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om ie d e v el叩m en t an d ma jor
e

on se rv a

nc y w or k s in th e Y e llow R iv e r
ba si n o v e r t he n e x t 2 5 yea rs

,
it 15 Pre d ic ted th a t sed im e n t loa d o f th e 10 、甲er
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u t 3 0 % ~ 4 0 % in t he ea r ly tw e n tv 一fir st ee n tu 斗

.

Ke y w o r ds Se d im e n t loa d Y ello w R iv e r Loe ss Pla tea
u

50 11 e r
os io n la n d u se a n thr o

PO g e n ie e lfee ts

ra in fa ll si m u la tio n e x
pe ri m en ts Ch in a

In tred U Ctio n
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T hu s , e ha n g e s

in the s ed im e n t lo ad o f the Y ello w R iv e r o v e r th e la s t 1 0 0 0 0 ye a r s 15 o f g r e a t s ig n ifie a n e e to th e

s e d im e n t b u d g e t o f th e w o r ld
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L oe s s P la te a u (Fig u r e l ; R e n e t a l
. ,
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.

T he re m a r k a ble loe ss 一 p ala e o so l s e q u e n e e o f t he L oe s s
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.
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.
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Su eh n a m e eh a n g e s in d ie a t e th a t the hig h s ed im e n t e o n e e n tr a t io n s o f t he Y e llo w R iv e r a n d it s

tr ib u t a r ie s in th e la s t tho u s a n d ye a r s o r 5 0 w e r e m a in ly th e re su lt o f e x e e ss iv e e u lt iv a tio n o f the

Loe s s Pla te a u
.

Fa c to r s a ffe c tin g 5 0 11

h u m a n a e tiv ity

e r 0 Sio ll o n th e L o e SS PIa te a u s n d th e effe CtS o f

M a io r fa e t o rs affe e tin g 5 0 11 e r o sio n o n the L o e s s P la te a u in elu d e the n a t t. re o f lo e s s ,

g r o u n d s lo p e ,

ra in fall in te n s ity
, r a in fa ll ty pe , v e g e ta tio n e o v e r a n d 5 0 11 e o n se r v a t io n m e a s u r e s

.
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.
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.
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,
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o n fo r e s te d la n d
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S im ila r s im u la ted r a in fall e x p e r im e n t s o n te r ra in e o v e red by sh r u b a n d g r ass a t

R e n jia ta i
,

Fu X ia n (n o r th e r n S ha a n x i Pro v in e e )
, o n a s fo Pe o f 8

0 ele a r ly sh o w tha t 5 0 11 e r o s io n

r a t e s a r e lo w e r th a n 15 the e a s e o n b a re , e u lt iv a t ed la n d a t lo w e r r a in fa ll in t e n s it ie s (T able 3 )
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.
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.
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, n a t u r al g r a s sla n d (g r a s s e o v e r 9 8 % ~ 1 0 0 % )

, 5 0 11 e red e d o ;

g r a ssla n d
, e u lt iv a te d

, 5 0 11 e ro d e d 3 5 2 4
.

19
.

V e g e ta tio n r e d u e e s 5 0 11 e r o s io n b e e a u s e a n y in e r e a s e in
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Pla n t r
oo to g r e a tly in e r e a s e s 5 0 11 p e r m e a b ility a n d r e s is ta n e e t o se o u r in g in th e L o e s s Pla t e a u

.

R e e e n t

e x p e r im e n ts d em o n s t ra te th a t w ith e a eh in e r em e n t o f g r a s s一 r
oo t d e n s ity o f 10 0 p e r 1 0 0 em

2 , u n d e r

a ra in fa llin te n s ity o f 2
.

o m m p e r m in u t e a n d a r a in fa ll d u r a t io n o f 3 0 a n d 1 2 0 m in u te s ,
the am o u n t

o f r a in fall e n te r in g th e 50 11 15 in e r e a s e d b y 1 6
.

9 8 a n d 6 3
.

3 6m m
, r e s pec tiv e ly (L i e t a l

. ,

19 9 2 )
.

T h e e x Pe r im e n ta l r e s u lts ele a r ly

in d ie a te tha t
, u n d e r fo r e s t o r g r a s s

一
e o v e r , r a in fall in te n sity a n d slo Pe ha v e

lit tle e ffe e t o n 5 0 11 e r o sio n a n d th a t it 15

o n ly a fte r hu m a n d e s t r u e t io n o f

v e g e ta tio n tha t r a in fa ll a n d slo p e

bec o m e im Po r ta n t fa e t o r s in 5 0 11

e r o s io n
.

It m ay be t e n t a t iv ely

e o n e lu d ed fr o m th is tha t
,

d u r in g th e

H o loc e n e (e sp e e ia lly be fo r e 2 5 0 0 BP

w he n the n a t u r al v e g e ta tio n o n th e
.

Loe ss Pla te a u r em ain ed e s s e n t ia lly

in ta e t ) r a in fa ll v a r ia tio n s had lit tle

e ffec t o n 5 0 11 一 e ro s io n r a te s a n d
,

e o n s eq u e n tly the s ed im e n t lo a d o f th e

Y e llo w R iv e r w a s m u e h les s th a n it 15

a t P re s e n t
·

S lo Pe g r ad ie n t a ls o ha s a c le a r

effec t o n 50 11 e r o sio n
.

A e e o rd in g t o a n

e x Pe r im e n t a t A n s a i by th e N o r th w e s t

In s titu te o f W a t e r a n d 5 0 11

Co n s e r v a t io n (3 9 m e a s u re m e n ts in fiv e

ye a r s )
, u s in g ra in fa ll in te n sit ie s o f

0
.

2 5 ~ 0
.

