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t

he
C h

a n
g

j

a n
g R i

ve

r

T h
e

P re

c
i P it

a t i
o n

i
n

T
a

i h
u

L
a

k
e a r e a

w
a s

mo

re
t h

a n t h
e a v e r a

g
e s

in Ce

e a r

ly

s

Pr in g i
n

1 9 9 1

,

fo

r e x a
m P l

e
,

t h
e

P re
c

i P i t a t i
o n

fro

m
t h

e
l

s t o
f J

an

u a
ry

t o t h
e

1 5 t h
o

f j
u

l y i
n

w

u

j

n

C
o

un

t y re
a e

h
e

d l

,

4 6 5 m m

,

3 7 % m
o r e t h

a n t h
a t o

f fo
n

g t h
e t e

rm

a n n

ua
l

a
ve

r a
g

e

.

F ro m 而d

June to early July,
r a

i
n s t o

rms

o
cc

u r

re d fr
e

q
u e n t

ly

,

m
a

k i
ng

t h
e a v e r a

g
e

P re
e

i P i t a t i
o n

in t
he

a r e a

mo

re t h
a n

6
0()

mm

,

t h
a t i

n t h
e

w es t T
a

i h
u

L
a

k
e a n

d t h
e

C h
a

ng 扭ng (Y angt ze ) R ive r

ne ig hboring area m ore than SO0m m
,

e v e n
l

,

0
(X)

rnm

,
e

ve
n t u a

ll y re
s

ul t i
n

g i
n

h i g h es t w
a t e r

le
v e

l in h i
s

t
o r

y

.

T h
e

gr
e a t d i

s a s
t

r o u s
fl

o o
d w as

e a r

ly

a
l

a

rm

e
d fo

r
i ts g

o o
d

a e

co rd

a n
ce w i t h

t
he

t e n
d

e n c
y

o
f fl

o o

d--

d
r o

ug
h t e

h
a

ng

e

.

1

.

H I S T O R I C A L P R E D I C A T I O N O F D I S A S T R O U S F L O O D I N 1 9 9 1

T h
e

re

wa

s n o
l

a e
k

o
f P

r e
ee d

e

nts

o
f t h is k i

n
d ra in

s t o

rm

s
i
n

hi
s t o r

y
:

I
n t

he
4 0 t h y

e a r o
f

J 该如g ,

M
i
n

g D ”as ty (1561 A
.
D
.
)

,

i t w
a s r e

co

r
d

e
d t

ha

t

“

h
e a v

y
r a

i ns d
o 而nated fo reariy

w int er to nextsu
rnm

er… ”

( M
i

ng
D y

n
as

t y

.

W

a t e r
S

u r

ve
y

o
f

W

u

i

a n
g

)

.

I
n t h

e
gt h ye

a r o
f

J 认q in g
,

Q
i

n
g D

y n
as

t y
(

1 8 0 4 A

.

D

.

)

,

w i t h t
he

r e

co

r
d t h

a t

“

t h
e

re

we

r e
l i t t l

e
fi

n e
d

a
y

s
i

n s
P

r
-
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…
”

( G
u a

llg

x u

.

C h
ro

n
ic le

o
f

C h
a n

g
s

ha

o

.

V
o

l

.

4 7
)

: I
n t h

e
3

rd 界ar of G u
an gx u ,

Q
i

ng
D y

n
as

t y
(

1 8 2 3 A

.

D

.

)
w i t h t

he re

-

co rd
t h

a t
“

h
e a

Vy
r a

i ns
t o

rm

s
co nt i

n
ue

d

fro
m A P

r
il t o

J
u n e …

”

( G
u a n

g
x u

.

C h
r o n

ic le
o

f

C h
a n

g
x

i
ng

.

V
o

l

.

9
)

;
a

nd

5 0 o n

.

I
n t h i

s e e n t u

ry

,

t
he

g re
a t

fl
o o

ds
i

n
1 9 3 1

,

1 9 5 4

,

1 9 8 3 i
n

T
a

i
hu

L
a

k
e a

re
a

we
re m

o
re

s t r 正in g
,

a

mo

n
g w h ic h t

he fl
o o

d
s

i
n

1 9 3 1

,

1 9 5 4
co

v e r e
d t 翅e w ho le C hang扭ng R IV er a

rea
.

