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,
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Z h a o li n g
- F e n g a n d H id eki N ag a shi m a
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-

u
-fi sh ･ a c ･jp

A b st r a c t

T h e h yd r ol o gl C al c h a r a c te ri sti c s of th e l a k e B o st e n a r e st u di ed b a s ed o n t
h e a J l al y sI S O f a v ail abl e

d at a ob t ai n ed fr o m 1 9 7 6 t o 1 9 89 at th e h y d r ol og l C al st ati o n s a r o u rld th e l ak e ･
T h e r e s ult s a r e a s

foll o w s :( 1) T h e a n n u al a v e r a g e of v ol u m e t r a n sp o rt o f m ai n i n n o w ri v e r , n a m e d K aid tl ri v e r , v a ri e s

fr o m 8 0 t o 12 0 m
3
/ ～. T h e m a xi m u m a n d m i ni m u m v al u e s a r e f o u nd i n 19 8 0 a nd 1 9 8 6 , r e sp e cti v ely ･

(2) T h e oth e r i n fl o w ri v e r s a n d th e o u 岨o w ri v e r sh o w al m o st st e ad y v ol u m e tr a n sp o
rt s d u mi g thi s

p e ri od . ( 3) T h e w at e r l e v el of th e l ak e B o st e n d e c r e a s e s a nd h a s th e m i ni m um v al u e at 1 9 87 , th e n

i n c r e a s e s sli gh tly . ( 4) T h e s e a s o n al w at e r b ala n c e of th e l ak e is i n v e stig at ed fr o m M a
r c h 1 98 3 t o

F eb ru a ry 1 9 8 4 i n d et ail ･ T h e r e s ul t sh o w s th at o nly e v a p o
r a tio n , p r e c l pit ati o n ･ dis ch a rg e s o f th e

m ai n ri v e r s
,
an d th e ch a n g e of w at e r le v el c a n n ot e x pl ai n th e w at e r b al a n c e

d

1 .l n t r o d t t cti o n

T h e l ak e B o st e n i s th e b ig g e st fr e sh w at e r l ak e i n th e inl an d o
f C hi n a n o w ad ay s 1 1t pl ay s a v e ry

i m p o rt a n t r ole i n th e d e v el o p m e nt o f a
l
g n c ul t u r e , i n d u sth e s , a n d fish e ri e s a s w eu a s t

h e a sp e ct of

n at u r al e n vi r o n m e nt . 1i o w e v e r , th e w at e r a r e a r e c e ntly b e c o m e s s m alle r a nd s m all e r , a nd t
h e w a te r

b e c o m e s s alty a n d s alty e sp e ci ally d u ri n g 1 9 8 0
.

d e c ad e . T o a v oid th e si m il a r old dis a str o u s st o ry o f

th e l ak e L o p , w hi ch w a s th e f o r m e r big g e st la
k e i n C hi n a an d h ad d ri ed u p si n c e 1 9 3 0

1

s
,
it is v e ry

n e c e s s a ry t o cl a rify th e h y d r ol ogi c al c h a r a ct e risti c s a n d w a te r ･b al a n c e m e
ch a ni s m of th e l ak e

B o st e n a s e a rly a s p o s sibl e . I n th e p r e s e n t st u d y ' b y u s l n g th e a v ai labl e d at a o
f th e h yd r ol o g l C al

stati o n s a r o u nd th e l ak e , w e i Ⅱv e stlg at e th e h y d r ol o gi c al ch a r a cte ri stic s o f th e l ak e a n d w at e r

b al an c e i n th e m ai n l a k e a nd its s u rr o u ndi n g s ･ I n th e S e cti o n 2
,
G e o g r ap hi c al ch a r a ct e risti c s a nd

l a nd utili z ati o n a r o u nd th e l ak e a r e i ntr od u c ed; th e S e cti o n 3 d e m o n str a t e s th e . h yd r ol o g l C al

ch a r a c t e ri sti c s; w e g i v e th e w at e r b al a n c e m od el of th e B o st e n l ak e a
n d th e e a c h w at e r b u d g et s i n

th e s e c ti o n 4 ; a s a n a n al y z l n g r e s ults , w e d e s c rib e th e c o n cl u si o n i n t h e S e c t
i o n 5 ･

2 ･ G e o g r a p hi c al c h a r a c t e
ri stic s of B o s t e n r e g l O n

T h e l ak e B o st o n
,
l o c at ed in th e Y a nji B a si n a s sh o w n i n F ig ･l , h ad b e e n th e th i rd b ig g e st l ak e

follo w l ng t h e L o p a n d A ibi l ak e s i n X i njia n g U y g u r A ut o n o m o u s R e gi o n i n
n o rth e r n p a rt o f C hi n a ･