5 0 m m Pe r m in u te fo r 3 0

m in u te s (1
3。

~ o
·

2 5 一 o
·

so m m p e r 、

m in u te )
,

th e a m o u n t o f e r o d ed 5 0 11 o n

燕燕燕
目

,

匹习
2

口
,

a 2 5
0 slo p e w a s 5

.

9 t im e s tha t o n a 5
0
一 re m na n t, of fo

rm
e r p一a tea

u s u讨a e e

slo Pe
.

In te n s lty

U s in g a g r e a t e r ra in fa ll

7 5 ) e fO S IO n

1+ 2
,

p la tea
u
su rt a e e in th e T a n g d”

as ty (6 1 8 一 9 0 7 )

3
.

g u llies a n d v a lle邓

勺V a S

th e

n 1O re

(I
: 0 > 0

.

th a n 10 tllll e s

5 0 11

tha t S e e n O n Fig u r e 2 E ros io n o f a loe ss p la tea u s u 汀ae e in ea
ste rn

5
0 slop e

.

G a n su Pr o v in ee ,

C hin a , sin e e th e T a n g dyn a s ty (A D 6 1 8 一 9 0 7 )

It

rn a r ke d

m ay 五e n o ted th a t
,

in

a s a t Pr e s e n t
.

L a t e r

Pr e his to r ie tim e s ,
the re la tiv e r elief o f the L o e s s Pla te a u w a s n o t 5 0

o w in g to th e d e s tr u e t io n o f the n a t u r al v e g e t a tio n ,
the w id e s p re ad

g e n tle a n d fla t g r o u n d o f th e

in n u m e r able d e e p g u llie s a n d

L oe s s P la te a u
V V a S

s te e p hills
.

B e tw e e n

s e v e r ely d is s e e t ed

the s e v e n th a n d

in to a n in tr ie a t e m o s a ie o f

te n th e e n t u r ie s A D (T a n g
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d y n a s ty )
,

the r e w e re s t ill m a n y e x te n s iv e fla t p la te a u (
’

Y u a n ,

) in the L o e ss P la te a u r e g io n
.

Fo r

e x a m p le
,

D o n g z hi Y u a n in e a s te rn G a n s u w a s 4 2
.

skm lo n g a n d 3 2 km w id e in the T a n g d y n a s t y

b u t it s w id th 15 几o w o n ly 1 8 k m a t its w id e s t p a r t a n d o n ly 0
.

5 km a t its n a r r o w e s t
,

it s a r e a h a v in g

be e n r e d u e e d fr o m 10 5 1 km
Z
in th e s e v e n th e e n tu ry to 4 12 k m

Z a t p re s e n t
.

T hu s , in D o n g z hi Y u a n

a lo n e ,

6 3 9 k m
Z o f fla t pla te a u ha s b e e n e r o d ed in to g u llie s a n d h ills in th e la s t 1 3 0 0 ye a r s

.

A t the

pr e se n t tim e ,

g u llie s a r e be in g r ap id ly e u t in to the fla t p la te a u s u r fa e e a n d he a dw a rd e r o s io n o f

g u llie s 15 p r o g r e s s in g a t a n a s t o n ish in g ly r a p id r a te
.

T h e he a d s o f m a n y g u llie s a r e r e t r e a t in g a r a

r a te o f 3 m / a (Fig u re Z )
.

In G u y u a n C o u n ty
,

N in g x ia Pr o vin e e ,
they a r e re tr e a tin g a t 6

.

7 8 m / a

(a v e r a g e A D 1 9 5 7 ~ 1 9 7 9
, a e e o rd in g t o a e o m Pa r a t iv e s t u dy u s in g a e r ial p ho to g r a p hs )

.

T he fa m o u s

L u oc h u a n Y u a n in Sh a a n x i w a s a sin g le la r g e yu a n in th e T a n g d yn a s ty bu t it 15 n o w d iss e e t ed in t o

40

O3

��̂、.上资�

‘0一50‘O一一05卜0.侧e比

si x sm a ll Pie e e s
.

A r o u n d Ju n g a r Q i
, o n th e b o r d e r

b e t w e e n In n e r M o n g o lia a n d S ha a n x i

( 1
.

e
. ,

th e n o r the r n m o s t Pa r t o f t he

L o e s s Pla t e a u )
,

d e s tr u e tio n o f t he

n a t u r a l v e g e t粤t io n h a s r e s u lted in a n

in e r e a s e in t h e a r e a o f g u ll ie s o f 0
.

4

km
Z

be t w e e n A D 19 5 7 a n d 1 9 8 8
,

a e e o rd in g t o a e r ia l pho t姐
r aphi e

s t u d ie s o f a 7
.

7 k m Z e x p e r im e n ta l Plo t

( Fig u r e 3
,

Jin e t al
.

, 1 9 9 0 )
.

T h u s ,

in t his sm all Plo t
,

0
.

1 8 % o f t he to t al

a r e a o f fla t g r o u n d 15 be in g los t e v e r y

y e a r
.

T h is 15 e n tir e ly th e r e s u lt o f

h u m a n a e t iv i ty
.

2 0

1 0 .

0 2 0 40 60 8 O

G ro u n d g ra s s e o v e r (% )

Fi g u re 3 R a t e o f 50 11 e

ros io n in r el a t io n t o g
rou

n d 『
a ss e o

ve
r in the

Fr o m t he a b o v e e x a m p le s
,

it 15 n o rt he r n
场

ra er a re a o f th e

肠ess P一a t e au ( a ft e r Jin
e t a l

. ,
1 9 9 0 )

e v id e n t t h a t a g r e a t p a r t o f th e p r e se n t

d e e p 一 g u lly a n d s te e p 一 hill la n d se ap e in t h e L o e s s Pla t e a u 15 o f a n t hro p o g e n ie o r ig in d a t in g o n ly

fr o m t h e la s t 1 0 0 0 ~ 1 50 0 y e a r s
.

