .4 8 0 .1 2 0 . 06 1
.8 8

T u r k e y 7 8 0 .5 8 3 4 .9 3 1 7 4 .5 0 4 0 .7 0 2 0 .4 2 0 2 .0 0 1 2 5 .0 0

ir a n 1
,
6 5 0 .0 0 1 6 .5 0 1 2 7 3 0 72 .6 0 5 0 .5 1 1 5 .0 0 4 4 5 .0 0

Is r a el 2 0 .7 7 0 .8 0 0 .3 5 1 .8 0 1 .2 5 I .4 5

■T ot al 6 ,2 7 4 .7 4 6 7 .3 7 4 0 5 .
8 3 1 8 4 . 53 3 6 0 .0 4 1

,
6 3 6 .1 4

P e r c e n t of t ot al 1 0 0 1 .
1 0 6 .5 0 2 . 94 5 .7 0 2 7 .2 9

* Ir rig at ed a r e a a s % of c ultiv ate d a r e a (F A O , 1 9 97)

I n c o n tr a st w ith th e a r e a u n d e r fl eld o r a n n u al c r o p s , th at d e v o t e d t o p e r m an e n t c r op s ,

p n n cip ally f ru it tr e e s , 1 S S m all , ab o u t 1 ･ 1 % o f t ot al l an d s u rf a c e ･ O liv e s , v i n e s an d flg S

a r e th e m o s t c o m m o n si n c e th e y h a v e th e ad v an t ag e of b ei n g d e ep
-r o o t ed an d t h u s

able t o d r a w m oi st u r e 丘o m d ep th d u ri n g t h e l o n g , a rid s u m m e r s , w hic h c h a r a c t e ri z e

th e r e g l O n ･ H o w e v e r , t h e e x t r e m e a ridit y o f t h e i nt e ri o r a n d th e w i nt e r c old n e s s
of th e

m o un t ai n s an d hig h pl at e a u s m ak e th e m a ty pi c al c o m bi n ati o n of th e r e g l O n , a n d
●

p e rm an e n t c r o p s o c c u r o
nl y in ar e a s adj a c e n t t o th e M edit e r r an e an , c hi e fl y Is r a el ,

J o rd a n
,
S y ri a , L eb a n o n a nd c o a st al T u rk e y ･

Ir rig at ed c r op s cd v e r 1 8 4 ･5 3 th o u s an d s k m
2
i n t h e st u d y ar e a , w hi c h a c c o u n ts f o r 3 %

of t ot al a r e a . T h e v a st m aj o rity of th e ir rig at ed a r e a s ( 9 5 % ) ar e c o n c e n tr at e d in fi v e

c o u n t ri e s : Ir an , T u rk e y , I r a q , S a u di A r ab ia an d S yri a i n th e o rd e r of i m p o rt an c e ･ I r an

al o n e c o n t ai n s 4 0 % of t h e t ot al ir ri g at e d ar e a ( T a ble 3 . 3) ･ A s m e n ti o n e d b y F A O ,

1 99 7
,
i n th e A r abi an P e ni n s ul a a s a w h ol e , 8 0 % o f th e c u lti v at e d a r e a i s un d e r

ir rig a土io n ･ I n all of c o u n tri e s w it bin 血i s s ub - r eg l O n e x c e pt Y e m e n , th e e n ti r e

c ultiv at ed a r e a i s u n d e r ir rig ati o n ･ A s s h o w n i n T a b le 3 ･ 3 , c ulti v at ed a r e a u n d e
r

ir rig ati o n is i m p o rt an t f o r all o f t h e c o u n tri e s , an d is c ru ci al fo r s o
m e c o u n tri e s lik e

Ir a q , w h e r e al m o s t 9 5 % of th e c ulti v at e d ar e a i s u nd e r ir r lg ati o n ･

o nly a s m all a r e a s o f fo r e st s u rv i v e t o d a y ( T a ble 3 ･3) , m u ch of w hi ch c o n si st s o f

little m o r e th an s c ru b . I n th e M id dle E a st , 8 7 % of th e f o r e s t a r e a i n Ir an an d T u rk e y ,

an d A r abi a n P e ni n s ul a p r a cti c ally h a s a v e ry littl e o f f o r e s t at p r e s e n t . It is i m p o rt a n t

t o i n di c at e th at f o r e s ts i n th e M id dl e E a st t o d ay a r e f a ci n g s e ri o u s p r obl e m s ･ T h e

m aj o r d e st ru c ti v e a cti vitie s i n t h e fo r e st s ar e c u tt
l n g ti m b e r t o p r o vid e l u m b e r a n d

fir e w o o d , p r o d u ci n g ch a r c o al f o r c o o ki n g an d e x tr a c ti n g r e sip s f o r ad h e s
i v e s ･
F o r e st

d e s t ru c ti o n h a s b e e n aid e d b y t h e a c ti viti e s o f n o m adi c p a st o r alists w
h o , o n o c c a岳i o n ,
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w illfully b u rn f o r e st t o e x t e n d th e o p e n g r a z i n g a n d fr e q u e n tly h a d n o alt e rn a ti v e b ut

t o g r a z e t h ei r an i m al s a m o n g st th e tr e e s a s th ey p a s s e d th r o u gh , th e r eb y hin d e ri n g

r eg e n e r a･tio n . T h e c o n s e q u e n c e s h a v e n o t o nly b e e n th e l o s s of a v al u ab le r e s o u rc e ,

b u t e x t e n si v e e r o si o n i n th e m o u n t ai n s a n d i n c r e a s e d 瓜o odi n g i n th e v alle y s a n d

pl ai n s .

A s f o r r an g el an d , it is w ell k n o w n th at this r e s o u r c e p r o vid e s t h e m ai n p a rt o f fo d d e r

m at e ri al s fわr li v e s t o ck i n th e M id dl e E a st r e g l O n , 弧 d m ay b e m o r e th a n 65 % o f

ag r ic ul t u r e l ab o r f o r c e i s i n v ol v ed i n r a n g el an d ･ R a n g el a nd p r o vid e s an ad ditio n al

i n c o m e f o r r u r al p e o ple . W e sh o uld k e e p l n m i n d t h at r a n g el a n d pl ay s a n i m p o rt an t

r ol e i n e n vir o n m e nt al p r ot e c ti o n , a s w ell a s k e e p l n g t h e n at u r al r e s o u r c e a nd r e ali zi n g

a cli m atic b al a n c e . I n o u r e sti m atio n of r a n g el a nd a r e a s , w e d o n o t c o n sid e r l a n d s

r e c e l V l n g r ai n fall b el o w l O O m m p e r y e a r s . T a b且e S OS sh o w s th at al m o st 2 7 % of th e

M id dle E a st a r e a i s c o n sid e r e d a s r an g el an d , w hic h is ab o ut 1 6 4 m illi o n h e c t ar e s

distrib ut e d m ai nl y l n S a u di A r abi a w ith 4 6 % , f oll o w ed b y Ir a n w it h 2 7 % , Y e m e n

w ith 1 0 % an d T u rk e y wi th 7 . 6 % .

( b) L iv e st o c k

L iv e st o c k is o n e of th e m ai n u s e r s of n at u r al r e s o u r c e . As a gl ob al le v el , li v e st o ck

m a k e u s e of m o r e th a n t w o - thi rd s of t h e glo b al l an d s u rf a c e u n d e r a g ri c ult u r e ( gr a zi n g
a J ld c r o pl an d s) , an d o n e t hird o f th e t ot al gl o b al l an d a r e a ( F A O , 1 9 94) ･ Th e s am e

a u t h o r r ep o rt e d th at th e d e m an d o n liv e st o c k p r o d u c t s( m e at an d m ilk) w o uld in c r e a s e

s tr o n gly e s p e ci ally in As i a an d A f ri c a , w h e r e th e d e m an d f o r m e a t i s e x p e c t ed t o

tri pl e . F A O (1 9 9 4) m e nti o n s th at th e p r od u ctivity of li v e st o ck i n c r e a s e s b y 2 ･6 %
,

w hil e th e d e m an d i n c r e a s e s b y 4 .4 %
,
w h e r e a s th e p r i c e s W ill b e m ultiple . S t udie s of

IF P R I (19 9 5) e sti m at ed a r e gi o n al gr o w th i n th e d e m 皿 d fわr m e at ､ o v e r 也e p e ri od

1 99 0 - 2 0 2 0 丘o m l O4 % t o 1 5 7 %
,
an d f o r c e r e al s 7 4 % t o l O O % f o r th e r e g i o n Of w e s t

As i a an d n o rt h A fric a . T h e s e a r e i ndi c at o r s of th e c ol o s s al p r oble m s of n utriti o n an d

e n vir o n m e n t al d et e ri o r a ti o n d u e t o th e s e h u m an p r e s s u r e s .

I n th e M id dle E a st r eg 1 0 n , th e sit u atio n e x a c tly r en e ct s w h a .t i s g o l n g O n at gl ob al

s c al e . Li v e st o ck is a n i m p o rt an t s e c t o r f o r i n v e st m e n t an d i n s u r an c e f o r m illi o n s o f

ru r al p o o r p e opl e ･ E x c e pt fo r t h e s m all G ulf st at e s , li v e st o c k p r o d u c ti o n i s an

i m p o rt a Jlt S ub
-

s e ct o r o f a g ri c ult u r e , m a n y fa r m e r s d ep e n d la rg ely o n li
v e st o c k

p r od u cti o n f o r f o o d , a d diti o n al in c o m e an d w o rk p o w e r ･ Li v e st o ck is th e m aj o r s o u r c e

of li v elih o o d fわr th e n o m adic p o p ul ati o n .

T h e liv e st o ck p o p ul ati o n i n t h e M id dl e E a st r e g l O n W a s e sti m at ed in 19 9 0 at 26 2

m illi o n b e ad s
,
w h e r e a s i n 1 98 0

,
it w a s e sti m a te d at 19 8 m illi o n h e ad s , 皿 i n c r e a s e of

3 2 % p e r d e c ad e ( T a b le 3 . 4) . S t atisti c s o f li v e s t o ck i n cl u d e m ainly sh e ep , g o at s , c attl e ,
c am el s

,
b u ff al o

,
d o n k e y s , h o r s e s a n d m ul e s ･ P o ult ry p o p ul atio n w a s n o

t t ak e n i n

a c c o u n t .
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Li v e st o ck st atistic s i n t h o u s a n d b e ad

1 9 7 6 * 1 9 8 0 * * 1 9 9 0 * * 1 9 9 4 * * *

S a u di A r ab ia 4
,
3 53 6

,
3 5 4 1 2

,
4 92 l l

,
4 4 0

Y e m e n 1 5
,
0 5 7 1 5

,
1 5 5 1 9

,
6 2 0 7

,8 2 0

K u w ai t 23 0 2 7 7 25 2 3 2 0

O m a n 3 7 0 5 2 6 1
,
2 1 9 1

,
8 8 0

B ah r ai n 1 0 2 2 3 1 3 0

Q at ar 9 9 1 2 5 2 4 1 2 2 2

U A E 5 0 0 5 5 9 1 ,0 0 5 1
,
3 6 5

Ir aq 1 9 ,3 0 0 1 8 ,94 1 1 3 ,63 5 1 2 ,4 0 0

L e b an o n 6 7 4 6 6 1 6 9 9 6 5 5

S y ri a 8
,
3 1 3 l l

,
4 93 16 ,5 0 7 1 4 3 0 0

J o r d an 1
,
4 1 0 1 ,5 12 1

,
7 6 9 2 ,8 7 8

W est B a n k & G a z a

T u rk e y 7 7 ,8 2 9 8 4
,
2 0 0 1 2 0

,
9 3 4

I r an 4 4
,
6 9 0 5 7

,
5 00 7 2

,
4 5 0

Isr a el 7 0 5 55 0 5 5 0

T o t al 1 7 3
,
5 4 0 1 9 7

,
8 75 2 6 1

,
4 0 4

S o u r c e s :
*
Fi sh e r (1 9 8 0) ,

* * F A O (1 9 9 0) ,
* * *
G il an i(1 9 9 7)

T his i n c r e a s e of li v e st o c k c a u s e d s e ri o u s p r e s s u r e o n r 皿 g el a nd w ith l a nd d eg r ad ati o n

a s a c o n s e q u e n c e . O n e o f th e m o r e i m p o rt an t f o rm s o f v e g et ati o n d e g r a d atio n i s th e

di s ap p e ar an c e o f n at u r al v e g et ati o n , w hic h is o ri gi n ally p al at able sp e ci e s f o r an i m al s .

T h is p h e n o m e n o n is fわll o w e d b y t h e s u b s eq u e n t d o m i n a n c e of oth e r h e r b a c e o u s

v e g st ati o n , l e s s p al at abl e o r u n p al at ab le . T his p r o c e s s l e ad s t o r ed u cti o n i n th e

c a r ryin g c ap a city o f r an g el an d an d s oil d et eri o r ati o n b y th e l o s s of its f e rtili ty .

An oth e r f o rm o f this p r o c e s s i s th e ap p e ar an c e of o u t c r o p , c al ci u m s edi m e n t s , g yp s u m

o r s a n d .

3 . 4 D e s c rtirl C ati o n a s s c s s m e m t

T h e M id dle E a st r e g i o n i s fa °in g e n vi r o n m e n t al p r o bl e m s o f l an d d e g r ad ati o n an d

p o s sibly d e s e r tific ati o n . M o st of A r abi an P e ni n s ul a i s f r e e o f p e r e r mi al v e g et ati o n ,

w ith m o st ar e a s c o n t ai ni n g shi fti n g s an d d u n e s th at ar e i n c ap abl e of s u st al n l n g Pl an t

life . M o st of th e m a r g l n al l an d s i n w e s t As i a ar e p e r m an e n t p a st u r e s of 1 .6 4 m illi o n s

k m
2

,
an d 8 5 % of this s u rf a c e i s c o n sid e r e d in d an g e r of d e s e rtifi c ati o n ･ T h e s e

m a rg l n al l an d s a r e s ubj e ct t o h u m a n a c ti vitie s an d s u s c e ptibl e t o i n ap p r o p ri at e l a n d
us e p r a ctic e s , s u ch a s o v e rg r a z l n g , fu el c u tti n g an d i n ad e q u at e c ultiv ati o n . A s o u r

c o n c ept i n thi s st u d y is b a s ed o n h u m a n a cti viti e s a s m ai n c a u s e o f d e s e rtifi c atio n , th e

e x tr a - a rid l an d , th e high m o u n t ai n s a n d s an d d u n e s a r e a s a r e e x cl u d e d fr o m

a s s e s s m e n t a nd a n aly sis , b e c a u s e w e c o n sid e r th e s e a r e a s t o b e p r a c ti c ally e m pty o r

p op ul ati o n .

It i s i m p o rt an t t o n o t e th at th e r e a r e n o c o m plet e s t u die s ab o u t t h e di ff e r e n t ty p e s o f

d e s e rtific atio n th at m ay o c c u r th r o u gh o ut a w h ol e c o u n t ry . T h e st ati sti c s
,
w hi ch

foll o w ed in th e n e x t p a r a g r ap h s , a r e i ndic ati o n s ab o ut w h at is g o l n g O n i n t e rm o fl an d

d e g r ad ati o n , b u t th ey d o n o t r e n e ct th e r e al sit u ati o n . I n a d diti o n
,
w e f o u nd s e v e r al

c o n t r adicti o n s i n th e s e st ati stic s , w hich r e d u c e it s r eli abilit y , d e s pit e th e f a ct th at th e s e
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s t ati sti c s h a v e b e e n ad opt e d b y i nt e m ati o n al a n d r e g i o n al o r g an i z ati o n s lik e F A O a n d

A C S A D (T h e A r ab C e nt e r fTo r th e St udi e s o f A rid Z o n e s an d D r y L a n d s) I

N e v e rth el e s s all o f st atisti c s i n dic at e t h at t h e m aj o rit y o f s u rf a c e un d e rg o l n g

d e s e rtifi c ati o n
■
i n th e M id dl e E a st is e x hi biti n g a m od e r at e t o s e v e r? d e g r e e o f

d e s e rtifi c atio n .

3 . 舶 V 喝如a 鶴o 弧 d 喝 訂盈舶 鮎 m

T h e M id dl e E a st re g i o n O n c e S u p p o rt ed fo r e s ts i n s o m e pl a c e s a n d w a s g e n e r ally

c h a r a c t e ri z e d b y hig hly p r od u cti v e n ati v e p a st u r e s (P e a r s e , 1 9 7 1) I T his n a ti v e p a st u r e

h ad b e e n u n d e r th e c o n tr ol of a gr a z l n g Sy st e m k n o w n a s A l
- H i m a

,
w hi ch is a v e ry

e ffi cie nt w ay o f e n vi r o n m e n t al p r ot e c ti o n ･ I n this st ud y w e c o n sid e r t w o f o r m s of

d e g r ad atio n th at aff e ct v e g et ati o n , t h e s e a r e r an g el an d d eg r ad ati o n a n d

f o r e s t/ w o o dl a n d d e gr ad ati o n .

( a) R a n 琶ぬ m d d e g r a ぬ 鮎 弧

T h e c o n ti n u ed o v e r - e x pl oit ati o n a n d o v e rg r a z l n g O v e r P r ol o n g e d p e ri o d s of ti m e h a s

l e d t o th e d epl eti o n an d e x h a u sti o n o f r a n g el an d ･ M a n y o f th e p al at able pl a nt s h a v e

dis ap p e a r ed an d o nly a fe w sp a r s ely s c a tt e r ed a n n u al s a n d th o rn y an d un p al at abl e

p e r e n ni al sp e ci e s r e m ai n ･ T h e d e g r a d ati o n of r an g el a n d h a s d ep ri v ed th e li v e st o c k

s e c t o r of i n e x p e n si v e an d i m p o rt a rlt a ni m al f od d e r , an d h a s l ed t o s oil e r o si o n an d

s u b s eq u e n tly t o d e s e rtifl C ati o n ･ T h e m ai n c a u s e s of r a n g el a n d d ete ri o r ati o n th at

p e r sist i n th e M id dl e E a st a r e o v e rg r a z l n g , fi r e w o o d g ath e ri n g a n
d m a rgi n al

c ul ti v ati o n .

G e n e r ally , g r a z l n g i n th e M id dle E a st r e g l O n i s c a 汀i e d o ut w ith o ut r eg ∬d t o th el

c a r ryi n g c ap a city of th e l an d o r a n y c o n sid e r a ti o n t o it s fu t u r e r e g e n
e r ati o n ･ An

in dic ati o n of b oth th e a v ail abl e an i m al f o o d an d th e risk of r an g el an d d e gr ad ati o n i s

th e n um b e r o f g r a z l n g an i m al s , w hi c
h in di c at e s th at g r a z l n g i nt e n sit y I n c r e a s e d

c o n sid e r a bly b et w e e n 1 98 0 an d 1 9 9 0 ･ T his g r a z i n g i nt e n sity is e x p r e s s ed i n t e rm s of

n um b e r of sh e e p p e r h e ct a r e , a s sh o w n i n T a bl e 3 ･ 5 ( E S C W A , .19 9 3) ･

T ab 且e 3 . 5

G r a z l n g in te n sity e x p r e s s ed in t e rm s o f sh e e p p e r h e c t a r e

C o u n tri e s S h e e p h e ad/h e ct a r e

1 9 8 0 19 9 0

S a u di A r abi a . 0 .1 0 0 .1 4

Y e m e n 0 .8 1 ■0 .9 8

K u w ait 2 .5 3 2 .4 7

O m an 1 . 02 2 .3 5

B ah r ai n 4 .4 0 9 .0 0

Q at a r 3 .8 8 6 .9 3

U A E 4 . 4 1 6 .9 7

ir a q 3 .3 2 2 .4 7

L e b a n o n 3 .5 2 2 . 75

S y ri a 1 . 04 1 .5 3

J o r d an 1 .
2 2 1 .6 6
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甘a b且e 3 .6 sh o w s th e a v e r ag e p r o d u c ti vit y in kilo g r a m p e r h e ct a r e fr o m th e d ry m atte r

i n t h e r an g el an d o f s o m e c o u n tri e s . It
i s cl e a r th at t his p r o d u c ti v ity is s m all , an d

r efl e ct th e st at u s of r a n g el an d d e g r ad atio n , w hi c h is in di c ati o n o f v e g et ati o n c o v e r

r ed u ctio n . T h e s a m e t abl e s h o w s th e r ed u c ti o n of th e p r op o r ti o n of r a n g el a n d

c o n t ri b uti o n f o r a ni m al fe e di n g ( A O A D , 1 9 9 4) .

T a blc 3 ｡ 6

P r o d u cti vity o f r a n g el an d in k g/h e ct a r e fr o m d r y m att e r

C o u n t ry R an g el an d P r od u c ti vity R an g el an d c o n trib uti o n ( % )
s u rf a c e(h e ct ar e) k g n l e C t a r e 1 9 7 2 1 9 93

Ir a q 3 ,9 3 3 , 00 0 1 1 0 . 0 9 0 4 0 - 2 0

J o rd an 8
,
5 0 0

,
00 0 79 .4 8 7 4 0 - 2 0

S y ria 1 0
,
1 7 9

,
0 0 0 1 9 6 . 5 6 0 2 0

B y t h 早 St u d y of G il an i ( 1 9 9 7) ab o ut d e s e rtific ati o n i n A r abic c o u n tri e s , w hi ch

r e vi e w e d r e s ult s o f st u die s r el at ed t o l an d d eg r a d atio n , r an g el an d d e g r ad ati o n affe ct s

2 8 % o f t ot al l an d s u rf a c e i n S a u di A r abi a , w ith th e p r o d u cti o n o f r an g el a n d r ed u c e d

d u ri n g 1 98 6
- 1 9 94 , fr o m 7 0 0 k gn l a t O 1 1 3 k g/h a . I n L eb a n o n th e d e g r ad atio n affe ct ed

ab o ut 2 2 4 0 h e ct a r e s . I n I r aq 2 0 0 ,0 0 0 h e ct a r e/y e a r of r a n g el a n d a r e d e g r ad ed d u ri n g

th e d e c ad e of 1 9 7 0 s . T h e s am e st u d y r ep o rt ed th at m o d e r at e t o s e v e r e l an d

d eg r ad ati o n a ff e cts m o r e 9 0 % of r a n g el an d in c o u n tri e s of Ir aq , J o rd an , L eb an o n ,

O m an
, Q at a r an d S yri a .

I n O m an , th e d e g r ad ati o n o f J a bl e D u fa r r a n g el an d is n o t ed .

B alb a(1 9 94) m e nti o n ed th e in c r e a s e d d eg r a d ati o n o f r an g el an d i n O m a n , an d t h e m ai n

c a u s e s f o r th is d eg r a d atio n a r e o v e rg r a z l n g , f u el w o od g ath e ri n g a n d th e m o v e m e n t o f

s a n d d u n e s
,
e sp e ci ally in t h e e a st e m p a rt n e a r th e W ahib a d e s e rt .

I n S y ri a , th e d e g r ad ati o n of v e g et ati o n c o v e r h a s a c c el e r at e d d u ri n g th e l a st f e w y e a r s ,

m ai nly d u e t o h u m an a cti viti e s . D ry fa r m l n g an d o v e rg r a z l n g a r e th e m ai n c a u s e s of

r an g el an d d e gr ad ati o n , an d t h e p r od u cti vi t y of r an g el an d w a s r ed u c ed b y 7 0 % d u ri n g

8 y e a r s . P al at ab le pl an t s h a v e b e e n s e ri o u sly r e d u c ed o r h a v e dis ap p e ar e d i n l a rg e

a r e a s , an d r epl a c ed b y un p al at abl e sp e ci e s , w hich h a v e b e c o m e d o m i n a n t i n l a r g e

s t ep p e a r e a s ･ St atisti c s of l an d u s e b et w e e n 1 98 5 an d 1 9 8 9 s h o w ed a cl e a r d e cli n e

( ap p r o xi m at ely 3 3 9 ,0 0 0 h e ct a r e s) i n c ultiv abl e l an d s , an d i n c r e a s e d of u n c ulti v able

la n d (Il ai w i et al . , 1 9 9 2) .

