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ress
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.
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.
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e e

xt
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d
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~

~
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~

,

w h l
ch
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-

m
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~
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m
p

o r
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t p

~

te rs in
a n

al ys i
ng

t
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~

i

~
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e v o
l ut
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t
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雌
coas
tal

areas
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en

t s
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.
e

. ,

1 0 0
一 3 0 0

k m ) i
n t
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~
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~
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e
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; w h e

~
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e

~

~
t r a n

sg

~
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~
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~
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v a r
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est Shando ng Peni ~

la
.
H ere ,

t

he fo
rm

e r
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~

t o
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~
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~

~
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~
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P
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e
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;
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a
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.
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g
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ru
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1
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t
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t
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b
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h
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h
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e
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h
e
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i
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n o
f

t
h

e v
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i

a t
i

on
of

t
h

e

~ mum

t r a n s
g

re ss i
o n t

i

me

i
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h
e t
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i
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p
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l i f
t
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d
t

h
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e

d
eP
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i
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se d
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g
e

es
t u

面es
,

sea

wa
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~
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~
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~
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~
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t
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~
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d

t

he ab
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~
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~
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h

e
p
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g

r a
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a t
i
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t
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~
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t
h
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.

O
t
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t
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t r a n s
g
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ne
1

5 e
l
o

se

r
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p
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~

t
l i

n e
i

n t
h
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i
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f

t
h
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e
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t
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ne
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.
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~
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~

t
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fo

r e x a r n
p l

e
,

t
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s e
d i

n l e n t a 不y la y e rs ab se n ti飞
~
ne 而
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und in 3一 4

m

rnar

ine l
a e e s a t t h

e to p
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o
f th

e
C h an gj l

a n g R ive
r
压l
ta. Reglon al
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s
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rease

ofterri g

enous
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w h i
e
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-

s
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t e

d f
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i
v

er

e
h

an

n e
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n ,
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i
v e
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~

ne an
d
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币g

~

望d

~
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b
e
fo un d far 叩st

~
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~
i

~
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be

cause

of the ch anges in Subds lta progradat ion an d thei
r loc ation

s (L i et al
. ,

1 9 9 5
)

.

卫进sid es
,

bi g ti d es

,

~

,
a n

d

sto rm

su rg es

e t c
.

~

al so b ri
ng

~

ne 而
cro fo ss ils to ar

-

eas
~
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~
i

~

transgreSS lon hne to fo rm
the fayers rich in tha

~
ne 而

cro f姗115.
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ndsof ch anges in the

~
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~
ne 而cro fo ss ils are no

t ne

~
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tha ch anges in sea level

.
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A N D C Y C L I T Y O F C( 刃\S T L IN E C H A R G E S

T h e

~
tli
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ten ded to 而gra te l

andward befo re the

~
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transgreSS ion

,

th en
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e
d

to re
t

ro
g

r a
d

e
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d

.

T h i
s e

y
e

l i
e

i
t y
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n

b

e
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u n
d

a t a n
y
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i
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p
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d
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t
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e
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,
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d th

e
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r
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15 f
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~
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t
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u
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n
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t

en

s t
h

o u
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n
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.

T h
e
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s

of

~

t
l i

n e e
h
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g
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i
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ual on ve

rtical
~

tlin e
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Ch
i
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anges vary rem ark ably si nce th e H 61oc ene

~ mum

trallsg
ress
io n
.
F irst

,
t

h
e r e

are
ob

v
i

ous

d i
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re
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b
e t

w
e

en

t
ec to

n
i
e

d
eP

ress

i
on
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d

t e e t o n
i

e u
P l i f

t
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.