It 15 e q u ally a p p a r e n t t ha t e u r r e n t s e r io u s 5 0 11 e r os io n in t h e L oe s s

Pla t e a u 15 n o t a p u r e ly n a t u r a l g e o lo g ie a l p r o e e s s a n d tha t th e p r e s e n t h u g e s ed im e n t lo a d o f the

Y e llow R iv e r ( 1
.

6 b illio n t o n s p e r y e a r a t S h a a n x ia n o r Sa n m e n x ia ) 15 n o t a n a t u r a l p he n o m e n o n

th a t
, a s s o m e C hin e s e g e o lo g is ts ha v e s u g g e s te d

, e x ist ed s in e e p re his t o r i e t im e s (H o n g
,

1 9 9 0 )
.

E st im a t in g th e se d im e n t 1 o a d o f th e Y e llo w R iv e r in th e H o lo c e n e

A lt ho u g h it 15 d iffie u lt to q u a n t ify t h e s e d im e n t lo ad o f t he Y e llo w R iv e r i n th e H o lo e e n e , a b e st

e s t im a te e a n b e ob ta in e d fr o m a e o m Pr e he n s iv e s tu d y o f re e o rd s o f the s e d im e n t lo a d s o f t his r iv e r in

the la s t 7 0 y e a rs , e x Pe r im e n ta l d a t a o n t he am o u n t o f 5 0 11 e r o s io n u n d e r d iffe r e n t v e g e t a t io n e o v e r s

a n d la n d u s e s ,

d a ta e o n ta in ed in th e his to r ie a l lit e r a tu r e ,

p o lle n d a t a in loe s s 一 p ala e o s o l s e q u e n e e s

a n d th e v o lu m e o f H o lo e e n e Y e llo w R iv e r s e d im e n t ly in g o n th e e o n t in e n ta l she lf
·
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B S O tO U

。 n X x x X

X衬

R e e e n t hig h 一 r e s o lu tio n s e ism ie

Pr o filin g o n the e o n tin e n ta l sh elf a n d

ela y
l

一 m in e ra l an
aly sis o f H o loc e n e

shelf d e Pos it s ha v e sh o w n th a t the

to ta l v o lu m e o f H o loc e n e Y el!o w R iv e r

s ed im e n t o n the sh elf 15 apPr o x im a te ly

3 0 0 0 k m
3
(M illim a n e t a l

. ,

1 9 8 7 )
.

It

ha s be e n d e m o n s t ra ted tha t s in e e

ab o u t 1 0 0 0 BP
,

the Y ello w R iv e r

sed im e n t d is e ha rg in g in to the s e a w a s

sim ila r t o th a t o bs e r v ed in the la s t 7 0

ye a r s , 1
.

e
. , a

bo
u t 1 b illio n to n s Pe r

ye a r
.

Be tw e e n a b o u t 2 5 0 0 a n d 1 0 0 0

BP
,

th e b o u n d a r ie s be tw e e n fa rm in g

a n d g r a z in g la n d 一 u s e ty p e s s u ffe r e d

freq u e n t eha n g e s (F ig u r e 4 )
.

For

m o s t o f th is Pe r io d
,

ho w ev e r ,
the

s itu a tio n w a s o n e o f a PPr o x im a te ly ha lf

fa r m in g a n d ha lf g r a z in g (S hi
,

1 9 8 5 ;

T a n ,

1 9 8 7 )
.

In this Pe riod
,

th e r e a r e

m a n y re e o r d s o f ele a r w a te r in the

In n e r M o n g o lia

11,11

x Ju n g a r Q i I

XX

,曰I,,z

Y ‘n c hu a n

o/ 广

厂犷
.

。Y U lin
‘ _

片八 O
X 入 / 一一- 、、

劣
‘

Ta iy u a n

L口0 2打o u

3

/

入 卜又 /

呱福 二活篇~

100 200 300 km

Z he n g z ho u

O

Fig u re 4 Ch a n 罗
5 of the

bo
u n d a

叮 be t

wee
n fa rm in g a n d

g ra zi n g (一 一 一 ) 悦t

wee
n th e th i川 e e n tu ry BC a n d

(x x x ) the fi rst
e e n tu ry A D

.

F a

rm i鳍 is to the

sou
th

a

nd ea st
.

1一伪
n
gz iyu a n , 2 一云wu L i飞 挤3 一Loc h u a n

Y ello w R iv e r a n d its t r ibu ta rie s , alth o u g h m ud d y w a te r p e r iod
s a r e als o doc u m e n ted

.

H o w e ve r ,

the o v e r all te n d e n e y in th e eh a n g e o f w a te r e o lo u r in th e s e r iv e r s 15 fr o m ele a n t o sho r t 一 t e r m

m u d d y
,

th e n to lo n g 一 t e r m m u d d y u n til a t im e w he n n o ele a r w a te r w a s re eo rded
.

A t th e sa m e

t im e , the d u r a tio n o f ele a r Y e llo w R iv e r w a te r e ha n g ed fro m lo n g t o sho r t te r m a n d the fre q u e n e y

o f ele a r w a t e r shift ed fro m hig h t o lo w
.

A ll the s e eha n g e s in d ie a t e th a t m o r e a n d m o re sed im e n t

w a s bein g e a r r ied d o w n fr o m the Loe s s Pla te a u to the Y e llow R iv e r a s 50 11 e r o s io n o n the Loe s s

Pla te a u be e a m e in e r e a s in g ly
.

s e r io u s (Z ha n g
,

1 9 8 8 )
.

It se em s re a s o n able to ass u m e th a t th e

s e d im e n t d isc h a r g e o f the Y ello w R iv e r r e a eh in g th e s e a b e tw e e n 2 5 0 0 a n d 1 0 0 0 B P w a s

a p p ro x im a t ely ha lf tha t o f the a v e ra g e in the la s t 1 0 0 0 ye a r s ,

1
.

e
.

