
S e v e r al L a n d s c a p e E c ol o gi c al C o n c e p t s o n t h e

A r al S e a C ri si s R e v e al e d b y R e m ot e S t 氾 Sl n g

Y b kihir o M o ri m ot o (
*
) , A t s u o M ori m u r a (

* *
) a n d N at ali a O g a r (

* *J*
)

* L ab o r at o ry o f L a nd s c a pe A rc bite c t u r e a n d C o n s e r v a ti o n
,

F a c ul ty of A g ri c ult u r e
, O s ak a P r ef e ct u r e U ni v e r sity

l - 1
,
G a k u e n - ch o

, S ak ai
,
O s a k a

,
5 9 3 J ap a n

F a x : ＋8 I - 7 2 2 -5 2 - 0 3 4 1

E m au : y u ki @ c e n te r . o s ak af u
-

u ･ a c .j p
* * D i visi o n of A g ri c nlt u r e

,
O s ak a P r ef e ct u r e U ni v e r sity G r ad tl at e S c h o ol

1 1 1
,
G ak u e n - c h o , S ak ai

,
O s ak a , 5 9 3 J ap an

F a x : ＋8 1 - 7 2 2 -5 2 -0 3 4 1

E m ai 1: n o ri m u r a @ e n vi . o s a k a fu - u . a c J P

* * * b stit u t e of B ota n y an d P h yt oi ntr o 血c ti o n
,
N atio n al A c ad e m y of S cie n c e s

AJ m a - A I a
,
K a z a kh st a n

F a x : ＋7 - 3 27 2 -6 1 79 3 8

E m an : e n vi r c @ k a z m ai 1 . a s d c .k z

A b st r a ct

c h ar a ct e ri stic s a n d p r oble m s of th e A r al S e a d e s e r W I C a ti o n c a u s ed b y an i nig 血o 叩 01icy w as

dis c u s s e d fr o m th e vi e w p o in t of l a n d s c ap e e c ol og y ･ (I) G e n e r al c o n c ep ts of v e g et atio n

distrib u ti o n i n cl u di n g g e ob ot an i c al z o ni n g , (2) l an d s c ap e m o s ai c s i n d elta v eg et ati o n , (3)

r elad o n s hip b et w e e n tr aditi o n al a n d 皿 Od e r n la n d t lS e an d n at u r al c o n di 血 n
,

an d (4) v eg et ad o n

ch a n g e s c a u s ed b y m a s si v e ir ri g 血 o n i n th e a rid a r e a s o f M id dl e As i a ･ A ti m e s e q u e n ti al

an i m ati o n of G V I
,

v eg et a d o n m ap s m 姐e fr o m N O A A L A C a lld S P C q
l

li R V d at a s ets w e r e

v e ry p o w e r fu l f o r th e s t u d y ･

K ey w o rd s : th e A r al S e a , d e s e r tific ad o n
,

a ri d a r e a s ,
l an d s c ap e e c ol o gy ･

v eg et Ed o n ch an g e ,

r e m o t e s e n s l n g , S u St ai n abl e l a n d u s e
,
v e g et ati o n m o nit o n n g ･

1 . I n t r o d Ⅶc ti o n

An e xpl oit ati v e i r rig atio n p olic y o f d i e f o r lT M :r S o vi et U ni o n , w hi ch s u p p o rts c o tt o n an d ri c e

p r o d u c d o n in M id dle As i a h a s l e d t o th e d r a s ti c c o n k
.

a c d o n o f th e A ral S e a ･ I n ad did o n t o

th is s e n s ad o n al f a ct ,
th e l a rg e a m o u n t of i mi g at ed l an d s ar e g oi n g t o r e d u c e p r od u cti vi ty

b e c a u s e of s ali niz atio n . T his p h e n o m e n o n i s c al1 e d th e A r al S e a d e s e rtific ati o n ･ W e r n n st

-
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dis 血g uis h th e te r m s d e s e r W I C ati o n a nd d e s e rt . A d e s e rt i s a n atLl r al e c o sy st e m f o u n d i n

a rid a r e a s i n w hich e c ol o gi c al c o 皿diti o n s c o n 血 u e
.
t o ch a n g e o n a d ai ly , s e a s o n ally , a n d

y e a rly b a si s in a n at u r al w ay ･ I k s e r tific ad o n
,

o n th e o th e r h a n d , m e a n s a d r a s d c d e clin e of

bi ol o gi c al p r o d u c 也vit y o r a d e c r e 払 e in biol o gi c al di v e r sib ,
. It i s n e c e s s ar y , th e r ef o r e , t o

k n o w w h at th e n at u r al n u ct u ati o n s a r e , i n o rd e r t o disti n g uish th e m an d a s s e s s th e h u m a n

i m p a ct o n th e m .