N o w ad a y s , h o w e v e r , th e l a k e B o s t e n b e c o m e s t h e b
i gg e st o n e a s th e o t h e

r t w o l a k e s h a d d ri e d up o r

di mi ni sh e d t h ei r w a t e r a r e a . T h e Y a nji B a si n i s s u r r o u n d e d b y t h e Ti a n sh a n R a n g e s a n d th e l o w e st

pla c e i n t h e b a si n i s t h e l a k e B o st e n ･ M o s t o f th e i nfl o w s a r e f r o m th e n o rth w e s t e r n a nd n o rt h e r n
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m o L m t ai n a r e a s . T h e ri v e r K o ng q u e i s th e un lq u e O u 雌o w o n g l n a t ed fr o m th e s o u th e r n l ak e . T h e

a r e a o f th e l ak e is ab o ut 93 0k n
2
a n d th e d ept h is 7 .7 m i n a v e r a g e wi th th e m a xi m u m d e pth of 1 6 m

i n th e s o u th e m p a rt l n a dditi o n , th e l ak e B o st e n is s u r r o u nd ed b y a n u m b e r of s m all w at e r a r e a s ,

d tI Ck w e ed a r e a s
,
c att ai l a nd r e ed m a r sh e s a n d i 汀ig ati o n l a n d s . T h e m ai n ag ri c tllt u r al a r e a s a r e

l o c a t e d t o th e w e s t e r n a n d n o r th e r n sid e s o f t h e l a k e w h e re t h e i m g atio n w a t e r i s e a sily g ot fr o m

tJP p e r r e a c h e s of
l

th e i nf一o w ri v e r s .
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Fig u r e l ▲ L o c ati o n s or B o st e JI L a k e a n d t[ y d r ol o gi c 且1 S t a ti o n s i n Y a nji B a sitl , X i nji a n g , C hiJ) a

F r o m th e c o nt o u r m ap of th e l ak e , th e a r e a a n d c ap a cit y of th e lak e a r e e sti m at ed a s a f u n cti o rI Of

w at e r l e v el H r efe rr ed t o th e al titu d e of lO 4 0 m . T h e r e s ul ts a r e a s f oll o w s :

S m F a i
･ H i ＋ b i ( 1)

V i
=
C i

I

H i＋di ( 2)

w h e r e S m i i s th e a r e a o f th e m ai n l ak e wi th th e mi t of s q u a r e kil o m et e r , Ⅵ is th e c a p a city wi th the

u nit of 1 0
8
m
3

,
a n d ai ,b i, Ci ,d i a r e th e c o efficie nts i n t h e fo r m ul a ( 1) a nd ( 2) . T h eir v al u e s a r e liste d in

T abl e l .

T a bl e l ･ T h e P a r a m e ( e r & f o r C al ctl h ti tLg tll e a r e a s (S m I) a n d t h e C a p ci ty ( V I) f r o m

d ) e W ate r L e v els of Jl o st c n L a k e .

1 I r 1 0
L( 0 ( r u) 3 1 b l C l d l

3 ≦且l < 4 7 5 .0 52 0 .O 8 ,O l l .0

4 ≦且z < 5 6 0 .0 5 8 0 .O 9 .4 5 4

5 ≦IⅠ3 < 6 5 0 .0 6 3 0 . 0 9 .6 4 .

Ll

古 S;1 I l < 1 3 8 .0 7 0 2 ,0 9 5 5 0

7 ≦1I 5 < 8 2 4
.
0 8 0 0 .0 8 7 l o o

S ≦Jl . 1 3 .0 8 8 8 .0 9 . g I .8

I n t h e B o st e n r e gi o n , th e l a n d ty pe s a r e g e n e r ally cl a s sifi e d i n t o f o u r g r o u p s s u c h a s r e e d la n d s ,

ir rig ati o n la zld s , c att ai1 l a n d s a n d u n c ult u r e d l a n d s wi th alk ali z ed c h a r a ct e ri sti c s . T h e a r e a o f fir st

t w o g r o up s a r e m u ch la r g e r th e o th e rs . T h e a r e a o f r e ed l a n d s a r o u nd th e l ak e a nd it s s u r r o u n di n g s

is e s ti m at ed b y a e ri al p h ot o g r a p h a s 4 95 .8 7 k m
2
i n 19 8 1 , T h e v al u e i s 6 2 .5 3k m