, a bo u t 5 X 1 0
8 to n s p e r ye a r , a n d

th a t the to t a l v o lu m e o f s e d im e n t d is eha r g e in the la s t 2 5 0 0 ye a r s w a s 1 7 5 0 k m
3

.

A s s u m in g the

n o r m al sPa n o f the H o loc e n e o f 1 0 0 0 0 y e a r s ,
the s e d im e n t d isc ha I’g e o f the Y e llo w R iv e r r e a eh in g

th e s e a be tw e e n 1 0 0 0 0 a n d 2 5 0 0 B P m u s t ha v e be e n a
bo

u t 1
.

7 X 1 0 8 to n s Pe r ye a r
.

It m ay b e n o ted tha t be fo r e 2 5 0 0 BP the r e w e re n o d ike s o n the lo w e r Y e llow R iv e r
.

A s a

r e s u lt
,

w h e n the r iv e r d e bo u eh ed fr o m th e m o u n ta ins a t M e n g jin (n e a r Z he n g z h o u )
,

it bifu r e a t ed

in to m a n y d is tr ib u ta r ie s a n d o v e r flo w e d fr e e ly a e r o ss th e N o r th Ch in a P lain 5 0 tha t a g r e a te r p a r t o f

its s ed im e n t lo a d w a s d ep o s it e d o n th e Pla in a n d d id n o t r e a eh the se a
.

Sed im e n ta tio n o f th e H a i一

h e a n d L u a n 一 he in the e a rly 19 5 0 5 m ay be ta ke n a s a m o d e r n a n aIo g u e b e e a u s e r e s e r v o ir s h a d n o t

映e n b u ilt o n the u Pp e r a n d m id d le r e a e he s o f th e s e r iv e r s a t tha t tim e a n d t he eh a n n el o f the H a i一
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he h a d n o t b e e n r e g u la te d a n d im p ro v e d
.

T he r efor e ,
th e H a i一 h e a n d th e L u a n 一 he d e po s ite d a

la r g e p a r t o f the ir s e d im e n t o n the p la in aft e r le a v in g th e m o u n ta in s
.

A t s ta tio n s w h e r e th e riv e r s

d eb o u eh fr o m the m o u n tain s ,
th e ir to t a l se d im e n t lo a d w a s 1

.

S X 1 0 8 to n s P e r ye a r
.

It is e s tim a te d

th a t a
bo

u t 1
.

2 x 1 0 8 to n s pe r ye a r w e r e d e p o site d o n th e p la in
,

le a vin g o n ly o
.

6 x 1 0 8 to n s p e r ye a y

to r e a eh the s e a
.

T ak in g th is a s a r e a s o n a ble a p p ro x im a tio n ,

it m ay b e e s t im a te d th a t
,

b e tw e e n

2 5 0 0 a n d 1 0 0 0 0 BP
,

the m e a n s ed im e n t lo a d o f th e Y e llo w R iv e r a t M e n gjin w a s a b o u t 5 x 10 8

to n s p e r ye a r , o r a p p r o x im a t ely o n e 一 thir d o f the Pre s e n t v alu e
.

C o n s id e r in g th a t a d r y a n d e o ld

Y o u n g e r D r ya s m ay ha v e e ha r a e te r iz e d the Loe s s Pla te a u d u r in g the e a r ly H o lo e e n e a n d tha t th e

a r e a o f dee p g u llie s a n d s t e ep slo p e s w a s in e r e a sin g w ith the d e v e lo p m e n t o f 5 0 11 e r o s io n ,

5 x 1 0 8

t o n s Pe r ye a r m a y be a be s t e s tim a te
.

H o w e v e r ,

in v ie w o f the s t ro n g d e p e n d e n e e o f 5 0 11一 e r os io n

r a te o n v e g e ta tio n e o v e r ,
the m e a n s ed im e n t lo a d o f th e low e r Y ello w R iv e r befo re 2 5 0 0 BP m a y

h a v e b e e n m u eh les s th a n th is e s t im a t e
.

E v id e n tly
,

m o r e r e s e a r eh 15 n ee d e d
.

It 15 in te r e s t in g t o n o t e tha t the re 15 a g o ed
,

p o s it iv e e o r r ela t io n be tw e e n la n d u se o n th e Loe s s

P la te a u a n d floo d d is a s te r s alo n g th e Y ello w R iv e r (T a ble 4 )
.

A ltho u g h the s e fl以x 盈d is a s te r s a r e

g o v e r n e d by m a n y fa e to r s ,

it 15 g e n e r急lly a g r eed tha t the p r ed o m in a n t fa e to r 15 the v o lu m e o f th e

flu v ia l s ed im e n t loa d w h ieh
,

in tu r n ,

15 h ig h ly d e pe n d e n t o n v e g e ta tio n a n d la n d u s e in the L oe s s

Pla te a u ; he n e e ,
the tw o e o r r ela te p o s it iv ely

.

F ro m T a ble 4
, r a p id in e r e a se s in the sed im e n t lo ad o f

the lo w e r Y e llow R iv e r a s a r e s u lt o f h u m a n a e t iv ity a re the r e fo r e e qu a lly e le a r
.

T a ble 4 R e la tio n be tw e
en la n d u se in the Loe ss Pla te a u a n d th e freq

u en e y o f fl以记 disa s te r s

a lo n g th e lowe
r Y e llo w R iv e r (Z ho u ,

1 9 8 4 , T a n ,
1 9 8 7 ; Zh a n g

,
1 9 5 0 )

Pe ri记 L a n d u se in t he Loe ss P la te a u

Fr eq u e n e y o f

flo侧 d isa st e r s ,

1 2 0 0 一 2 2 1 BC G r a z in g
, v e ry little fa r m in g 0

.