T
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P
ro

g
r a

d i飞 rat es
of the fo

rme
r vary fro nl sev eral me

ters to tens
m eters per year

and the latter ar e usu al ly less
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ter per year
.
T he pro gradl飞 ra tes

of

coas
tline s in the teetonie de press io

n ar eas ch ange obvlous ly since the

rnax
i

mum

transg
ress
io n
.
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3
一 5
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t
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h 1
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4
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1 4
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.
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t
h

e

co as
t

l i

nes

P
r o
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a
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P
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1

.
e

. ,
t
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p
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g
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t
i
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h
e
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es
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N
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h
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a t t
h
e

f
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t
of

t
h
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~

t
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k
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t
h
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眼
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a
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an
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一 3 8
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e
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i
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ren

d 1
5
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i
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i d
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h
t

h
e e

h
an

g
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t
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p
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g
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,
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e

h d
e
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t
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t
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t t
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ns

o
f

t
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~

t
l i

n e
P

ro
g

r a
d l

ng

r a t e s r e
fl

e e t t
h

e e
h
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g

es i
n
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me

nt d
iSC

h
a r

g
e s o

f

t
h

e
C h

an 翻i
ang 凡ve

r. T hree or fo ur l

~
are al so fo und nea rby the

~ ~

transgre56ion

line
at the

north flank of the C han自i
ang 凡ver 块

lta an d atthe Jiangsu
coas
tal
areas

,
a n

d
t

h
e

i
r

to
tal

w i d
t

h i
s a

加
ut 10 一 2 0 k n

l
fo
n五e d d u ri馆 7000一 3 0 0 0

a
B
.
P
.

( J i
a n g su

,

1 9 8 6
)

,

50 i
t

can

be

e o n e
l

u
d

ed

t
h

a t t

ha

o o a s t
l i

ne
p rc 犯ra d lng

rat es
are

2
.
5 一 5

.
o m /a

.
H b w

e v e r ,
t

he

~

d i

~

h
a s

p
ro

g
r a

d
e

d 4 0
一 7 0 k

lll s
i
nce

th
e y e ar 1 1 2 8

,

1

.
e

. ,
t

h
e

p
ro

g
r a

di 吧 rat es rea
eh 40 一 7 O m /a

.

Ai
t
he
u g h t

he re
are

di ff
e

~ ces
in t

he
p ro g

r a
d i
ng rat

es at t
he so

u th
a n
d
n o r th n

a n
k
s
of

t
ha

C h
a n
面l
ang 凡ver

E短lta
,

t

he

p

~

of
t r a n

sg

~

i
o n

are

si 而lar
.
卜砧w e v er

,
t

he
p rc )g

r

~
ai

nc

e t
h

e

~

t r a n s
g

r e
SS i

on
are

ob

v
io

usl

y d l f f
e

re
n t a t t

he

~

d i

nes

of
t

h
e

E 匕h ai G ul f
.
N o

r
ern
a r
k
ab le l

~

are
fo tm d n ea rb y the

~ ~

tr a n sg reSS 10 n h ne
,

b
u t

fo tir

s
h el l b an

k
s

are

允und at the bro ad
~

tal p lai n lro m tha

~

m
um

tran sg re‘6 io n ti
me

to
t
ha

p

~

t

~

d ine

,

50
t

h
e

re 15
no

o

b

v
io us tr

en
d

o
f

~

at i
o n s

i
n

co as d i
ne

p
ro

g
ra d i

ng rat
es

,

w h l
c

h m

a
y

be

~

c t

ed

Wi

t
h

t
h at

t
h

e
H

u a n
g h

e
R

lver
ran

i
n t o

sea

h
e r e

b y d 面飞 8000
一 7 0 0 0

a
B
.
P
.

T h
e a
比
ve-rnentioned sh

en bank
s and sa ndy banks are m aini y l

oca
ted in m

uddy
~
以 ar

-

eas
.
T hese l

~

us ual l
y exPe别

~
ed

p
roc

~

。
f
r a p id p ro g r a d

a tl
o n

of

~

d i
nes

,

曲d d

~

-

ing
or dim ini sh ing of ri ve rine se d

~

t supply
,

e

ro

s
i

v e

ret
ro

g
r a

d l
ng

of

c 0 O s t
l i

~

,

an
d d

e

卯
51-

tion of

~

哭dime
n t. T hen the

~
ti i
~

tend to be
stable

,
a n

d fi 耐ly
the ri~ ne

sedl
~
t

dlseharges inc
~

ag aln an d the coastline p双)g ra d e ra p i山y 眼ain
,

fo

r x l l
i

ng

t

ha b ro

a
d

~

t
al

p
la i

n
b

e t
w

e e n t v 功0
1

~

.