I n Ir a q , a s r ep o rt ed b y F ad hil a n d F a r r ajii(19 9 8) , th e p r o d u c ti vity o f p a st u r e l an d

g r ad u ally d e cli n e d a s a r e s ult of int e n si v e o v e r g r a z l n g , C u tti n g O f tr e e s an d sh ru b s ,

m a r gin al c ulti v ati o n , ir r e g ul a r distrib uti o n o f w ells an d l a ck o f g r e e n f e ed st o c k , w hic h

h a s l ed t o in c r e a s ed str e s s o n p a s t u r e s i n d e s e rt a r e a s ･

T h e dis ap p e a r an c e of p alat abl e sp e ci e s an d th eir r epl a c e m e n t b y un p al at a bl e s p e ci e s ,

i s a f o rm an d i n di c ati o n of m o d e r at e o r s
.
e v e r e v e g et ati o n d et e ri o r ati o n . E x am ple s of

p al at abl e sp e ci e s o c c u rri n g i n M e dit e rr a n e an c o u n tri e s ar e S al s ol a v e r m i c ul a t a , P o a

si n ai ci a , Stlb a b a rb at a a n d R h a nt e ri u m ep aF P O S u m , th e s e sp e ci e s w e r e r epla c e b y
oth e r l e s s p al at abl e o r u n p al at abl e o r th o rn y pl a nt s s u ch a s N o e a , P e g a n u m h a r m al a

an d Alh agi m a u r a r u m u .
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(馳) W o o 姐且盈弧戚 汲弧戚q o T C S 触 感e食e 訂豆o q
'

aせ畳o 皿

As m e n ti o n e d i n th e ab o v e p a r a g r ap h , f o r e s t s o c c u p y a s m all a r e a of th e M iddle E a st

r e g i o n , ab o u t 5 ･ 7 % ･ F o r e s ts a r e f a ci n g s e ri o u s d a n g e r s ･ I n f a c t w hile s o
L
m e Of th e s e

f o r e s t s a r e s u bj e ct t o d et e ri o r ati o n , o th e r s a r e alr e a d y dis ap p e a r e d ･

Y e m e n i s th e m o r e affe ct ed a r e a i n t e rm s o f fo r e st d e g r ad atio n . A l - D u b ai e( 19 9 8)
d e s c rib e d t h e sit u ati o n of w o o dla n d d e g r a d ati o n i n Y e m e n . T h e e v erg r e e n b r o ad

-

1 e a v ed w o o dl a n d s a n d th e d r a u g ht
- d e ci 血 o u s w o o dl a nd s a r e l o c at ed i n 也e hi gh a n d

m o u n t ai n s a r e a s i n th e w e st of th e c o u n t ry . M o s t o f th e n at u r al v eg et atio n i n Y e m e n

h a s b e e n st r o n gly di st u rb ed an d d e g r ad ed a n d i n s o m e ar e a s it h a s b e e n r epl a c ed b y

i ntr od u c e d sp e ci e s ･ S t udie s c o n d u c t ed i n Tih am a d u ri n g 1 9 73
-1 9 9 2 i n dic at e th at

A c a ci a w o o dl an d s sh o w e d a n o ti c e ab le d e c r e a s e ( 2 0 -3 0 %) . A e ri al p h ot o s o n J ab al

B u r a ( W e st e m M o u n t ai n) s h o w ed th at w o odl an d h a s b e e n r ed u c e d b y an an n u al r at e

r e a c hi n g up t o 4 % of th e w o o dl an d a r e a ･ D u ri n g th e p e ri od 1 9 73
- 1 9 88 , w o odl an d

d eg r ad atio n i n J ab al B u r a r e a ch e d ab o ut 6 0 % ･ T h e w o o dl an d s in J ab al E r af ( T ai z

g o v e rn o r at e) a r e s t r o n gly aff e ct ed b y c utti n g s ･ T h e st ud y m e n ti o ned th e w o o d c u ttin g

an d o v e rg r a z l n g a r e th e m ai n c a u s e s o f f o r e s t d e g r ad ati o n ･ S t u di e s i ndi c at ed th at

n e a rly t h e w h ol e Y e m e n , w ith th e e x c epti o n of r o c k , s a nd d u n e s , s alt p an s a nd th e

hig h e st m o u n t ai n p e ak s , w a s a t o n e ti m e c o v e r e d w ith f o r e st ( H e p p e r , e t al l , 19 9 7) ･

R e c e n t st u di e s sh o w ed t h at t h e r e m al n l n g f o r e st i s n e a rly l e s s th an 7 % c o m p a r ed t o

th e fわre sts of Y e m e n i n t h e p a st .

T h e st u d y c o n d u ct e d b y Gil an i ( 1 9 9 7) m e n tio n ed th e d e st ru c ti o n of t h e
"

Al atl a sy
”

f o r e s t i n S y ria , w hic h i n th e p a st c o v e r e d 3 0 0 ,0 0 0 h e ct ar e s , b ut n o w h a s b e 甲 red u c e d

t oj u st a f e w h u n d r ed s h e ct a r e s . A g e n e r al r ed u ctio n of 5 0 % of f o r e s t is m e n ti o n ed f o r

s yri a ･ T h e c ed a r f o r e s t , w hi ch c o v e r ed a l a rg e p a rt of L eb an o n , 1 S n o w C O V e rl n g O nly
●

s m all p at c h e s , w hi ch c o n t ai n a li m it ed n u m b e r of t r e e s ･ T h e s am e a u th o r n otifie d th at

th e f o r e st c o v e r l n g th e hig hl an d s o f s o u th w e st S a u di A r abi a an d e xt e ndi n g i nt o

s o u th e a st o f Y e m e n a r e u n d e rg o i n g Of d et e ri o r a ti o n , an d a r e r e a chi n g t h e p oi n t of

e x ti n cti o n . I n l r aq th e r e 血al n l n g f o r e s t b et w e e n Tig ris an d E u p h r at e s ri v e r s i s ab o ut

4 0 ,0 0 0 h e ct ar e s . I n J o rd an , Q u d ah ( 1 99 8) r ep o rt e d th at o v e r g r a zi n g i n sid e f o r e s ts

d u ri n g th e y e a r o f 1 9 9 1 h a s l ed to th e d e st ru ctio n o f o n e m illi o n t r e e s , i n cl udi n g s m all

t r e e s ･ T h e s am e r e p o rt m e n ti o n s th at 2 0
-3 0 t h o u s an d tr e e s , an n u ally a r e d am ag ed b y

fir e w o o d g ath e ri n g , 1 0
- 20 th o u s an d s tr e e s d am a g e d b y ill e g al c utti n g an d 5

- 1 0

th o u s a n d s tr e e s b y ill eg al gr a z l n g ･

M e s o p ot a m i a , th e l an d b et w e e n th e t w o ri v e r s of Ir aq , w a s k n o wn i n t h e p a st a s
”

Bl a c k v all ey
M

,
o w l n g t O it s o r lg l n ally thi c k a

'

nd e x t e n si v e f o r e st c o v e r ･ T h e s e f o r e st s
●

h a v e
,
h o w e v e r

,
dis ap p e a r e d u n d e r d ef o r e st ati o n c a u s ed b y th e i n c r e a s e o f p o p ul atio n

p r e s s u r e s ･ A s a c o n s e q u e n c e , t w o m aj o r P r o ble m s ap p e a r ed le ad in g t o l a rg e
- s c al e

d eg r a d atio n : s ali n
i z ati o n an d m o bil e s an d d u n e s ( A b ul G a si m et al l , 1 9 9 8) ･

3 .4 . 2 S oi且d cg r a d ati o m

T h e s oil c o n stit ut e s th e t op l ay e r of th e e a rth c ru s t ,
i n w hic h pl a nts g r o w a n d e x t e n d

t h eir r o ot s . T h e s u c c e s s o f ag ri c ult u r e d e p e n d s l a rg ely u p o n s o
il t yp e , it s te x t u r e ,

d e pth , str u ct u r e , o r g a ni c m att e r a n d oth e r e n vi r o n m e
n t al f a ct o r s ･ T h u s s oil
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d e g r ad atio n affe ct s dir e ctly th e ag ri c ult u r e s e ct o r , w hi ch i s dir e c tly r el at ed t o

d e s e rtifi c ati o n T h e s oil d eg r a d ati o n c o u ld b e d e fi n e d a s a p r o c e s s o r a s a st at e , w hi ch

r e s ult s fr o m a l o w e r i n g Of th e c u r r e n t o r p ot e n ti al c ap ability of th e s oil t o s u p p o rt

pl an t g r o w th ･ I n this st u d y , w e r e c o g n i z e th r e e ty p e s of s oil d eg r a d ati o n : w at e r a n d

w i n d e r o si o n a n d s ali niz a土i o n w it h o r w ith o ut alk ali z atio n .

( a) W ate r a n d wi n d e r o si o n

S oil e r o si o n o c c u r s w h e n v eg et ati o n c o v e r i s di st u rb e d o r r e m o v ed , e x p o s l n g th e t o p

l a y e r s o f s oil t o t h e a cti o n s of w at e r an d w i n d ･
T h r o u g h o ut m o st o f th e m o u n t ai n i n

th e M id dl e E a st r e g l O n W a t e r e r o si o n p r ed o m i n at e s . G u lly e r o si o n i s e sp e ci ally

dr am ati c o n s oft m at e ri als
,
w hile al m o s t i m p e r c eptibl e sh e et e r o si o n o c c u r s n e a rly

e v e ry w h e r e ( B e a u m o n t e t al . , 1 9 7 8) . A lth o u gh w at e r a c ti o n r e a c h e s it s m a xi m u m

d u ri n g th e w et w i nt e r m o nth s , th e c o n v e r s e i s t ru e of th e w i n d . T h e g r e at e st effe ct o f

th is is felt i n th e d ry s u m m e r , w h e n s u rfa c e s oils b e c o m e d u st
-1ik e an d s o a r e e a sily

t r a n sp o rt ed b y str o n g w i n d s .

T h e w o rld atl a s o f d e s e rtifl C ati o n s h o w s cl e a rly th at m o u n t ai n r e g l O n i n T u rk e y , e a s t

M edit e r r an e an c o u nt ri e s
,
n o rth Ir aq , w e s t I r an , s o uth w e st of S a u di A r ab i a an d Y e m e n

a r e th e m o st a ff e ct ed b y w at e r e r o si o n . W hil e th e r e g i o n Of A r a bi an P e ni n s ul a , s o u th

p a rt of C r e s c e n t fe rtil e an d c e n tr al a n d e a st p a rt of lr a n a r e d o m i n at ed b y w i nd e r o si o n

( U N E P , 1 9 9 2) .

M it ch ell (1 9 78) , i n his st u d y
"

S oil d e g r ad ati o n m ap pi n g fr o m L an d s at i m a g e ry i n

n o rth A 丘ic a an d th e M id dle E a st
”

, m e n ti o n e d th at w i n d e r o si o n i s p r ed o m i n a n t o v e r

w at e r a c ti o n o n L a n d s at i m a g e s . T h e r e i s ofte n a z o n e o f t e n si o n w h e r e b oth w i n d a nd

w at e r a c ti o n s a r e i m p o r t an t . T h e am o u n t o f w i n d e r o si o n i s a fu n cti o n o f th e cli m a ti c ,

s oil a n d l an d u s e f a ct o r s .

G il an i (1 9 9 7) e sti m at e d t h at th e s u rf a c e w i n d e r o si o n d e g r ad ati o n i n A r abi c c o u n tri e s

of w e s t As ia i s 1 1 0 m illi o n h e c t ar e s
,
an d th e a r e a affe ct ed b y w at e r e r o si o n i s 2 1

m illi o n h e c t a r e s . T his a r e a i s i n c r e a s i n g gr ad u ally b e c a u s e o f th e m ar gin al c ulti v ati o n

an d th e m o v e m e n t o f s an d d un e t o w a rd s ag ri c ult w al an d r an g el an d a r e a s . T h e s am e

a u th o r lists s o m e e x am pl e s : Q at ar l o st 13 ,6 0 0 h e ct a r e s b y w at e r e r o si?
n w h e n r ai n f all

st o rm o c c u r s
,
w hile th e s an d d u n e c o v e r s 2 1 ,00 0 h e ct a r e s , w ith m o v l n g r at e r e a c h e s

8 m /y e ar . I n S a u di A r abi a , th e s a n d d u n e m o v e m e n t r e a ch e s t o m /y e a r . I n S yri a , 5 0 %

of t ot al l an d i s un d e r g o l n g e r o si o n . T h e am o un t of r e m o v e d d u st i n o n e st o rm y d ay l n

1 98 7 w a s e s ti m at ed b y 0 .5 7 m illi o n t o n 丘o m th e t o p s oil . S y ri an B adi a an d W a di

K 血ab o u r b et w e e n D ai r Z o u r an d G am i shl y a r e s e ri o u sly aff e ct ed b y w i n d e r o si o n .

Il ai w i ( 19 92) e x am i n e d th e p r ob le m of d e s e rtifi c ati o n i n S yri a , e s p e ci ally w i n d

e r o si o n
,
an d r ep o rt e d th at th e fr e q u e n cy , d u r ati o n a n d s e v e rity of at m o sp h e ric d u s t

l o a d s a n d d u st st o r m s h a v e i n c r e a s ed r e m a rk ably d u ri n g t h e l a st fe w y e ar s i n t h e

e a st e rn p a rt of th e c o u n try . T w o r eg i o n s a r e m o stly affe ct e d b y w i n d e r o si o n , th e

pl ai n s of s o 山h e m M e s o p ot a m i a a nd Bi cb ri M o u n t ai n a n d s u r r o u ndi n g a r e a s . T b e 血st

a r e a is s u bj e ct ed t o m a rgin al c ulti v ati o n an d m a xi m u m w i n d sp e e d r a n g ed f r o m 1 6

m /s t o 27 m /s , w hi ch is v e ry hig h . T h e a r e a i s fl at
, p e rm itti n g th e tr an sp o rt o f s a n d

gr ai n s , w hi c h a c c u m ul at e o n villa g e r s
'

b o u s e s ･ I n s o m e pl a c e s , s a n d r e a ch e s t o r o o f

le v el . T h e g yp sife r o u s s oils a r e th e d o m i n a n t s oils i n this r e g i o n , an d if r ai n f ed

a g rl C ult u r e i s c o n ti n u o u sly p r a c ti s ed in s u c h a r e a , w i n d e r o si o n w ill q ui ckly e x p o s e
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t h e g yp s u m (i n q uit e a sh o r t ti m e) ･ Bi ch ri M o u nt ai n is ch a r a c t e ri z ed b y hig h s oil

e r o dibility i n pl o u gh e d a r e a s . R ai n fe d b a rl ey c u ,lti v ati o n w a s i ntr o d u c ed m an y y e ar s

a g o , a n d th e sh r ub b y c o v e r i s s e ri o u sly d a m ag ed b y till a g e ･ W i n d e r o si o n h a s

i n c r e a s ed r e m a rk ably d u ri n g th e l a st fe w y e a r s . B e c a u s e o f it s g e o g r aphi c al l o c ati o n

a n d it s g e o m o rph olo gi c al ch a r a ct e risti c s , Bi ch ri M o u nt ai n is b eli e v ed t o b e th e m aj o r

s o u r c e fo r s an d m o v e m e n t an d s an d a c c u m ul ati o n i n th e c o un tr y .

I n I r aq , 2 1 % o f th e t ot al s u rf a c e affe ct ed b y e r o si o n ( G il an i , 1 9 9 7) ･ T h e s a n d d tl n e

c o v e r s 6 0
,
0 0 0 h e ct a r e s i n c e nt r al an d s o u th e rn Ir aq . T h e shifti n g o f s an d d u n e s a n d

th e i n c r e a s e of s an d st o r m s a r e th e m ai n fe at u r e s of w i n d e r o si o n i n Ir a q . T h e M inistry

of I rrig ati o n i n Ir a q h a s i m pl e m e n t e d v ar i o u s p r oj e ct s t o st abiliz e s an d d un e s a n d

r e d u c e th eir i m p a ct o n str at e gic p r oj e cts ( F ad hil et al . , 1 9 98) ･ T h e s a m e a u th o r

m e n ti o n ed th e a r m y c o n °.i ct a nd e c o n o mi c s a n cti o n a s h a vi n g i nt e n sified th e p r obl e m

o f d e s e rtific ati o n i n l r a q .

I n Y e m e n
,
th e A l - R ub ひ ･ A lkh al i an d R am l at A トS ab at ai n( e a st o f M a

'

ri b) a r e

c o n sid e r ed a r e a s of s an d a c c u m ul ati o n an d a d a n g e r o u s s o u r c e of s an d . T h e

e n c r o a c h m e n t of s a nd c an b e s e e n i n Tih am a plais , M a
'

ri b
,
A l -J a w fT

,
H ad r am o u t

,
I ahj ,

A b y an , S h ab w a an d Al
- M al 1 a r a ･ T hi s ph e n o m e n o n of w i nd e r o si o n c o v e r s ab o ut 4

m illi o n s h e c t a r e an d its a n n u al r at e 4 0 m /y e a r . I n th e c o a st al a r e a s of th e c o u ntr y ,

st u di e s ( A トD ub ai , 1 9 9 8) i n dic at ed th at s an d c o v e r s ab o u t 6 0 0 - 95 0 h e ct a r e s a n d

th r e at e n s ab o u t 2 ,00 0 h e ct a r e s . I n th e e a rly o f 19 7 0 s , s an d c o v e r ed ab o ut 2 ,25 0

h e ct a r e s i n W adi A b ed a ( M a
'

rib) , w hich r e a ch e d u p t o 9 ,8 4 0 h e cta r e s i n 1 99 0 ･

I n J o rd an
,
th e m o v e m e n t of s a n d d u n e s affe ct s th e a r e a s l o c at ed e a s t of A トA zr aq a n d

t h e a r e a str et chi n g th r o u g h W adi A r ab a t o s o u th o f J o r d an , T h e m a rg l n al a r e a i n

J o rd an
,
w hich is d efi n ed b y th e r an g e of r ai nf all b et w e e n 25 0 m m

h

an d 1 0 0 m m , i s

affe ct e d si m ult an e o u sly b y w at e r e r o si o n an d wi nd e r o si o n . T h e m 畠i n c a u s e of s oil

e r o si o n i n this a r e a i s r el at ed t o th e ph y si c al an d ch e m i c al ch a r a c te ri sti c s o f s oil s ty p e

o c c
T
rin g ( T ai m e h , 19 9 7) ･ T h e w e s t e m hig hl an d s a r e un d e rg oi n g th e effe cts of w at e r

e r o s l O n , W it h a r at e of 2 0 0 t o nn l a/ y e a r . T h e s t u di e s ( Q u d ah , 1 9 9 8) m e ntio n e d th at

sh e e t e r o si o n affe cts 9 0 % o f Z a rq a ri v e r b a si n , an d g ull y e r o si o n affe ct s 2 0 % y e a r ･ I n

J o rd an v all ey , th e w at e r e r o si o n r e a ch e s a m e an v al u e of 4 1 5
'

t o nn l a/y e ar ･ I n th e ar e a

of s o u th e m G h o u r , this v al u e d e c r e a s e s t o 2 04 t o nn l a/y e a r ( S al eh , 19 71) . I n this s am e

a r e a ( s o u t h e m G h o u r) , th e st u die s m e n ti o n e d a l o s s of 11 ,0 0 0 h e ct ar e s aR e r s e v e r al

n o o d s d u ri n g th e p e ri od of 1 9 5 8
- 1 96 5 (S al eh , 1 9 8 9) . A n d s e v e r e w at e r e r o si o n affe ct s

3 ,0 00 h e ct a r e s of thi s r e g i o n , W hilej u st 6 0 0 h e ct a r e s a r e m od e r at ely a ff e ct ed ･

(b) S a且im iz atio n

S oil s alinity l S m o st Cl e a rly s e e n i n lo w l an d an d ri v e ri n e a r e a s w h e r e i rr lg at ed

a g ri c ult u r e i s p r a c ti s ed an d dr ai n ag e s y st e m s a r e i n a d e q u at e ･ T h e m aj o r C a u s e Of s oil

s ali nit y is th e u s e o f s ali n e g r o u n d w at e r ･ U n d e r th e s e c o n diti o n s , w at e r i s d r a wn

u p w a rd t o th e s u rf a c e b y c apill a ry a cti o n , an d e v ap o r at e s i nt o th e at m o s ph e r e ･ W h e n

it d o e s s o
,
it l e a v e s b ehi n d an y dis s ol v e d c h e m i c al s t o･f o r m a s u rf a c e c r u st , o r s ali n e

h o ri z o n , i n th e t o p f e w c e n ti m et e r s o f th e p r o fll e ･ S alt c a n al s o b e add ed dir e c tly t o th e

s oil th r o u g h p o o r q u alit y ir rig ati o n w at e r ･ E v e n th o u gh s atisf a ct o ry d r ai n ag e s y st e m s

p r a c ti c ed , s ali ni z ati o n o c c u r s w h e n th e u s e of i n s ufrl Ci e n t w a te r d o e s n o t p e r m it fu l
1

l e a c hi n g .
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T h e u s e of s ali n e g r o u n d w at e r i n i r rig atio n c o uld ad d t o n s of s alt t o s oil i n sh o rt ti m e .

F o r e x am pl e , if i m g atio n w at e r c o n t ai n s l g s ol u ble s alt p e r lit e r , 1 ,0 0 0 m
3
w at e r i n

h e ct a r e m e an s ad di n g 1 ,0 00 k g of s al t p e r h e ct a r e s , an d afte r 2 0 ti m e s of ir rig ati o n ,

thi s am o u n t w ill b e 2 0 t o n s o f s al t ad d e d t o e v e ry h e ct a r e ( S ale h , 1 9 8 9) .

T h e m aj o r S al t s f o u n d i n s oils a r e c hlo rid e s an d s ul p h at e s o f s o di u m , c al ci u m an d

m a g n e si um . I n a ri d s oil s
,
s o di u m i o n s t e n d t o p r e s e n t th e g r e at e st p r oble m a s th ey

c a u s e th e b r e ak d o w n o f s oil st ru c t u r e an d a g r e at r e d u cti o n i n p e r m e ability . T h e s e

i o n s a r e al s o t o xi c t o m o st pl an t s p e ci e s w h e n p r e s e n t i n l a rg e q u an titie s . T h e

r e cl am a ti o n o f s ali n e s oils is a str aig htf o r w a rd p r o c e s s if s u ffi cie nt w at e r i s a v ail abl e

f o r l e a c hi n g a w ay th e s ol u bl e s alt , a Jld p r o vid ed a n ad e q u at e d r ai n ag e sy st e m e xi st s

( B e a u m o n t et al .

,
1 9 7 0) .

W at e rl o g g l n g , S alinity o r alk alinity a ffTe ct s all i r rlg at e d a r e a s i n th e M id dle E a st , an d

s e v e r al e x a m ple s c a n b e n o t ed ･ I n S yri a , 4 0 % of ir rig at e d ar e a s a r e affe ct ed b y s ali nity .

T h e s u rf a c e
,
w hi ch i s e x cl u d e d fr o m c ulti v atio n b e c a u s e of s ali nity , i s e sti m a t ed at

ab o u t 3
,
0 0 0 - 5 ,0 0 0 h e ct a r e s p e r y e ar . T h e s u rf a c e a ff e ct ed b y w at e rl o g g l n g a nd

s ali nity is ab o u t 3 6 6 ,0 0 0 h e ct a r e s , 7 7 % of t his s u rf a c e i s affe ct ed b y s ali nit y . I n S a u di

A r abi a
,
th e a ff e cte d a r e a b y s ali nity is e s ti m at ed b y 2 4 ,0 00 h e ct a r e s , 9 0 % o f th i s a r e a

∬ e s e v e r ely a nd v e ry s e v e r ely a 飽 ct ed . I n O m 皿
,
th e s alinity of ag ri c ult u r al l a nd

e nf o r c e d f a r m e r s t o ab an d o n th eir fi eld s
,
an d thi s sit u ati o n h a s le d th e r u r al p e o ple t o

i mm ig r a t e t o w a rd s citi e s . I n K u w ait , an e sti m a t ed 8 5 ,0 0 0 h e ct a r e s h a s b e e n s e v e r ely
affe ct ed b y s alinity . A s i n Q at a r , 1 13 ,0 0 0 h e ct ar e s of ir rig at ed a r e a s an d r an g el a nd a r e

affe ct ed b y s ali nit y . T h e affe ct e d a r e a s b y w at e rl o g g l n g an d s ali nity i n Ir aq a r e

e sti m at e d t o b e 3 6 6 00 0 h e ct a r e s . ( G il a ni , 1 9 9 7) an d A b ul G a si m ( 19 9 8) r ep o rt ed th at

s ali ni写atio n i n Ir aq l S C a u s ed m ai nly by th e c o n ti n u o us l y r l S l n g gr O un d w at e r t abl e

( ab o u t fo u r m e t e r s b el o w g r o u n d s u rf a c e) an d p o o r m an a g e m e n t of ir rig atio n . S oil

s ali nity c u r r e n tly aff e cts ab o ut 8 . 5 m illi o n h e c t a r e s o r 6 4 % of tot al a r abl e l a nd s u rf a c e

i n Ir aq . It is r ep o rt ed al s o th at 2 0
-3 0 % of ir rig ate d l an d s h a v e b e e n ab an d o n ed

b e c a u s e of s alini z atio n ( A b ul G a si m e t al . , 1 9 9 8) .