5

2 2 1 13(:一 A D 8 C u ltiv a tio n a n d se ttle m e n t 5
.

7

A D g 一 6 1 8 M
u e h fa rm la n d a b a n d o n e d

, r e t u r n e d t o g r a z in g 1
.

3

A D 6 1 8 一 9 0 7 M
a in ly h alf far m in g 1 0

A D 9 6 0 一 1 2 7 9 C u ltiv a tio n a n d d e stru e tio n o f v eg e ta t io n 5 0

A D 1 2 7 9 一 1 9 1 1 Co n tin u e d 2 0 0

A D 1 9 1 2 一 1 9 3 6 〔:o n t in u e d 4 0 0

,
N u m be r o f fl。) 1 ev e n ts pe

r e e n t u ry
.

It sho u ld b e n o te d th a t in the r e e e n t Pe r ied (1 0 0 0 B P to th e Pr e s e n t
,

w he n m u eh o f the n a t u r al

v e g e ta tio n e o v e r w a s d e s t r o ye d )
,

th e a m o u n t o f Pr e e iPita t io n ha s a s ig n ifie a n t e ffe e t o n th e sho r t 一

te r m (1 0 一 ye a r o r e v e n a n n u al) v a r ia t io n in the s ed im e n t lo a d o f th e Y ello w R iv e r
.

Fo r e x a m Ple
,

in th e d r y p e r ied 1 9 2 0 ~ 1 9 2 9
,
the a v e r a g e a n n u al se d ;m e n t lo a d a t S ha a n X ia n s ta tio n w a s o n ly 1 1

.

g X lo s to n s ,

in e o n tr a s t t o l 7 x 10 8

~ 1 8 x lo s t o n s d u r in g the w e t p e r ied 19 3 o~ 1 9 5 9
.

Be
e a u s e o f

the m o n soo n a l n a tu re o f the e lim a t e ,

ye a r ly v a r ia t io n s in se d im e n t lo ad a re m u e h g r e a te r
.

A t S ha a n

X ia n ,
the lo w e s t r ee o r d ed a n n u al se d im e n t loa d 15 o n ly 4

.

8 8 X 10 8 t o n s (1 9 2 8 )
, e o m Pa red to th e

hig he s t v a lu e o f 3 9
.

1 x 1 0 8 t o n s (1 9 3 3 )
.

H o w e v e r
.

th e s e e o n s id e r able sh o r t 一 t e r m a o d a n n u al

v a ria tio n s ha v e little e ffe e t o n lo n g 一 te r m a v e r a g e s o f 4 0 yea r s o r lo n g e r
.

T h u s ,
the o v e r a ll a v e r a g e

a n n u al se d im e n t lo a d a t S ha a n X ia n in the p e r io d s 1 9 1 9 ~ 1 9 5 9 a n d 19 6 3 一 1 9 7 9 w a s 15
.

7 x l0 8 a n d
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.

1 X 1 0 8 to n s , r e sPe e t iv e ly
.

It s e em s ele a r ,
th e r e fo re ,

th a t flu e t u a t io n s o f sh o r t 一 t e r m d r y a n d

w e t p e r io d s d o n o t g r e a tly affe e t o u r e st im a t e s o f Io n g 一 te r m e ha n g e s in the se d im e n t lo a d o f th e

Y ello w R iv e r d u r in g th e H o沁e e n e
.

S u b s ta 一、tial in e r e a s e s in th e fl u v ia ls e d im e n t lo a d a s a r e a u lt o f h u m a n s e ttlem e n t a n d e u ltiv a tio n

h a s als o be e n d o e u m e n te d in r iv e r ba s in s in o th e r Pa r ts o f the w o r ld
.

Fo r e x a m Ple
,

it ha s b e e n

e s tim a t ed t ha t th e p r e s e n t se d im e n t lo a d s o f the A tla n t ie 一 d r a in in g r iv e rs o f th e U n ite d
一

S ta t e s a re

fo u r t o fiv e tim e s g re a te r th a n befo r e E u r
op

e a n se t tle m e n t (C ho r ley e t a l
. ,

19 8 4 )
.

H ig h s e d im e n t a t io n ra te s in pa r t o f Ch e s a p e a ke B ay a n d the A p p ala e hia n P ie d m o n t o v e r the

la s t e e n t u r y h a v e als o r e e e n tly b e e n doc u m e n t e d a n d ha v e b e e n a ttr ibu t ed t o a g r ie u ltu r a l la n d

ele a r a n e e in the A PPa la eh ia n u Pla n d s (K ea r n e y a n d Ste v e n so n , 1 9 9 1 )
.

H o w e v e r ,
the Y e llo w R iv e r

o f C h in a ,

w ith v e r y lo n g his to r ie a l re e o rd s d n d h ig h 一 r e s o lu tio n e lim a t ie a n d v e g e ta t io n d a t a in it s

lo e s s 一 p a la e o s o ls eq u e n e e ,

p r o v id e s a n in te re s tin g a n d illu m in a t in g e x a m p le o f the e ha n g e s o n lo n g e r

t im e s e a le s
.

Fu tu r e e h a n g e

T h e p re d ie tio n o f elim a te eha n g e a t r e g io n a l一 le v el p rec isio n 15 s till s u bjec t to g rea t u n e e r ta in ty
.

Prec ip ita tio n e ho n g e s ,

w hieh a r e m o s t im Po r ta n t in th e pr e se n t s tu d y
, a r e p a r t ie u la r ly u n ee r tain

(H o u g h to n e t a l
. ,

1 9 9 2 )
.

B u t it 15 g e n e r a lly be lie v ed th a t in th e Y ello w R iv e r b a s in
, e v e n w ith a

slig h t in e r e a se in p rec ip it a t in
, elim a te w a rm in g w ill tr ig g e r m o re e v a p o ra tio n re s u ltin g in a d e e re ase

o f 5 0 11 m o is tu r e a n d o v e r a lll d r ie r e o n d it io n s in the n e x t e e n t u r y
.