2
s m alle r t h a n th e

v al u e 5 5 8 ･ 4 0k m
2
i n 1 95 9 ･ T his m e a n s th e a r e a of r e e d l a nd d e c r e a s e s wi th th e d e g r e s si o n r a te of
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2 ,
84 k m

2
/y e a r d u ri n g th e p a st 2 2 y e a r s ･ I n 1 9 6 5

,
th e r e e d r e s o u r c e s w e r e i n v e stlg ate d b y th e l o c al

g o v e r n m e nt a
t th e s o uth w e st e r n sid e of th e l ak e ･ T h e r e ed l an d s a r e cl a s sifie d i nt o th e fo u r 匂′p es b y

.h e c ,ite ri a list ei i n T abl e 2 . T h e a , e a s .f th e s e fo , ty p e s a , e e sti m at ed r e ,p e cd v ely f, . m th e d at a

tak e n i n 1 96 5 a n d 1 9 8 1 a n d d e ri v e th e fo 1l o w l n g e m p lri c al r el ati o n of th e a r e a of r e ed l a n d s:

S R
,

- S R i
* ＋(1 9 8 l - Y

k)
.

γi ( 3)

w h e r e S R . i s th e a r e a o f r e e d l a nd of th e i
-th gr a d e o f r e ed ty pe , Y k is th e y e a r fr o m 19 6 5 u p t o n o w ,

s R
.

* is th e a r e a o f r e ed la 且d i n 1 9 81 , a nd γi is th e d e g r adi n g r at e p e r y e a r ･ T h e e s ti l n at ed v al u e s o f

γ.
a r e list e d i n T abl e 3 ･ N o t e th at n eg ati v e s lg n Of γ. in 4

- th g r ad e i s d u e t o an i n c r e a s e of th e r e ed

la nd a r e a .

T & ble 2 . T h e C rit c ri 8 0 f R e ed l J & n d Ty p e s iTI B o st e ll R egi o TL

G r a d e fl eigl lt D i a l1 1 el¢r of S l e ll 1 C o v e r a g e ( % ) D ri e d B i o ll la S S

(111) ( c上ll) (k E;^ l1
2

)

i > 7 .5 > 1 .2 > 8 0 > l .5

2 2
.
5 - 3

.
5 0 .8 - 1 . 2 6 0 - 8 0 0 ,8 - I .5

3 1 .5 - 2 .5 0 ,5 - 0 .8 4 0 - 6 0 a
.
4 - 0 . 8

4 < 1 .5 < 0 ,5 5 - 4 0 < 0
.
1

T a bl e 3 . T ll e G r a d e s o f R e e d L A n d wi t h A r e a s( K J n
2

) a J) d t h e A v e r a g e D eg r a di n g R a t e o f R e e d

d u ri n g 196 5
- 1 9S1 .

G r a d e .
S R ＋ (1 9 8 1) S R

'

(1 98 1) S R
'

(1 9 65) R .11 c or D i旦re S Sio ll ( γ)

(k 11 1
1

/y e a r)

I 5 7 . 6 0 2 9 . 89 4 6
,9 1 I .0 6

2 3 7 .9 6 26 . 29 4 7 .l l 1 3 0

3 9 9 .3 6 75
.
23 8 3 .4 6 0

.
5 1

4 1 9 3 .0 2 1 2 2 .4 9 1 2 0 .
5 5 1 0 .1 2

T ot a l 3 8 7 .9 4 2 5芋･9 29 i . 0 3 2 .7 6

s R
*
: T h e a r e a s o r fln r e e d h n d s i n th c ZL o s t c ll r C g 1 0 11 .

S R
'

: T h e n r e 7I S
'

cll a Jl g e ” r th e r e e d ] a Ttd s i n Lh c s M T LPl lll g r 鴨l o ll i n s o u
L h l Y e S t C rTI D o s ( c Ll lllk c ･

3 . E yd r ol ogi c &l C h a r a ct e ristic s

T h e F ig 1 2 sh o w s th e y e a rly v ari ati o n of th e B o st e n L ak e
'

s w at e r l e v el fr o m 1 95 5 t o 1 9 93 , an d

th e a n n u al v ari ati o n b et w e e n 1 9 55 - 19 9 3 is m o r e th a n 3 m et e r s .Io n th e oth e r h a n d , a s th e m o nthly

d at a r e c o rd ed a 免e r 1 9 7 6 , th e s e a s o n al c h a n g e s o f t h e w a t e r l e v el 伽 ct u a t e wi th in 1 m et e r ･