A l - D u b aie (19 9 8) re p o rt ed th at 9 0 % of th e l an d in th e s o u th e m p ar t of th e c o u n t ry is

th r e at e n b y s alinity . T his sit u a ti o n i s n o ti c e d e sp e ci ally i n W adi H ad r am o u t an d oth e r

c o a st al a r e a s s u ch a s Al - H o die d al 1 , A l - M ak h ah , A b y a n an d D a w h an .

I n J o rd an
, Q u d ah (1 99 7) n oti c ed th at th e s alt c o n t e nt i n J o rd an i an s oil t yp e s , th e

e v ap o r ati o n an d t h e s alts b r o u g ht b y t h e i n ad e q u at e ir rig atio n p r a c ti c e s , ar e th e m ai n

c a u s e s of 也e s alinity p r o ble m i n J o rd a n . I n th e J o r d a n V alle y , th e s oil s ali nity v a ri e s

丘o m slight t o m o d e r at e , w ith an affe ct e d a r e a o f ab o u t 1 3 5 0 h e ct a r e s . T h e s ali n it y

i n c r e a s e s ip th e m a r gi n al l an d s , a s w ell a s i n t h e J o rd an i a n B adia . S t u die s o f M i nist ry

of A g ri c ult u r e m e n ti o n ed th e o v e rg r a z l n g , th e o v e r
-

p u m p l n g O f un d e rg r o u n d w at e r

an d th e p r e s e n c e of c e m e n te d c ru s t p r e v e n t s a g o o d le a c hi n g of s oil , a r e p rl n C IP all y
r e sp o n sibl e of s oil s alinity in t his p a rtic ul a r r e gi o n . It i s n otic e d b y th e field s u rv e y th e

p r e s e n c e of w hit e l a y e r o f s alt s in v a s t a r e a o f Q a
'

A l - D i s si
,
A I - M u d a o u r eh

, Q a
'

A l -

J a fe r an d Q a
'

A l - A z r a q ･ S t u di e s
.

c o n d u c t ed by M a c D o n ald an d H u nti n g (1 9 6 5)
sh o w e d th at th e W a di D h uleil a r e a l S S e ri o u sly affe ct ed b y s alinity w h e r e 1 5 % o f t ot al

st u die d a r e a (3 0 ,0 0 0 h e ct a r e s) is a ff e ct e d . T h e s oil in this a r e a h a s w e ak n e s s i n t e x t u r e

an d st ru c t u r e , a n d th e p e r m e ability is lo w , w hi ch in c r e a s e s t h e s ali niz ati o n .
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A b u l G a si m , S . a nd M . B abik e r
,
I r aq

'

s F o o d s e c u rity : t h e s an d d u n e s fi x atio n p r oj e ct ,
D e s e rtifl C a ti o n C o n t r ol B ulleti n N u m b e r 3 3

,
1 9 9 8( U N E P) : P P 2 - 1 0 .

A l - D u b ai e
,
A . S . V e g et ati o n d e g r a d ati o n a n d d e s e rtifi c ati o n i n Y e m e n , p ap e r

p r e s e nt ed fo r th e in te rn ati o n al c o n f e r e n c e
"

L e a m l n g fr o m th e p a st: G l o b al Cli m atic

C h a n g e s
”

, U N E S C O C h air fo r D e s e rt S t u di e s an d D e s e rtifi c ati o n C o n t r ol , Y a r m u k

U ni v e r sity , 1 7
-2 1 M ay 1 9 9 8 , J o rd a n .

A O A D ( A r ab O r g a ni z ati o n f o r A g ri c ult u r e D e v el o p m e n t) , E n vir o n m e n t al i m p a ct o n

r a n g el an d s i n th e A r ab w o rld , A r a b C e nt e r f o r A gric ult u r e D o c u m e n t ati o n an d

I nf o r m ati o n . S u d an
,
1 9 9 4 . 1 9 7 p .

B alb a , A . an d M .
N a s e e m

,
d e s e rtific ati o n o f la nd s : a gl ob al an d a r abic p r obl e m , A l

-

m a
'

r ef
,
A l e x - E g y pt . 1 9 9 4 , 4 2 7 p .

B e a u m o n t , P , G .
Bl ak e an d M . W a g st aff , . T h e M id dle E a st , A g e o g r ap hi c st u d y , J oh n

W il ey 皮 S o n s , C hi ch e ste r . N e w Y o rk . B ri sb a n e . T o r o n t o . 1 9 78
,
5 7 2 p .

D e H a an
,
C
,
H . S t eifeld

,
H . Bl a ckb u r n

,
Li v e s t o ck & th e E n vi r o r m e n t - Fin di n g a

b al an c e , S t u d y sp o n s e r e d b y C o m m is si o n of E u r o p e an C o m m un itie s , F A O a nd W o rld

B an k , W R E N m e dia , F r e s si n gfi eld , U K . 1 99 6 . ( W o rld B a n k h o m e p ag e) .

E S C W A ( E c o n o m i c an d S o ci al C o m m is si o n of W e st A si a) , T h e r ol e o f E S C W A in

ag ri c ult u r e r e s o u r c e m a n a g e m e n t an d c o n s e rv ati o n an d i n c o m b atin g d e s e r tifl C ati o n i n

w e st As i a
‥
F A O

,
R o m e ･ 19 9 3 ･(I nt e rn et: F A O h o m e p a g e) ･

､

F a dhil A . H an d A トF ar rJ l l , C O m b ati n g d e s e rtifl C ati o n i n lr aq , d e s e rtifl C ati o n C o n tr ol

B ulleti n N u m b e r 3 3
,
1 9 9 8( U N E P) : P P 2 - 1 0 .

F A O
,
P r o d u cti o n Y e a rb o o k . R o m e , v ol ･(3 5) , 1 98 1 , v ol ･( 4 4) , 1 990 ･

F Åo
,
Li v e st o k : R e c o g n l Z l n g th eir r ol e i n s u st ai n abl e ag r l C ult u r e , R o m e , 1 9 94 .

● ●

(I nt e m e t: F A O h o m e p ag e) .

F A O , a cti o n i n th e N e a r E a st r e gi o n flg u r e , R o m e ,1 99 7 . (I nt e r n e t: F A O h o m e p a g e) .

Fi sh e r
,
W . B .

,
T h e M id dle E a st an d N o rth A fri c a 1 98 0 -8 1

”

,
E u r o p a P u bli c ati o n

Li m it e d
,
L o n d o n , 1 9 8 0 , 8 6 5 p .

Gil an i , 1 99 7 , s oil d eg r ad ati o n an d d e s e rtifl C ati o n i n A r abi c c o u n tri e s J o u m al of w at e r

an d a g ri c ult u r e , A C S A D , n u m b e r 1 7 , D am a s c u s , S y ri a , 1 9 9 7 , p p ･ 2 8 - 5 5 ･

H ep p e r , F ･ N ･ a n d J ･
R ･ W o o d , a re t h e r e f o r e st s i n th e Y e m e n S e m i n a r f o r A r abi an

St u die s V ol . 9 , I n s tit u t e of A r c h e ol o g y , L o n d o n . 1 9 7 9
, pp . 65 -7 1 .
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IF P R I
,
2 0 2 0 I m plic ati o n s f o r I n v e st m e n t ･ F o o d , A g ri c ult u r e an d E n v ir o n m e n t

i nt e r e m ati o n al F o o d P olic y R e s e a r c h l n stit ut e , w a shi n gt o n D ･ C .1 9 9 5 .

Il ai wi , M .

,
G . A b d elg a w ad an d E . J ab o u r , H um an

-I nd u c ed S oil D eg r a d ati o n W o rld

A tl a s o f D e s e r tific ati o 山U N E P , 1 9 9 2 , p p . 4 2 - 4 5 .

M a c D o n al d an d P a rt e n e r s : H un ti n g T e c lm ic al S e rv i c e L td . (1 9 6 5) . W a di D h ul eil

In vu stig ati o n , L o n d o n . M it c h ell , C . W . g fr o m L an d s a t i m a g e ry l n n o rth A fri c a an d

th e M id dle E a st I/7 8 ” R o m e , 1 9 7 8 . 9 0 p .

P e a r s e
,
K . C .) : G r a zi n g i n t h e M id dl e E a st : p a st , p r e s e n t an d fu t u r e ･ I n : J o u rn al o f

r a n g e m a n ag e m e n t , 2 4 ( 1) D e n v e r , C ol o r ad o , U S A , 1 9 7 1 , p p ･ 13 - 1 6 ･

Q u d ah , r ep o rt o n d e s e rtifl C ati o n i n J o rd an , M i ni stry o f A gri c ult u r e , A m m a n -J o rd an
,

19 9 7
,
l l p .

S al eh , H . A .

,
P r obl e m of w at e r e r o si o n i n th e E a st J o rd an V all e y .

F a c ulty of A rt s

J o um al . U ni v e r si ty o f J o rd an (1 9 7 1) , p p .
1 -1 2 .

S al el . W i n d E r o si o n i n 也e E a st B a n k of J o rd a n . D ir a s a t
,
J o u r . U ni v . of J o rd a n

,
V ol .

( 1) , N o (1 ＋2) , 1 9 7 4 , p p ･ 1 1 9 - 1 3 8 .

S al eb
,
血e g e o g r ap hi c al o n g l n Of d e s e rti丘c ati o n , A m m a n , 1 9 8 9 , 2 20 p ･

T ai m eh , t o w a rd s c o m b atin g d e s e rtifl C ati o n an d d e v el o p m e n t of B adi a in J o r d an ,

p r o c e edin g s o f th e n ati o n al w o rk sh o p J o r d an i an s o ci ety o f d e s e rtifl C a ti o n c o m b at an d

d e v el o p m e n t o f b adi a , 5 m ay 1 99 5 , A m m a n , J o rd a n ･ 19 9 7
, pp ･ 1 7 - 5 5 ･

T u b e n g e n A tl a s of M id dle E a st , T ub e n g e n U ni v e r sity , S t uttg a rt , G e rm an y , 1 9 7 8
- 1 9 8 7 ･

ヨo p .

Y a al o n , D .

”

P a r allel st o n e c r a cki n g , a w e a th e ri n g p r o c e s s o n d e s e rt s u rf a c e s
”

,

g e ol o gic al I n stit ut e , T e ch mi c al a n d E c o n o m i c B ull etin s , S e ri e s C , P e d ol o gy ,

B u cb a ∫e st
,
1 8

,
1 9 7 0 , p p l O 7

- 1 1 1

W o rld atl a s o f d e s e rtifi c ati o n . U N E P , 19 9 2 , 6 9 p .
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T h e i nt e n sity an d d e v el op m e n t o f d e s e rtific ati o n d ep e n d s , fi r st of all ,L O n P h y sic al
f act o r s th at c an b e di vid ed i nt o t w o g r o u p s : cli m ati c f a ct o r s a nd sit e c o n diti o n s .

P r e cipit atio n , t e m p e r a t u r e , w i n d a n d c o m bi n ati o n o f th e s e i ndi c e s a r e th e m ai n cli m ati c
fa ct o r s ･ A s W an g Li xi a n ( 1 9 9 5) i n di c at e s , p r e cipit atio n i n t h e d ryl an d s o f C hin a
d e cli n e s g r a d u ally fr o m t h e e a st t o th e w e st , b ei n g m o stly b el o w 4 0 0 m m p e r y e a r ･ B u t

t h e r e a r e s o m e l o c al d i ff e r e n c e s , f o r e x am ple i n th e w e st e rn p a rt s o f N i n g x l a an d

G an s u , an n u al p r e cipit ati o n i s o nly 5 0
- l o o m m p e r y e a r ･ I n th e T a kli m ak an D e s e rt ,

t h e a n n u al p r e cipit ati o n i s o nly ab o ut 2 5 m m ･ T his e x tr a - a rid r e g l O n W a s e x cl ud e d fr o m
d e s e rtifi c atio n a s s e s s m e nt b e c a u s e th e h u m a n a cti vity p r a cti c al ly d o e s n o t t ak e pla c e
h e r e .

F r e q u e n t s t r o n g w i n d s an d s an d d e vils sti m ul at e th e d e v el o p m e n t o f d e s e rtific ati o n .
E sp e ci ally th e sp ri n g S e a s o n i s a w i nd y ti m e w h e n wi nd e r o si o n i s v e r y a c ti v e . T a ble

4 ｡且 c o n flr m S th i s f e at u r e .

T a bl e 4 .i

S p ri n g w i n d s i n t ot al p e r c e n t a g e o f an n u al wi n d s i n d e s e rtifl C ati o n

p r o n e ar e a s i n H o rq ui n an d U l an Q ab S t e pp e ( Z h u Z h e n d a , et al . , 19 8 8 )

R e gi o n s S p rin g w in d s ,
a n m al p e r c e n t a g e

R e gi o n s S p rih g w i nd s ,
a n n u al p e r c e n t ag e

T o n glia o 61 . 71 E r e nh ot 4 9 . 7

G an qik a 64 .8 6 J u rih e 4 0 . 7

L ub ei 4 2 .2 0 D a rh an M u m i n gg an 4 2 . 9

B a y a rt u h e shi 4 3 .0 7 S h an g d u 4 1 . 2

T h e sp ri n g S e a s o n is als o c h a r a c t e ri z ed b y sp a r s e p r e cipit ati o n ･ T h e s am e a u th o r g l V e S

i n fo r m ati o n o n p r e cipit ati o n i n H o rq ui n an d U l an Q a b St e pp e ( T a b且c 4 . 2) . U n d e r th e s e
c o n diti o n s , th e s an d s u rf a c e i s e a sily e r o d ed .

Sit e c o n diti o n s i n cl u d e s oil , v e g et ati o n , t o p o g r ap hy a nd sl o p e s , an d i n c o m bi n ati o n

th e s e f a ct o r s d et e r m i n e th e i nh e r e n t ri sk of d e s e rtifl C a ti o n ･ T h e m ai n p a rt of th e s a nd y
d e s e rt i s l o c ate d i n th e v a st i nl a n d i nt e rm o u n t ai n b a si n s th at c o n t ai n l o o s e s a n d y
d ep o sit s ･ T h e

Ld ept h o f th e s e d ep o sit s t ot al 1 3 0
- 4 0 0 m ( W an g , 1 9 9 5) .

U n d e r t h e dry cli m at e c o n diti o n s this l o o s e m at e ri al is s ubj e ct t o l o n g -t e r m w i nd
e r o si o n ･ T h e r e a r e s e v e r al ep h e m e r al ri v e r s i n th e d e s e rt z o n e of C hi n a , w bic b h a v e
b e e n f o rm e d b e c a u s e o f l o w p r e cipit ati o n , hig h e v a p o r ati o n a n d q ui ck i nfiltr ati o n .

S p a r s e v e g et ati o n c o n si sti n g o f sh r ub s , s e m i sh ru b s a nd g r a s s e s w o r s e n t h e i n h e r e n t

ri s k of d e s e rti丘c atio n .
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1

S p ri n g p re cipit ati o n i n th e t ot al p e r c e n t ag e o f th e a n n u al r ai n f all i n

H o rq ui n a n d U l an Q ab St ep p e ( Z h u et al . ,1 9 8 8) .

R e gi o n s P e r c e n t a g e of

spr l n g r ai nf all

R e gi o n s P e r c e n t a g e of

s p rl n g r ai nf all

T o n glia o l l .9 0 E r e n h ot 1 0 .9

K ail u 1 0 . 5 4 S o nid Y o u q l l l .7

L ub ei 8
.

. 5 1 M an d ul a 1 2 .9

G a n qik a 1 2 . 81 J u rih e 1 2 .3

N ai m an l l .8 0 H u ad e 1 2 .8

H u r e ll .4 0 D a rh an M u m l n g g a n 8 . 2

B a ok an g 12 .4 0 S h an gd u 1 3 . 1

T h e Y ell o w Ri v e r oft e n b u r st s th r o u g h it s dik e s . I n t h e g r e at m o od in 1 93 1 , 8 8 0 00

sq u a r e k m b el o w l chin g w e r e 且o o d e d , an d a s a r e s ult 1 0 m illi o n p e o ple l o st t h eir

h o m e s
,
an d 5 0 m illio n w e r e dir e ctly affe ct ed ･ A b o v e th at th e ri v e r d ep o sit s

c o n sid e r ab le am o u nt o f silt o v e r th e fl eld s . U n til th e p r e s e n t ti m e it h a s b e e n

i m p o s si bl e t o c o n t r ol th is n at u r al f o r c e c o m pl etely .

D r o u g ht is a n o th e r s c o u rg e o r n a土u r e ･ I n 1 9 5 9 - 19 60 th e p r o vi n c e s H ub ei , Sh a nt u n g ,
S h an si an d H un an h a d n o p r e ci pit ati o n f o r 2 0 0 d ay s . T h e Y ello w R iv e r c e a s ed its n o w

f o r 4 0 d ay s ･ D r o u ght s an d n o odi n g a r e n o t o nly th e r e s ults of th e m o n s o o n cli m at e , b u t

al s o p e o pl e ar e r e sp o n sible ･ T h e c u ttin g o f f o r e st s a n d c o n s t ru cti o n o f th e ir rig ati o n

c an al s , t e r r a c l n g an d oth e r a c ti viti e s s ti m ul at e d r o ug hts an d n o o d s .

A c c o rdi n g
'

t o
"

T h e N ati o n al E c o
ヮ
o m i c A tl a s of C hi n a

”

( 1 9 94) , th e l an d s i n a rid an d
s e m i a rid r e g 1 0 n S h a v e t h e f oll o w i n g li m it ati o n s f o r p r od u cti o n of c r o p s , f o r e st s an d
li v e st o c k :

C la s s 1 ( n o li m it ati o n s): p ad dy s oil ( o a s e s) , pl u vi o aq uis s oil ( pl ai n s) , ir ri g at e d f a r m
l a n d s( o a s e s) .

C l a s s 2 (lo w li m it ati o n s) : b e a ch , m e ad o w s oil(plai n) , c a st an o z e m ( v alle y s) , c h e rn o z e m

( v al le y s) .

Cl a s s 3 ( m od e r a te li m it ati o n s) : c a st a n o z e m (pl ai n) , si e r o z e m ( plai n , m o u n t ai n) ,
m e ad o w s oil (pl ai n) , s aliniz ed m e ad o w s oil ( pl ai n) , d a rk l o e s s al s oil (t e r r a c e) , b r o w n

p e d o c al ( m o un t ai n) , g r ay d e s e rt s oil ( m o u nt ai n , pl at e a u) .

L a n d un s uit able fo r p r od u cti o n : g r ay b r o wn d e s e rt s oil( g obi) , b r o wn d e s e rt s oil ( g o bi) ,
s ol o n c h ak (b a r e pl ain) , t ak yr (b a r e pl ai n) , shi 氏in g s an d y s oil , s alt c ru st , l o w w et l an d .

4 2
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T h e P e o pl e
'

s I R ep u blic o f C h in a is o n e th e g r e at e st s u p e rp o w e r s of th e w o rld ･ T h e

i nt e r r el ati o n b et w e e n p o p ul ati o n a n d th e e n vi r o n m e n t , i ･ e ･

,
th e p r e s s u r e of p op ul ati o n

o n th e e n vir o n m e n t i s th e m aj o r C O n St rai nt f o r s u st ai n abl e d e v el o p m e n t ･ F u rth e r

e c o n o m i c a n d p olitic al d e v el op m e n t of C hi n a w ill d e p e n d up o n t h e p r o g r e s s i n s ol vi ng
th e p o p ul ati o n/ e n vir o n m e n t p r obl e m ･ D e g r ad ati o n o f th e dryl an d s i n C hi n a i s a

hi st o ri c al p r o c e s s d o c u m e n t e d fo r 2 0 0 0
- 2 5 0 0 y e a r s .

P o p ul ati o n i n C hi n a t ot al e d 5 4 9 m illi o n p e o ple in 1 9 4 9 w h e n th e P e o ple
'

s R ep u bli c of

C hin a w a s f o u n d e d ･ T h e C o m m u ni st g o v e rn m e n t d e cl a r ed a
u

n e w e r a
w

i n th e c o um t ry ･

B u t a s k n o wn t h e
u

G old e n E r a
M

i n th e hist o r y of C hi n a w a s f o u r t h o u s a n d y e a r s ag o ･

P o p ul ati o n g r o w t h o nly sti m ul at ed th e e c ol o gic al c ri si s ･ T h e p oli c y of ag r a ri a n

r adic alis m p r o cl ai m e d b y M a o Z e d o n g c o uld n ot s ol v e th e e c ol o gi c al p r o bl e m ( Z w eig.,
1 9 8 9) I B y J uly 1 , 1 9 9 0 , th e p o p ul ati o n of C hin a r e a c h ed 1 . 1 6 billi o n , o r 2 1 . 9 % of th e

w o rld p o p ulati o n ･ F豆卵 釘e 4 ･且 r ep r e s e n t s th e g r o w th o f C hi n e s e p o p ul ati o n ･
T h e g r o v ^ h

of p o p ul ati o n h a s c o n ti n u e d d e spite th e i ntr o d u cti o n of birth c o n tr ol .

P op ul ati o n g r o w th c a n n o t b e c o n sid e r e d n?
w a s a d e m o g r ap hic p r obl e m ･ As Q u a n d

Li ( 1 9 94) s aid
"

p o p ul ati o n c o n t r ol a n d e n v l r O n m e n t al p r ot e c ti o n a r e t w o sid e s of th e

s am e c oi n
”

. D u ri n g th e la st 4 0 0 0 y e a r s , p o p ul atio n p r e s s u r e o n th e e n vi r o n m e n t i n

C hi n a w a s diff e r e n t i n diff er e n t p e ri o d s o f hist o ry ･ T h at d e m o n st r at e s F畳g u r c 4 ･且. T h e

s am e a u th o r s h a v e id e ntifi ed th e f oll o w l n g P e ri o d s of e n vir o n m e n t al d e g r ad ati o n

( 甘a b且e 4 . 3) .

K an g (19 8 6) a rg u ed th at si n c e 2 0 0 B ･ C ･ C hi n a w a s v e ry cl o s e t o a m a rk et e c o n o m y
b e c a u s e th e c o u n try h a d c o u ntl e s s s m all p r od u cti o n u nits - eit h e r fr e e

,
h old e r s o r

t e n a n t s ･ I n t h e c o u r s e of fu rth e r d e v el o p m e n t , th e sit u a ti o n d r a stic ally ch an g ed a n d th e

1 2
th
c e n t u ry w a s th e c r u ci al p oi nt ･ P op ul ati o n p r e s s u r e g r ad u ally in cr e a s ed an d C hi n e s e

ag rl C ult u r e shiR ed t o l ab o r i nt e n si v e f a rm l n g ･ O v erp op An ti o n , a c c o rdi n g t o K an g

( 1 9 8 6) , i n d u c e d th e ad o pti o n of m o r e l ab o r - i n te n si v e t e c h n ol o g y , w hi c h i n t u rn r ai s ed

t ol e r a n c e fわr o v e 叩O p ul ati o n ･ H i s s t u d y p r o v e d tb a土, e sp e ci ally a 鮎r･th e 1 ヮt h c e n t u r y ,
th e s t a n d a rd of li vin g l n r u r al C hi n a w o r s e n e d .