M o r e o v e r , r a te o f 5 0 11 e r o sio n in
‘

the Loe ss Pla t e a u d e p e n d s m o r e o n the fr e q u e n ey a n d in t e n s ity o f s t o r m r ain fa llt ha n o n the a m o u n t

o f a n n u alPr e e ip it a tio n (H u e t al
. ,

19 9 2 ; W a n g a n d H u a n g
,

1 9 9 2 ) ; a n d the fo r m e r 15 m u eh ha rd e r to

p r e d ie t
.

H o w e v e r , o w in g to the d o m in a n t r o le o f a n th ro p o g e n ie effec t s o n 50 11 e r o s io n in t he Loe s s

Pla te a u , a n d e o n s eq u e n tly o n sed im e n t lo a d o f the Y e llo w R iv e r ,

it s e em s tha t in p r e d ie t in g th e

s ed im e n t lo ad o f th e Y ello w R iv e r o v e r the n e x t 2 0 ~ 50 ye a r s ,

m o r e a t te n tio n sho u ld b e Pa id to

h d m a n a e t iv ity th a n t o elim a tie e ha n g e
.

A lth o u g h
.

it 15 d iffie u lt t o P re d ie t in q u a n t ita t iv e te r m s the e ffe e t o f fu tu r e w a t e r e o n s e r v a n e y

w o r k s a n d o the r hu m a n a e tiv itie s o n th e s ed im e n t loa d o f the Y e llo w R iv e r , s e v e r a l e ha n g e s a re

lik ely d u r in g the n e x t 2 0 ~ 5 0 丫e a r s :

(1 ) In e r e a s in g d iv e r s io n o f th e r iv e r w a t e r fo r ir r ig a t io n w ill re s u lt in a e o n s id e r a ble red u e tio n

in s e d im e n t lo a d
.

A t Pr e se n t
,

the m e a n a n n u al flo w o f th e lo w e r Y e llow R iv e r 15 4 3 7 X 1 0 8
m

3 a n d

the v o lu m e o f the r iv e r w a te r d iv e r te d fo r ir rig a tio n a n d o the r u s e s 15 o v e r 2 50 X lom
’ p e r ye a r a n d

the a s so e ia ted r ed u e t io n o f silt a bo u t 2
.

2 X 10 8 to n s p e r ye a r
.

A e e o r d in g to e u r re n t Pla n s ,
the

ir r ig a tio n a r e a d ra w in g w a te r fr o m the Y e llo w R iv e r m a y be d o u bled in the u p p e r Y e llo w ? R iv e r

b a s in (N in g x ia a n d In n e r M o n g o lia ) o v e r the n e x t 2 0 ye a rs a n d the ir rig a t io n a r e a s in the m id dle

a n d lo w e r Y ello w R iv e r w ill als o be e x Pa n d e d
.

T hu s , a fu r th e r r ed u et io n o f s ed im e n t lo a d o f a b o u t

1
.

0 x 1 0 8 ton
s p e r ye a r 15 lik ely

.

(2 ) Co n s tr u e tio n o f a s e r ie s o f la r g e r e s e r v o ir s o n th e Y ello w R iv e r (s ix e o m p le t e d
,

tw o u n d e r

e o n s t r u e t io n
,

fo u r in t he p la n n in g s t a g e ) ha s a s ig n ifie a n t effe e t o n th e s e d im e n t lo a d
.

O n the u p p e r



1 9 9 5 年 1 2 月 1 1 1

Y ellow R iv e r ,

Liu jia x ia a n d Qin g to n g x ia r e s e r v o ir s h a v e re ta in e d ab o u t 0
.

7 X 1 0 8 t o n s p e r ye a r o f

s ilt in their fir s t 10 y e a r s o f o p e r a tio n
.

It 15 e x p e e ted tha t th e la r g e s t r e s e r v o ir
,

L o n g y a n g x ia
,

w ith

a e a p a eity o f 2 6 8 x l o 8
m

3
(a b o u t fo u r t im e s la r g e r th a n L iu jia x ia ) re ta in e d m o re s ilt s in e e its

e o m p le t io n in 19 8 9
.

X ia o la n g d i r ese rv o ir
,

belo w Sa n m e n x ia
,

w ill b e a m a jo r s ilt r e ta in e r
.

Its

e o n s t r u e t io n h a s bee n s e t fo r th e e n d o f this e e n tu r y
.

W he n e o m Ple te d
,

it 15 e x Pe e t e d to re ta in 3 X

1 0 8

一 4 X 1 0 8 t o n s p e r ye a r o f silt th r o u g ho u t 2 0 ye a rs o f o p e r a t io n a n d to r e s u lt in a d ra s t ie

r e d u e tio n o f th e se d im e n t lo a d o f the lo w e r Y ello w R iv e r
.

(3 ) In d u s tr ia l d e v e lo Pm e n t in th e u PPe r r e a e he s o f the r iv e r ,

Pa r t ie u la r ly d e v elo Pm e n t o f e o a l

m in in g a n d eoa l一 fi re d p ow e r p la n ts
,

w ill e o n s u m e o v e r 1 0 0 X 1 0 8
m

, p e r ye a r o f 一 d te r by the

be g in n in g o f the n e x t e e n t u r y
.

It 15 e x p e e ted tha t a b o u t 0
.

5 X 10 8 t o n s o f silt w ill be t ak e n o u t o f

th e r iv e r ev e r y ye a r
.