It g o e s w it h o tlt S ayi n g t h at ir ri g ati o n a g rl C u ltLW e W a s n ot Pl a n n e d fo r th e p tl rP O S e Of

d e s tr o y i n g n at u r e ･ M a n a gi n g t o c r e a t e a n e n o r m o u s i n c o m e fr o m i mi g ab 5d ag ri c u l h r e w a s a

b rillia nt s u c c e s s I H o w e v e r , th e C o nt r a cti o n of th e A r al S e a a n d s o m e o th e r c o n s eq u e n c e s

b r o u g ht b y i mi g 血 o n h ad b e e n t r e ated a s t rifl in g m atte r s b y th e a nth o ri ti e s un ti1 th e 19 7 0 s
.

T h e d e v el o p m e nt s e e m s t o h a v e b e e n pla n n ed m ai nl y fr o m th e vi e w p oi nt o f r apid

c o n s tr u cti o n ･ C a r e fu 1 c o n sid e r ati o n t o s u s t ai n ability w as n ot gi v e n t o th e e x te n si v e p r oj e ct .

Ri c e p r o d u cti o n i n c r op r o t 血 o n
,
h o w e v e r

,
s e e m s t o h a v e b e e n pl an n ed f o r le eL Chi n g s a b i z ed

s oils ･ R i c e is a m ai n c r o p p r o d u ct ed in th e irri g ad o n sy ste m o f K a z a kh st a n , b ut th e

p r od u c ti o n is m a in t ai n e d b y a n e n o rm o u s am o un t of w 血e r , m o r e th an 3 , 0 0 0 叫

( W at an ab e et . al . 1 9 9 6) .

A 触r 1 9 8 0
,

c o tt o n p r od u c d o n i n U zb ekist a n b e ga n , a s did ri c e p r o d u cti o n in K a z a k h st an

b e c a u s e o f s al i n i z ati o n ･ T his d e m o n str at e th at l a rg e s c al e ag ri c ult u r e n e ed t o b e b a s e d o n

la n d s c a p e e c ol og y i n o rd e r t o a c hie v e s u st ai n ability .

W e a r e g o n g t O P r e s e n t a n a 加 m l st ru cttlr e Of th e v eg et ad o n dis bjb u d o n i n th is ar e a an d

s h o w th e typ e s of c h a n g e s th at a r e n o w t akin g pl a c e b y m e an s o f r e m o t e s e n si n g an d g r o u n d

t m tb .

2 . G e n e r al r e c o g mi ti o n u si n g G V I a mi m ati o T L

r

r h e ir r ig at e d a r e a s in M id dle As ia str et ch e s al o n g ri v e r s an d big c an al s . S y r - D a r
､

y a an d

Am - D a r
､

y a ri v e r s of A r al S e a b a si n 皿 d lli riv e r f o r B al k h a s l a k e a r e th e m 血 s o u r c e s f o r

i r ri g ati o n ･

As th e p r e cipita d o n is a r o u n d lO O 叫 r .

