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.

Based on the statistics ofthe historica ldoetnn
ents and the re ce llt data ofdebris flow

,

fr
o

m 1 7 4 3 t o
1 9 8 9

,

Z h
a o

t o n
g P

r e
fe

c
t u

re h
a

d t
o

t
a

l 4 9 l
a r

g
e

d
e

b
r

is fl
o

w d is
a s t e

rs
(

1 m n l io
n

yU

a n

(R M
B

)
d

a

ma

g
e

d
o r

m
o r e t h

a n
1 0 P

e rs
o n s

k il l
e

d fo

r e a e
h d i

s
as

t e r

)

,

t w
o o

f t h
e

m i
n

1 8 t h ee nt
u r

y

,

fo
u r o

f t
he m i

n
l gt h ee

n t u r
y

,
n

i
n e o

f t h
e

m i
n t h

e e a r

ly
h

a
l f

pe

r
iO d

o
f 2 O t h ce

n
-

t
ur y

,
s

i
x

t e e n o
f t

he m i
n

1 9 6 于 1979
,

e
i g h t e e n o

f t h
e

m i
n t

he

c u r r e n t 1 O y
e a rs

.

I t s

ho
w

s t
he
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仃able 3)
.

Ta ble 3T恤
ea叻 fr 呵ue 此y of larg e de bri

s flow d俪成
ers

in Z hao to llg Pr
e
fec 恤

e

llltemmm ZHHH LUUU QIII YAAA DAAA Y000 SSSS ZXXX Y III W EEE

DDDuration(ye ar))) 24777 8lll 23777 7lll 8555 16777 3999 7lll 5999 7222

DDDisaster(tim e))) 888 333 l555 222 444 777 333 333 222 333

rrrre明eney (% ))) 3
.
222 3

.
777 6333 2

.
888 4

.
777 4

.
222 7

.
777 4 222 4

.
000 2

,

888

I V

.

F O R

M

A T I V E C O N D I T I O N S O F D E B R I S F L O

W

S

1

.

G

e

ul

og

i

e a

l C

o
n

di ti

o
n

s

I

n

Z h

a o

t
o n

g P

r
e

fe

e
t

u r
e

,

t h
e s t

r a t a r a n
g

e
fr

o
m Q

u a
t
e r n a r

y t o

M

e s o z o
i
e

A g
e

.

T h i
c

kn
es

s

a n
d li t h

o
l
o

g y
o

f
s t

r a
t

u

m d i
ffe

r
w i t h

a r e a s

.

T he

n o r
t h

e r n a r e a
15

e o
m P

o s e
d

o
f m

o s t l y

J
u

ras

s
i
e a n

d T
r

i
a s s

i
e

P
e

l i t ic l而
estone w ith a little sandstone and shale;the m iddle are a 15

ma in ly
eom Posed of D evoni an and Silur ian Pelitic lim es tone

,
s a n

d--

s
h al

e
,

ma

r
l

,
a n

d b
a s a

l t ;

in t h
e s o u t h

e
rn

a r e a
,

b
a s a

l t

,

l i

me

s t o

ne

,
a n

d d
o

l
o

m i t e a
re t h

e

m
a

i
n

g
e o

l
o

g ic
a

l
un

i t s ; t h
e e a s t

-

e
rn

a r e a
15 m

a
k

e u
P

o
f b

a s a
l t

,

T
r

i
a s s

i
e a n

d C
a

m b
r

i
a n

li m

e s
t

o

ne

a n
d T

r
i
a s s

i
e

P ur Pl e-- re d

s

an
d

s t o

ne

.

B
e

ca
u s e

b
a s a

l t
co

n
t

a
i ns

a
l
o

t o
f F

e
,

A I
a n

d M g

,

i t 1
5 o

ft
e n w

e a
t h

e
re d q

u
ic k l y

a n
d

e r o
d

e
d

e
as i l y

.

T h
e 5 0

1 1 fo

rme

d b y w
e a t h

e r e
d b

a s a
l t 1

5 v
is

e o u s
,

a

nd
1
5

d
e e

P
e r

i
n t h

e e

as
t e

rn

t
ha

n
i
n t h

e
w es t e

rn

.

T h
e

w
e a t h

e r e
d l i

me

s
t
o

ne m

a
i
n

ly fo

r

m
s t h

e z o n a
l

r e
d

a

nd
ye l l

o
w

e a
rt h

s
,

w h ic h h
a v e t h

e
P

r o
P

e r
t i es

o
f

v
is

co

s
i t y

,

t h i
nn

es
s

,
a e

id i t y a n
d d

r
y

.