Fr o m the a
bo

v e ,

w e m a y re a s o n a bly Pred ie t tha t e v e n w ith o u t t ak in g a e e o u n t o f fu tu r e

im P r o v em e n t o f 50 11 e o n s e r v a tio n in the L oe s s Pla te a u , a n n u a ls e d im e n t loa d o f th e Y e llow R iv e r a t

H u a yu a n k o u n e a r Z h e n g z h o u w ill Pr
ob

a bly be r ed u e ed by a bo u t 4 X 10
8

~ 5 X 10 8 t o n s by th e ea r ly

ye a r s o f the tw e n ty一 firs t 。e n tu r y
.

In o the r w o rd s , a re d u e tio n o f 3 0 % ~ 4 0% o f to t al sed im e n t

lo ad o f th e lo w e r Y ellow R iv e r w ill be t rig ge r ed by p u re ly a n th r o Po g e n ie fa e to r s in th e fo res e e a ble

fu t u r e
.

A ck n o w le d g em e n ts

G r a tefu l a e k n o w led g e m e n t 15 m a d e t o Pr o fe s s o r E dw a r d D e r by shir e ,

D e p a rt m e n t o f

G e
og

r ap h y
,

R o ya l H o llow
ay

,

U n iv e r s ity o f L o n d o n ,

U K a n d t o P ro fess o r H
.

J
.

W
alke r ,

块Pa r t m e n t o f G e o g ra p hy a n d A n th ro p o lo g y
,

L o u is ia n a S ta te U n iv e rs ity
,

U SA
,

w ho e a r efu lly

re v ie w e d o u r m a n u s e r ip t a n d im p r o v e d it s E n g lish
.

T he a u tho r s als o w ish to th a n k D r M
.

M
.

Sw ee t in g
,

S e hoo l o f G e o g r a p hy
,

O x fo rd U n iv e r s ity
,

U K
,

fo r ed it in g t he E n g lish t e x t
.

N o te S

,
S ix ty 一 tw o s a m p le s w e re a n a lysed

, e a eh s a m p le yie ld in g m o r e tha n 2 0 0 p o lle n g r ain s

(Pr o fe s s o r C
.

C
.

Su n a n d C
.

M
.

W e i
,

X ia n C o lle g e o f G e o lo g y
.

X ia n ,

p e r s
.

e o m m
.

)
.

Z

W
r it te n e o m m u n ie a t io n fr o m Pr o fe s s o rs N

.

H
.

S hi a n d 5
.

G
.

Z h u ,

In s titu t e o f H ist o r ie a l

G eo g r a Ph y
,

S ha a n x i N o r m al U n iv e rs ity
,

X ia n ,

A Pr il 1 9 9 2
.

3W
r itt e n e o m m u n ie a tio n fr o m T a n g K eli

,

In st itu t e o fW a te r a n d 5 0 11 C o n s e rv a tio n ,

1 0 M a y 19 9 2
.

R e fe r e n Ce S

1 A n ,

2
.

5
. ,

K u k la
,

G
. ,

Po r te r ,

S
.

C
.

a n d X iao
,

J
.

L
.

1 9 9 1
:

La te Q
u a te rn

a
砂 d u st fl o w o n th e C hin e se Lo 吧5 5

Pla t ea
u

.

C a te n a 1 8
,

1 2 5 一 3 2
.

2 C h o r le y
,

R
.

J
. ,

段h u m m
,

S
.

A
.

a n d s u g d en ,

D
.

E
.

1 9 84
:

G eo m o rlj h o lo g y
.

LO nd
o n :

M
et hu en

.

3 H o n g
,

Y
.

T
. ,

Pia o ,

H
.

C
.

a n d ji
a n g

,

H
.

B
.

1 9 9 0
:

E r

OSi
o n o f the L oe

ss Pla tea
u w ith sp吧c ia l r e fe r e n e e s to th e

r ee o rd
s o f silt d isc h a啥ed b y tl、e H u a n g h e (Y e llow R iv e r )

.

Q
u a te r n a ry Sc ie n e e s l

,

1 0 一 2 0
.

4 HO
u g h to n ,

J
.

T
. ,

C a lla nd
e r ,

B
.

A
.

a n d V ar
ne y

,

S
.

K
.

1 9 9 2
:

C lim a te eh a n
罗 1 9 9 2

: th e s u p p le m e n ta守
r e
卯rt t o th e

IPC C sc ie n tifie a ss ess m e n t
.

Ca m br id g e :

Ca m brid罗 U n iv e rs ity P r

ess
.
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5 H u ,

R
.

X
. ,

M
a o ,

R
.

S
.

a n d C h e n ,

X
.

H
.

1 9 9 2
:

T h e te n d e n ey a n d Pr ed ie tio n o f w a te r a n d se d im e n t a t th e m id d le

.

re a e hes o f th e H u a n g h e R iv e r
.

Ac
ta G e

馆ra ph ie a sin ie a 4 7
,

3 1 5 一 2 4
.

6 Jin
,

S
.

P
. ,

W
a

ng
,

C
.

W
.

a

nd Q i
,

N
.

1 9 9 0
:

W
a te r r u n o ff a n d so i1 e ro si o n a n d be n e fit o f wa

te r an d so il eo n se r v a tio n

m e a su re s in W
u fu n d i四lly e x p e rim e n ta l plo t ,

Ju n g a r
Qi

,

In n e r
M o n g o lia

.

N o r thwe
st In st itu te o f W

a te r an d

S心11 Co n s er v a tio n
.

7 K e a r n e v
,

M
.

S
.

a n d st
e v e n so n ,

J
.

C
.

1 9 9 1
:
Is la n d la n d 1oss

a n d m a fs h v e rt ie a 1 a e e re t io n r a te e v id e n e e fo r

h ist o ri e a l se a 一 le v e l e h a n g e s in C h e sa p e a k e B a y
.

Jo u r n a l o f C o a sta l R

esea
r e h 7

,
4 0 3 一 1 5

.