T h
e r e

fo
r e ,

th

e e
h

a n
g

e s
i n

ri
ve

ri
n e

se d
l 们。e n t d i sc h ar g es

r e s u
l t in

s u
b
-

c y e l
e s

of
t
he

~

d i ne
e
h
a n g es 初th

a pe ried of a加ut 100 years
,

a n
d

t

he m

a
i

n g
e o

吨i以 ~
rds

are b
汾e h ri 电es

.
Wi
thin these cy eles

,
t

he ac
t

喇
arnphtudes an d ra tes of

~
tline eha飞es are

di flerent fro m th e a比ve
一
r o e n t

i
o n e

d
a v e r a g

e

ra
tes

of

~

il i
ne

e
h
a n

g
es

o
f

t

he

~

t
al b ar 永5

.

T ak
e t
he H u an gh

e
凡ver 块lta as an

exarnple
,

t

he m od

e

rn de lta wi
th an

~

of

a

加
ut
60 00 k

ll
产

was
lorm

ed in S h an do眼 P
rovi
nee w ith a比ut 100 yea rs si

nce
tha H

uanghe R iver ehanged its

m ain ehannelfrom
north Jiangsu P

rov
i
nce
to E匕h ai G u lf in 18 5 5

,
a n

d
t

ha

o o a s t
l i

ne
P

ro
g

r a
d

ed

1 0 0 k

l l l
,

50

the

p
ro

g
r a

d i飞
rat e is a切ut

seve

ral hundred me
t
ers 衅

year (Ch
eng,

1 9 8 7
)

.

M

e

an
w h i le

,

th

e

co as th

~ are

st ro
ng ly

e 获对ed at t
he ab an d

on
ed H uanghe Ri ve

r

~

th
~

in

no rth Ji
ang su P

~
nc
e ,

a n
d th

e

~

th

nes

h
a v e

re
t

ro
g

r a
d

ed
b y

20

一
30 k m

.
T l
le

re
t
ro g r a d l

ng

rat
es

are

a
比
ut t
ho
~

d
me
te rs Per yea r at first

,

an
d

de

c

~

gr

a
d

u a

l l y w i th 10

一
20 m /a at

p

rese

n t
( C h

e n ,

1 9 9 0
)

.

T h
e r e

fo re

,

w i
t

h i
n a e

y cl
e

of

coas

t
l i

ne

e
h

a n
g

e s
,

t

he ac
t u

al

a r n
p l i

t u
d

e

a n
d ra te of co as th ne ch

a n g
e

are rat

h
e r

l
a r

g
e r

th an th at re

cor

d
ed

in g
eo l

o
g l以 re co

rds
.

Cbasth ne ch anges in de lta ic
~ ~

lted from m lgrat ion of
~
n channd are

espec ial ly
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艳lta
.
T h e p ro g ra d i飞 ra t

e of
coas
tline at the es tuary reac h

ed

seve
ral kil

onle
ter
s
ann
ual ly

,

b

u t 盯ter th e ha g
ration of th e

ma
in eh an n el th

e
ero
d i飞 ra t

e there

r
eac ha d sev

eralhun d
red me

ter s an nual ly
.
E走s id es th e m ig rat

io n o f
ma
in ch an

n el
,

t

he ch

a n
g

e s

i
n

ru

n o
f f an

d se d i

me

n t
d i sc h

a r
g

e
,

t
h

e

al
t

erna

t
i
on

o
f f l cx 对ing an d d

ry

seaso

ns
,

an
d

e
h

a n
g

es i
n

t
i d es an

d w
av

e

can

r

es

u
l

t
i
n t

h
e

p
e r

i
od

i
e

co as
t

l i
n e

p
ro

g
r a

d i飞/re
tro gradi飞

,

an
d

t
h

e c
y

c
l i飞 ,d u -

r at io n 15 Ies s th an
o n e o r

sev
er a l y

ear
s .