In July of 1931,

he

a v
y ra i

n e o n t i
n

ue
d fo

r
m

o
re

t

ha

n
2 0 d

a
y

s
,

i
n a

l
a

rg
e a

re
a

in d
u

di
n

g
e a s t

Pa
rt

o
f G

u
i

z
h

o u
P ro vi

n
ce

,

D
o n

gt i
n

g L
a

k
e a r e a

,

t h
e

m id d le
a n

d l
o

w
e r

re
a e

h es
o

f t
he

H
a

颐an g R iver,
a s

we

ll
a s t

he 而ddle an d lowe
rre aehes ofthe C ha n却ang R ive r,

t
he

r a
in

-

fal

l
a

mo

u
nt re

a c
h i

ng
3 0 伽爪m

,

m
o

re
t

ha

n
d

o u
b l

e o
f t

ha

t o
f fo

n

g--

t e

rm

a
ve

r

ag

e

.

T h
e

ra i
n

in g

da
岁 in the m id d le a

nd lo we
r re aeh es o f th e C h an 幼an g R iver w as mo re than 25 daysw ith a

拼eeiPi ta tio n m o re tha
n 40 伽叭m

.
T h e m a扣

r ra in ing
areas in T a正u L a

ke b a sin w ere in the

wes
t P art o f th e h k e an d S o u th Jia ng

su are a ,
a

m
o n

g w h i
e

h P re
c

i P it
a t i

o n
in D

a n

ya ng

,

J in
n

gy
i
n a n

d
w 峥

ang co untie sw ere the heavies t,

3 5 0l
l l

m i
n e a

rlv

J ul y

,

2 5 伽叭m in la te J ul y

ma
k in g the

a re a the m a
jo

r h a
za

rd a re a
.

T h e Pl
u m

ra in in th e 而dd leand fo we
rre aehes ofthe C hang 如n g R ive rin 1954 ca me

a

mo
nth earlier

,
a n

d w
e n t a

mo

n t h la t e r
t h

a n u s u a
l

,
a n

d t h
e

ra i
n

i
n

g
s e a s o n

in t h
e

w h
o

le re
a c

h

w a s a s
l

o n
g

a s
m

o r e t h
a n

3

mo

n t h
s

,

co nc

e n t
r a t in g i

n

M

a

犷Jul y
.
T he ave rage Pre eiPitatio n

w as l,

2 2 9 m m in t
he m id d l

e
re

a c
h es

,

1

,

3 C 6
l l u l l

i
n t h

e
l

o
w

e r r e a c
h es

,
a n

d
9()

l

.

7
r n r O

i
n

T
a

ili
u

L
a

k
e a

re
a

,
o

f w h ic h t
he

ma

扣
r ra ini ng are as w ere in T ia

nm
u
mo

untain are a and H angzhou

B ay area
·

T h

e

fl

o o

d in 1 9 8 3

wa

s

i

n
t

he 而ddle and fo wer reaehes ofthe C hangjang R iver,
a n

d

t
he m

o s t s e
ve

r e
fr

o
m l

a t e
j

un

e t o
m i d J

u

ly

.

T h
e a

ve

r a
g

e
P re

e
i

Pi
t

a
t io

n
i

n
T

a
i h

u
L

a
k

e
b as i

n

w a s
3 7 3

n ll n
,

1 5 5 %
o

f l
o n

g--

t e

rm

a
ve

r a
g

e
,

in w h i
c

h t h
e

P re
c

i P i t a t io
n

i
n

T in
n

m
u

mo

u n t a
i

n

w a s
m

o
re t h

a n
5 0 伽rn m

,

1 8 2 %
o

f l
o n 犷term average

,

t h
a t i

n
S

o u t h J i
a n

g
s u a

nd

t h
e

C h
a n

g
j

a n
g R i

v e r n e
i g h b

o r
in g

a r e a

wa

s
l es

s t h
a n

3 0 伽m m
,

1 1 7 %
o

f fo
n

g--

t e

rm

a
ve

r

ag

e

.

T h
e

g
r e a t

flo

o
d i

n
J

u n e se
j

u
l y i

n
1 9 9 1 w

a s
m

a
in l y i

n t h
e

l
o

w
e r

re
a e

h
e s o

f t
he

C h
a n

g 多ang R iv er and H uaihe R iv er.T he overPre eiPitation in the sPrin g of 1991 w as fo l
-

fo we d by fre quentrains tor
ms fr om m id Jun

e to early July
.
T he m ain disastrous rain sto

rm
s

took Pl ace in the days ofjune 12 to 15
,

1 9 9 1
a n

d J
u n e

3 1 t o
J

u
l y Z

,

1 9 9 1

.