, bi olo gi c al p r o d tl C ti vity i n th e ar id ar e a of th e

M id dle As ia i n n at u r al c o n diti o n s is v e ry lo w . h a d diti o n
,
n o m a di s m h ad b e e n th e mi 1 a n d

u tili z a 血o n u n til th e 19 5 0
'

s w h e n this la rg e s c al e i mi g a:ti o n p r oj e ct st a r ted . W e n o ti c e
,

h o w e v e r
,

th at d e s e rt d o e s n o t m e an si m pl e a n d u nifo r ml y l o w p r o d u c ti vi呼. D u e t o th e

ab u n d a n t s ol a r r a diati o n
,

th e p ot e n ti al f o r th e pr o d u cti vity of pla nts th r o u gh i mi g ati o n i s

g r e at e r i n 血e A r al S e a r e gi o n th a n i n J ap a n ( O ts u ki et ･ al l 1 9 96) . E v e n in a n at u r al

e c o s y ste m , g r e 血 m o un t 血1 r an g e s C a pt u r e P r e cipitati o n
,

a n d big ri v e r s fl o w d o w n ft o m th e

m o u n tai n s t o th e d e s e rt a r e a I b elie v e th at la r g e P h n zg m it e s c o m ⅡIu mi tie s at th e d elt a s of

th e s e ri v e r s a n d lak e s m ay h a v e c o n tri b ut e d t o th e m oti v e f o r th e i mi g ati o n a g n c u lt u r e .

-
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An a ni m ati o n of w e e kly G l ob al V eg e 血 o n In d e x ( G Ⅵ) d at a s et c o nld s h o w 也e

ch a r a ct e ri stic s o f th e s e a s o n al ch a n g e of th e v eg et ati o n a c也vity ･ T w o c o m plet ely diff e r e nt

a nd c o n tr a sti v e ty p e o f v eg et ati o n e xi st in th e a ri d a r e a ･ O n e i s sp ri n g
-typ e v e g etad o n w hich

d e pe n d s o n o n - d i e
-

S p o t P r e Cipit ad o n . A r i e m i si a t e 7 r a e - alb a e i s th e m o s t c o rr m o n s m an

sh ru b s pe ci e s i n s u c h e n vi r o n m e n t ･ T h e h ei gh t of th e p la nt is d et e r mi n e d by q u an dty of

sp r i n g r ai nf 札 a n d it tL m S b r o w n a n d is d o r m a nt in s u m r n e r ･ It i s 血e ch m atic cli m 弧

c o T n m u nity . T h e o th e r is s u m m e トt yP e V eg et 血o n w hi ch d ep e n d s o n un d e rg r o u n d w at e r

a rLd ri v e r w at er ･ T 山s is th e w etl an d s v e g et 血 o n w hic h c o n si st s of a s e ri e s al o n g g r o u n d w at e r

l e v el; P h r a g mi t e s a u s tr alis c o 皿 r E mi tie s in th e m o s t w e t e n vir o n t Tl e nt
,
ri v e r sid e f o r e s t c alled

T u g ai
, g r a s sla n d of C ala m ag r o s ti s e pig e l O S , T a m a ri x sp p . et ･ al l i n cl udi ng m edi ci n al p la nt

,

G ly c e y mi z a . T h e s e tr e e s a n d pla n ts h ad b e e n s up p o rti ng th e lif e of n o m a d s in cl u di ng d l eir

t e n t h o u s e c a n ed a
'

Y u lt a
l

.

3 . G V I a s si st e d g e o b o t a n i c a1 2: O l l m g

V e g et 血 o n typ e s an d th eir d istri b ud o n h a v e b e e n st udied in d ep d l b y N ･ O g a r a n d o d l e r S
,

h o w e v e r r e m o te s e n s 皿g d at a c an a s sist th e st u dy i n v a ri o tlS a S pe CtS 1 O nly b y fi eld

e x pe did o n s . W e e kly G Ⅵ i m ag e s c an o ff e r 血p o rta n t i nf o r n ad o n s o n t h e d et e r mi n ad o n

of d i e g e O b ota n i c a1 2 X) R in g . V eg et ad o n ty p e s a r e affe ct ed b y g e ol o gy ,
t o p og r ap h y a n d

r eg l O n S , an d s a 紐Ilit e i m ag e s o f lo w sp ah al r e s ol u d o n a r e e x pe ct ed t o s h o w c o m p r e h e n si v e

l a n d s c ap e s of 也e r e gi o n .