H yd r ol o g l C al d at a a r e a v ai l able a土th e s e v e r al o b s e rv ati o n st ati o n s list ed i n T a bl e
4
,
a nd th e d at a u p

t o 1 9 89 a r e u s ed i n t hi s s t u d y . I n Fig ･ 3
,
th e a n n u al a v e r ag e d v al u e s o f ri v e r dis c h a rg e a r e s h o w n at

th e D a sh a nk o u , H u a n g shi u g o u a n d Qi n sh uih e f o r th e K ai d u , H u a n sh u g o u a n d Q i sh ui ri v e r s ,

r e s pe c ti v ely . T h e K ai d u ri v e r i s th e big g e st i n 凸o w i n th e Y a nji b asi n wi th a wi d e c at c h m e n t a r e a

a nd h a s th e iJT l m e n S e W at e r dis c h a rg e , w hic h is ab o tlt 80 % of t h e t ot al disc h a rg e ･ H o w e v e r
,
th e

a n m al v ari ati o n of th e di s c h a rg e i n K aid u Ri v e r i s v e ry la rg e a s s h o w n i n Fi g 1
4

･
T h e m a x i m um

dis c h a rg e of 1 1 5 m
3
/s e e w a s r e c o rd ed i n 1 9 8 0 a n d is 1 ･4 7 ti m e s l a rg e r th a n t h e v al u e 7 8 ･2 m

3
/ s e e i n

1 9 S 6 . I n c o n tr a st , th e di s c h a r g e s o f o th e r ri v e r s a r e r a th e r st 8bl e ･
T h e K o n g q u e Ri v e r i s t h e u n lq u e

o ut n o w th at m o stly n o w o u t fr o m th e p u r r)p st ati o n at th e n o rth w e s te m B o st e n L ak e . T h e a r) n u al
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v a ri ati o n of th e fl o w s is v e ry s m all a s sh o w n i n Fig .
4

.

E v a p o r 乱ti o n h a s b e e n m e a s u r ed n e a r th e l ak e b y u si n g a n e v a p o r a ti o rl P a n W h o s e di a m e t e ri s

2 0 c n
･
H o w e v e r

,
th e m e a s u r ed v al u e s c a n

'

t b e u s e d dir e c tly , b e c a u s e th e e v a p o r ati o n i s u s u ally

i nn u e n c e d b y th e l o c al w e ath e r an d th e te m pe ra t u r e of s m all p a n t l n 1 9 8 3 t o 1 9 8 4
,
th e e v ap o r a ti o n

e xp e ri m e n t w a s c a rri ed o ut in th e l ak e B o st e n , w h e r e a l a rg e r e v ap o r ati o n p a rl wi th th e dia m et e r of

60 .1 c m w a s u s ed . M o r e o v e r
,
m e t e o r ol o g l C al fa ct o r s a r e ob s e r v e d i n d et ai l ,

W e u s e d th e s e d at a a nd

8
,
00

7.5 0

且 7 . 仰

監
6 ･ 5 0

'

= 6 ,00

嘗 5 ･ 5 0
5 . 00

Jl. 5 0

1 ( 巾

ー至

重賞重要琶琶琶妄
e = 記 冶 S 票 岩 ま
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Fig u r e 2 . T h e V a ri ati o n of th e B o st e n L a k e
'
s W at e r Le v el s f r o m 1 9 55 t o 1 9 93 .

T & bl e 4 . T h e I Ji s 暮o f IIy d r ol o gi c al S t a t h n s a n d th e O b s e r v e d l t c m s

St h ti o l一 N A l n 匂 Of ri v 8 r C A tC h r n e l一L A r e 8

凸u Tlり

ELe ▼ LItio n

(1 t))

O l) s 8 r V tlLi o l t

P e ri o d

O b 8 e r V A ILi o n i t B l l一 61】

D a sl1ど11血ot1 K aid tL 1 9
,
0 2 2 1 3 3 8 ,9 - 1 3 3 9 .7 1 9 5 5 - p r e s c ll t El . 0 . S d e c l .

Y a zlii K aid u 2 0
.
7 0 5 1 0 5 6 .2 - 1 0 5 8 .9 1 9 4 7 - D re S e llt 王1 . O ,

S d el c ,

fl u a n J!S h tli H t lall見S h u i 即 tl 5 ,O O O 1 3 1 9 .4 - 1 3 2 3 .3 1 9 5 5 - D re S e l一l rI
, Q .
S d e L c .