T h
e r e

g
o

li t h
o

f
s a n

d
s t o

ne

15
o

ft
e n t h

e

mo

t h
e r

ma

t
e r

i
a

l
s o

f t h
e y

e
l lo w s a n

d
s o

i l

,

w h il
e t h

e
re g

o
l i t h

o
f

s
h

a
l
e

i
s a

l w
a

yS
t
he

mo

t h
e r

m
a t e r

i
a

l
s o

f
v

i
o

l
e t 5 0

1 1

.

T h
r o u

g h t h
e a n a

l y
s

i
s o

f t h
e r e

l
a t io

n s
h i P b

e t w
e e n

g
e o

lo g

ica

l

fa ct
o

rs
a n

d la
n

ds l i d es
a n

d d
e

b
r

is fl
o

ws

,

t h
e

b
e s t

a
d

va

n t a
g

e o u s r o c
k

s t
o

t h
e

fo

r

ma

t io
n o

f

la
n

d
s

l i
de

a n
d d

e
b

r
i
s

fl
o w a r e

co
a

l
s t

r a t u p 注 a n d
s
h
a
l
e
.
T h e n e x t r o e k s a

r e b a
s a

lt
a n d s a n d

-

s to n e
,

a

nd

t h
e

h
a r

d l而estone 15 the m ueh disad
vantageous ro ek to the fo rma

tio n of land
-

slides and de bris flo ws in Z haotong P
rere eturell]

.

T he X 讯o iang fa u it ru n ni n g fr o m so uth to n o rth a n d o the
r
N E--

S W fa u lt
s reP res en t

the m ajo
r g eo fo g ic al struc t

ure
s in th e Prefe cture

.
T h e N

E--
S W fa ul ts are the

Y an j企Q iao扭
,

t h
e

D
a

g
u a

二Q i
aojia

,
a n

d t h
e

Y il ia
n

g-- Q
i
a o

j
ia fa

u
l t s

.

A l l t h es
e

fo

rm

e
d Pr i

-

o r
t h

e
C

a
m b

r
i
a n

,

b
u t a r e a e

t i
v e

.

S in
e e t

he
P l io ce

n e
E P

o e
h

,

t h i
s

re g i
o n w

a s s
t
r u

ct
u r a

l l y d y

·

na 而e and raPidly rising
.
T herefo re eart hquake and broken rocks a

re eom m on
.

2
.
T opo graPhi ealC onditions
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邵 to th e m o u n tain o us reg io n
.
Its relative d ow n cuttin

de Pt h o f ea rt卜su
rfa ee 15 very large

.
T he m axim um relative relie f 15 uP to 3

,

7 7 3 m

.

t h
e a r e a

o
f p l

a n e
l

a n
d 1

5 0 川y l
,

2 6 7 k m

2
,

a c

co

u n t i
n

g ro

r
5

.

6 p
e r

ee
n t i

n t h
e t o t a

l

,
a n

d t h
e a r e a o

r t
he

g
e n t l

e s 一o p i飞 h n d w ith l乡25 d
egre es 15 7

,

1 o g k m

Z
,

a

cco

u n t in g ro

r
3 1

.

7 p
e r e e n t i

n t h
e t o t a

l

,

a n
d t h

e a
re

a o
f t h

e s t e e
p

s
l
o

p 谊9 h n d w ith
mo
re th an 2 5 degrees 15 9

,

7 6 7 k m

2
,

a

cco

u n t 谊g

几r 4 3
.
5 p eree n t in th e to ta l

.
B a sed o n th e ro rme

r res earche
s[2], t h

e
p

r o 卯rt i
on orthe slo pin g

la nd uP o
r equs l 25 degrees

,
a

cco

u n t in g fo

r
t h

e t o t a
l h

a s t h
e e

l
o s e s t re la t i

o n s
h i P w i t h t

he

fo

rm

a t io
n a

nd
d

e v e
l
o

P m
e n t o

f d
e

b
r

i
s

fl
o

ws

.

3

.

M
6t6

o r o
l
og

i ca l C
o n 山ti ons

T he ra in y w ea th er sys terns
in Z ha

o to
ng P re fe etu re are m ain ly lo w P

ressu re tro u gh an d

co kl fr o n t
.
T h e va P

o u r
co me

s fro m the w a
rm

an d h u而d ai
rcur re ntofthe southw estern

Bangla des h Bay
.
W he n the deeP and thic k low Pre ssu

re system in sky eom bine s the eold

fronton eart 卜su
rfa ee

,

i t
m

a
y

c a u s e t
he

i nt
e

ns i
v e r a

i
l l」h lls a n d ra in sto

rm
s .