T h e s am e a u th o r p u blish e d v e ry i n t e r e st l n g i nf o r m ati o n ab o ut th e fr e q u e n c y o f fl o o d s

an d d r o u g ht in th e w h ol e of C hin a f o r th e p a st 5 0 0 y e a r s ( T a b且c 4 . 4) ｡ T his in fo r m ati o n

w a s b a s e d o n d at a fr o m th e C hi n e s e B u r e a u of M et e o r ol o g y ･
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C h an g e i n p o p ul atio n a n d e n vi r o n m e n t al i n C hi n e s e hi st o ry ( Q u a n d Li , 1 99 4 )
St a - P e ri o d s Y e a r s R ep r e s e n t ati v e P e opl e St at u s o f

g e S D y n a sti e s (1 0 0 00) E n vir o n m e n t
I P r e -

Q i n 2 2 0 5 -

2 1 9 8 B . C

11 1 5 -

1 0 7 9 B . C

68 4 B . C .

Ⅹi a a n d Y u

W e st Z o u ( Ki n g C h e n )

E a st Z h o u ( 1 3
th
y e a r

,

K i n g Z h u a n )

I
,
3 5 5

1
,
3 7 1

1
,
18 4

山

G old e n

E r a
w

ⅠⅠ Qi n t o 2 2 1 B .C .

2 A . D .

Q i n ( 2 6 y e a r o f E m p e r o r 2
,
0 0 0

5
,
9 5 9

Si g n s of

W e st H an S hih u an g )
W e st H an (2

nd

y e a r)

D eg r ad ati o n

ⅠII E a st H an 5 7

2 2 0 - 2 8 0

6 0 6

E a st H a n ( 2
nd

y e a r Ji - 4
,
5 0 0

4
,
0 0P

3
,0 5 0

Sig n s of
t o

S ui

A n w u Z h o n g y an

T hr e e S t at e s

S ui (2
n d

y e a r o f e m p e r o r

Y an g )

r e c o v e ry

I V T an g t o 7 5 5 T an g ( 1 4 y e a r o f Ti an b a o) 5
,
29 1

7
,8 8 1

5
,
88 3

Sig n s o f

Y u an 1 19 5 - 1 2 2 3

1 2 9 0

S o uth S o n g ( 1
st

y e ar of s e c o nd a ry

Q ui n g y u an )
Y u an ( 2 7

t h

y e ar bf

Z hiy u a n )

d e g r ad ati o n

V M i n g an d 1 4 0 3 M i n g ( 1
st

y e a r of Y o n gl e) 6
,
6 59 E s c al at ed

Q i n g t o 1 65 1
. Qi n g (8

th

y e a r of S h un z hi) 5
,
3 0 0 d e g r ad ati o n

b efo r e 1 68 4 Qi n g (2 3
rd

y e a r of K an g xi) 1 0 ,1 7 0

lib e r ati o n 1 7 62 Qi n g (2 7
th

y e a r of Q i an l o n g) 20
,
0 4 7

1 7 9 0 Q i n g( 5 5
th

y e a r of Q i an gl o n g) 3 0 ,1 48
1 8 3 4 Q in g ( 1 4

th

y e a r o f D a o g u a n g) 4 0 ,1 0 0
1 9 1 9 R ep ubli c of.

C hin a( 8
t h

y e a r) 5 0 ,6 0 0

1 9 4 7 R ep ub lic of C hin a (3 6
th

y e a r) 54 ,8 8 7

T h e t e r rit o ry of C hi n a is divid ed i nt o 12 0 di stri cts ,
.

e a ch c o v e r i n g O n e O r t w o

p r efe ct u r e s ･ T h e a u th o r p r o c e s s ed th e s e d at a s t atistic all y an d f o u n d th at th e fi e q u e n cy
of m aj o r n O Od s i n th e w h ol e c o u n try h a s i n c r e a s e d b y 2 ･ 5 o c c u r r e n c e s e v e r y t w e n ty

y e a r s , c o n vi n c i n g St atistic al e vid e n c e of w o r s e n i n g e c ol o gic al c o n diti o n s i n C hin a . T h e

n u m b e r of m aJ O r 丑o o d s an d m aj o r d r o u ght s i n c r e a s e d d u ri n g 1 8 7 0 - 1 9 0 9 .

R a n g C h a o ( 1 98 6) als o i n di c at e s th at a s a r e s ult of a c c el e r at e d d efb r e st ati o n , l a n d i n
n o rth C hi n a l o st it s n a t u r al p r o d u ctivity m an y c e nt u rie s a g o an d b e c am e vu l n e r abl e t o
n o o d s an d d r o u g ht s ･ H e s ay s ,

u

F a rm 1 an d al o n g th e n o rth e rn fr o n ti e r s g r a d u ally
c o n v e rt e d i nt o s e m i d e s e rt

n

･ F o r e st a r e a s i n thi s r eg i o n Sh r a n k an d fi n ally c o m pl et ely
dis ap p e a r e d b y M i n g ti m e s( 1 36 9 - 1 6 4 4) .
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F re q u e n c y of m aj O r n O O d s a n d m aj o r d r o u g ht s in C hi n a b y t w e n t y
-

y e a r p e ri od s , 1 4 7 0
- 1 9 0 9 ( R an g , 1 9 8 6 )

P e ri od s N u m b e r o f m aj O r 凸o o d s N u m b e r o f m q] o r d r o u g hts

1 4 7 0 - 1 4 8 9 91 12 9

1 4 9 0 - 1 5 0 9 63 1 2 3

1 5 1 0 - 15 2 9 1 05 1 5 7

1 5 3 0 - 15 4 9 1 13 1 02

1 5 5 0 - 1 5 6 9 1 43 8 1

1 5 7 0 - 1 5 8 9 1 2 7 1 4 4

1 5 9 0 - 1 6 0 9 15 2 9 0

1 61 0 - 1 62 9 1 1 8 1 0 8

1 63 0 - 1 64 9 1 2 4 2 2 0

1 6 5 0 - 1 6 6 9
.
1 9 8 1 0 3

1 6 7 0 - 1 6 8 9 1 1 9 1 2 8

1 6 90 - 1 7 0 9 1 1 1 9 4

1 71 0 - 1 72 9 1 0 0 1 0 6

1 73 0 - 1 7 4 9 1 3 7 73

1 7 5 0 - 1 7 6 9 1 3 2 6 6

1 7 7 0 - 1 7 8 9 9 2 1 1 3

1 7 90 - 1 8 09 1 0 9 8 8

1 8 1 0 - 1 82 9 1 2 5 10 8

1 8 3 0 - 18 49 1 9 2 9 9

1 8 5 0 - 18 6 9 1 4 0 9 4

1 8 70 -

1 18 89 17 7 l l.5

1 8 9 0 1 1 9 09 1 65 16 3

4
･ 3 L a n d d e g r a d atio n i n 蝕e m ai n r e g i o n s O f C hi n a

●

A c c o rdin g t o Z h u et al l ( 1 9 8 8 ) d e s e rtifl C ati o n
: p
r o n e l a nd i n C hi n a t ot ally c o v e r

3 3 4
,
0 0 0 k m

2

, i n w hich d e s e rtifie d l an d ar e a l S 1 7 6
,
4 4 2 k m

2
an d th e la n d o f

d e s e rtifl C ati o n risk is 1 5 8
,
0 0 0 kn

2

, i n v ol v i n g 2 1 2 c o u n ti e s i n 1 3 p r o vi n c e s a n d
' ＋

a u t o n o m o u s r e g 1 0 n S ･ T h e s e a r e a s i n cl u d e : Li a o n l n g , Jili n , H eil o n g]1 a n g , H eb ei , S h an xi ,
I r m e r M o n g oli a , Sh a an xi , N i n g xia , G an s u , Q i n g h ai a n d X inji an g . T h e y disti n g uish th e
f ollo w i n g d e s e rtiflC ati o n ty p e s : o n

-

g oi n g ty p e (4 5 .9 % ) , s e v e r e ty p e (3 4 . 4 % ) , a n d m o s t
s e v e r e ty p e (1 9 .7 % ) .

T h e l e adi n g c a u s e s o f l an d d e gr a d atio n i n C hin a a r e g l V e n i n T a b le 4 . 5 .
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L e adi n g c a u s e s o f d e s e rtific ati o n ( Q u an d Li , 1 9 94 )

A nth r o p o g e ni c fa ct o r s o f P e r c e n t ag e of d e s e rtifi ed l an d .
d e s e rtifl C a ti o n

I r rig ati o n r e cl am a ti o n 2 5 .4

E x c e s si v e g r a z l n g 2 8
.3

L u m b e ri n g of w o o d s 3 1 .8

I n d u st ri al
,
m i n e s an d c o m m u ni c ati o n 0 .7

c o n s t ru cti o n

I m p r o p e r u s e of w at e r r e s o u r c e s 8 .3

T ot al p r o p o rti o n 9 4 .5

4 ･3 ･1 D e s e rti 鮎 a ti o m 鼻祖 也e m a rgi n al z o n e s og e xせr a - 財id r e 琶1 0 m S
●

A ll a rid r e g i o n s Of C hi n a a r e affe ct ed b y l an d d e g r ad ati o n ･ T h e m a rg i n al z o n e s of th e

T ari m B a si n a r e s e v e r ely af:fe ct e d b y d e s e rtific ati o n ･ T h e T ari m B a si n o c c u p i e s th e

a r e a of 5 3 0
,
0 0 0 k m

2

, fr o m w hi ch 3 3 8 ,0 0 0 k m
2
b el o n g t o e x tr a

-

a rid l a n d of th e

T akli m ak an D e s e r t ･ D e s e r tific ati o n i n th e m a r g i n al z o n e s is a r e s ul t of Ch a n g e s i n

b y d r ol o gic al e n vir o n m e n t a n d h u m a n a cti viti e s .

A c c o rdi n g t o T ak am u r a an d Q o n g (19 9 7) ab o ut 8 5 7 ,00 0 h a h a v e b e e n d e s e rtifl e d b y
w i n d e r o si o n d u ri n g t h e l a st 1 0 0 y e a r s ･ M o r e 仇 皿 6 0 % of th e all u vi al pl ai n of T a ri m

R iv e r h a v e al s o b e e n d e gr ad ed ･ V e g et ati o n d e g r ad ati o n h a s b e e n als o r e c o g ni z ed t o

h a v e o c c u r r ed ･ A t l e a s t 2 85
,
0 00 h a of P o p ul u s e u ph r atic a w o o dl an d w e r e tr a n sf o r m ed

t o a r e al d e s e rt ･ S e v e r e a rid iz ati o n h a s a ff e ct ed th e s u r r o u nd in g t e r rit ori e s of th e

T akli m ak an D e s e rt ･ I n 1 9 2 1 , th e T a ri m Ri v e r ch an g ed its c o u r s e a n d m o w ed t o th e old

L o p N u r L ak e , an d th e si z e of th e lak e g r e w t o 2 0 0 ,0 0 0 h a . B u t i n 1 9 7 2 , th e h k e

dis ap p e a r e d b e c a u s e o f d e c r e a s e o f w at e r r u n o ffT. G r o u n d w at e r le v el s l o w e r e d fr o m 3 -

5 m i n th e 1 9 5 0 s t o 8 - 1 0 m i n th e 1 9 8 0 s ･ M a n y y e a r s ag o , w at e r i n th e T a ri m Ri v e r

w a s f r e sh , w ith a mi n e r al c o n c e n tr ati o n b ei n g lo w e r th an 1 g/i ･ B u t n o w th e w at e r i s

丘e sb o nly th r e e m o n th s a y e a r , a n d d u ri n g th e r e st of t b e y e a r i s b r a c kis h o r s alt
-l a d e n .

T h e T s aid am B a si n o c c u p i e s th e a r e a o f 2 7 0 ,0 0 0 k m
2

･ It i s a h u g e c o nfi n e d b a si n wi th

e xt r e m ely d ry cli m at e , p r e cipit ati o n b ei n g 2 0 0 m m i n th e highl a n d an d 2 0 m m i n th e

c e n t e r ･ T h e p o p ulati o n i s s m all , t o t ali n g 2 7 1 ,7 0 0 p e o pl e , an d th e c ulti v at e d ar e a i s

3 8
,
20 0 h a . A t th e p r e s e n t ti m e , th e r a te of e x pl oit ati o n of w at e r r e s o u r c e s i s 1 5 .8 % in

th e w h ole a r e a
,
w hil e th e utili z ati o n r ate o f u nd e rg r o u nd w a t e r is c o

l

n sid e r ably l o w e r , at

j u st l ･ 6 % ･ I n s pit e of thi s , s o m e f a r m l an d h a v e b e e n s u bj e ct t o s e c o nd a ry s oil
s al ini z ati o n b e c a u s e o f th e ri s e o f gr o u nd w at e r a n d p o o r d r ai n ag e ･ M an y distri cts h a v e

b e e n f o r c e d t o c e a s e c ul ti v atio n b e c a u s e of s e c o n d a ry s oil s ali ni z ati o n ( Li an g , 19 97 ) .

4 . 3 . 2 S e c o n d a ry S O鼻息s a且i miz 如孟o m 五n a rid im la m d ri v e r b a si n s
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Irri g at ed s oils i n a ri d ri v e r b a si n s a r e u n d e r th e do u bl e i m p a ct o f h u m a n a cti vity a n d

th e e c ol o gic al e n vi r o n m e n t ･ I n a rtifi ci al ly c r e at e d o a s e s , n a t u r al e c ol o g l C al
sy st e m s a r e

r epl a c e d b y m an
- m a d e ag ri c ult u r al s y st e m s ･ S u ch l a rg e s c al e r e cl a m ati o n h a s c a u s e d

th e d e str u cti o n of n at u r al v eg et atio n ･ D at a o n s e c o n d a ry s oil s al i niz ati o n a r e g i v e n i n

T a b 且e 4 . 6 .

T 及b亜c 4 . 6

S e c o n d a ry s oil s ali niz ati o n i n
s o m e i nl a n d ri v e r b a si n s of C hi n a

( W a ng a nd C h e n g , 1 9 9 7)

Ri v e r s S al in i z ed s oil R ati o t o t ot al C ultiv at ed s oil , k m
2
R ati o t o t ot al

a r e a
,
k m
2

l an d
,
% c ulti v a t ed s oil

,
%

S hiy a n g 2 09 8 . 8 1 4 . 9 8 2 9 5 .3 7 l l .5 4

H eih e 1 5 8 4 . 21 2 . 2 7 2 5 6 .7 3 1 0 . 75

S h ul e 4 7 13 . 64 4 . 5 7 2 7 3 .2 1 2 1 . 7 0

U r um q l 7 9 6 .8 0 5 . 6 5 2 7 5 . 02 1 9 . 24

T h e a r e a s o f s ali niz atio n a n d v e g et ati o n d e g r ad ati o n ar e r apidly e x p an d e d in l o w e r

r e a c h e s . I n o rd e r t o eli m i n at e th e n e g ativ e e n vi r o n m e n t al ch an g e s of , it i s n e c e s s ar y t o

p r o m o t e r ati o n al utili z atio n o f w a t e r r e s o u r c e s i n w h ol e ri v e r b a si n s ･

4 . 3 . 3 L a n d d e g r ad ati o n i m 丑Ⅷa n g
- Ⅲtl ai - Ⅲai

､p
且ai n

T his pl ai n , als o k n o w n a s th r e e ri v e r pl ai n , c o v e r s a n a r e a o f 3 5 0 ,0 0 0 k m
2

,
w ith 1 8

m illi o n h a of a r abl e l an d . P o p ul ati o n t ot al s 2 0 0 m illi o n p e o pl e . I n this ag ri c ult u r al

r eg i o n , a r e P r o d u c ed 2 0 % of g r ai n , 5 7 % o f c o tt o n , 1 7 % of oil an d 1 4 % o f m e at f o r th e

w h ole C hi n a( Tia n , 1 9 9 7 ) .

T h e cli m at e of th e r e g i o n i s m ild . P r e cipit ati o n v a ri e s i n th e a r e a fr o m 4 0 0 t o 6 0 0 m m ,

b ut th e a m u al v ar i ati o n i s v e ry l a rg e . C ulti v ati o n of th e m aj o rity o f c r op s r e q u ir e s

i mi g ati o n . T h e p r e s e n t sit u a ti o n r e g a r di n g w a t e r r e s o u r c e s n e ed s i m p r o v e m e n t . D u ri n g
th e p r e vi o u s p e ri od , a c e rt ai n am o un t o f w at e r c o uld b e tr an sf e rr e d fr o m th e Bi g C an al .

B u t b e c a u s e of th e sh o rt ag e of w at e r i n th e Y ell o w R i v e r , t his w at e r tr a n sfe r w a s

s t op p e d i n 1 9 8 0 . I n r e c e nt y e a r s , th e Y ell o w Ri v e r d rie s u p l n sp r i n g S O th e w at e r

a v ail abl e fo r tr an sf e r i s li m it e d .

A d diti o n al p r obl e m s e xi st , i n p ar ti c ul a r , d e cli nin g w at e r t abl e l e v el s an d s oil

s ali mi z atio n ･ G r o un d w at e r t abl e s h a v e d r op p ed at a r a t e of 1 m p e r y e a r t o th e p r e s e n t

3 5 - 5 5 m
,
m o st n att rr al lak e s

,
s u ch a s N i n gji n b o a n d D alu z e h a v e d ri e d u p .

4 ･ 4 E c ol o gi c al dis a st e r i n l o e s s pl at e a tl S

T h e e c ol o gic al sit u ati o n i n l o e s s pl at e a u s c an b e c h a r a ct e ri z ed a s c at a str o p hi c ･ L o e s s

l an d s c o v e r m o r e th an 5 00 ,0 0 0 k m
2

,
c o m p r l S l n g O n e O f th e m o st i m p o rt an t c ult u r al an d

ag ri c ult u r al ･r e gio n s of C hin a ･ K olb (1 9 7 1) c alls th e l o e s s pl at e a u s
”

th e c r adle o f

C hi n e s e ci v ili z ati o n
n

･ P o p ul ati o n d e n sit y i n s o m e a r e a s i s 1 0 0 0 p e opl e p e r 1 k m
2

･

I rrig ati o n s c h e m e s i n th e v alley s of th e W ei H o a n d th e F e n H o e x t e n d b a c k t o th e
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s e c o n d mi lle ni u m B ･ C ･ M o st p r e cipit ati o n o c c u r s i n s u m m e r a s t o r r e n ti al d o w np o u r s ･

E r o si o n i s v e ry r apid , a nd i n th e W ei Ⅰi o a r e a s o m e 1 50 m illi o n t o n s of l o e s s a r e

a n n u ally w a sh ed a w ay ･ S p e ci a且 t er r a c ed fi eld s h a v e b e e n c o n s tr u ct e d t o p r e v e n t
e r o si o n . T h e ir ri g ati o n a r e a h a s m o r e th a n d o u bl e d s in c e 1 9 5 2 .

E ck e rt (1 99 8) w h o vi site d th e a r e a i n 1 9 9 8 d e s c rib ed th e e c ol o gic al sit u a .ti o n i n th e
●

r e g l O n ･ N at u r al v e g et ati o n c o v e r s o nly l O % of th e t ot al a r e a . Si n c e 1 9 4 9 , th e e r od ed
l a n d ar e a i n c r e a s e d b y 3 0 % ･ W i n d s c a r ry s o m u ch d u st th at vill ag e r s o ft e n h a v e l u n ch
b y t h e ligh t of l an t e rn s ･

T h e d is a s tr o u s c olle cti v e f a r m i n g O f M a o Z et o n g w o r s e n ed th e
sit u ati o n ･ T h e li vi n g st a n d a rd of p e a s an t s i s v e ry l o w , th eir i n c o m e b ei n g o nly $ 2 0 p e r

y e a r p e r p e r s o n , S o m o s t a r e i n v ol v ed i n a d aily str u g gle t o fill th eir st o m a c h s .

U n d e r s u c h e c ol o g l C al an d s o ci al c o n diti o n s , o nly e x t r a o rdi n a ry m e a s u r e s c an i m p r o v e
th e sit u ati o n . T h e g o v e r n m e nt of C hi n a h a s r e c ei v ed a l o a n fr o m th e W o rld B a nk f o r

affo r e st atio n i n S h an x I P r O Vi n c e an d i n th r e e o th e r p r o vi n c e s o f th e pl at e a u s .

4 . 5 S h o ri a g e o f w 如e r r e s o Ⅶy c c s

S h o rt ag e of w at e r r e s o u r c e s i s dis c u s s ed i n m 皿 y p u blic ati o n s of C hi n e s e s ci e n tist s .
W at e r i s n o t o nly a v al u abl e n at u r al r e s o u r c e , b ut al s o a n i m p o rt an t e c ol o gi c al f a ct o r
b e c a u s e of t h e d ry cli m at e a nd it s p r o p e n sit y f o r d e s e rtifl C a ti o n ･ F e n g an d C h e n g
(1 9 9 7) d e s c rib e d th e sit u a ti o n of w at e r r e s o u r c e s i n G an s u p r o vi n c e . I n thi s r e gi o n
w at e r r e s o u r c e s a r e d istrib ut e d un e v e nl y th r o u g h o ut th e t e r rit o ry . T h e s e a s o n al
di strib uti o n of w at e r is al s o v e ry un e v e n : d ry l n S P rl n g , n O Odi n g l n S u m m e r , W at e r
sh o rt ag e i n a u t um n an d w at e rl e s s i n w i nt e r ･ B u t th e e xi stin g w at e r r e s o u r c e s a r e

m is u s ed ･ M u ch w at e r i s w a st ed b y ir rig ati o n ･ T h e w at e r u tili z ati o n fa ct o r i s v e ry l o w ,
i n c an als

,
it is O ･ 3 % - 0 ･4 5 % ･ D e s e rtifie d l an d ･

a r e a s i n th e p r o vi n c e t o t al 2 . 7 % . A b o ut
5 0 % of f a r m l an d is aff e ct e d b y s ali ni z ati o n ･ T h e o u tp ut of ag ric ult u r al p r o d u ct s h a s
d e c r e a s ed b y 3 0 % . F e n g an d C h e n g (1 99 7) h a v e c al c ul at ed th e d efi cit of w at e r f o r
fu t u r e d e v el o p m e n t ( 甘a b 且e 4 ｡ 7) .

T a b且e 4 . 7

S h o rt ag e o f w at e r r e s o u r c e s i n th e G an s u p r o vi n c e i n fu t u r e , 1 x l O
8
m
3

( F e n g a n d C h e n g , 1 99 7 )

W at e r d e m an d I n d u st ry 2
. 1 0

A g ric ult u r e 7 2 .3 0

F o r e st ry a nd g r a s sl a n d 6 . 0 0

P o p ul ati o n an d an i m als 0 . 9 4

C ity 0 . 1 0

O th e r s 0 . 05

T ot al 8 1 . 4 9

W ate r s u p ply S u rf a c e r u n off 5 1 .3 6

G r o u n d w at e r 2 4 . 0 0

T ot al 75 .3 6

S h o rt ag e 6 . 13
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W at e r a n d la nd r e s o u r c e s o f C hi n a a s a w h ol e a r e al s o v e ry u n e v e n . T h e w at e r

r e s o u r c e s of th e Y a n gt z e Ri v e r b a si n c o m p ri s e 8 0 % of C hi n a
'

s t ot al y et it re p r e s e n ts

l e s s th a n 4 0 % of th e a r abl e l a n d . B ut r u n off of th e H u a n gh e a n d oth e r ri v e r s i n th e
n o rth a m o u n t o nly 6 .5 % w i th al m o st 4 0 % of th e a r a bl e l a n d . T o ad d r早SS th e s e

p r oble m s , th e id e a o f a S o u th
-t o - N o rt h W at e r T r an s fe r P r oj e ct ( S N W T P) w a s

s u gg e st ed , fir st i n th e 1 9 5 0 s . S p e ci al st at e a g e n ci e s of C hi n a w e r e i n v ol v e d in a n

i nt e g r at e d s u r v ey a n d p ut fo r w a rd a p r eli m in a r y d e sig n fo r t r a n sf e r ri n g w at e r r e s o u r c e s

t o t h e n o rth ( F亙g ⅦT e4 . 2) . T h e a n n u al t ot al tr a n sf e r abl e w at e r q u a n tit y w o uld b e m o r e

th a n 5 0 billi o n m
3

.