K er 色uLi Oill eSll ui 4 6 5 1 9 5 6 -

D re S ellt l i e . S d el c ,

T ;lSlli di a ll K o l1月q u e 1 0 4 8 . 2 - 1 0 5 2 .3 1 9 4 8
-

p r es c l ll tl . 0 , S d e Lc

B o s le n 1 0 4 7 . 7 - 1 0 4 9 . 1 1 9 5 5 - p
r e s e l ll [1
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*
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P
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T w
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eL c .
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Fig u r e 4 ･ T h e V a ri ati o n s of D is c h a r g e s of th e R i v e r s i n B o st e n L a k e ･ f r o m 1 9 76 t o 19
8 9 ･

c al c ul ate d th e e v ap o r ati o n fr o m th e w at e r s u rf a c e ( E w) b y th e b ulk m eth o d ･ C o m p a ri n g r e s ul ts of

th e s e th r e e m e th o d s , w e h a v e th e c o n v e r si o n c o n st a n ts 九 w
= E J E 6 0 . a n d A ･ 6 01

- E
20
侶
6 0l

,

W h e r e E
2 0

aJld E 6. 1 d e n ot e Ⅱle a S u r ed v al u e s b y e v ap o r ati o n p a n s wi th di a m et e r s of 20 c m a n d 6
0

･1 c m
,

r e sp e cti v ely ･
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T h e w at e r b al a n c e of th e l ak e c a n b e d e m o n s tr at ed a s sh o w n i n n g .
5 . T h e e qtl ati o n s of w at e r
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P is th e p r e cipit ati o n a n d S m is a r e a of th e l ak e ･ G I is th e
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5 . c o n clllSi o n

W e a n aly z ed a v ai l abl e d at a o f th c l a k e B o s t e n 丘o m 19 7 6 t o 1 9 S 9 at th e h y d r ol o g l C al st ati o rlS

a r o u nd th e l ak e . T h e r e s ults a r e a s f oll o w s : ( 1) T h e a n n u al a v e r ag e dis ch a rg e of th e m ai n i n fl o w

ri v e r
,
c al l ed K aid u ri v e r

,
v ari e s 丑

･

o m 7 8 . 0 t o 11 5 .4 r n
3
/ s; a n d th e m a xi m t l m al ld m i n i m u m v al u e s

o c c u r r e d in 1 9 8 0 an d 1 9 8 6
,
r e s p e cti v ely , ( 2) T h e ot h e r i n fl o w ri v e rs a n d th e o utfl o w ri v e r sh o w

al m o st st e ad y v ol u m e tr an sp o r ts d u ri ng th is p e ri o d . (3) T h e w at e r le v el of th e l ak e B o st e n d e c r e a s e s

a nd h a s th e mi hi m Ⅷ 1 V al u e of 1 0 4 4 .7 3 m et e r a t 1 9 87
,
th e n i n c r e a s e s slig htly . ( 4) T h e s e a s o n al

w at e r b al an c e of th e l ak e i s i Ⅱv e stlg at e d fr o m M a r c h 1 9 83 t o F eb ru a ry 1 9 8 4 i n d etail . T h e r e s ult

sh o w s th at th e w at e r b al a n c e c an n ot b e e xpl ai n ed o nl y b y th e e v ap o r a ti o n , th e p r e c lp lt ati o n a nd th e

w ate r l e v el s of th e lak e
,
a s w ell a s th e di s ch a rg e s of th e m ai n ri v e r s . It i5 kn o w n th at th e ir rig ati o n

sy st e m pl ay a n i m p ot e nt r ole in th e w a te r b lal a n c e m od el of t h e l ak e B o st e n , th u s , w e sh o uld

d e v el op th e n l Od el f o r a wi d e c d c h m e n t a r e a i n fu t u r e .

6 , R e fe r e n c e s

1) ･ H u a R ･ K ･

,
Li Y ･Q . ,

1 9 83
. A p pli c ati o n of R e m ot e S e rLSi n g T e c lm iq u e t o t h e I n v e stig ati o n o n R e ed

R e s o u r c e of B o 5t e n L ak e i n Xi nji a n g , S ci e nti a G e og r a qp hi c a Si ni c a , V ol . 3 , N o . 2
,
1 5 2 - 15 7(in

C hi n e s e) .

2) . H a m S . Z . , Li C . , W a n g D ,

,
Yi F .

,
C h e n G .
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1 9 85 . R e e d R e s o u r c e s o f th e B o st e n L ak e , S ci e nti a

G e o g r a phi c a Si ni c a , V ol . 5
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N o b 4

,
3 74 -3 8 0 .(i n C hi n e s e)
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