T h e g ene ral
t re n d of th e

co
as t l ine

eh a ng e s a t t h e
san

d梦g
rav
el

coas

tal

areas

in th e teeto ni
e

uP lif
ti馆 b

elts 15 aee
um
ulati眼 an d pro gradi呢

,

b
u t t

h
e s u

加
r
de
r eyeles ar e

mo
re frequen t

,

sma

l l
e r a n

d

mo

r e c o

m
p l i ca

t e
d

.

T h
e

re

are

se 姗nal
eyeles as we llas

ered i吧/a ee
urnu
la ti飞 叮

eles
of se veral y

ear
s. E aeh w ind y w av

e eyeles
,

e

ve

n e a

ch

t
i d al 叮ele ean l

e
ad to a p rog rad i飞厅

etro
-

g radi飞 co as tlin
e eha飞

e ,

an
d

t
h

e
p

e
ri

od

o
f

t
h

e e
h

a n
g

e
1
5 s

h
o

rt
e r

.

T h
e

p
er i

od

s

of

coas

t
l i

n e

e
h

a n
g

e s
w i

t
h

van

o u s t
i

me
an

d
s e a

l

e s

are
ob

serv

ab l

e
,

b
u t

i
t

1
5

rat

h
e r

d i f f i
e

d
t

to d i
s t

i飞
uish them

in geo logical re co
rds
.

As
the e界les of

coas

tline ch
anges of vari ous

ti
me
and sca les are

superim 卯
sed together in

Ch i
nese co as tal

areas

,

i
t

1
5 n e c e s s a r

y
to d i

s t
l

n
g

u
i

sh

t
h

e

m f i rs
t

50 as to
u t

i l i
z

i飞 them into
env
i-

ro
~
ntal an al ysis

.
To an al yz e the tenden cy of

~
tal ehanges

,
t

he
g

eo l笔ic al re co rd
s of re

-

ve rse
t
ren
d gene ra te d Pro P

erly by the su加
rder eha ng es

.
Fbr e

xam
ple

,

ra
p i d an

d
s t

ro

n
g

e

ros

i
o n

r

es

u

l
t e

d f ro m

o e

ean

fa
e

tor

s

can

b
e u s u

al l y f
o u r l

d i
n t

h
e

p
r o

g
r

ad
i飞 co as tal

areas

,

50 i
t

1
5 n e

ces

-

s 肚y to eli而n
ate its lm pac t w hen an al邓i飞 th

e ten de nc y of co as tline ehanges
.