B u t a s y et th e p r oj e ct h a s b e e n n o t r e ali z e d . S o m e C hi n e s e s ci e nti st s s ay th at fu rth e r

s t u d y l S n e ed ed t o b ette r u nd e rst a n d t h e i m p a ct of th e w at e r t r an sfe r o n th e
●

e n v ir o n m e n t . L ui (1 99 7) h a s d e v el o p e d t h r e e s c e n a ri o s of th e e n vir o n m e n t al c h a n g e s .

T h e tr an sfb r of w a t e r r e s o u r c e s m ay i n d u c e a n a n n u al t e m p e r a t u r e ch an g e of 1 .8 0
o

C

o v e r v a st a r e a s .

T h e l e s s o n s of tb e p a st s h o uld b e al s o t ak e n i nt o c o n sid e r ati o n . A s k n o w n , c o n s tr lユCti o n

of t h e K a r ak u m C an al i n C e n t r al A si a c a u s e d th e d ryi n g u p th e A r al S e a . V a st a r e a s i n

C e ntr al A si a h a v e b e e n tr a n sfb m e d in t o z o n e s of e c ol o gic al dis a st e r . T h e s e c o nd

g r an di o s e p r oj e ct of tr an sfe r o f Sib e ri an ri v e r s t o C e n tr al As i a w a s d e v el o p ed d u ri n g
th e r ul e of L . B r e z h n e v , b ut it w a s n e v e r r e ali z e d . A n d th e s e c o n d e c ol o gi c al

c at a str o p h e i n C e ntr al A si a w a s t h u s a v oid e d .

汲eSc r e m c e s

C hi n a i n v ol v e s pl an t o flg ht s u m m e r n o od s . I n t e rn ati n al H e r ald T rib u n e , 1 9 9 8 ,

N o v e m b e r 1 3 ,4 p .

E c k e rt
,
P . E r o si o n w o r s e n i n g fo r C hi n a

'

s f a r m l an d s . T h e J ap a n Ti m e s , 19 9 8 , O ct ob e r

6 , 1 9 p -

F e n g (〕i , C b e n g G u o d o n g ･ S u s t ai n abl e d e v el o p m e n t c o u n t e r - m e a s
㌣
r e s o f w a土er

r e s o u r c e s i n G a n s u P r o vi n c e . P r o c e edi n g s of th e I nt e r n ati o n al S y m p o s l u m O n H y d r o -

E n vi r o n m e nt i n A si a . N o v e m b e r 5 - 7 , 19 9 7 . C hib a U ni v e r sity , J ap an , p p . 1 6 7 - 1 74 .

K a n g C h a o . M an an d l an d in C hi n e s e hist o ry . A n e c o n o m i c an aly sis . S t an f o rd

U ni v e rist y P r e s s , 1 9 8 6 . 2 6 8 p .

K olb
,
A . E a st A si a . C hi n a , J a p an , K o r e a , V i et n a m ･ G e o g r ap h y of a c ult u r al r e g l O n .

M et h u e n 皮 C o . L t d .

,
L o n d o n

,
1 9 7 1 . 5 9 1 p .

L a n d U s e M ap of C hi n a , 1 : 1 0 00 ,0 00 . B eiji n g , S ci e n c e P r e s s , 1 9 9 0 .
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Li an g Jiy an g . H y d r ol o gi c ch a r a c t e r s a n d e x pl oitatio n o f at e r r e s o u r c e s i n th e a rid

a r e a of th e Q aid am B a si n . P r o c e edin g s o f th e I nt e m a ti o n al S y m p o si u m o n H y d r o -

E n vir o n m e n t i n As ia . N o v e m b e r 5 - 7 , 1 9 9 7 . C hib a U niv e r sity , J ap an , p p . 3 0 1 - 3 06 .

.

L ui C h an g m l n g ･ G l ob al w a r m i n g I m p a ct O n tr an sfe r abl e w at e r fr o m Y an g z e R iv e r t o

th e N o rth o f C hi n a . P r o c e e din g s of t h e I nt e rn ati o n al S y m p o si u m o n H y d r o
-

E n vi r o n m e n t i n As i a , N o v e m b e r 5 - 7
,
1 9 9 7 . C hib a

,
J ap an , p p . 3 - 1 0 .

Th e N ati o n al E c o n o m i c A tl a s o f C hi n a ･ O x f o rd U ni v e r sity P r e s s , O x f o rd , 1 99 4 . 2 4 0 p .

Q u G epi n g an d Li Ji n chi n g ･ P o p ul atio n an d e n vir o n m e n t i n C hi n a . L y n n e Ri e n n e r

P ublish e rs
,
B o uld e r

,
U S A , 1 9 94 . 2 1 6 p .

T ak am u r a , H .

,
M . Q o n g , . C h an g e s i n th e h y d r ol o gic al e n vir o n m e n t an d la n d

d eg r ad ati o n i n th e T a r
i m B a si n ･ P r o c e edi n g s o f th e I nt e m ati o n al S y m p o si um o n

H y d r o
- E n vi r o n m e n t i n A si a

,
N o v e m b e r 5 - 7

,
1 9 9 7 . C hib a U ni v e r sity , J a p an , p p .1 1 1 -

1 18 .

Ti an K ui xi an g . A g ri c ult u r al d e v el o p m e n t an d it s in fl u e n c e o n w at e r r e s o u r c e s i n w at e r

d efl Ci e nt s ali ni z ed r eg i o n s , C hi n a ･ P r o c e edi n g s of th e I nt e m ati o n al S y m p o si um o n

H y d r o - E n - vi r o n m e n y i n A sia , N o v e m b e r 5 - 7
,
1 9 9 7

,
C hib a

,
J ap a n , p p . 1 07 - 1 1 0 .

W an g G e n x u , C h e n g G u od o n ･ T h e e c ol o gic al fe at u r e s an d sig nifi c an c e of h y d r ol o g y l n

ari d inl an d ri v e r b a si n of C hi n a ･ P r o c e edi n g s of th e Int e rn a ti o n al S ym p o si u m o n H y d r o
-

E n vi r o n m e n t i n A si a
,
N o v e m b e r 5 - 7

,
C h iゎa

,
J ap a n , p p . 1 4 ト 1 4 8 .

W an g Li xia n ･ Bi o di v e r sity i n th e d ryl an d s o f C hin a . I n : Bi ol o gi c al D i v e r sity i n th e

D ryl an d s o ft h e W o rld . IN C D
,
J u n e 1 9 9 5

, G e n e v e , p p . 3 3 - 4 8 .

Z h u Z h e n d a , Li u S h u a n d D i X ir m i n . D e s e rtifi c ati o n an d r eh abilit ati o n i n C hi n a . T h e

h te m ati o n al C e nt e r f o r E d u c ati o n an d R e s e a r ch o n D e s e rtifi c ati o n C o n tr ol . L an zh o u ,
19 8 8 . 2 2 2 p .

f

Z w e lg , D ･ A g r a ri a n r adic alis m i n C hi n a , 19 6 8 - 1 9 8 1 ･ H a r w a rd U ni v e r sity P r e s s ,
C am b ri d g e , 1 9 8 9 . 29 6 p .
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M o n g oli a o c c u p ie s a n a r e a O f 1 ,5 66 ,5 00 k m
2

,
of w hic h 1 4 ･6 % b el o n g t o th e a rid z o n e .

T h e c o u n try is l o c at ed i n th e h e a rt of A si a . H ig h m o u n t ai n s r an g e s i s ol at e th e c o u n try
f r o m th e i n n u e n c e of t h e A tl a ntic a n d th e P a cifi c cli m at e s ･ T h e cli m at e of M o n g oli a i s

s e v e r e c o nti n e n t al ･ T h e Sib e ri a n a n ti cy cl o n e d et e m i n e s th e l o w t e n ?
e r at u r e i n w i nt e r

,( -

45
o

C) an d al s o th e l o w p r e cipit ati o n ( Fig Ⅶr e 5 ｡且) . T h e t e m p e r a t u r e l n S u m m e r C a n V a ry
fr o m 3 0

o
C d u ri n g th e d ay t o 5

o

C at ni ght . T h e 4 0 y e a r s cli m atic c y cl e s th at h a v e b e e n

d e s c rib ed b y m a n y s ci e n ti sts c a n b e al s o di vid e d i nt o 2 0 -

y e a r cy cl e s a n d w ithin th e m l ト

y e a r cy cl e s c an b e id e ntifi e d ( K h ari n , e t al . , 1 9 9 2) .

J e n ki n s ( 1 9 7 4) h as id e ntified th e l o n g cli m ati c c y cl e s a s s o ci at ed w ith th e a c ti vity of

gl a ci e r s ( F五g w c 5 ･2) ･ T h e p e ri o d b et w e e n 1 1 7 5 - 1 3 00 A . D . w a s ch a r a ct e ri z e d b y l o w

t e m p e r a t u r e s an d h e s u pp o s e d th at th e c o n q u e st s of C hi n g gis K h a n w e r e sti m ul at ed b y a

l o n g a nd s e v e r e d r o u g ht a n d c old w int e r w hi ch c a u s ed d zh ut (t h e l o s s of li v e st o c k i n th e
d e s e r t d u ri n g d ry an d c old y e a r s) ･ D u ri n g th e l a st 6 0 y e a r s , d ry pe ri od s w e r e r e c o rd ed
s e v e r al ti m e s ･ T h e y e a r s 1 9 4 0 , 1 9 4 9 an d 19 50 w e r e e sp e ci ally d ry ･ F o r e x a m pl e , s o m e 8

m illi o n li v e st o ck di ed i n M o n g oli a i n 1 9 48 . S e v e r e d r o u ght al s o o c c u r r ed in 1 9 8 6
- 1 98 7 .

A c c o rdi n g t o th e f o r e c a s ts b y K h a ri n et al . (1 9 92) , th e p e ri od of y e a r s th r o u gh 2 01 0 w ill
b e c o m p a r ati v ely w et ･ B u t e v e n d u ri n g th is p e ri o d , d r o u ght i s e x p e c t ed t o o c c u r i n s o m e

y e a r S ･

■1

C o n c e m l n g Ph y si c al fa cto r s , th e str o n g w i nd s c a u s l n g s oil e r o si o n sh o uld b e m 甲ti o n ed

h e r e ･ S t r o n g w i nd s ( w ith th e v el o city o f 2 0 m /s e c an d m o r e) a r e c o m m o n i n
.

s p ri n g an d

s u m m e r ･ T h e s e w i n d d u st st o - s , w hi c h a r e r e al dis a st e r s fわr p e o pl e a n d a n l m als . T h e

n um b e r of d a y s w ith d u st st o rm s is i n di c at ed i n T a b 且e 5 .1 .

T ab lc 5 .A

T h e m e a n n u m b e r o f d ay s w ith d u st st o 血 s i n th e a rid z o n e o f M o n g olia ( K h a ri n , et al . ,
1 9 9 2)

St ati o n s M o n th s

M a r ch A p ril M a y

U l an g o m 0 .0 1 .8 4 . 0

K h o v d 2 .4 4 .1 3 . 6

U ly a s u t ai 0 .2 1 .5 0 . 7

A lt ai K h e e r 1 .1 3 .3 1 .3

A rv al K b e e r 0 .6 1 .3 0 . 7

D al an D z ag ad 1 .4 3 . 9 3 .3

M an d al G obi 2 .2 3 . 8 3 .6

S ai n S h an d 2 .1 4 . 1 4 . 2

Z am y n U u d 6 .2 1 2 .5 4 . 2
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Y e a r s

耶g Ⅶ町e 5 ･ 2 V a ri ati o n o f m e an an n u al t e m p e r at u r e s i n th e n o rth of C b.i n a .

A r r o w s sh o w th e p eri od s of gl a ci e r a c tivi tie s i n th e n o r th

H e m i sp h e r e(J e n kin s , 19 74) .
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G e o g r ap h e r s h a s divid e d th e t e r rit o ry o f M o n g oli a i nt o t w o ty p e s o f l an d s c ap e , u s i n g th e

l o c al g e o g r ap hi c al t e r m s :

K hi n g ai
- th e t e rrit o ry l S ri c h i n w a t e r an d h a s g o o d gr a z l n g ･

G o bi - t h e d e s e rt l an d s w ith s a n d y , st o ny o r g r a v el s oil , p o o r i n g o od g r a z l n g l an d s

an d fo r e st .

T h e d ry l an d s o f M o n g olia a r e l o c at e d in g o bi (t his l o c al t e r m i s th e n a m e gi v e n t o th e

G obi d e s e r t) . M u r z a e v (1 9 4 8) an d s o m e o th e r g e o g r ap h e rs h a v e s aid th at it i s n o t a tr u e

d e s e rt
,
it i s r ath e r a d e s e rt st ep p e b e c a u s e it c o n t ai n s a n ab un d an c e of sh all o w w ells an d

c o m p a r a ti v ely ri ch v eg et ati o n , e sp e ci ally d u ri n g th e w et y e ar s ･ Pl an t e c ol o gists

( L a v r e n k o , 19 7 8) in di c at e d th r e e m ai n f a c t o r s th at c o m pli c at e distin g ui shi n g th e d e s e rt

皿 d th e st ep p e in M o n g olia ･ T h ey a r e th e fbll o w l n g :

1
.
S p e cifi c fe at ur e s of M o n g oli an d e s e rt an d st ep p e diffe r e n t f r o m th at i n oth e r

ari d r e g 1 0 n S O f E u r a si a ･

2 . M o un t ai n t o p o g r ap h y

3 . C o n ti n e n t al cli m at e an d v a ri ati o n s i n an n u al p r e cipit ati o n .

S o m e 4 0 0 pl an t sp e ci e s h a v e b e e n r e c o rd ed i n th e G obi d e s e rt . P e r e n ni al s o d fo r m i n g

g r a s s e s ar e c o m m o n h e r e lik e Stlb a gl a ri o s a , S ･ g ob ic a , S . o ri e n t alis a n d C l ei st o g e n e s

s q u a r r o s a . S e v e r al sp e ci e s of Alliu m , u s ed b y p e o ple a s f o o d pl an ts ar e al s o f o un d . A .

m o n g oli c u m an d A . p oly r r hy z u m f o r m m igh ty r o ots i n m an y pl a c e s o f th e G obi d e s e rt .

A n a b a sis b r e v lf olia , S als ol a p a s s e ri a n a , N a n op hyt o n e ri n a c e u m a r e c o m m
?
n

C h e n op o dia c e a e sp e ci e s ･ I n s an d y an d g r a v el d e s e rt , L[ al o xyl o n a m m o d e n d r o n (k n o wn l
.

n

C e n tr al A si a a s s a x a ul) fo rm d e n s e thic k et s , w hi ch a r e ?
e v e r ely c ut fo r fu el ･ N itr a r l a

sibi ri c a an d C allig o n u m m o ng olic u m a r e th e m ai n c o
- d o m l n an t S Of s α方a ul . T h e b u sh e s of

N . s ib iric a w ith a h eight of 1 . 5 m f o r m c h ar a c t eri stic l a n d s c ap e f e at u r e s i n t h e s e ar e a s .

T h e C o m p o sit a e sp e cie s a r e als o v e ry c o m m o n , e sp e ci ally A rt e m i si a P igid a , A .

x e r o p hytic a , A ･ a r e n a ri a an d A . p e c ti a n a . T h e distrib uti o n o f th e s e sp e ci e s i s m ai nly
d et e m i n ed b y 也e i nte n sity of r a n g el 皿 d utili z ati o n .

5 .2 S o ci al a n d p olitic al f a ct o r s o f d e s e r tirl C atio n

T h e m o un t ai n r an g e s m e n ti o n ed ab o v e h a v e hist o ri c all y s e rv ed a s p h y si c al a n d p oliti c al

b ar ri e r s th at f o st e r e d th e p oliti c al an d c ult u r al is ol ati o n of th e c o u n try ･ H i st o ri c ally , th e

M o n g ols
' w e r e al w ay s n o m ad s an d li v ed i n y u rt a (felt t e n t s) . A c c o rdi n g t o G r o um -

G r 血i m ail o (1 93 3) , th e e x p an si o n of d e s e rt s i n A si a a 鮎r th e 7t h c e n t u ry A . D . w a s

c o n n e ct e d t o th e a cti vitie s o f n o m adic p e o pl e s ･ B u t w e h a v e a littl e i nf o r m ati o n t od ay
ab o u t t h e in te r r el ati o n b et w e e n th e n at u r al e n vi r o n m e n t an d th e s o c 1 0 P Oliti c al e c o n o m y
d uri n g t h t p e ri o d ･ S u ch e c ol o gic al r el ati o n ship s c an t ell u s ab o u t hist o ri c al ch an g e s i n

M o n g oli an st ep pe ･
P r zh e v al sk y (1 8 8 3) , w h o t r a v el e d i n M o n g oli a m o r e th an 1 0 0 y e a r s

ag o , s aid at th at ti m e all s uit able ag ri c ult u r al l a n d s w e r e r e cl ai m ed a nd all g r a z l n g l a n d s

w e r e o v e rl o ad ed b y li v e st o ck ･ Cl e a rly , d e s e rtifi c atio n i s a hist o ri c al p h e n o m e n o n , an d n ot

a ph e n o m e n o n li m it ed o nly t o th e p r e s e 山 ti m e .

5 6



W e d o n o t k n o w th e a c t u al fi gt lr e S f o r t h e p op ul ati o n i n M o n g oli a b ef o r e 1 9 1 8 . T h e
a v ai l able st atistic s g w e n i n 甘地且c 5 ･ 2 sh o w th at d u ri n g 1 9 18 - 1 9 9 0

,
th e p op ul ati o n of th e

c o u n try i n c r e a s ed n e 申y th r e e
- f old ･ B ei n g a s at ellit e o f th e U S S R , th e c o u n t ry d e v el op e d

th e e c o n o m y r apidly b e c a u s e of t h e h elp o f
”

th e eld e r b r oth e r
”

.

T a 払且c 5 ｡2

T h e p o p ulati o n g r o w th in M o n g oli a (K h a ri n , et al . , 1 9 9 2)

Y e a r s P o p ul ati o n , th o u s an d P o p ul ati o n d e n sit y ,

P e r s o n s p e r l k m
2

1 9 1 8 64 7 .5 0 .4 1

1 9 2 5 6 51 . 9 0 .4 2

1 93 6 73 8 .2 0 .4 7

1 9 40 73 8 .6 0 .4 7

1 9 4 4 75 9 .2 0 .4 8

1 95 0 8 4 5 .5 0 . 5 4

1 9 5 6 7 5 8 .7 0 . 4 8

1 9 60 9 3 6 . 9 0 .6 0

1 9 6 3 1
,
0 1 7 . I 0 . 65

1 96 9 1
,
19 7 . 6 0 . 7 6

1 9 7 0 1
,
2 30 . 5 0 . 7 9

1 9 79 1 ,59 6 . 0 1 . 02

1 9 8 0 1
,
63 9 . 7 1 . 05

■

19 8 8 2
,
0 7 4 .0 1 .3 3

T h e m o d e of life ch an g ed , m an y p e opl e le 允 y u rt a an d c o n c e n tr at e d a r o u n d U l an B at o r
l

an d in p r o vi n ci al an d distri ct c e nt e r s ･ N o w ab o ut 2 5 % of th e p op ul ati o n liv e i n U la n
B at o r

,
th e c apit al of t h e c o un try ･ T h e pe r c e n t ag e of th e p o p ul ati o n li vi n g i n t o wn s h a s

ch an g ed a s f oll o w s : 19 1 9 - 9 ･ 0
,
1 95 6 - 2 l ･ 6 , 1 9 6 9

- 4 4 ･0
,
1 9 8 6 - 5 0 ･ 0 . I n 1 9 9 0

,

p o p ul ati o n g r o wi h r e a ch e d 2 6 ･ 8 p e r s o n s p e r 1 0 , 00 0 h ab it an t s ･ D u ri n g t h e s a m e p e ri o d ,
th e n u m b e r of li v e st o ck i n c r e a s e d 2 ･ 3 ti m e s ( T a b且e 5 . 3) .

甘a b 且e 5 . 3

T h e n u m b e r of li v e st o c k i n M o n g oli a ( K h a ri n , e t al . , 1 99 2)

Y e a r s N um b e r o fli v e st o c k
,
t h o u s a n d h e ad s

C a m el s H o r s e s C o w s S h e e p G o ats T ot al
1 9 1 8 2 2 8 . 7 1 ,1 6 0 . 5 1

,
0 78 . 4 5 , 70 0 .1 1 4 8

.9 9 6 45 . 6

1 92 4 2 75 . 0 1
,
3 3 9 . 8 1

,
5 1 2 . 1 8

,
4 4 4 .8 2

,2 0 4 .4

)

13 7 7 6 .1

1 96 1 7 5 1 . 7 2
,
8 8 9 .3 1 ,63 7 .4 1 0

,
9 8 1 .9 4

,
7 3 2 .6

)

2 0 3 92 .9

19 7 0 6 3 8 .5 2
,3 1 7 . 9 2

,
1 0 7 .8 1 3

,3 1 1 .7 4
,
2 0 4 .0

)

2 2 5 74 .9

1 9 8 0 5 9 1 .5 1
,
9 85 .4 2

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

,
5 6 8 .7

)

23 7 7 1 .4

1 9 8 5 5 5 9 .0 1
,
9 71 . 0 2

,
4 0 8 .1 1 4

,
4 2 9 .8 4

,
2 9 8 .6

)

2 2 ,4 8 5 .5

T h e M o n g ol s th e m s el v e s c all th eir c o u n t ry a s
u

th e c o u n try o f fi v e an i m al s
”

･ U s u ally e a c h

n o m ad h ad a h e rd c o n sistin g o f fi v e an i m al sp e ci e s : h o r s e , c o w ( o r y ak i n m o u n t ai n

5 7



r e gio n s) , sh e ep , c am el a nd g o at ･ T his h e rd c o m p o;iti o n e v ol v e d th r o u gh e x p e ri e n c e ?f
m an y g e n e r ati o n s of p e o ple (K h a ri n , 1 9 9 7) . T h e r e w e r e th r e e m ai n r e a s o n s fo r this

st m c t u r e :

1 . E a ch a ni m al h ad a u n lq u e 免1n Cti o n i n th e n o m adi c life ,

2 . Diffe r e n t a ni m al s p r o vid ed th e n o m a d s wi th di ff er e n t p r o d u ct s ,

3 . E a ch an i m al c o n s um e d it s o w n t yp e of f o r ag e .

T h e l a st r e a s o n w a s h a r m fu l fr o m t h e e c ol o g i c al p oi n t of vi e w b e c a u s e it h a s l ed t o s e v e r e

e x pl oit ati o n o f gr a z i n g l an d s ･ G o at s a r e r e sp o n sible f o r g r e at d am ag e t o d e s e rt v e g et ati o n

a s a r e s ult o f tb eir p r oficie n c y l n Cli m b in g u p a nd d o w n t o g et a n y ki n d of fb r a g e ･

M o n g oli an n o m ad s al s o d e v el op e d a sp e cific s y st e m o f t r an sh u m an c e i n th e d e s e rt . A s a

ru l e , th r e e o r f o u r f am ilie s c o n si sti n g of cl o s e r el ativ e s m o v e t o g eth e r a s o n e g r o u p of

y u rt a ( K h a ri n , 1 99 1) ･ T h at w a s s o c alle d s u r - aj oi nt c am pi n g g
r o u p of n o m ad s ･ T h ei r

m o v e m e n t l a st ed th e w h ol e y e a r , a nd th ey c h a n g ed th e c am p l n g Pl a c e s 5 - 6 ti m e s
a n n u al 1y ･ I n c a s e of s e v e r e d r o u g ht o r c old w in te r , th ey li v e d o n th e p r i n ciple s o f

=

a

p ri m iti v e c o m m u nl s m
”

,
i n w hic h fo o d w a s di vid e d eq u ally b et w e e n all m e m b e r s o f th e

c o m m u mi ty . I n s u ch a w ay , n ot a s i n gl e p e r s o n b ut th e s u r a s a w h ol e s u rv i v ed .

D u ri n g th e
' '

p e ri o d of s o ci ali s m
M

s u r w a s c o n s e rv e d b y b ein g t r an sf o r m e d i nt o a

p r o d u cti v e un it of c oll e cti v e f a r m s ( k olkh o z ) . O n e of th e g r e at e s t a c hi e v e m e n t s of th e
M o n g oli an p e o ple is th eir ability t o s u rv i v e n o t o nly u nd e r th e c o n diti o n s of d ry cli m at e

b ut al s o th eir abili ty t o ad apt t o s e v e r e c o m m un ist s y st e m . . .