R
a

i
n

in g
a r e a c o v

-

e
re d

a

va

s t l
a n

d

,

ma

in l y fo
c a t

ed
i

n

va

s t P
a

rt
o

f T
a

i h
u

L
a

k
e

b
a s

i
n

,

t h
e

C h
a n

g
j

i
a n

g R i ve
r

ne ig hb

o r
i

ng

a r e a a n
d S

ha

n
g h

a 卜 N an多ng
railw ay be lt

.
Pr eeiPitation intensity

wa
s as hig h

as ove 门(X) m m in thre e days (J une 30 to July Z,

1 9 9 1
)

.

I
n s o

me

P l
a

ee
s

,

Q
in

gy

a

ng
T

o
w

n
i

n

J 讯n
gy in C o u n ty fo r in sta nc

e ,

P
r e e

i P i t a t io
n a

m
o

un

t e
d t o

2 3 9
们。们n

in a s in gi
e d a y

.
A
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r
d in g

to h is to r
i
cal

r e
co

r d s
,

e x e e s s
i

ve Pr

e e
i P it

a t i
o n a

nd

s t o

rm we

r e
P

r e
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en
t e

d

.

I
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,
r a

in fa ll in 1 9 4 5
ca

n
b

e

cit

e
d

a s a

co m Pa

r a
b l

e e

xa m Pl

e
in t o t a

l

am

o

un

t
as

we

l l

as in
t e n s

i t y
e x

ce P t t h
a t P re

e

iP
i t a t io

n a
m

o

un

t a n
d i

n
te

n s
i t y

o
f 1 9 9 1 in

s o
m

e
fo

ca
l ar

e
as

e x
-

c e e
d

ed
t h

a t o
f 1 9 5 4

.

A CC
o r

d i
n

g t o
h is t o r

ica

l
r e c o r

d
s

i
n t

he
l

a s t 8 0 0 y
e a

rs

.

T h
e

re
we

r e
3 5

ye

a
rs w it h g re

a t

flo

o
ds

o
f fl

o

od

a
re

a

co

v e r
i

n
g l 卜20 eounties

.
T he re we

re 6 years w ith w ater levele
xce ed in g

tha t of 1954,

t h
e

y
a

re 1 2 8 6

,

1 5 6 1

,

1 5 8 7

,

l 印8
,

1 6 2 4
a

nd
1 8 4 9

,

an
d s 界ars w ith w ater lev el

re aehi n g o r Pro b abl y ex cee
d in g tha t o f 19 54

,

t
he

y
a

re 1 2 9 0

,

l
4()

8

,

1 4 8 1

,

1 6 5 1

,

1 6 7 0

,

1 6 8 0

,

1 7 0 8
a n

d 1 8
99

.

T h
e

wa

t e r
l
e

ve
l

s t o n e
in

w 倾ang C ounty re co rd ed :“
T h

e
w

a t e r
l
e

ve
l in

t
he

2 3 th ye
a r o

f Z h i Y
u

an

,

Y
u a n

D
yn

a s t y
(

1 2 8 6 A

.

D

.

) re
a c

h
e

d t h
e s e v e n t h

e u t o
f t h

e s t o

ne

” ,

叭ich wa
s么p p ro x im a te ly 4

.
7 3 m l’I

,

t h
e

h
ig

h es
t w

a t e r
l

e
ve l i

n
re

e o r

de
d h 污to斗

.
T 址 w ater

le vel in July 14
,

1 9 9 1 re
a e

h
e

d 4

.

7 货m
,

n o t o
ul y

e x
ce ed ed

t h
a t o

f 1 9 5 4

,

b ut
a

l
s o t h

e
hi g h

e s t

w a t e r
l

e
ve l i

n
hi

s t o
ry

.

I
n a

dd
i t io

n t o t h
e

he

a v
y

r a
i
n

fal
l

a n
d w

a t e r
d is

e

ha

r
g

e

Pr

o
b l

e
m

s
i

n t
he

fo

we

r r e

ac he

s
,

a n
i m

po
rta

n t r

eas

o n
fo

r t h
a t w as l

a
k

e
re

c
la m

a t i
o n

.

S i
n

ce 1 9 5 4 w
e t la

n
d

s u r
·

ro

u n
d in g T

a 上u L ak e h a ve b ee n re clai
me

d to fa n n lan d w hi eh eo n fi n ed fl oo d to l而ited

la ke are a and river out of rec la irrled land
.
W hen rains torms haPpe ne d in June and July

,

1 9 9 1

,

wa

te
r

co

u
l d

n o t b
e

d
r a

in
e

d
e a s

i
ly

t h
r o

ug
h t h es

e r
i

v e
rs

,

w h i
e

h

res

u
it

s
in

r a

Pi
d

r
i

s e o
f

w
a t e r

le
v e

l t o
4

.