Th e p rl n Cip al c o m p o n e n t i m ag e c r e at ed 血o m N D u of w e ekly G Ⅵ f o r fo u r s e a s o n s
･

t e m p e r at u r e an d a n e a r i nfr a r e d ch an n el c o uld e ff e cd v ely a s sist i n th e g e o b ota nic al z o n l n g ･

An d 也e r di ab nity o f th e r e s tllt w a s v e ri fied b y r e cl a s si 血 血o n of s 皿Ipled pix els i n 耽 h 2 D n e

u si n g th e m a x i m u m lik elih o od m eth od ･ F a c t o r a n al y sis f o r th e sp e ci e s c o m p o si 由 n of

e a ch z o n e sh o w ed th e i m p o rta n c e of g r o t l n d w at e r c o n diti o n an d s u rf a c e g e ol o g y ･

T h u s w e a r e abl e t o c r e ate a l a rg e s c al e l an d s c a pe e c ol o gic al z o n l n g m ap Of th e ar id a r e a s

of M id dle As ia ･ T his m ap s h o w s th at c o n diti o n s i n th e d e s e r t b e c o m e m o r e s e v e r e f r o m

B al k h a s l a k e th r o u gh th e A r al S e a t o th e C a s pi a n S e a l

4 . M o s ai c s of d elt a v e g et a ti o n s h o w n b y S P O T II R V

I n sp r in g b m e , b o di ng o c c u r s i n d i e d elt a ar e a d u e t o s n o w m eltin g o n th e m o um t ai n ･

T his is e s s e n tial s e a s o n al d y n a mi c s f o r th e v e g et a 血 n of th e d elta s ; s u b m e rg e n c e
,

l e a chi n g

s a b ity a n d 伽 s h in g s nty s o 且d o w n t o th e la k e ･
D y n a mi c p r o c e s s e s s u ch a s th e d e st ru cti o n

of v e g et ati o n
,

th e s c att e ri n g of s e ed s an d th e r e g e n e r a ti o n of th e pla n t c o r r= n u n ity o c c u r

n at u r au y ･ s p o T H R V 血 ag e s of th e lli d elta s h o w u s m o s ai c s of th e p atc h r e g e n e r ad o n of
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th e p l an t c o m m u nitie s . T h at m e an s th e n att u al v e g etad o n in a d elt a c o n sists of dist u rb an c e

d ep e n d e n t pl an t s pe cie s
,
a n d a diffic ulty w ith th e g r o un d t ru th h high r e s o l u ti o n i m ag e s t ak e n

B o r n e y e a r s b ef o r e ･

R e s e rv oir d am c o n s t ru cti o n in th e B al k h a s L a k e b a si n h a s c at lS ed a kin d o f d e s e rtific ad o n

o f d i e Ill d elt a . T hi s is n o t o nly d u e t o th e u s e of w at e r f o r i r ri g ad o n
,
b ut t o fl o o di n g

r eg ul ati o n s ･

5 . E xt e n si v e i r rig ati o n a g ri c ul ttl r e a n d t r a diti o n al l a n d tI S e

T r a diti o n al la n d u s e in th e p a st h ad cl o s e ti e s t o n at u r al c o n d 出o n s ･ T h e e n vi r o n m e n t o f th e

si k R o ad a n d c ol o ni e s in clu di n g fa m o u s t r ad in g citi e s s u c h a s S am a k a n d an d T a sh k e nt

o ffe rs s uit a ble c o n diti o n s fo r o a si s a g ri c ul t u r e ･ T h at is , th e e n vi r o n m e n t is n ei th e r a

m o u n t ai n o u s z o n e n o r a d e s e r t l o w l an d . As in U z b e kist an , o a si s ag ric ulttw e at th e f o ot

o f a m o u n t ai n r an g e c a n c ap tL m r a in f al l l T h u s
,

tr aditio n al c o tt o n an d silk w o rm

p r od u cti o n h ad b e e n s u s tai n able i n U zb ekista n ･ I n K a z ak h st an ･ h o w e v e r ,
n o m adis m h a d

b e e n t h e m o st s u itabl e an d s u s t ai n abl e la n d u s e in a ri d a r e a s b e c a us e o f th e l a ck of s u ch a n

e n vi r o n m e n t .