I n r a n g e m 皿 ag e m e 吐 血e p r obl e m o f w a te r s 叩 ply h a s al w ay s b e e n p r e s e n t ･ I n M o n g oli a
sp e ci al m e a s u r e s w e r e tak e n t o i m p r o v e th e w at e r s u p ply sy st e m s , e sp e ci ally i n th e ar id
z o n e . T w o ty p e s of m e a s u r e s w e r e t ak e n :

1 ･ C o n s e rv a ti o n of e xi sti n g w ells a n d p r ot e cti o n o f al 1 oth e r w a t e ri n g p oi nt s .

2 . C o n st m c ti o n of n e w w ells .

T h e p r e s e n t s t at u s of w at e ri n g d e s e rt r an g el an d s i s gl V e n i n F ig Ⅶr e 5 ･ 3 . O n e c an s e e th at

th e s o u t h a n d th e e a st p a rt s of th e c o un try ar e p o o rly p r o vid e d w ith w at e r .

Ⅷ e b a rd s u 血 c e of th e G obi d e s e rt
,
e x c ept th e s ol o n ch ak a nd s a n d y a r e a s , p r e s e n t n o

ob st a cl e s t o th e m o v e m e nt of c ar s an d l o r ri e s ･ D ri v e r s c an s el e ct th e b e st w ay f o r
m o v e m e n t

,
an d i n th e p r o c e s s d e st r o y th e pl an t c o v e r ･ I n g e n e r al , ab o u t 50 0 th o u s an d

h e ct ar e s of p r o d u c ti v e g r a z l n g l an d s w e r e d e str o y e d b y a fr e e m o v e m e n t of tr a n s p o rt ati o n
v e b.i cle s .

5
･ 3 D eg r a d atio n o f th e d ryl a n d s

D e s e rt r an g el an d s a r e th e d o m i n an t l an d c o v e r t yp e in t h e a rid z o n e o f M o n g oli a ･ S m all

p at ch e s of c ulti v ate d la n d o c c u p y v e ry s m all ar e a s an d i n this b o ok th ey w e r e n o t t ak e n
i nt o c o n sid e r ati o n ･ S o vi et an d M o n g oli an ･ s ci e n ti sts i m pl e m e n t ed a p r oj e ct O n
d e s e rtifl C ati o n a s s e s s m e n t an d m ap p l n g l n 1 9 8 6

- 1 9 9 0 ･ A c c o rdi n g t o th e p u blish e d
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r e s ults o f this st u dy ( K h a ri n et al .

,
1 9 92 , K h a ri n , 1 9 9 7) , th e m ai n th r e e ty p e s of l an d

d e g r ad atio n w e r e r e c o g ni z e d i n M o n g oli a :

1 . D e g r a d atio n o f tb e v e g et a壬iv e c o v e r( 2 5 % of tb e d ryl a n d s w e r e p r o n e

t o 也i s ty p e o f la n d d eg r ad atio n) ,
2

･ W at e r e r o
.

si o n ( 3 7 % of th e dryl a n d s) ,
3 . W i n d e r o s i o n (1 8 % of t h e d ryl an d s) .

M o n g oli a n a n d S o vi et s ci e n tists h a v e d e v el op e d s e v e r al m e a s tl r e S f b∫ i m p r o v i n g t h e

r a n g e m a n ag e m e n t s y st e 皿 i n M o n g oli a ･ F r o m th e s e m e a s u r e s
,
th e w o rk s o n c o n st r u cti o n

o f w ells h a v e a p r a c ti c al i m p o rt an c e .
S o m e s u c c e s s fu l e x p e ri m e n ts o n p a s t u r e m eli o r ati o n

h a v e b e e n al s o c o n d u c te d .
打o w e v e r w id e p r a c ti c al ch a n g e s i n th e g r a z l n g Sy st e m h a v e

b e e n vi rt u ally i m p o s sible b e c a u s e o f th e v a st a r e a s of g r a z i n g l a n d , th e l a ck of m o n e y ,
s e v e r e p h y si c al c o n diti o n s , an d d o m i n a n c e of th e t r aditi o n al w ay of t hi n ki n g ･ T h e u s e d

n o m a dic sy st e m o f g r a z i n g h a s p r o v e n t o b e th e m o s t ad apti v e sy st e m . B u t s o o n e r o r l at e r ,

t his s y st e m c a n l e ad t o l a n d d e gr a d ati o n .

5 .3 .1 D eg r a d atio n of t h e v e g ci ativ e c o v e r

O v e rg r a z l n g , C u tti n g tr e e s a n d sh ru b s f o r fu el a r e th e m ai n r e a s o n s o f this d e g r ad ati o n .

B y r o u g h e sti m ati o n s o m e 7 0 0
- 8 0 0 th o u s an d t o n s o f w o od is c u t i n th e a ri d z o n e of

M o n g oli a a n n u ally ･ A b o v e th at
,
th e M o n g ol s u s e , f o r h e ati n g an d c o o ki n g , a r g al (d ri ed

e x c r e m e n ts of an i m al s
,
m ai nly th at of c o w s) ･ T h e u npl e a s an t w o rk o f c oll e cti n g a n d

st o ri ng a r g al is p e rf o r m ed b y old p e ople an d child r e n ･ T h e r e m o v al of this o rg an i c m atte r

丘o m th e n at u r al c y cli n g l n e C O Sy St e m S i s un d e si r able 丘o m an e c ol o g l C al st a nd p oi nt , si n c e
●

lt P r o m o t e s d e s e rtifi c atio n .

A r e a s of .d e g r ad e d v e g et ati o n h a v e b e e n f o rm ed a r o un d p op ul ati o n c e n t e r s an d a r o u n d

w ells ･ T h e n um b e r of distri ct c e n t e r s t o t al 1 4 5 i n th e ari d z o n e . B y r o u gh e sti m ati o n th e
si z e o f d e g r a d e d r an g e l an d s a r o u nd th e s e c e n t e r s t ot al 2 0 0 t h o u s an d h e ct a r e s . A nd ot h e r
4 0 0 th o u s an d h e ct a r e s of d e gr ad e d r an g el an d s a r e l o c a t ed a r o un d n um e r o u s d e s e rt w ell s .

T h r e e z o n e s c an b e u s u ally id e ntifi ed ar o un d th e p o p ul ati o n c e n t e r s :

1 I T h e z o n e o f fu lly d e gr ad ed g r a z i n g l an d w h e r e o nly n o n -

p al at abl e pl a nts g r o w .

2
･ T h e z o n e of m o d e r at e d e gr ad ati o n , w h e r e n o n -

p al at ab le pl an t s r e pl a c e
d o m i n an t sp e ci e s . P r o d u cti vit y of this l an d r e d u c ed o n e - flR h o r o n e - s e v e n t h

.

3 ･ T h e z o n e o f slightly d e g r ad e d l an d w h e r e p r o d u c ti vity r ed u c ed b y 1 0
- 3 0 % .

L o c ali z ed d e s e rtifl C ati o n i s th e fir st st a g e of th e v e g et ati v e c o v e r d e g r ad atio n .
I n th e

s e c o n d st ag e ,.t h e s ep a r a te a r e a sj oi n t o f o r m l a rg e a r e a s of d e g r a d ed l an d .

5 . 3 . 2 V i n d e r o si o n

D e st ru c ti o n of v eg et ati o n i n s an d y d e s e rt c o n tri b ut e s t o th e d e v el o p m e n t o f wi n d e r o si o n .

A s 血 o w n
,
th e v el o city o f w i n d 皿 d t h e w i n d r egi m e d et e - i n e s th e i nt e n sit y of th e w i n d

e r o si o n ･ F o r w i n d v el o city v > 6 m / s e e , s an d p ar ticle s c an b e bl o ⅥⅦ al oft , a n d cl ay

6 0



p a rti cl e s s t a rt t h eir m o v e m e n t b y v
> 1 0 m /s e c ･ F o u r s t ag e s of

-

w i n d e r o si o n a r e id e ntifi e d

i n M o n g oli a :

1 . E r o si o n h oll o w s w it h g e ntle sl op e s o c c u p y l e s s t h an 1 0 % of th e e r o d e d a r e a ,

2 . S t e e p e r o si o n h oll o w s o c c u p y 1 0
- 2 0 % o f th e e r o d ed a r e a

3 . S t e e p e r o si o n h oll o w s o c c u p y 2 0
- 3 0 % of th e e r o d e d a r e a ,

4 . F ull d e st r u c ti o n of th e pl a nt c o v e r , m o v e m e n t of s an d d u n e s o n th e t vh ole a r e a .

S an d d u n e a r e a s h a v e b e e n ap p e a r ed i n v a ri o u s p a rts of G obi . U s u all y li v e s t o ck h e rd s a r e

c o n c e n t r at ed i n th e s e a r e a s b e c a u s e th e y c o m m o nly s e ek p r ot e c ti o n a m o n g th e d u n e s .

C o n s e q u e n tly , t h e a r e a o f s a nd d u n e s is e nl a rg e d fr o m y e a r t o y e a r .

5 . 3 ｡ 3 W 如e r e r o si o n

W at e r e r o si o n h a s b e e n o b s e rv e d o n 3 7 % of th e d ryl an d s o f M o n g oli a . I n m a n y pl a c e s ,

this ty p e of l an d d eg r ad ati o n i s c o m b in e d w ith d eg r ad ati o n of v e g et atio n an d b y s m all

s c al e m ap p l n g it w a s v e ry di ffi c ult t o disti n g uish th e m . W at e r e r o si o n i n M o n g oli a i s

m ai nly a n at u r al , b ut n o t a m an m ad e p r o c e s s ･ T h e e r o si o n n e t h a s b e e n f o r m e d b y s o
-

c alled s ai r - d ry c h an n el s an d g ulli e s . h l th e ari d z o n e of A fric a th e s e f o r m ati o n s a r e

k n o wn a s o u d o r w adi .

D ry c h a r m els a r e f o rm e d u n d e r t h e a c ti o n of h e a v y r ai n s . B a s ed o n fi eld st u di e s , th e

f oll o w i n g g e o m etri c f o r m s of th e s e d ry ch a n n els c an b e di sti n g uish ed (F igt R r C 5 ･ 4):

1 . S e p a r at e s a ir , s e v e r al h un d r ed m et e r s i n l e n g th a n d 0 .5 - 3 .0 m i n d ept h . T h e y

a r e c o m m o n i n th e B o w l o f th e Big L ak e s an d o n pi e d m o n t pl ain o f th e

M o n g oI A lt ai ,

2 . P a r allel ∫αれ w bicb h a v e b e e n fb m e d o n pi ed m o n t pl ai n s a n d r e a eb s e v e r al

kil o m et e r s i n l e n g 也,

3 . M ultipl e s air , th ey h a v e b e e n fb rm e d i n th e fir st st a g e of fo r m ati o n of p r ol u vi al

d ep o sit s an d r e a ch 0 . 7 - 1 .5 m i n d ep th ,

4 . T his t yp e of s ai r is u s u ally c o nf in ed t o al l u vi al f an s , b ei n g 0 .7 - 1 .5 m i n

d e pth a n d 4
- 6 孤 i n w idt h

,

5 . S ai r o f thi s t y p e a r e c o m m o n o n pied m o n t pl ai n s a nd i n hilly c o u n tr y . T h e s e

d ry c h a r m el s h a v e g e n tl e sl o p e s an d n at b ott o m s .

6 . D e n d riti c s ai r sy st e m h a s th e m ai n ch a n n el a nd sid e w a sh e s . T h e y a r e f o rm e d

o n c o m p a r a ti v ely n at pl ai n s an d o n pied m o n t pl ain s of th e G u rv a n
- S aik h an

M o u n t ai n s .

T h e d e n sit y of cb a 皿 els c a n b e u s ed a s a q u a n tit ati v e c rit e ri u m f♭r w at e r e r o si o n . F o r

slight w at e r e r o si o n th e l e n gth of th e d ry c h a r m el s i s l e s s th an 0 ･5 1i n e ar k m p e r 1 k m
2

, f o r

m od e r at e e r o si o n , 0 . 5 - 1 .5 an d fo r s e v e r e e r o si o n 1 .5 - 3 .0 . If th e d e n s it y O f s air i s m o r e

th a n 3 ･ O li n e a r k m p e r 1 k m
2
,

th e l an d is u n s uit ab le f o r an y kin d of h u m an a c ti v itie s

w ith o u t s p e ci al pr ot e cti v e m e a s u r e s . C u tti n g v e g et ati o n c an o nly e x a c e rb at e th e

f o rm a ti o n o f t h e e r o si o n n e t .
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鼠e 飴T C n C e S

J e n kin s G . A .

'

A n o t e o n cli m atic c y cl e s an d th e ri s e of C hi n g gis K L a n . C e n r al A si a n

J o u rn al
,
1 9 7 4

,
N 4 , p p . 7 - 1 3 .

G r o u m - G r z hi m ail o G . E . E x t e n si o n o f d e s e rts an d l o s s th e p a st u r e s i n C e ntr al As i a .

P r o c e e di n g s of th e R u s si an G e o g r ap hic al S o ci ety , L e ni n g r ad , 1 93 3 , v ol ･ 5 , p p ･ 3 - 2 2 (In

R u s si a n) .

K b a ri n N . G . G o bi a n d t h e m a n . Y ly m P ublis h e r s , A s hk h ab a d , 1 9 9 1 . 1 0 0 p . (I n R u s si a n) .

馳 ari n N . G . , A .
M . B ab a e v a nd K . K u rb an m u r ad o v

,
m et h o - d ol o gy fo r a s s e s s m e n t o f

d e s e rtific ati o n of d ry l a n d s ( M o n g oli a b ein g t ak e n a s e x a m ple ) . D e s e rt R e s e a r c h

I n stit ut e
,
A s hk h ab ad

,
1 9 9 2 . 7 8 p p .(I n R u s si a n) .

紀1a ri n N . G . D e g r ad ati o n d e s t e rr e s s e c h e s e n M o n g olie . S e c h e r e s s e
,
1 9 9 7

,
N
,
V ol ･ 8

,
N

3 , p p . 1 63 - 1 6 8 ･

L a v r e n k o E . M . A b o ut st ep p e an d d e s e r t v e g et ati o n i n th e P e ople
'

s R e p u bli c of M o n g oli a .

P r obl e m s of D e s e r t D e v el o p m e n t , 1 9 78 , N 7 , p p . 4 1 - 5 0 (In R u s si a n) ･

M u r z a e v E . M . M o n g oli a n P e opl e
'

s R e p ubli c . M o s c o w , 1 9 48 . 4 1 8 pp (I n R u s si an ) .

P r zh e v al sk y N . M . T h e th ird e xp editi o n i n C e n t r al A si a . S an kt - P e t e rb u rg , 1 8 8 3 ･ 3 1 2 p (In

R u s si a n) .
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6 .且 D e s e T 砿鮎 a 舶o 弧 O f 蝕c 戊Ty丑a 取成s o 官A 晦ぬa 孤立sせ盈m

A fTgh an i st an i s a c o u n try l o c at e d i n th e h e a rt of s o u th C e n tr al A si a ･ It o c c u p l e S an a r e a Of

6 5 2 . 2 2 5 k m
2

,
wi t h a p o p ul ati o n t ot ali n g 1 5 1 5 0 m illi o n i n 1 9 7 9 ( S e n G u pt a , 1 9 8 6) .

A fTgh a ni st an i s a p a s t o r al c o u nt ry ･ O nly 1 2 % o f t h e l an d is a r abl e , a nd o nl y 2 9 % of th e

a r abl e l an d w a s c ulti v ate d b e f o r e t h e S o vi et in t e rv e n ti o n . T h e m a) o rity o f th e p op u l ati o n

liv e s i n th e ru r al a r e a s , th e m o d e o f lifTe is a p e a s an t t rib al s o ci et y th at d et e r m i n e s th e

p atri a r c h al ch a r a c te r o f t his c o m m un ity ･ A p p r o xi m at ely 2 m illi o n p e o ple a r e n o m ad s

( M u rt a z a , 1 98 1) . B u t th e c u rr e n t , r eli a bl e flg u r e S O n P OP ul ati o n an d e c o n o m y o f th e

c o un t ry a r e u nk n o wn a t p r e s e n t ti m e b e c a u s e o f a l o n g w a r , w hi ch h a s b e e n c o n ti n u i n g .

A n e w ty p e of l an d d e g r ad ati o n
-

w a r d e s e rtific ati o n , i s a c h a r a c t e ri stic f e at u r e o f

A fgh an i st an . A s a r e s ult of th e w a r n o u ris hi n g o a s e s w e r e d e str o y e d , a g ric ult u r al fi eld s

w e r e ab a n d o n e d , g a rd e n s a nd tr e e pl a nt ati o n s w e r e c u t a n d th e s o ci al i n 免
･

a s t m ct u r e i n

v a s t a r e a s w a s c o m plet ely d e str o y e d . T h r e e m illi o n p e opl e i m m lg r at e d t o P a ki st a n , a

h alf m illi o n t o o k r e fu g e e i n Ir an , an d a h alf m illi o n w e r e kille d o r w o u n d ed ( S e n G u pt a ,
1 98 6) .

T h e cli m ate o f th e c o 叫 is d ry a n d s ub tr opic al . T h e m e a n t e m p e r a t u r e i n J uly is

b et w e e n 2 4 - 3 2
o

C (b ey o nd th e hig h m o u n t ai n s) . W i n t e r i n th e plai n is m ild , w ith a

m e an te m p e r a t u r e i n J an u a ry of 8
- l O

o
C . T h e m a xi m u m p r e cipit atio n o c c u r s i n w i nt e r

an d s p n n g a s a r e s ult o f c y cl o ni c a cti viti e s . 4 0 - 5 0 m m of p r e cipit ati o n f a n i n th e

s o u th e m pl ain , an d 2 0 0
- 25 0 m m i n t h e in t e ri o r hig hl an d s( T a b le 6 .1) .

T a b且c 6 .1

Cli m ati c i ndi c e s of th e a ri d r egi o n s of A f gh an ist a n an d P aki st an ( P etr o v , 1 9 73)

St ati o n s T e m p e r at u r e ,
o

C .
P r e cipit ati o n ,

r n m

J a n u a ry M a y Am u al

A S gh a nist a n

H e r at 2 . 0 3 0 . 5 1 6 .4 2 0 1

K an d ag a r 5 .5 3 1 .5 1 8 . 9 1 9 2

Girigk h 8 . 5 3 3 .5 2 0 . 7 1 6 8

P a kist a n

M u sh ki ch ah 4 0

C h a m an 6 .3 3 1 .5 19 .2 1 8 0

D alb an di n 1 23

T h e S eist an D e s e rt i s o n e of th e m ai n a rid r eg i o n s O f A fg h an i st an ･ A c c o rdi n g t o P et r o v

( 1 97 3) , th e cli m at e of thi s r egio n i s c o n ti n e n t al . T h e a n n u al p r e cipit ati o n i s 5 0 m m .

W i nt e r m o n th s ( D e c e m b e r , J an u a ry a n d F eb ru a ry) a r e c old , th e d ay t e m p e r at u r e f alls
b el o w th e z e r o ･ A i r h u m idity is v e ry l o w , i n s u m m e r u s u ally le s s th a n l O % . I n s u m m e r ,

a h ot w i n d o c c u r s
,
this w i n d is c alle d

"

S ad o - Bi st o m z
' '

,
w bi c b m e a n s

` `

tb e w i n d of 12 2

d a y s
”

･ D u ri n g this p e ri o d th e d ay t e m p e r at u r e ri s e s t o 43 - 4 5
o
C .
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T h e n o r a i s s te p p e a n d d e s e rt t y p e . X e r o ph yt e s ( m ilk w el ch , A c a n th oli m o n , Alh a gi

p e r s a r u m , K u zi n i a ) ar e d o m i n an t i n th e i nt e ri o r pl ate a u s . I n th e d e s e rt th e r e i s

w o r m w o od a nd s alt - m a r s h v e g et atio n , s a x a ul an d ep h e m e r a e g r o w i n th e s an d s . I n th e

P a r ap a m i s u s , th e r e a r e s p a r s e j u n lP e r an d pist a c hi o tr e e s , an d i n th e n o rth e m fo ot hill

pl ain s , th e r e a r e s u btr o p i c al pl a nt c o m m un iti e s o f g r a s s e s an d h e rb s . F o r e s t c o v e r 1 7
,
3 0 0

sq u a r e m il e s ･ T h e y g r o Ⅵ′ m ai nly i n t h e e a s t e m p a rt o f th e c o u n t ry a n d o n t h e s o u th

sl o p e s of th e H i n d u K u sh .

D r o u gh t s , w hi ch o c c u r p e ri o di c ally in A fg h a mi st a n , f a cilit at e t h e p r o c e s s of
d e s e rtifi c ati o n ･ F o r e x a m pl e , i n e a rly 1 9 7 0 s , a s e v e r e d r o u gh t c o m p elled m an y p e a s a n t
f a m ilie s i n ru r al a r e a s t o m o rt g a g e th eir l an d f o r l o a n s . D ebts a nd m o rtg ag e s r e s ult e d i n

a h e a v y al ie n ati o n of l an d ( G l u kh od ed , 1 9 8 1 ) ･ W h e at i s th e m aip
st apl e c r o p , al s o c o m ,

b a rl e y an d ri c e a r e c ulti v at e d ･ C ott o n b efo r e t h e w a r w a s al s o an l m P O rt a J lt C a s h c r o p ･

A c c o rdi n g t o st ati sti c s , 3 0 % of i rri g at ed f ar m
-l an d s w e r e s ali ni z ed b ef o r e t h e S o viet -

A fgh a n w a r ･ O n th e a r e a of 4 2 m illi o n h a , 3 0 m illi o n h e a d of li v e st o c k w e r e g r a z ed .

O v e rg r a z l n g W a s O n e O f th e c a u s e s o f d e s e rti fl C ati o n i n ari d r e g i o n s O f A fTgh a nist a n

( Z o np ,
e t al l 1 98 4) ･ Ⅰn s e v e r al pl a c e s n o m adic st o ck r ai s in g i s c o m bi n e d w ith m i x ed

fa r m l n g ･ H ist o ri c all y , thi s p r o c e s s h a s b e e n r e v e r sible ･ S u rv i v al of n o m ad s i n d r y y e a r s

d ep e n d ed o n a cti vity o n w hi ch th e y c o uld fall b a c k ･ Li v e s t o c k i n cl ud e s sh e ep , c attl e ,

g o at s , d o n k e y s , h o r s e s , c a m el s , b u 飽1 o w a nd m ul e s .

A c c o rdi n g t o S ay ed M u rt a z a ( 1 98 1) , l a nd d e g r ad ati o n i n th e i nl an d S ie st an D e s e rt
b e c am e a s e ri o u s p r obl e m . B efo r e th e S o vi et i nt e r v e nti o n i n this a r e a , 2 1 2 . 0 0 0 h a i n si z e

,

1 5 10 0 0 h a w e r e ir rig at e d an d 5 2 ,0 0 0 h a w e r e us e d f o r g r a z i n g . A sp e ci al p r oj e ct w a s

p r o p o s ed t o c o m b at d e s e rtifl C a ti o n i n thi s r e g i o n , b u t it w a s n o t i m pl e m e n t e d b e c a u s e o f

m ilit a ry op e r ati o n s .

6 . 2 D e s e rせi 鮎 aii o m of ぬe d r y且a m d s o f P a kisi a m

F r o m th e t ot al a r e a of P akist an
,
8 0 ･4 m illi o n h a , a ri d a n d s e m i -

a rid l a n d s o c c u p y 68 ･3

m illi o n h a w ith th e p op ulati o n m o r e t h a n 5 5 m illio n ･ A rid an d s e m i -

a rid r e g l O n S Of

P akist an i n cl ud e th e T h a r D e s e rt an d th e T h ai D e s e rt ･ T h e T h a r D e s e r t o c c up l e S a n a r e a

o f 3 0 0 . 0 0 0 k m
2

,
o f w hi ch 1 2 0

,
00 0 a r e i n th e st at e of R aj ast an , I ndi a (P etr o v , 1 9 73) .

T h e s e d e s e rt s a r e l o c at e d i n th e v a s t all u vi al pl ai n o f th e In d u s R iv e r an d it s t rib ut a ri e s .