Z h a o to n g h a s th e y e a rly P re c iP ita tio n o f 7 3于 l
,

2 3 O
l l u l l

.

T h
e r a

i
n y s e a s o n

fr
o

m M

a y t
o

o
e t o

b
e r

ee
n t r a

ll ze
s t h

e
P

r e e
i P i t a t i

o n o
f 7 乡 95 Pe

reentofa year (T able 4)
.
T he eoeffi cie nt of

va
r该tio n of

mo
n th ly PreeiP ita tio n 15 la rge

,

us
u a

ll y 0

.

6 乡 0
.
98
.
T he rain sto

rm
s are chi efly

distribut ed in the eounties
along the Jinsha R ive r and the eas tem high

mo
untains

.
D urin g

the
rain sto

rm
s ,

be

s
id es t h

e s
l

o

pe

a n
d g ul l y

e r o s
io

n s
,

fl
o o

d
s

,

d
e

b
r

is
flo

w
s a

nd
l
a n

d
s

l id
e s

fre

-

q
u e n t l y

a c c o
m P

a n y w i t h t h
e

m

.

T
a

U
e

4 A
v e

ra g
e

m 皿thl y 少ec iPi ta ti
on in Z haoto ng Pr

e
fec tUr

e
(m m )

MMM ont hhh Z HHH L UUU Q III Y AAA D AAA Y OOO SSSS ZXXX YIII W EEE

JJJan
...

6
.
666 13

.
111 10.444 19 888 8石石 3

.
333 9 万万 1 5

.
111 3

.
666 2 6

.
666

FFF e b
...

6
.
444 1 3

.
666 8 .999 2 4 777 10

.
555 6

.
333 1 3 222 1 7

.
000 4

.
000 2 6

.
777

MMM a
rChhh 10

.
111 1 4

.
444 7 888 3 5

,

888 1 6

.

222 1 1

.

333 2 3

.

555 2 2

.

111 9 777 4 0

.

444

AAA P ri lll 3 6

.

000 4 3

.

111 2 2

.

111 6 5

.

111 4 6

.

222

44

.

888 5 3

.

111 5 3

.

000 3 4

.

333 6 7

.

999

MMM

a

yyy 7 2

.

111 9 0

.

222 8 1

.

444 9 5

.

333 8 5

.

111 6 8

.

444 9 7 333 1 0 6

.

444 6 4

.

000 1 1 3

.

999

JJJ
U

I 祀祀 1 54
.
777 1 9 0

.
666 18 6

.
666 17 8

.
111 14 7

.
222 1 1 8

.
999 14 0

.
777 1 64

.
444 14 1

.
444 15 2

.
444

JJJu lyyy 14 3
.
444 1 8 1 000 12 9

.
666 2 3 7

.
777 2 0 4

.
666 12 7

.
777 20 6

.
777 1 6 3

.
444 17 0

.
666 1 6 2

.
999

AAA u g... 1 1 7
.
000 1 4 4

.
222 1 10

.
444 2 8 8 444 2 4 9 666 13 9

.
999 2 3 6

.
777 1 6 0

.
111 16 9

.
777 1 8 8

.
666

SSS e Pt
...

10 5
.
888 1 18

.
888 1 19

.
888 13 2

.
444 12 8

,

333 8 6

.

999 1 1 4

.

222 1 1 2

.

333 1 1 2

.

888 1 1 3

.

333

OOO

C
t

...

5 7

.

111 7 2 999 8 4

.

111 8 4

.

111 6 7

.

888 4 5

.

999 5 6

.

999 6 1

.

999 4 6

.

111 7 4

.

000

NNN

o v

...

1 8

.

000 2 5

.

333 2 4 222 4 2

.

000 2 5

.

444 1 3

.

666 2 3

.

444 3 0

.

999 1 3

.

777 4 6

.

111

DDD

e C

...

6

.

444 9

.

888 7

.

333
2 2

.

999 9

.

333 3

.

444 1 1

.

111 1 5

.

999 3

.

888 2 4 999
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玩P
aets ofhum

an aetivi tie s

The u
nre as

onable agr ieultur es gre atly st如ula te the 105 of w ater and 5011
,

a n
d t h

e
fo

r
-

ma

t io
n o

f d
e

b
r

i
s

flo ws

a n
d l

a n
d

s
l id es

.