IV
.
IM P A C I, O F R I V E R IN E g F D I M E N T A R Y D I S C H A R G E O N T H E

P R E D I C I
,

I O N O F F
U

T U 卫丑 O 0 A S’I, L IN E C H A N G E S

T h e f u t u r e

coas

t li n e
ch

an g es
are con

t ro l le d b y m a n y e n v i ro

nme

n t al
fac

to
r s ,

i
n e

l
ud

i

ng

t e r
-

ri
n

g
e

no us an
d

~

ne

,

g
lo b al

an
d

r e
g l

on
al et

c 二 T h ese fac t
o rs

ac t t
o g e the

r ,

m

a

k l
ng

th

e
p

re

-

d i
e t

i眼 w
ork b

ecom

e very
com
plieated

.
As th is pro blem 15 im portan ee

,

rnan

y

researc

h
e

rs h

ave

carr

i
ed ou

t v

ar i
ou

s s t

ud
i es

o n t
h

e
p

r o

b l

em

,

田卫皿9 w hl
eh the noostsucce ss f

ulme
tllod 15 usi飞

el-

ev at lo仆
area

me
th od to p re d i

et th e la n d w ar d 而gra ti
on of

coas
tline
.
1为rl飞 the 19805

,
t

h
e

s t u

由 on gl
obal w

a-rm
ing and sea

l
eve
l risi嗯

show ed
rnan
y pre dieti飞

seh
eme

of the sca leve
l

rising in th
e nex t een tury

.
B y com Par ing th

e Predieted sea leve
l rise an d the elev ation of the

coas
tal
area

,
t

h
e

d i
s t

an

e e o
f l an

d w
a r

d co as
t

l i
n e

而群at ion un de
r eaeh

sea
l
eve
l ri se 15 pred ieted

,

t
h

e n
,

t

he
are

a
i

nun

d
a t e

d b y

seaw

a t e r

an
d

t
h

e
p

ro
p

e r e

conoml

e
1

055 are

es
t

i

ma

t

ed

.

T h i
s

me

t
h

od

w
a s u

se d i
n

Ch

i
na to

e s t
i
r n a t e

som

e

l

o
w l

y i
ng

l

a n
d

.

F 峪w ever it 15

wor

th y to po i
n t o ut that this

me
thod m

ay b
e
no
t
aP pro p

riate to th e
cas
es in

Ch
in a
.
F irs t

,

Ch

i

nese coas

t a
l ar

eas

ar

e r
i

e
h i

n

r
i
v e

ri
ne

s e
d i

men

t s
.

As

d i
s c u

ss
e e

d
a 伙〕ve

,
t

h
e

co as
t

l i
ne ch

a n
g

es

are
con

t
ro l l

ed no

t

on
l

y b y

sea

I ev el
e

h
a n

g
e s

b
u t a

l so b
y ri

v e r
i

ne se d i

me

n t
d i sc h

a r
g

e s
,

an
d

t
h

e

rat

i
o o

f
t

h es

e t

wo fac

t o r s
d

e t e r
-

m i

nes

t
h

e
d i re

e t
i
on

o
f

coas

t
l i

n e

movern

en

t

.

E
ve

n
i f

t
h

e

coas

t
l i

ne 而grat es l
andw ard ,

t
h

e
i m

P
ac

t

of

s e
d l

me

n t
d i

s

ch

a r
g

e

m us
t

b

e

el
im

i
na

t e
d

.

Se

con

d l
y

,

co as
t a

l b
a n

k
s

are

ra
t

h
e r

cornmo

n
i

n

Ch

i

-

ne se co as
t

al ar

eas

.

T h
e

cons

t
ru

e t
i
o n

of b
a n

k
s

b
e

g
an

i
n t

h
e

T
a n

g
an

d
t

h
e

so 吧 dy
nasties,

an
d
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飞 an d th
e
Qi 飞 dynas

ties
.
Ai Pres ent

,
a

比
ut 13 000 km co astline

s
are

pro teeted by the banks
,

an
d

t
h

e
d es i ,

stan dar ds imp
rove

d gra dual ly w ith
eco

nomi

e dev elop-

men t ,
e

.

9

. ,
t

h
e

d
e s

i g n s t

an
d ar d

s o
f m an

y b
a n

k
s

i
n

Sh

a n
g h

a
i

area

ar

e

眼
ains t tidal im P

act 10n of
o
ne ev

ent in one tho us
and y

ears
厂r h ere fo re

,

on

e
p

r e
d i

e t t
h

e
f

u t u r e

coas

t
l i

ne ch

a n
g

es

,
t

h
e

i

nfl

u
-

en

e e o
f b

an
k co ns

t
ru

e t
i

o n
m

u s t
b

e

co
n s

i d
e r e

d

.