T h e allⅥvi al pl ain h a s a h o m o g e n e o u s e x t e n si v e sl o pi n g t e r r ai n , b r o k e n b y r a vi n e s al o n g
ri v e r s ･ I n th e plai n , si e r o z e m a nd g r ayish b r o w n s oil d o m i n a t e . T h e T b a r D e s e rt h a s a

s an d y s oil , an d in th e int e r m o u n t ai n d ep r e s si o n of B alujist an s an d y d e s e rt s oil alt e m at e
w ith s ol o n c h ak ･ T h e T h ai D e s e rt i s l o c at e d i n th e P akist an p a r t o f P unj ab . S a nd y d e s e rt

l an d s c ap e s an d s a v a r m ah a r e c o m m o n h e r e .

T h e cli m at e o f th e s e d e s e rt s i s d ry a n d c o n ti n e n t al . S u m m e r i s h ot , b u t w i nt e r i s r a 血e r

c o ol w ith th e t e m p e r at u r e s o m eti m e s f alli n g b el o w th e z e r o . C li m at e d at a f o r th e s e

r e g 1 0 n S ar e g l V e n i n T a bl e s 6 .1 a n d T a bl e 6 . 2 .
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甘盈払盈e 6 ｡2

Cli m at e i n dic e s of th e d e s e rt s o f l n d o st an (P e tr o v , 1 9 7 3)

St ati o n s Ele v ati o n

ab o v e th e s e a

l e v el , m

T e m p e r at u r e ,
o

C P r e cipit ati o n ,

r n m

J a n u a ry M ay Am u al

甘払e 甘h a r

J eik ob ad 5 6 1 4 . 6 3 5 .2 2 7 .0 9 2

H eid e r ab ad 2 9 1 7 . 5 3 4 .2 2 6 .0 1 7 9

Bik o n e r 2 4 5 1 4 . 7 3 3 .3 2 6 .4 2 9 2

H am p u r 9 9 13 .3 2 5 .8 2 5 .7 1 6 4

S uk k u r 7 4 13 . 8 3 0 .1 2 6 .8 9 4

T h e T h a且

M ult an 1 2 8 13 . 6 3 4 .6 2 5 .3 1 8 2

In th e T h ar D e s e rt , Ⅹe r o p h ytic sh r u b s a r e c o m m o n , m ai nly C allig o n u m an d A c a ci a

sp e ci e s ･ I n th e I nd u s pl ain , w h e r e d e s e rt
-lik e s a v a n n ah i s m e t

,
t h e r e a r e c o m m o n Stip a

spl e n did , A rte m i si a sp e ci e s an d A st r ag al u s sp e ci e s . T u g a l V e g et ati o n c o n si stin g o f

thic k et s o f sh ru b s o c c u r s i n pl a c e s o f t h e I n d u s d elt a a n d al o n g th e s e a c o a s t .

I n th e In d u s v alle y , l a nd h a s b e e n ir ri g at ed sin c e an ci e n t ti m e s . C r op s a r e g r o wn f o r

sp ri n g ( R ab i) an d f all ( K h a ri f) h a rv e st s ･ T h e fl r S t C a t e g o ry i n cl u d e s w h e at , g r am

( c bi ck p e a s) , b a rle y a n d oil
-b e a ri n g pl a 山s . Ri c e

,
c o tt o n

,
s u g a r c a n e a nd c o m b el o n g t o

K h a rif h a rv e s t . M illet is th e c hie f c r op o n th e d r y ag ri c ult u r e l an d s i n ar id an d s e m i - a rid

r e g l O n S ･

I n th e a r e a of 2 0 m illi o n b a
,
ab o u t 4 .5 m illi o n h a v e p o o r d r ai n ag e , th e y a r e p r o n e t o

s alini z ati o n an d w at e r l o g gl n g . I r rig ati o n w at e r i s c o n d u ct ed b y 4 2 c an al s , 6 0 ,0 0 0 k m i n

l e n g th . 6 .5 m illi o n h a o f ir ri g at e d fa r m l an d s a r e s ubj e ct t o s alini z ati o n . W h e at
,
b a rl e y ,

m ai z e
,
o il - b e a ri n g Pla JIt S an d s u g a r c an e ar e c ulti v at e d o n th e s e s s oils .

R aflq an d T a ri z ( 1 9 83) d es c rib e t h e r ai nf ed c ulti v ati o n an d w ell -ir rig at e d c ulti v ati o n i n
fo othill c o un t ry . S u m m e r c r o p pin g i s of li m it ed e x t e n t b e c a u s e of hig h

e v ap ot r an sp ir atio n an d th e d a m a g e o f s a n d bl a sts . G r am , m u st a rd , b a rl ey an d w h e at ar e

g r o w n u s l n g S um m e r P r e cipit ati o n . B u t d ry fa r m i n g l S u n r eli abl e b et w e e n 1 6 0
- 2 0 0 m m .

W ell -i 汀ig a‡ed a gr l C ult u r e is pr a c ti c e d i n c o m p a r ati v ely li m it ed a r e a s . T h e p r o d u ctivit y
of a gri c ult u r al c r op s i n P akist an i s l o w ( T a b le 6 .3) .

T a b le 6 .3

U n a c hie v ed p r od u ctivity of c r o p s i n P a kist an , P u nj ab p r o vi n c e ( K ob ay a shi , 1 9 8 9)

C r o p s F a r m l e v el yield
L
R ed o m m e n d e d U n a c hie v e d

( k gn l a ) l e v el (k g/h a) p ot e n ti al ( % )
Wh e at ( irri g ated ) 2

,
7 1 7 . 5 3

,
9 13 . 5 4 4 .0

Ric e( B a s m ati) 2 ,2 3 9 .0 3
,
3 2 0 . 6 4 0 . 7

Ri c e ( Ir rig - 6 ) 4 ,1 3 5 .2 5
,
6 4 6 . 2 3 6 . 5

G r o u nd n ut 1
,
6 5 5 .5 2

,53 6 .5 5 6 . 2

M ai z e 2
,
1 25 .0 ･ 3 ,7 5 4 .0 7 6 . 7
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G r a z i n g l S P r a c ti c e d in c o m p a r ati v ely s m al l a r e a s . R a n g el a nd h a s a hig h a ni m al p r e s s u r e ,

w hi ch i s hi gh e r th a n t h e c a rr y i n g C ap a cit y o f this l an d . Li v e s t o c k r a l S l n g l S n o t a

s ig nific an t c o m p oTl e n t O f th e e c o n o m y .

.
M o s t a ni m al s a r e u s e d f o r d r a 允. I n a rid r eg l O n S

th e r e i s n o m adic h e rdin g of sh e ep a nd c a m el s .

T h e c a m p aig n t o i n c r e a s e ag ri c ult u r al c r op p r o d u c ti o n ( s o c alle d
"

G r e e n
,
R e v ol uti o n

”

)
st a rt ed i n th e l at e 1 9 6 0 s , b u t it h a s n

'

t c o m pl et ely s ol v e th e p r o bl e m of s ati s fy i n g f o o d

n e e d s of c o u n t ry .

6 . 3 D e s e r食i 鮎 a 鮎 m o宮地e d yy且汲n d s o甘‡m di a

6 . 3 ｡且 N 如u r a且fc a 紬 r ¢s 銀皿d p o p Ⅶ且如畳o 皿

I n di a n d ryl an d s o c c u py th e w e s t r e g i o n s Of th e c o u n try . T h e s e r eg 1 0 rl S i n cl u d e th e

t e r rit o ry w it h p r e cipit ati o n l e s s t h a n 4 0 0 m m ･ T h e dryl an d s a r e th e m ai n p a rt s of th e

f oll o w i n g fo u r st at e s : P u nj ab , H ar i a n a , R aj a st a n an d G uj ar at . T h e di st ri b uti o n an d

ti m i n g of p r e cipit ati o n d ep e nd s up o n t w o m o n s
.

D o n s : th e s o u th w e st (J u n e t o S e pt e m b e r)
an d n o rth e a s t ( O ct ob e r t o D e c e m b e r) . T h e m a i n P a rt Of th e s e l an d s l ay i n th e z o n e of

m e a n a m u al te m p e r at u r e 25
- 2 7

o
C . A c c o r di n g t o S o ci al an d E c o n o m i c A tla s of ln di a

(19 8 7) , th e m a xi m u m t e m p e r a t u r e i n R aj ast a n i s 4 5
o

C .

,
an d m i ni m u m 1 7 o C .

D at a of p op ul ati o n i n th e ab o v e m e n ti o n ed f o u r st at e s ar e g l V e n in T a bie 6 . 4 .

T a ble 6 . 4

T h e a r e a a nd p o p ul ati o n of f o u r st a t e s of l n di a

(A S o ci al an d E c o n o m i c A tla s of l ndi a , 19 8 7)
St at e s A r e a

,
k m
2
P op ul ati o n , P o p ul ati o n d e n sit y ,

th o u s an d . P e r s o n s p e r l k m
2

P unj ab 5 0
,
3 6 2 1 6

,
7 8 9 2 01 - - 3 0 0

H a ry an a 4 4
,
2 1 2 1 2

,
91 2 2 0 1 - 3 0 0

R aj ast an 3 4 2
,
2 39 3 4

,
2 6 1 5 1 -

.
1 0 0

G uj ar at 1 96 ,02 4 3 3 ,9 85 1 01 - 2 0 0

P o p ul ati o n g r o w th is th e big g e st p r oble m i n I n di a ･ It i s th e r e s ult of c o m bi n e d a cti o n o f

tr aditi o n s , n at u r al a n d s o ci o e c o n o m i c f a ct o r s ( T a b丑e 6 .5)

T a 払1e 6 . 5

P o p ul ati o n g r o w th in I ndi a , t h o u s a n d ( A S o ci al an d E c o n o m i c A tl a s o f I n di a , 1 98 7)

S t at e s 1 9 5 ト1 9 6 1 1 9 6 1 - 1 9 7 1 1 9 7 1 - 1 98 1 1 9 8 1 - 1 9 91

(P r oj e cti o n)

1 99 1 - 2 0 0 0

(P r oj e ctio n)
C o u n t ry a s a

w h ol e

7 8
,
1 4 7 1 08

,
9 2 5 13 7

,
0 2 5 1 5 2

,
0 0 0 1 4 8

,
0 0 0

P u nj ab 1
,
9 75 2

,
4 1 6 3

,
23 8 3

,
0 0 0 2

,
3 0 0

H a ry a n a 1
,
91 7 2 ,4 4 6 2 ,8 8 6 3

,6 0 0 2
,
40 0

R由ast an 4
,
1 85 5

,
61 0 8

,
4 9 6 1 0

,
3 0 0 ll ,3 00

G uj a r at 4
,3 0 0 6

,
0 65 7

,
3 8 8 6

,
9 0 0 5

,
5 0 0
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A R e r 1 9 2 0 , life e x p e c t an cy in th e c o u n try I n c r e as e d b e c a tl S e O f
i m p r o v e m e n t of livi n g

c o n diti o n s . Life e x p e c t an cy h a s b e e n e x t e n d ed : in 1 9 2 1
- 2 0 (y e a r s) , i n 1 9 4 0

- 3 2 , i n

1 9 6 1 - 4 1 , i n 1 9 8 1 - 5 1 .
Life e x p e c t a n c y b y

t h e t u m of th e c e n t u ry l S e x p e ct e d t o b e 65

y e a r S ･

6 .3 .2 L a n d d e v 曲 p m e n 書a m d d c s e ri畳鮎 如孟⑳皿

In th e w e st e rn R aj a st a n , th e f oll o w i n g l an d u s e t yp e s d o m i n at e : i r rig at ed c r o pl an d ,

r ai n f ed c r o pl an d , r an g el an d an d f o r e st ･ I n all f o u r st at e s , c ulti v at ed a r e a s ar e s h o wn i n

T a bic 6 . 6 .

T a bl e 6 .6

C ulti v at ed a r e a s i n 1 9 8 1 - 1 9 8 2
,
th o u s a n d h e ct a r e s

( A S o ci al an d E c o n o m i c A tl a s of ln di a , 19 8 7 )

St at e s T ot al C ulti v at e d a r e a % n e t c ultiv at e d A r e a % a r e a

r ep o rti n g a r e a t o t ot al u n d e r u nd e r f o o d

a r e a r ep o rt ed ar e a F o od

g r ai n
g r ai n t o

g r O S S C r O P
-

p ed ar e a

N et G r o s s

P un j ab 5
,
03 3 4

,
2 1 0 6 , .9 2 9 8 3 .6 4

,
9 9 6 72 .1

H a ry an a 4
,
4 05 3

,
6 60 5

,
8 2 6 8 3 .1 4

,
3 4 2 7 4 .5

R aj ast an 3 4 ,2 3 4 15 ,5 77 18 ,5 96 4 5 .5 13
,
0 2 6 70 . 0

G uj at a r 1 8
,
8 26 9 ,6 70 1 0 ,9 03 5 1 .4 4

,
7 43 4 3 .5

N ote : N et a r e a is th e .t ot al c ultiv at ed a r e a . G r o s s ar e a i s n et a r e a pl u s a r e a c ulti v at ed

m o r e 也a n o n c e a y e a r .

An i m al h u sb an d a ry is al s o a vi t al p a rt of th e ru r al e c o n o m y ･ D a t a o n liv e s t o ck n um b e r

ar e g l V e n i n T a ble 6 ･ 7 .

T a blc 6 . 7

N um b e r of liv e st o ck an d p o ult ry i n fo u r s t at e s of I nd ia , t h o u s an d h e a d s

( A S o ci al a n d e c o n o m i c A tl a s o f ln di a , 1 98 7 )

St at e s C attle B uffalo S h e e p G o at O th e r

li v e s t o ck

P o ultry

P unj ab 3
,
3 2 0 4

,
1 1 0 4 9 8 7 2 2 3 5 5 5 ,5 4 0

‾H ary an a 2
,
4 4 2 2

,
9 4 0 5 4 2 5 1 9 4 6 1 1

,
4 03

R aj a st an 1 2
,
8 9 6 5

,0 7 2 9 ,93 8 1 2
,3 0 7 1

,
1 4 6 1

,
59 0

･ G uj ar at 6
,
0 0 6 3 ,4 7 3 1 ,5 9 2 3 ,0 8 4 2 5 1 3

,
4 2 6

C attl e an d b uffal o in p a rtic ul a r a r e th e m ai n s o u r c e of d r aft
'
p o w e r i n a g r i c ult u r al

o p e r a ti o n s an d ru r al tr an s p o rt ati o n . L i v e st o ck d e n sit y p e r o n e h e ct a r e of a r able l an d is

r at h e r hi gh : i n H a ry an a 1 0 h e ad n l a , i n R aj a st an 5 h e ad/h a , i n G uj a r at 3 h e ad/h a .

A c c o rdin g t o th e p u blish ed m ap ( Sin g h , e t al . , 1 9 9 2) , th e f oll o w i n g ty p e s of
d e s e rtific ati o n h a v e b e e n id e ntified i n W e st e rn R aj a st an

･

. w i n d e r o si o n/d ep o siti o n , w at e r

e r o si o n , s ali nit y/ alk ali nity an d w at e r l o g gl n g . T h e s e v e rit y cl a s s e s id e ntifi e d a r e slight ,

m o d e r at e , s e v e r e an d v e ry s e v e r e .
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A c c o rdi n g t o cl a s sifi c atio n o f N R S A ( N atio n al R e m ot e S e n si n g A g e n c y) of v a s t

c at e g o r y of i n di a n l a nd is d efi n e d a s w a st el a nd . W a s tl a n d i n cl u d e s th e l a n d
,
w hich at

p r e s e n t i s n o
.

t u s ed
,
o r l a n d

,
w hich is n o t b ei n g u s e d t o it s op ti m u m p ot e n ti al b e c a u s e o f

v a ri o u s c o n str ai nt s , o r l a n d , w hi ch c an n o t b e u s e d . T h e si z e of w a s t el an d i n'f o u r st at e s

of ln di a i s gi v e n i n T a 払且e 6 .S .

甘汲鮎且c 6 .8

T h e si z e o f w a st el a n d in fo u r s t at e s of In di a
,
th o u s an d h e ct a r e s

( A S o ci al a n d E c o n o m i c A tl a s of l n di a , 19 8 7 )

S t at e s C ul ti v able N o n c ulti -

v able

S alt G ulli ed o r W at e r - U n d ul at ed F o r e s t S an d y

affe ct ed r a V l n e O u S l o g g ed

O r

m a r s h y

u p
-l an d bl a n k s a r e a O r

d e s e rt

P u nj ab 1 2 3 .1 4 5 .0 4 .0 2 . 2 1 7 7 .8

H a ry a n a 6 9 .
4 2 5 .9 1 2 . 4 16 6 .1 59 .6

R aj a st an 62 .9 9 1 5 .9 2 8 .4 1 ,0 6 7 .0 1 4 .4 9 ,7 98 . 0 1
,
0 6 2 . 0

G uj a r a t 2
,
0 61 . 0 3 1 6 .0 8 3 7 ,8 3 8 . 0 5 8 .7

W a st el an d is divid e d i nt o t w o c at e g o ri e s : c ul ti v abl e an d n o n
- c ulti v abl e . I n R uj ast an an d

G uj ar at , l ar g e a r e a o f c ultiv abl e w a st el an d w a s r e c o rd e d . B u t fr o m this c at e g o ry , s alt
-

a ff e ct ed l a n d
, g ullied la J ld an d w at e rl o g g ed l a n d c a n b e o nl y p a rti ally c o n sid e r e d a s

d e s e rtifi e d l an d . F o r e st bl a n k s o r j h u m a r e th e r e s ult of h u m an a cti vity C h u m m e a n s

shi氏i n g c ultiv ati o n p r a c tic e) . As t o th e v a s t s an d y a r e a , thi s c at e g o ry i s a p h y si c al

attrib ut e , an d o nl y i n c a s e of h u m a n a c ti vity c an this l an d b e t r an sfo r m e d t o d e s e r tified

l an d . N o n - c ult u r abl e w a st el an d i n cl u d e s b a r r e n l an d
,
s u ch a s r o ck o u t c r o p s , w hic h

c a m o t b e u s e d i n a g ri c ult u r e .

T h e sh o rt ag e of r ai nfall is v e ry p r ob le m ati c f o r th e r u r al p o o r . S m all l an d h old e r s d o n o t

h a v e a c c e s s t o s o u r c e s o f r eli able i r rig ati o n . A n n u al n u ct u ati o n s i n r ai n f all als o h a v e a n

i m p o rt an t n e g ativ e eff e ct . T h e f o od sit u ati o n i n I n di a i n m i d
-19 6 0 s w a s t h e r e s ult o f

c o n s e c u ti v e d r o u g ht y e a r s a n d lo w p r o d u c ti v e ag r l C ult u r e . T h e g o v e m m e 山 o f l n dia h ad

t o ob t ain f o o d aid fr o m ab r o ad , fir st of all fr o m th e U S A . A id w a s a c c e pt ed w ith a

c o m m it m e n t t o tr e at p r o d u c ti o n a n d gr o w th a s p r l O rity g o al s of th e ag r a ri a n p olicy .

K o hli (1 9 8 7) st u di ed th e p o v e rty in I n di a , e sp e ci ally i n r u r al c o u nt ry ･ H e p u blish e d a

v e ry i nt e r e sti n g t abl e ab o ut th e distrib uti o n of l an d siz e h oldi n g s i n l nd ia ( 甘a b且e 6 ･9) .

I n fb m ati o n ab o u t th e n u m b e r of th e r u r al la n dle s s w a s n o t i n cl u d ed in this t able . T h e

s am e a u th o r g l V e S m o r e i nt e r e sti n g d at a , p r e s e n t e d h e r e i n T a ble 6 .且0 , w hi c h

ch a r a ct e ri z e s th e l e v el o f p o v e r ty i n ru r al c o u n try o f I n di a .

T h e p e r c e n t ag e o f t h e p o o r i n ru r al c o u n t r y h a s fl u ct u at ed , b u t it d o e s n o t r e fl e ct an y

cl e a r tr e n d o v e r ti m e .
T h at s u p p o s e s , i n spit e o f ag ri c ul t u r al r e fo r m s , th e p r o p o rti o n o f

p e opl e li vi n g q n d e r th e c o n ditio n s of ab s ol ut e p o v e rt y h a s n eith e r i n c r e a s ed n o r

d e c r e a s e d .
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甘盈払温¢ 6 ｡9

D ist rib uti o n of o p e r ati o n al h old in g s i n I n di a b y si z e g r o up s (K o hli , 1 98 7)

Si z e o f

h oldi n g s ,

a c r e s

1 95 3 - 1 9 5 4
,
% 1 9 6 1 - 1 9 6 2

, % 1 9 70 -

･1 9 72 , %

N u m b e r o f A r e a N u m b e r o f A r e a N u m b e r of A r e a

H oldi n g s op e r a te d H oldi n g s o p e r at e d h oldi n g s o p e r at e d

< 2 .5 5 4 .8 0 5 .9 3 3 9 .0 7 6 .8 0 6 0 .3 0 9 . 20

2 . 5 1 5 . 0 1 5 . 9 1 1 0 .8 6 2 2 .6 2 1 2 .3 2 1 6 . 4 0 1 4 . 9 0

5
.
0 - 1 0 . 0 1 4 . 8 7 1 9 . 6 3 19 .8 0 2 0 . 7 0 12 .9 0 2 2 .6 0

1 0 -1 5 1 0 .5 1 3 0 .3 0 1 3 .9 9 3 1 .1 7 8 . 1 0 3 0 . 4 0

> 2 5 . 0 3 .0 1 3 3 . 2 8 4 .5 2 2 8 .9 5 2 . 2 0 2 2 . 8 0

T a b le 6 . 1 0

R u r al p o v e rt y i n I n di a ( K o hli ,1 9 8 7 )

Y e a r s P e r c e n t ag e of ru r al p op ul ati o n i n p o v e rt y
1 95 6 - 1 9 5 7 5 4 .1

1 95 7 - 1 95 8 5 0 .2

19 5 8 - 1 95 9 4 6 .5

1 95 9 - 1 96 0 4 4 .4

1 9 6 1 - 1 96 2 3 8 .9

1 9 6 2 - 19 63 3 9 . 4

1 9 63 - 1 9 64 4 4 . 5

1 9 6 4 - 19 65 4 6 . 8

1 9 65 - 1 96 6 5 3 . 9

1 9 6 6 - 1 9 6 7 5 6 . 6

1 9 6 7 - 1 9 68 5 6 . 5

1 9 6 8 - 1 9 6 9 5 1 . 0

19 7 0 - 1 9 71 4 7 .5

19 73 , 1 9 74 4 6 .
1

R ef e r e n c e s

G l u kh o d ed
,
V ･ E c o n o m y of i n d ep e n d e n t A fg h an i st a n ･ M o s c o w

,
1 9 81 ･ 2 4 1 p ･

K oh ei K o b ay shi ･ A g ri c ult u r al p r o d u cti o n s y st e m i n P a kist an . I n : A s u d y of u rb a ni z ati o n

an d e c ol o gi c al f e at u r e s o f g r e e n s p a c e i n a rid an d s e m i - ar id r e g i o n s O f P u nj ab an d Gilgit ,
p akist a n ･ C hiゎa

,
J ap a n , 1 9 8 9 , p p ･ 5 2 - 6 4 .

K ohli
,
A ･ T h e st at e an d th e p o v e r ty i n I n di a ･ C a m b rid g e U ni v e r sit y P r e s s ･ C a m b rid g e ,

1 9 8 7 . 2 6 2 p .

P e tr o v
,
M ･ P ･ T h e d e s e rts of th e w o rld ･ N a u k a B u bl . , L e ni n g r ad , 1 9 7 3 . 4 5 3 p ( I n

R u s si a n ) .
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R afiq , M ･ T ahi z
,
M ･ A ･ P akist a n ･ A n n e x V ･ 1 0 p ･ I n : P r o vi si o n al m eth o d olo g y f o r

a s s e s s m e n t a n d m ap p m g o f d e s e rtific atio n . F A O / U N E P , 1 9 8 3 ･

S ay ed M u rt a z a ･ I n t e g r at ed d e v el o p m e n t fo r Si e st a n d e s e rt of A fg h a ni st a n ･ S t at e

Pl a n ni nig C o m m itt e e o f af gh an ist an , K ab ul , 1 9 8 1 . 8 p .