7 9 m

,

b
e

i
n

g 0

.

1 4 m h
ig

h
e r t h

a n t h
a t in 1 9 5 4

,

0

.

0 6 m h
ig

h
e r

t h
a n t h

a t i
n

1 2 8 6

,

w h ic h

wa

s a
m

a x 而um rec
ord in his tory

.
W etland re d am at ions as we llas eco nom ic de ve l-

oPm en t red uce d ha za rd are a but in ereas ed eco no
而

e losses
.
C om Paring w ith disastrous

flo
ods in histo ry

,

t
he

g

rea

t

flo

o
d i

n
1 9 9 1

ex ce ed

e
d

no

t in
Pr

e e
i P it

a t i
o n

b
u t in

wa

te
r

le ve l

,

n o t h
a 双rd a re a b u t eeo n o m iC fo sses

.

n
。

A P P L I C A T I O N O F H I S T O R I C A L F L O O D 卜 D R O U G H T T E N D E N C Y

T he re a化 P le nt 而1hist orica lflo od-- dro ught and w ater le ve l records in Ta 迅u L ak e b as in

sin ce the So ut h S on g D yn as ty w he
n th is are a

be ca me
the po li tica l

,
e

co
no 面eand cult ur al ce nt er

.

Th
e sys t恤

atieres to ration ofhis torica lflo od-- dro ug htreco rds in the las t1500邓踢
sho we d

山a t tho se re co rds in the r以笼nt 800 界ars si
nce

the S out h S o ng D yn as ty ha d be stco n ti n ulty w lth

o
uly

2 l ye 踢
om iss io ns offlo od-- dro ughtand heavies tre co 记5. 5认ty pe 心

ntofth ese
r“力Id s

C a 力。e

fro
m

o
ffi

e谧1 ch ro n icle
,

h y d ID fo
gi ca ls ur ve

y
a

nd
fo

cai

c
h 拍nic

le on Pr o vi nc 妞1 le ve l w hic h

ha ve go o d ere d ib ilit y
.
o n s

uc h a bas is
,

a
se

r

ies

o
f hi

s t o r

ica

l
flo

o

d--
d ro

u
g h t w it h

a t 加esPan of
。

ve
r 8

00 ye
ars

~

re co ns t ru
c te d us

ing
i刊陌

~
tio

n p ro 岛
s
ing me th od

〔2 , ,
a

nd flo

。
企dr oug ht

te nd en cy as w ell as the co nne cti on be twe en flo
o
d-- dro ughtchange and so me so h ran d glo ba l

fa ctors
.

Analy sisofthe series re ve al ed tha tthehistorica lflood and droughtch an ge15 a kind of

而xe d vi bration w ith do而nanteyc le of l(X) years,
o t h

e r c
y cl es b

e
i
n

g
r

es P
e

ct i
v

ely

Z
(X)

,

1 1

,

4()
0

a n
d 3 6 y
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.

A ft
e r
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e r

i
o

d
o

f t h
e

1 9 2 0
5
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a t iv

e
d

r o u

gh
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e r
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o
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o

f t h
e

s t h m
a 扣r
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而d Period w hi ch w as Pr edict ed to h stfo rover l0

ye ars start ed
.
The 3} yearsm oothing average cu rve sho w ed tha tthis was a good 51而larity

be tw een flo
o
企dro ught ch an ge after 1660 and that aft

er 1230
.
This co m Parison sugges ts

tha titbea re la tive hum id period in the re ee nt fu tur e (3)

The otherana lys is oftime
series exte ns io n and extre

me
vahi e of floo企droug htalso

sho we d thatthe tenesye ar pe rio d a
fte

r 1983 wo
uld be a relative ly hu m id one co m Parin g

w ith the 196伪 an d 197伪
.
It s

ug ge sts th a t there o cc ur a g re a t fl o o d l正e t
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t o f 195 4
,

l 一 2

flo
o ds li k e th a t o f 1 9 8 0

,
a

d ro 铭ht,
a n

d l it t le
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s s
i b il i t y

o
f 脚

atdr ough tbe fo re 1994 〔4 ,

o n t h e o t
he

r h a n d
,

t h
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d y
o n t
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o n
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e t w
e

en
fl

o o

企dr oughtehange and 50-

la ract ivities ,
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als

t h
a t i
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he pe

a
k

a

nd
d

e
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n e

ye

a
rs

o
f

s o
l
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t
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o
b

a
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f

gr
e a t

flo

o
d

o

ccu

r
re

n
ce 1

5
1

.