H
o

w
e v e r

,
t

h
e

f
a e

to rs co ns
i

de

r

ed
i

n t
h i

s n l e t
h

od

are

50

s
i m

p l
e t

h at i
t

1
5

no

t

aP
p l i

e

ab
l

e

to
t

h
e

p
r e

d i
e t

i
o n o

f

coas

t
l i

n e e
h

a n
g

es i
n

mo

s t

Ch

i
n e

se

co as
t

al ar

e

as

.

没dime
nt disc harges PI盯

a ve巧 in1Po rtan t ro l
e in the Pre dietion of co as tline

ehanges as th e

rive
rin e sedi

me
nts ar e 50 ab u nd an t in C hln ese

coastal areas
,

h
( )

w
e

ve

r t
h

e v

州
ation

of the se di
-

m en t diseharges an d their im pac ton
coas
tline ehanges ar e ra the r diff icu lt to pre diet

.

F irs t,

fo re

s t
d

e s t
ru

e t i

on an
d

ove

r
g

raz

i吧 l
ead to land eros i

on ,
a n

d i

ncr
ease

r
i

ve

r

se d
im en

t

d i
s e

h
a r

g
e ;

on

t
h

e o t
h

e r
h

an
d

,

re se

rvo

i
r

co ns

t
ru

e t
i

o n

an
d f

r e s
h

wa

t e r

adj

u s t
i飞
englne eri眼 d

e-

e
reas
e ru no ff disehar ge and se dim en t diseharge

.
飞

,

h

e

i
m

P
a e

t
s o

f
t

h
es

e
t

w

o

k l

n

d

s o

f h

urn

an
ac

t
i

v
-

i
t

y
m

a
y

i
n

e

reas

e

w i
t

h
PO

P
u

l

a
t

i

on

g

row

t
h

an
d

e

co

nomi

e

d

e

ve
lo

P

men

t

.

Se

e o n

d

,

ev en
i f d

e e

re

a s
i眼

of riverine se dime
nts ten ds to dom inate in future

,
t

h
e

oc

e u
rr i飞 tim

e var ies w ith diffe re nt ar
-

eas
.
T he H uanghe R iver an d tha river runn i飞 into B心h ai G u lf Sh o w aP p

aren

tly th is tren d

(H an
,

1 9 9 4
)

.

T h
e

T h

ree Go

塔es p roj ec
t an d 玩

ngtan H ydroe lec
trieE飞inee

ri飞 (Zh
ongsh an

,

1 9 8 9
)

w i l l

for

e e t
h

e
C h

a n

翻i
ang R ive

r
an d Z huj i

ang (p ear
l) R ive

r fo llow th is t
ren
d
.
Fu rt h

er ,

d

ecreas

i飞 in h
verine sedi

men
t diseharge doe sn

’
t n e

ce

ssar

i l y

mean

r e t
ro

g
r a

d l飞 of de lt
a an d

coas
tline
.
E ven in the H uanghe R ive r D elta w here appar en t deerea

si吧 in
sedi
men
t diseharge

has oeeurre d
,

t
h

e r e

are
no

eno

u
g h

ev
i d

e n e

es to
p

rove

i
t

.

I
n

l
a r

g
e

es
t u

ar i
n e

areas

w h
e

re
t

h
e

d
e

l
t

as
p

ro
g

r a
d

e

ob

v
i
ou

s
l y

a t p

res
en

t
,

i
t

1
5 n e c e 段扭ry to

s tu d y th
e

con
d it i

o n
of

s t
ab ilizi飞 tha

del tal e s邓tem an d the
ed tica lv al ue of eha飞es in

rive rine se di
men
ts in order to pre dietcor re

etly

the fu ttir e
coas
tline Ch anges

.

T he rive rine se dim en t disc harge has deere ase d
r
em
arkab ly along

~

sandy 盯
ave
l co as t

-

lines
,

an
d

t

he co as
t

l i
n

es
t e

nd
to

r e t
ro

g
r a

d
e

,

b
u t t

h
e

de

e

reas

i飞 in ri ve
rine sedl

men
ts nlay no t be

the m ain r

eason
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