S e n G upt a , B . A f gh an ist a n . P olitic s
,
e c o n o m y a n d s o ci et y . F r a n s e s P ri n t e r

,
L o n d o n

,

1 9 8 6 . 2 0 6 p .

A s o si al a n d e c o n o m i c a tl a s o f l nd ia . O xf o rd U ni v e r sit y P r e s s , O x f o rd , 1 9 8 7 . 25 4 p .

S u r r e n d a Si n g h , A m ar K a r , J o shi D . S . e t al . D e s e rtifl C ati o n m ap p i n g l n W e St e m

R aj ast a n . A n n al s o f A rid Z o n e , 1 99 2 , 3 1 , N 4 , p p ･ 2 3 7 - 2 46 ･

Z o n n
,
I . S .

,
O rl o v sk y , N . S . S tr a te g y t o c o m b at d e s e rtifi c ati o n . Yly m P u bl . , As hk h ab ad ,

1 98 4 . 7 9 p ( In R u s si a n ) .
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C ⑬N 灯乱V S亙O N

D e s e rtifl C ati o n , b ei n g a gl o b al p r o c e s s , 1S O n e O f th e m o s t u rg e n t e c ol o g l C al p r obl e m s i n
As i a . D r o u ght s a n d o v e r

-

e xpl oit ati o n o f n att m l r e s o u r c e s a r e th e m ai n c a u s e s o f

d e s e rtific ati o n i n A si a an d ar e e x a c e rb at e d b y th e i n h e r e n t fr agility of a ri d e c o sy st e m s ,

W e h a v e c o m pil e d a d e s e rtifl C a ti o n m ap o f As ia a n d h a v e c al c ul at e d th e si z e o f

d eg r ad e d ar e a s . T h e m ap p i n g O f d e s e rtific ati o n h a z a rd s i n d ryl an d s o f As ia sh o w s a

t ot al a r e a of 9 ,8 0 4 ,70 0 k m
2
a s b ei n g s u bj e ct o f la n d d eg r a d ati o n .

F ig Ⅶ r e 7 . i ( c o v e r

p ag e) sh o w s th e d e s e rtific atio n m ap of th e d ryl an d s o f As i a , w hi ch is a r e d u c ed siz e
v e r si o n of th e fi n al m ap p r od u ct o f this r e s e a r c h . A m ap of th e fl n al p r o d u ct i s att a ch e d

t o this b o o k .

T ab且e 7 .1 a
,
7 . 1 b

,
7 . 2 a n d T a ble 7 . 3 s u rr 皿 ari z e th e st atisti c al r e s ults of o u r r e s e ar ch .

F r o m th e s e t abl e s , w e c a n c o n cl u d e th e foll o w i n g :

T h e r an g el an d a r e a s o c c u p y ab o ut 8 1 .5 6 % of th e t ot al a r e a , 払1l o w ed b y ir ri g ati o n

ag ri c ult u r e an d d ry ag n c ult u r e , w hi c h o c c up y r e sp e cti v ely 7 .1 8 % an d 6 . 89 % . T h e

fTo r e st/ w o o dl an d a r e a s o c c up y 4 ･1 7 % of th e t ot al a r e a ( T a b且e 7 . l a) .

T h e r e s ult s & o m d e s e rti fl C a ti o n m app i n g b y ty p e of l an d d e g r ad atio n sh o w s th at

v eg et ati o n d e gr ad ati o n , w ith 58 ･9 7 % of t ot al a r e a
,
o c c up l e S a hi g h r a n k of i m p o rt an c e .

W i n d e r o si o n b e c o m e s s e c o n d i n r a n k o r i m p o rta n c e w ith 2 5 .43 % of 血e t ot al a r e a .

W a te r e r o si o n an d s ali ni z ati o n h a v e ap p r o xi m a t ely th e s am e l e v el of i m p o rt an c e w ith

7 .7 3 % a n d 7 .1 8 % r e s p e cti v ely ( T a b le 7 . 2) .

V e g et atio n d e g r ad ati o n aff e ct s 7 8 .1 3 % o f th e f o r e st/ w o o dl a n d a r e a s
,
w hil e th e affe ct ed

a r e a of r a n g el an d is 6 8 ･7 2 % ( T a ble 7 ･ 1 b) . B u t a s r an g el an d o c c u pie s m o st o f t h e t ot al
st u d y a r e a (8 1 ･5 6 %) , th e effe ct of v e g et ati o n d e g r ad ati o n i s m o r e cl e a r h e r e . V e g et ati o n

d e gr ad atio n t o u c h e s 5 ･4 6 m illi o n k m
2
of r an g el an d , w hic h c o n s tit ut e s 9 4 % of a r e a s

affe ct ed b y v e g et ati o n d eg r ad ati o n ( T a b且e 7 ･3) an d 5 5 . 7 2 % of th e t ot al a r e a ( T a b 且e
7 .1 b)

T h e st ati sti c s sh o w t h at 5 5
･6 4 % of d ry a g ri c u lt u r e a n d 2 6 . 15 % o f r an g el an d is s u bj e ct t o

wi n d e r o si o n ( T a ble 7 ･1 b) . C o m p a ri n g t o th e a r e a affe ct ed b y w i n d e r o si o n , 8 3 % o f thi s
a r e a i s a s sig n ed t o r an g el an d ( T a b 且e 7 .3) , w hi ch als o r ep r e s e n t s 2 1 % of t ot al ar e a

( T a ble 7 . 1 a) .I

D ry ag ri c ult u r e i s th e m o st s u bj e ct t o w at e r e r o si o n , w ith 4 4 .3 6 % an d 1 2 .4 3 % o f d ry
ag ric ult u r e an d fo r e st/ w o odl an d s r e sp e cti v el y affe ct e d ( T a b且e 7 ･1 a) ･ If w e c o㌣p

ar e all

a r e a s a ff e ct ed b y w at e r e r o si o n , th e d e g r ad ati o n of r an g el an d ap p e a rs m o r e I m p o rt an t
th an o th e r l an d u s e t yp e s , wi th a p e r c e nt ag e o f 5 3 ･7 8 % o f a r e a s affe ct ed b y w at e r

e r o si o n
,
f oll o w ed b y d ry ag ri c ult u r e w ith a v al u e o f 3 9 .5 3 % ( T a bi e 7 ｡3) . R el ati v e s t o

th e t ot al a r e a ( 9 ･ 8 m illi o n k m 2) , r an g el a n d an d d ry ag ri c ult u r e a r e i n th e s a m e o r d e r o f
i m p o rt a n c e r eg a rdin g w at e r e r o si o n , w it h p e r c e n t a g e s of 4 ･1 6 % an d 2 ･ 8 0 % r e sp e c ti v ely

( T a b且e 7 . l a) .
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Al l th e i r rig at e d ag rl C ult u r al l a n d is fa ci n g a p r o bl e m o f s ali ni z ati o n . T h e i r rig at e d

ag ri c ult u r al 1a nd c o n stit ut e s 7 ･1 8 % o f th e t ot al a r e a ( 甘a b 且愈 7 ｡且a) . T h e s ali ni z ati o n of

d ried u p s e a 凸o o r i n this st u d y is r el at ed t o th e A r al S e a; it is i m p o rt an t h e r e t o li n k t h e

s al i ni z ati o n p r o ble m w it h t h e r e c e s si o n of A r al S e a sh o r eli n e . T h e p h e n o 血e n o n o f

r e c e s si o n o c c u r s al s o i n th e c a s e o f th e D e a d S e a .

T h e an aly si s of s e v e rit y o f d e s e rtifi c ati o n b y l a n d u s e ty p e i n A si a le ad s t o th e f oll o w i n g

r e m a rk s :

T h e a ct u al fo r e st/ w o o dl an d a r e a s a r e th e m o st i n 剖u e n c ed b y d e s e rtific ati o n an d m ay b e

c o n sid e r ed t o b e i n a dir e sit u a土i o n . A b o ut 6 6 . 0 7 % o f tb e 壬b re st/ w o o dl a nd a r e a i s

un d e rg o i n g S e v e r e t O V e ry S e v e r e l a n d d e g r ad ati o n , an d 3 2 .4 5 % of fo r e s t/ w o od la n d

a r e a s h a s a m o d e r at e d e g r e e o f d e s e rtifi c ati o n (甘a bl¢ 7 ｡1 b) . T his sit u a ti o n m a y b e

e x pl ain e d b y t h e fa c t t h at it is v e ry diffic ult t o r e cl ai m o r r e b uild t h e f o r e s t , an d th e

r e v e r sibilit y p r o c e s s t a k e s a l o n g ti m e . W e n ot e 丘o m th e lit e r at u r e th at th e r e i s a l a rg e

k n o wn a r e a
,
w hi ch h ad b e e n c o n sid e r e d fo r e s t an d n o w ad ay s I S c o n sid e r ed a s r a n g el an d

o r b a r e l a n d . T h e r a t e of d e s e rtifl C ati o n is v e ry hi gh .

T h e s e v eri ty of d e s e rtifl C ati o n f o r r an g el an d i s l e s s th a n th at of fo r e s t/ w o odl an d . A b o ut

5 0 .4 5 % of r an g ela J ld h a s a m od e r at e d e gr e e o f d e s e rtific ati o n , a nd 2 4 . 1 6 % h a s a slig ht

d e gr e e of d e s e rtifi c ati o n ( 甘a b旦e 7 . 1 b) . T hi s sit u ati o n s u g g e sts th at it i s still p o s sibl e to
e nh an c e th e r a n g el an d th r o u g h a c a r e fu l l an d m an ag e m e n t an d r e cl a m ati o n .

T h e s e v e rity of s al ini z ati o n i n ir rig at ed a gr i c ult u r e i s c o m p ar able t o th e sit u ati o n f o r

r an g el an d . T h e di ff e r e n c e i s i n th e e x te n si o n of th e p r obl e m .

T h e m aj o rity of dr y a g ri c ult u r e ( 6 0 % ) g e n e r all y e x hibits a m o d e r at e
'

d e g r e e of

d e s e r tifl C ati o n
, wi th an ad diti o n a1 3 6 . 8 2 % sh o w i n g a Slig ht d e gr e e of d e s e r tific ati o n

(甘a b且e 7 .1 b) . T his m e an s th at th e d e g r ad ati o n of d ry ag ri c ul t ur e i s still un d e r c o n tr ol ,
w hi ch gi v e s h op e s f o r c o Ⅱ1 m u niti e s t o un d e rt ak e r eh abilit ati o n of dry a gr i c ult u r e l an d .

W e al s o w an t t o dis c u s s s e v e r al s p e cific fe at u r e s of th e d e s e rtific ati o n p r o c e s s i n

diffe r e n t c o u nt ri e s o f A si a .

C e n tr al A si a r ef e r s t o a sp e cifl C g e O P Olitic al r e g i o n th at i n cl u d e s th e f o r m e r S o vi et

R e p ub lic s o f th e U S S R . T h e n e wl y in d ep e n d e n t c o u n t ri e s in h e rit ed th e p r o ble m o f

d e s e rtifl C ati o n fr o m th e p a st . C o n s t ru c ti o n of t h e K a r ak u m C a n al an d th e d ryin g u p of

th e A r al S e a t r an sf o r m e d th e t e r rit o ri e s of th e s e c o u n tri e s t o a v e rit able e c ol o gi c al

c at a st r o p h e z o n e .
T h e sit u ati o n w a s a gg r a v at ed a R e r 1 9 9 1 w h e n th e f o r m e r S o vi et

R e p u bli c s b e c am e i n d ep e n d e n t st a t e s . T h e K a r a k u m C an al h a s b e e n fille d with silt an d

i n c r e a s l n gly w a s b ei n g sh all o w , b e c a u s e th e ad m i ni str a ti o n of T u rk m e ni st a n d o e s n ot

h a v e m o n e y fわr m eli o r ati o n .

T h e M iddle E a st c o u n t ri e s h a v e th eir o wn p r ob le m s . A s kn o wn , o n e of th e c r adle s o f

h u m an ci vili z ati o n w a s l o c at e d i n th is r e g 1 0 n . I r ri g ati o n a g r l C ult u r e w a s d e v el o p ed h e r e

f o u r o r fi v e m ill e r mi a a g o . F r o m a hist o ri c al p e r s p e c ti v e , d e s e rtific ati o n u n d e rli ed th e

d o wn f all of an ci e n t e m p i r e s i n M e s o p ot a m i a . A t p r e s e n t ti m e d e g r ad ati o n o f p a st u r e s

a n d s oil s aliniz ati o n a r e u rg e n t p r o bl e m s i n th e s e c o u n t ri e s . W e alth y c o u n t ri e s lik e

S a u di A r ab ia an d K u w ait c an r e cl ai m l an d f o r ag r l C ult u r al p r od u cti o n . I n c a s e of n e ed
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th ey c an p u r ch a s e f o od ab r o ad ･ B u t p o o r c o u n tri e s , lik e J o rd a n a n d Y e m e n , s uf:fe r fTr o m

th e effe ct s of d e s e rtifl C a ti o n .

C hi n a al s o h a s a l o n g hist o ry o f l a n d r e cl a m ati o n ･ B u t a c c o rdin g t o hist o ri c al s o u r c e s
th e c o u n try w a s cl o s ed t o m a rk et r el atio n s 2 ,0 0 0 y e a rs a g o ･ Si n c e t h e 1 2th c e n t u ry

p o v e rty l n C hi n a i n c r e a s ed b e c a u s e of p o p ul ati o n g r o w th ･ T his p r o c e s s i s b ei n g
c o n ti n u e d in spit e of s p e ci al m e a s u r e s o n birth c o n tr ol ･ T h e m ai n p a rt o f p op ul ati o n i n
a ri d r e g i o n O f C hi n a li v e s i n p o v e rty ･ A s w a s m e n ti o n e d i n this b o o k

,
a p r oj e ct o n w at e r

tr an s fe r fr o m s o u th t o n o rt h is n o w b ei n g d e v el op e d i n C hi n a ･ R e ali z ati o n o f this pr oj e ct

m ay i n d u c e a n e w e c ol o g l C al c at a str op h e i n C hin a .

A fgh an ist an i s a c o u n try w h e r e th e w a r d e s e rtific atio n ( a n e w t yp e of la n d d e gr a d ati o n)
d e str o y ed ag ri c ult u r e ･ T h e w a r c o n ti n u e s

,
s o th e r eh abilit ati o n of p r o d u c ti v e l an d is

i m p o s sibl e .

b e s e rtiFI C a ti o n i n I n di a th r e at e n s th e li vi n g c o nditi o n s o f t h e p e o pl e in ru r al r e g i o n s
w h e r e 4 6 ･1 % of p o p ulati o n liv e i n p o v e rt y ･ T h e sit u ati o n i n P akist a n i s n o t a n y b ett e r ･

M ilit a ry cl a sh e s b et w e e n t h e s e t w o c o d nt ri e s t o o k pl a c e of th e e n d of M ay 1 99 9 . S u ch
c o n n icts c o uld o nly ag g r a v at e th e e c ol o gi c al sit u a ti o n i n J am m u an d K a sh m ir p r o vi n c e s .

D u ri n g s e v e r al d e c ad e s M o n g oli a w a s a s at ellit e o f th e U S S R T h e eq uilib ri um b et w e e n
n o m adi c s o ci ety an d d e s e rt w a s d e str o y e d d u ri n g t his p e ri od ･ T h e s e p a s t o r al

c o m m un iti e s c an s ur vi v e u n d e r s e v e r e p h y sic al c o n diti o n s o nly if th ey r eh abilit at e t h e
t r aditi o n al r an g e m an a g e m e n t s y st e m .

D e s e rtiflC ati o n i s n o t o nl y a n e c ol o g l C al p r o bl e m , b ut al s o b ri n g s s o ci al , e c o n o m i c an d

p oliti c al p r o ble m ･ I n t e rn ati o n al a g e n ci e s , n ati o n al g o v e mm e n ts an d l o c al ad m i ni str ati o n

n e e d i n fo r m ati o n ab o ut th e si z e an d t h e d e gr e e of d e s e rtifl C ati o n t o pl an m e a s u r e s o n
l a n d r eh abilit atio n .

I n t e m ati o n al C o n v e n ti o n t o C o m b at D e s e r tifl C ati o n r e c o m m e n d s th e c r e a ti o n of
m o nit o ri n g sy st e m fo r d e s e rtifl C ati o n ･ O u r d e s e rtifl C ati o n m ap I S a fl r S t St ep t o w a rd
m o nit o ri n g at a r e g i o n al le v el ･ C o m pil ati o n o f d e s e r tific ati o n m ap s of l a r g e r s c al e s i s
th e n e x t s t ep .
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A p 野e 弧d畳Ⅹ A E x pl an a ti o n o f th
e le g e n d fo r

H

D e s e rtific ati o n M ap of t h e

D ryl a n d s o f As ia
”

甘a b且e A .且 D es e rtifi c ati o n cl a s s e s

N u m b e r D e s e rtifl C ati o n D at a v al u e s i n th e fll e of A r e a A r e a i n %

C l a s s d e s e rtifi c ati o n m ap (k m
2

)
1 F V l l l

･l
2 F V 2 1 2 6 1 ,7 6 5 0 . 6 3

3 F V 3 13 2 5 7 ,3 3 3 2
.6 2

4 F W l 2 1 6
,
0 4 1 0 .0 6

5 F W 2 2 2 3 2
,
1 9 8 0 .3 3

6 F W 3 2 3 1 2 ,5 2 1 0 .1 3

7 F E l 3 1

8 F E 2 3 2 3 8
,
5 63 0 . 3 9

9 F E 3 3 3

1 0 R V l 4 1 1 ,6 3 6 ,5 9 5 1 6 .6 9

l l R V 2 4 2 2
,
6 3 4

,
9 1 5 2 6 . 8 7

1 2 R V 3 4 3 1
,
1 9 1

,
2 2 4 1 2 .1 5

1 3 R W l 5 1 8 6
,
0 2 1 0 .8 8

1 4 R W 2 5 2 3 2 1
,
7 9 5 3 .2 8

1 5 R W 3 5 3

16 R E l 6 1 1 9 0
.
5 8 2 1 .9 4

1 7 R E 2 6 2 1
,
0 2 6

,
9 4 5 1 0 .4 7

18 R E 3 6 3 8 6 1
,
6 2 8 8 .7 9

1 9 R L l 7 1 7 , 3 6 3 0 .0 8

2 0 R L 2 7 2 2 7 ,2 0 6 0 .2 8

2 1 R L 3 7 3 1 2
,
2 5 8 0 .1 3

2 5 D W l 91 3 2 ,4 0 5 0 . 3 3

26 D W 2 9 2 2 5 1
,
1 1 4 2

. 5 6

2 7 D W 3 93 1 6
,
2 3 2 0 .1 7

2 8 D E l 1･0 3 2 1 6
,
4 3 2 2 ,2 1

2 9 D E 2 1 0 2 1 5 5 .1 3 0 1 .5 8

3 0 D E 3 1 0 3 4 ,4 7 7 0 .0 5

3 1 A Il 1 1 1 1 9 1
,
6 9 7 1 .9 6

3 2 A I2 1 1 2 3 3 7
,
3 7 8 3 .4 4

3 3 A I3 1 13 1 7 5 ,2 4 0 1 .7 9

3 4 S S l 1 2 1

3 5 S S 2 1 2 2 1 0
,
3 3 5 0 .l l

3 6 S S 3 1 23 9
.
3 0 7 0 .0 9

T ot al 9
.
8 0 4

,
7 0 0 1 0 0 .0 0

N ot e : T h e foll o w l n g Cl a s s e s d o n o t e xi st i n th e d e s e rtifl C ati o n m ap of th e d ryl an d s of

A si a: F Y I
,
F E l , F E 3 , R W 3 a n d S S l .

7 9



T a 払Ie A .2 C l a s s e s e x cl u d e d fr o m a s s e s s m e n t

N u m b e r Cl a s s n a m e D at a v al u e s i n th e fil e o f

d e s e rti fl C ati o n m ap

A r e a k m
2
A r e a i n %

1 B o g s 1 5 1 4 0 .0 2

2 S ol o n ch ak 2 1 2 1
,
5 6 8 5 . 72

3 B a r e l a n d 3 1 1 3
,
0 9 1 5 .3 2

4 St o n e s ur f a c e 4 4
,
2 4 9 0 .2 0

5 M o u n t ai n s 5 4 0 1
,
1 4 8 18 . 8 7

6 M o vi ng s an d s 6 2 9 0 ,2 8 6 13 . 6 6

7 E xt r a - a rid l a nd 7 1 ,1 9 4 ,5 63 5 6 .2 0

T ot al 2
,
1 2 5

,
4 1 9 1 0 0 . 0 0

E x p丑a n atio n o f d c s c riiFI C aii o m cl a s s e s :

T h e d e s e r tific ati o n cl a s s e s a r e n am e d u s i n g th r e e ch a r a c te r s , th e fir st Ch a r a ct e r

sy m b oliz e s t h e l a n d u s e typ e un d e r a s s e s s m e n t a s sh o wn i n T a b且e A ｡ 3 , th e s e c o nd an d

th e th ird ch a r a c t e r s sy m b oli z e th e t yp e of l an d d e g r ad ati o n a s sh o wn i n T a b且e A ｡ 4 .

T a ble A .3 S y m b oli z ati o n o f l a n d u s e ty p e s

L an d u s e ty p e S y m b ol u s ed fo r

d e s e rtifi c ati o n cl a s s e s

F o r e st/ w o o dl an d F

R an g el an d an d m e a d o w R

D ry a g rl C ult u r e D

Irri g ati o n a g ri c ult u r e A

D ri ed u p s e a fl o o r S

T a ble A .4 L an d d e gr ad atio n ty p e s

L an d d e gr ad ati o n Sli gh t M od e r at e S e v e r e an d v e ry

ty p e S e v e r e

D eg r ad atio n of

v e g et ati o n c o v e r

V l V 2 V 3

W at e r e r o si o n W l W 2 W 3

W in d e r o si o n L E I E 2 E 3

S ali ni z ati o n o f

ir rig at ed s oil

Il Ⅰ2 Ⅰ3

W ate rl o g g l n g Of

r an g el a n d

L l L 2 L 3

S al ini z ati o n of d ri ed

u p s e a n o o r

S l S 2 S3

8 0



甘盈馳且e A ｡5 L e g e n d 払r R e gio n al m ap of th e d ryl a n d s of A si a

Cl a
'

s s n a m e D at a v al u e s i n t h e fil e

of D ryl an d m a p

A r e a k m
2
P e r c e n t ag e

S e m i - a rid l an d 2 0 1 3
,
0 4 0

,
1 8 9 2 5 .4 9

A rid l an d 2 03 7
,
2 9 4

,
2 19 6 1 . 14

E xt r a - a rid l an d 2 0 6 1
,
1 9 4

,
5 63 1 0 .0 1

M o un t ai n s 2 0 9 4 0 1 ,1 48 3 .36

T ot al l l
,
9 3 0

,
1 1 9 , 1 00 .0 0

N ot e : T h e cl a s s e s
”

E x tr a -

a rid l an d an d M o u n t ai n s i n this le g e nd r e p r e s e n t th e s a m e

ar e a s of th e s am e cl a s s e s g i v e n b y 甘a b 且c A . 2 .

M a p s e a且e:

A m ap s c al e of
u

d e s e rtifl C ati o n m ap o f th e d ryl an d s of As i a
n

w h e n w e o u tp ut i n a

w ay th at th e h o ri z o n t al si z e of th e m ap wi ll b e 8 1 c m :

M ap p r oj e cti o n : Pl at e C a r ri e

N o m i n al s c al e 1 : 1 0 ,0 0 0 , 00 0

A ct u al s c ale v a ri e s at diffe r e n t l o c ati o n s a s f oll o w s d u e t o th e m ap p r oj e
■

l

c ti o n :

T h e h o ri z o n t al s c al e o n th e 5 0 d e g r e e N l atit u d e li n e : 1 : 8 ,3 9 0 ,9 9 6

T h e h o ri z o n t al s c al e o n 也e 4 0 d e gr e e N l atit u d e li n e : 1 : 1 0 ,0 00 ,0 0 0

T h e b o d z o n t al s c al e o n th e 20 d e gr e e N l atit u d e li n e : 1 : 1 2 ,2 66 ,8 1 6

T h e v e rti c al s c al e o n l o n git u d e li n e s : 1 : 1 3 ,0 1 0 ,3 0 4
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