8 Li
,

Y
. ,

X u ,

X一 Q
.

a n d Zhu ,

X
.

一M
.

1 9 9 2
:

P re lim in a r y s tu dy o n m ee h a n is m o f p la n t ro o ts to in e r e a se
so il

a n tis e o u r ibility o n the L o e ss p la tea
u

.

Sc ie n tia S in ie a B 3 5
,
1 0 8 5 一 9 2 [E

n g lish ed itio n 〕
.

9 L i
,

Y
. ,

X u ,

X一Q
. ,

Zh u ,

X一M
.

a n d T ia n ,

J
.

1 9 9 2
:

E ffeC
tiv en

ess
o f Pla n t r

oot
s to in e

rea se so i1 p e rm e a b ility o n

th e Loe ss Pla te a u
.

Sc ien tia S in iea B 4
,
3 66 一 6 9 [C hin ese e dit io n ]

.

1 0 L iu
,

C
.

F
.

1 9 88
:

Pro b lem s in 训lle n stu d y o f l

oess
la ye r、

.

Jo urn
a l o f Y o u n g G e o g ra ph er s 3

,
14 一 22

·

1 1 L iu
,

T
.

5
.

a n d 众n g
,

2
.

L
.

1 9 9 0
:

P r o g r e

sse
s o f l

oess rese
a rc h in C h in a (Pa rt Z )

:
p a lae oc lim ato

log y a n d g lo b al

e h an g e
.

Q
u a te rn

a
叮 Sc ie n e e s l

,
l一 9

.

1 2 Liu
,

Y
.

G
.

1 9 9 0
:

头
a rc h in g the t ra ee o f S h e n N o n g

, 5 e u ltu re
.

Pe o ple
, 5 D a ily

, o v er sea
s
ed ition

,
1 3 L掩c e m ha

r

19 9 0
.

2 3 M
e n g

,

L一 9 9 0
:

A bo
u t S h e n N o n g

.

Peo ple
, 5

Da ily
, o v e

rsea
s ed itio n ,

1 1 Ja n u a
斗 1 9 9 0

.

1 4 M illim a n ,

J
.

D
.

1 9 8 9
:

众sc h a r
罗

o f fl u vi a l se d lm e n t t o th e
oc ea

n s :
g lo ha l

, te m 卯ra l a n d an thr
o

卯g e n ic

im pliea tio n s
.

w 以记
5

HO le C阮e a n og
r a p h ie In st itu tio n

.

1 5 M illim a n ,

J
.

D
. ,

Q in
,

Y
.

S
. ,

R e n ,

M一 E
.

a n d y os h ik i
,

5
.

1 9 8 7
:

M
a n , s in fl u e n e e

on th e e r

OSi o n an d tra n s

po
r t of

se dime
n t b y A sia n ri

vers
, the

Ye llo w R iver e x a m ple
.

Jo u r

na l o fGe
o lo g y 9 5

,

7 5 1~ 6 2
.

1 6 R e n ,

M一 E
.

a

nd S hi
,

Y
.

L
.

1 9 8 6
:

段d im en t disc h a r g e of the Y e llo w R iv e r (C hin a ) a n d its e ffe ct on t he

义dim en ta tio n o f t he 】3o ha i a n d th e Y e llo , 7

段
a

.

Co n tin e n ta l S he lf R e se arc h 6
,

7 8 5一 8 1 0
.

1 7 S hi
,
N

.

H
. ,

Ca
o ,

E
.

C
.

a n d Z h u ,

2
.

G
.

1 9 8 5
:

E v o lu tio n o f fo r e s t a n d ste p详 in th e

LO
e ss Pla tea u ,

Ch in a
.

X ia n :

S ha a n x i Peo Ple
, 5

Pr ess
,

1 8 T a n ,

X
.

H
.

1 9 8 7
:

W hy the Y e llo w R iv e r

wa
s w itho u t n以记 d isa s ter fo r a lo n g tim e afte r th e E as t H a n d”

a s ty ?

T a n , 。 e

ssa ys ,

V o lu m e 2
.

I3e ijin g
:
Pe o

Ple
, 5 Pre ss

,

p
.

一 3 2
.

1 9 T a n g
,

K
.

L
.

a n d C a i
,

Q
.

1 9 9 1
:

R e la tio n s hip o f 50 11 e r o sio n p r
oc

e ss w ith th e e v o lu tio n o f th e ee o lo g ie al

e n v ir o n m e n t in th e Loes
s Pla te a u

.

Pa
pe

r s o n E n v ir o n m e n ta l E v o lu tio n o f th e Y e llo w R iv e r B a si n a n d W
a ter

a n d Se dim e n t M
o v e m e n t ,

V o l
.

l
.

B e ijin g
:

G e o lo g ie a lP r es s ,

7 0
.

2 0 W
a n g

,

C
.

H
.

a n d H u a n g
,

L
.

C
.

1 9 9 2
:

R a in fa ll a n d se d im e n t fr o m a r iv e r ba sin
.

Sc ie n tia S in ie a B g
,

9 8 7 ~ 9 3
.

2 1 W
a n g

,

5
.

C
.

1 9 9 0
:

On
a n e ie n t L oe

ss Pla t e a u v e
罗 t a tio n

.

Ge
o g r a ph ie a l R e se a rc h g

,

7 2一 7 9
·

2 2 Zhe n g
,

C
.

2
.

1 9 5 0
:

H is to叮
o f w a ter eo n s e

rv
a n ey in C h in a ,

Be iji
n g

:

Co m m er eia l Pr ess
·

2 3 Zho u ,
P

.

H
.

1 9 8 4
:

P re se n t w a te r r u n o ff a n d 50 11 e r o sio n a

nd
e o n se r v a tio n m e a s u r e s in 2 4 L o e s s a

rea
o f

no
r thwe

s t C h in a
.
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