o n th e o th e r h 皿 d
,

w ed an d w e r e c h o s e n f o r l a rg e s c al e i rrig ati o n ag n c ult u r e w h e r e an

ap p r o p ri ate d r ai n ag e s y st e m
,

th e m o s t i rrIP O rt an t c o un te r m e a s u r e ag 乱 n St S al in iz ati o n
,
i s

difEic ult t o c o n s tr u ct . E v e n u n d e r n at u r al c o n di ti o n s wi th 皿o o d in g , s o n s p a rts o f a d elt a a r e

c o v e r ed wi th S ol o n ch ak a n d T ak y r s oils w h e r e bi o m a s s i s v e ry li mi t ed ･ n e s e c o n d 出o n a r e

cl a ri fie d w ith a c o l o r s y nt h e si s i m a g e of N O A A I ･ A C w hic h c o n sists o f vi sible r a n g e (bl u e) ,

i n 丘ar ed (g r e e n) a n d th e r m al r an g e (r ed , r e v e r s e) ･ W e c a n dis 血 g uis h s al in iz e d s oils 丘o m

cl o u d s w hi c h a r e al m o st in e vi t abl e f o r l ar g e a r e a s .

6 . S a k s a w o ol a n d b a r b e c tl e

T h e ri v e r sid e f o r e s t h a s a la rg e st an d in g m a s s pe r u nit ar e a ,
b u t o nl y o c c u p i e s a li mi te d

lo w l an d in th e v a s t d e s e rt r eg l O n ･ H e r e w e 皿 1St m e mi o n S ak s a w o ol
･

w hi ch d e pe n d s o n

little p r e cipit atio n a n d c o T nP a r 血v ely d e e p u n d e rg r o un d w at e r ･ It is a d r o u gh t t ole r a n t ･ C 4 ,

an d la r g e s h ru b w hich h a s th e la r g e s t bi o m a s s i n th e a r e a ･ T h e r e ar e t w o sp e ci e s , n am ely

H al o x y lo n p e ' si c u m a n d H . a p h y ll u m ,
th e f o r m e r p r ef e r r in g s an d y c o n diti o n ･ T h e h eigh t

a n d d e n sity of th e S ak s a w o ol w o o dla r ld s a r e m ai nly d ete r mi n ed b y th e gr o un d w ate r l e v el ･

T h ey f o r m sp a r s e c o m m u niti e s of le s s th a n 1 m i n h eigh t u n d e r d ry c o n diti o n s ･ H o w e v e r
,

cl o s ed st a n d s a r o u n d th e i m g at ed f a rm s s o l n e ti m e s re a ch 6 m i n h e igh t ･

w e c a n cle ar ly s e e th e e x am pl e s a r o un d th e B e r e k e f ar m n e ar th e B ak a n a s in th e B al k h a s

b a si n b y m e a n s of a f al s e c ol o r c o m p o sit e i m a g e of S P O T H R V ･ Al o n g th e d r ai n ag e li n e
･
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w hi c h is a g e ol o gic ally old ri v e r fl o w ･ o n a cti v ated S ak s a w o ol c o = m 7= u nit y c an b e r e c og niz ed ･

T his is th o u gh t t o b e a t e m p o r al st a g e i n a c h a n g e t o a T s u g ai f o r e s t .

C h th e oth e r h an d , a m ai n din n e r e n tr e e of th e n o m ad s is b a rb e c t le Of l m tt O n C alled

S h a s h rik ･ T h e ch a r c o al of S ak s a w o ol is 血e b e st fu el f o r c o o k 血g , an d its t LS ag e a n d

r e g e n e r a ti o n w e r e c o n sid e r ed t o b e i n a b al an c e b ef o r e th e 19 5 0 s . B u t it h a s b e e n o n a

r e m a rk ab l e d e c r e a s e ･ αl e Of th e r e a s o n s f o r th is i s th e s h o rt ag e an d th e ri s e i n p ri c e of oil

a n d c o al aft e r th e dis s ol uti o n of th e S o viet U nio n . S ak s a w o ol w o o dl an d s , o n c e dis &ib ute d

wi d ely i n th e f o r m e r A r al S e a sh o r e r eg l O n
,
h a v e m o sd y b e e n c u t d o w n ah % a d y ･ W e c a n

s e e s o m e e x p e ri m e n ts wi th a ff o r e s t ati o n i n ぬe S ak s a w o ol w o odla n d
,
b ut th ey h a v e n ot b e e n

a s u fficie TIt S u c c e s s .