7--
2

.

1 t

ha
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o
f t h

a t o
f g

r e
at d ro

u
g ht i

n
T

a
i h

u
L

a
k

e
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d t

he

fo
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r
re

a

ch es
o

f t
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C h
a

ng 扭ng R ive r an d theH ua ihe R iver
.
T he eorrelation an aly sis of

hi storical flood dr ough t gr ade and solar spo t num bers also show s that a reh tive hum id Pe-

rio d m ay aPpe ar l一 卜years aft er the Peak years of sola r act ivity
.
T he re w as then a Predie-

tio n of the pe ak 挥ar of solar a ct iv it y be in g in 19 9 1 (aetu al ty 19 90)
,
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gg
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g
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f

flo

o
d

o
cc

u r
re

n
ce in T

a
i h

u
L

a
k

e

ba

s
i

n ( 卜 7〕

T h e
co nc lu s io ns

a
bo

v e w e r e th o
ug

h t h ig h ly o f b y th e fo e a l g o v e r n
m

e n t a n d w e r e c o n
-

s id e
re d as

s e i
e n t i

fic
b as is fo

r e
m

e r
g e n t fl o o d e n g in ee

r
in g in T a ih u L a k

e
b as in

.
In th e 1 3 0 t h

稗ge of “

T
he

R
e

po

r t o
f C

e n t r a
l E

n
g i

n e e r
i
n

g P
r o 扮ctofT aili u L ake Basin M anagem ent” ,

b y

C h
a n

g 乒ang R iver C onservanc y C om 而ssion ,

M
in i

s t
r

y
o

f
W

a t e r
C

o n s e r v a n c
y in 1 9 8 5

,

i t

w
a s

me

n t i
o

ne
d t h

a t

“
a

cco

rd i
ng

t o t h
e s t u

d i
e s o

f N
a n

j
in g l

n s t i t u t e o
f G

e o
g

r a
P h y

,

t h
e r e

而ght occur a gre atflood like that of 1954 ,

in 1 9 9 2
o r 5 0

” .

I t s
h

o u
l d

be

n o t e
d t h

a t t h
e

flo

o 企dro ughtehange tend ency only Provided eli
ma

tic ehang
e baekground fo r

flo
od haz-

ard in m ae
ro--

leve l, w h i le
s u

b t
r o

P i
c a

l h
ig

h P
r e s s u r e a c t i vi t i es
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a

i
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r c u
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r
i g
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r
in g fa

e t o
rs

o
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o o
d h

a z a r
d

.

1 1 1

.

S T U D Y I N G D I S A S T E R T E N D E N C Y

,
P R E D I C T I N G F U T U R E E V E N T S

S E R V I N G H A Z A R D 卜 R E D U C T IO N P R O J E C T

T h e stu d y o f hi sto rica l fl o o d a n d d ro u g h t re g u la rity re v e a ls th a t th e h is to r ic a l

flo
o 企dro ught has obvi ous co ntin uity and little Probability offlo

o企drought interehange
.

In a Perio d ofco ntin uous flood or droug ht,

t h
e

re m
a

y
o

cc
u r c o n t in

u o u s
g re

a t d
r o u

g h t b
u t

no

e o n t i
n

uo

u s
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a t fl
o o

d

.

F ro m 1 9 8 3 t o
Pr

e s e n t

,

t h
e

re h
a

P
pe

n e
d

o n e
g

r e a t fl
o o

d

,
o

ne

flo

o
d

,

t

wo

d
r o

ug
h t s

.

E
x

t
r e

m
e v a

hi

e a n a

ly

s
i
s a

nd

t
he

e
h

a r a e
t e r

i
s t i

c o
f fl

o o

d--
d

r o u
g h t

co

n t i

-

n u
i t y

s u

gg
es t t h

a t t h
e

P
e r

i
o

d i
n t h

e n e x t 于4 years w ill be relatively hum id w ith Possibility

of flo od occ urrenc e and little po ssibility of great flood an d drought
.
T he occu rrenee ofE L
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o n

i
n

Pl

u
m

r a
i
n

pe

r
io d

r e
d

u
ee d d

r

as
t

ica

l
ly

w h i le t y P h
o o n r a

in fa ll
a

mo

u
nt i

n e r e a s e
d

.

I f t y P h
o o n r a

in t a
k

e

t h
e

P l
a

ce

o
f

Pl

u

m ra i
n t o

b
e

co
me

t h
e

ma

扣
r Part o f Pre ciPitatio n in rain season w hen cli
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