7 .
I n v a si o I l b y pl a n t s o n th e e x si c c at e d s e a b e d o f A r a)

It h a s b e e n s ai d b yj o u m alist th at th e e x sic c 鉦ed s e a b e d s a r e c o v e r ed wi al O nly s al q s a n d a nd

silty cl ay . H o w e v e r
,
th r o u g h th e u s e of S P CTr H R V i m ag e s an d c a r 血1 g r o u n d tn l th ,

i nf o r m ati o n a b o u t 也e e x si c c at ed s e a b ed s p r o v e d th is state m e n t t o b e an e x ag g e r 血 o n .

M o vi n g s a n d d u n e s ,
w hi ch w e r e c a u s e d by o v e rp a s b ri n g , a r e in e xist e n c e o nly ar o tl nd

villa g e s .

O n th e e x si c c at ed s e a b ed of th e A r al S e a
,

in v a si o n an d pl an t s u ∝ e s si o n a r e n o w

o c c u r n n g o n a v e r y d y n a mi c b a sic . Pi o n e e r pl an ts h e r e ar e th e an n u al h y p e r h al op h yt e s :

A t 7iple x f o m i n ii , S a li c o m i a e u 7 V P a e a
,
S u a e d a a l r u a t a ･ S o m eti m e s

,
a v e ry la r g e pl an t

c o m m un ity o n a s al t s w a m p is e s tablish e d d u ri zl g th e in iti al d e c a d e
,
b ut th e n it d e cli n e s a s th e

e n vi r o n m e n t ch an g e s . T h e in v a si o n of T a m a n
'

x sp p ･ o c c w s i n th e e a rly st ag e an d

e n d u r e s f o r a c o m p ar ati v ely l o n g ti m e . As a r e s ul ts
,

w e c a n cle a rly n o ti c e b elts of

v e g et atio n in 也e cl a s sifi e d S at ellite i m a g e u s in g 也re e ch a n n els a nd a n N D Ⅵ ch an n el of

S P ロT H R V . Pla n t s u c c e s si o n al o n g th e p r o c e s s f r o m a sal t s w a l TIP t O a d ry l an d o c c u r s

a c c o rdi n g t o th e s oil p r o p e rti e s an d o th e r c o n did o n s I T h e r e a r e th r e e m ai n dir e cti o n s ; n a m e ,1y

h al op hyt e , m e a d o w an d p s am m o p hyt e dir e c ti o n s ( O g a r 1 9 95) ･

It is a n a s t o nis h in g fa ct 也 at w e c a n s e e v eg et ati o n e v e n o n 也e e x si c c at ed s e a b e d in t his

e x tr e m ely d ry r egio n ･ W e m u st ad d , h o w e v e r , d l at W e c o uld n o t fin d an y S ak s a w o ol w hi c h

i s th 与 m O S t i m p o rt a n t sp e ci e s fo r th e e n v i r o n m e nt .

S . T r a d e o ff r el a ti o n s hi p

S o m e e c ol o g i sts d o n o t r e c o l n m e n d ri c e p r o d u c ti o n i n s u c h a rid a r e a s ･ It is れ e in o n e

s e n s e
, h o w e v e r

,
th at ri c e r eq u ∬e s al m o st th e s am e h abit at a s P h y v g m it e s an d ri c e p r o d u c ti o n

m ay b e a n at u ral 1 皿 d utili z a ti o n ･ T his m e an s th at ri c e p ad die s ar e in a tr a d e o ff r el Eti o n ship
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wi th n 血1r al w e d a n d s . T h e N D V I i m ag e s i n s u mm e r & o m N O A A L A C s h o w l ar g e i r rig at ed

fa m s an d n at u r al w e d an d s cle a rly , a n d p r o v e th at t h e ar e a of irri g ate d fa r m s r e a ch e s u p t o

o n e si xth of th e w e d an d s i n th e Ili R iv e r b a s in . T h e p r o p o rd o n is f a r s m al 1e r th a n d l at f o r

d i e A r al r egio n ･ T his m ay b e th e m ai n r e a s o n w h y th e B 血 a s a r e a h a s f e w e r p r o ble m

wi d l C uld v atio n , an d in a s e n s e
,

wi th th e n at ur e c o n s e r v ati o n of w etla n d s w hi c h is a b
'

e a s u r e

c h e s t o f w ild lif e .

w ed an d s c o n s e r v ati o n , r e v e g et ati o n of th e T s tlg ai f o r e s t , a n d th e S ak s a w o ol w o odla n d s

a r e n e e d ed f o r 血e r e s t o f aB o n a n d th e c o n s e rv 血 o n of n a tLlr al pr o d u cd v ity a n d bio di v er sity in

th e ad d d 8 S e rt a r e a s Of M id dle A si a .

9 . R ef e r e n c e s

K ob ay a s hi
,

T .

,
M o r 血 u r a

,
A .

,
T e mi rb ek o v S ･ a zLd M o ri m ot o ,

Y ･ ( 1 99 5) ,

`

℃c o f um c d o n al

an al y sis of d ryl an d v e g et atio n - st r u c t u r e
,

m e ch a ni s m an d 血eir c h a n g e s
”

, P r o c ･ of th e

F o r u m o n C a sp z

'

a n ,
A r al a n d D e a d S e a

,
U N E P/ Ⅲ T C , 7 9 - 9 1

M o ri 皿 )t O
,
Y .

,
M o ri m u r a

,
A .

,
K ob a y a s hi

,
T . a n d O g a r , N ･(1 9 9 5) ,

"

V eg etah o n d y n mi c s i n

a rid a r e a o f th e C e n tr al As i a wi th s p ∝ial r ef e r e n c e t o th e ir rig ad o n
り

,
J o u r ･ J ap ･ S o c ･

h ig atio n
,
D rai n ag e a n d R e cl am ati o n E ngi n e e ri n g , 6 4(1 0) , 10 13 - 1 0 16 ･(i n J ap a n e s e)

o g ar ,
N . (19 9 5) ,

``

An thr op o g e ni c d y n a mi c s of v e g et ati o n o f th e C e nt r al As i a
”

,
P ' D C ･ Of t h e

F o r u m o n C a spi a n , A r a l a n d D e a d S e a
,
U N E P n E T C , 7 3

- 7 8

o ht e , N . ,
O ki

,
T , an d M o ri m o t o , Y ･

,

川

A str ate gy f o r e s 血n ad o n of w at e r b u d g et i n th e A r al

s e a b a s in b y at m o s p h e ri c w at e r b al an c e
”

,
P r o c ･ of ik e F o n L m O n C b s pi a n ,

A y d a n d D e a d

S e a , U N B PノⅡ三T C
,

1 0 1 - 1 1 3

o b u ki ,
K .

,
O n e

,
a . an d T s u ts ui , fI .(19 96) ,

"

C h m at ol o gi c al fe at u r e s an d ag ri c ult u r al

p r o d u cti vi t y in th e A r al S e a B a si n
M

･ J ･ J ap ･ S o c ･ I m

'

B a ti o n ･ D TZZi n a g e a n d R e cl a m a ti o n

E n g i n e e ri n g ,
6 4(10) ,

1 0 0 7 - 1 0 1 1 ･(i n J ap a n e s e)

p 並s ak , R . P . a n d O g ar
,

N . (1 9 89) ,

`

? r o d u cti v ity a n d st ru c t u r e of d e s e rt z o n e m e a d o w s
''

･

A l m a
- A h

,
N a u k a

, p p . 18 6
, (in R u s si an )

w ata Jl ab e
,
T ･

,
O g in o

,
Y ･

,
T ak ai s hi , E l an d S hi mi z u

,
K ･ ,

=

I r rig a 血 n m an ag e m e n t in p ad d y -

b a s ed r ot ad o n al c r op p n g sy st e m s h th e A r al S e a b a s in
‖

,
J ･ J a p ･ S o c ･ I T 7i g ati o n

･
D l m

l

n a g e

a n d R e cl a m a ti o n E n gi n e e ri n g ,
6 4(1 0) , 1 00 3 - 1 0 0 6 ･(i n J a p a n e s e)
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