I
n

Z h
a o t o n

g P
r e

fe
e t u r e

,

t
he

re
a

re 3 3 3

,

7 5 5 h
e

ct
a

re
s o

f

a
ra b le l

an
d w i t h t

he

s
l
o

P
e

mo

r e t h
a n

1 5 d
e

g re es

,

w h i
c

h
a

cc
o u n ts

fo

r
5 7 P

e r

ee
n t in t h

e t o
ta l

,

an
d 1 3 2

,

0 6 3 h 呱
ares of them are arabl e la nd w ith the sfo Pe m ore tha n 25 de grees

,

w h i
e

h

aee

o u n ts
fo

r
2 3

pe

r

ce
n t in t

he
t o t a

l

.

I t s
h

o

ws

t h
e e

ul t i
va

t i
o n o n s t e e

P
s

l
o

pe
1
5 r a t h

e r
P

o
P ul

a r

in th
e

Pr
e

fe
e t

ure

.

T h is ki
n

d
o

f
ha za

r
d

o u s a
g

r
i
c u

lt
u r a

l
a c t iv it y 1

5
m

a
in l y

e a u s e
d b y

:

(
1

)
t
he

Pr i m it i
v e

P
r o

d
u

ct i ve m
o

de

a n
d t h

e
l
o

w g
r a

l
n

y ie kl ;
(

2
)

fr
e

q
u e n t n a t u r a

l
ha za

r
d

s a n
d fa

s t in

-

c r e a s e o
f P

o
P ul

a t io
n :

(
3

)
t

he

e o n
fl ic t o

f l
a n

d
u t i l以ti

on between eeonom ic eropsand grain

cro ps
.
A ll abovefo rcetheloca lpe oPleto cul tiva teon thesteeP sloPing la nd

.

To a eert ain extent, fo
res

t a n
d

v e
g

e t a t i
o n

m
a

y
r

es t
r a

i
n t h

e

de ve l
o

P

me

n t o
f d

e
b

r
i
s

flo ws

.

H
o

w
e v e r

,
s

in ee 1 9 5 8

,

be ca
u s e

of

e r r o

ne

o u s
P

o
li

e
i es

,
s e v e r a

l
s t a

g es
o

f d
e

fo re
s t a t io

n

ha
ve b ee

n
re

s
ul t e

d i
n

.

C
u r

re
n t l y

,
o w i

ng

t o t h
e s

h
o rt a

ge
o

f 仙
anc e and laek ofm ana ge

rin l
exPerience

,

l
o

ca
l P

e o
P le

Pl

a n t t re es
e v e

ry ye
a r

b
u t t h

e s u r
vi

v a
l

r a t e o
f t h

e t
r e

es 1
5

fa ir l y l
o

w

.

F
o r e

xa m P l
e

,

i
n

1 9 5 于 1958
,

t
he fo re

s t a
re

a
in Z h

ao
t o

ng
C i t y w

a s
7 0

,

7 4 2 h
e c t a r e s

,
a

nd

t
he

fo re
s t e o v e

ra ge w as 3 2

.

8 P
e r

ee
n t

,
a

nd

t
he

s t o
re d

wo

o
d

s
w

a s
3

.

9 m i ll i
o n e

ub
i
e

m
e t e r s

w i t h

t
he

a
ve

r 昭e 18
.
6 eubie

me
ters pe r pe rs on

.
In 1974

,

t
he fo

r
es t a r e a

w
a s

3 7

,

8 1 9 h
e e t a r e s

,
a n

d

t
he fo

r
es t

co ve
r a

g
e

wa

s
1 7

.

5 P
e

rc
e n t

,
a

nd

t h
e s t o

re d w
o o

ds w
e r e

0

.

6 3 m i ll i
o n e u

b ic m
e t e r s

w i t h t
he

a
ve

r

ag

e
1

.

5
e

ub
i
e

m
e t e rs P

e r
P

e
rs

o n

.

I
n

1 9 8 0

,

t h
e

fo

r e s t a r e a
d

e e r e a s e
d t o

3 0

,

3 4 9

he
ct ar es

,
a

nd

t h
e

fo
r e s t e o v e r a

ge
w

as
o

ul y 1 4

.

1 P
e r

ee nt

,
a n

d t h
e s t o

re d w o o
ds w

a s o n

ly
o

.

5 8

而lli
on eub ie m ete

rsw ith theaverag e only 1cub ie m ete
rsPer Pers on

.
D uring thi s 23 years ,

t
he fo re

s t a r e a
h

ad
d

e

ere

as
e

d 4 0

,

6 8 7 h
e c t a r e s a n

d t h
e s t o r e

d w
o o

d
s

h
ad

d
e

cr
e a s

ed
3

.

3 m il

-

li
o n

cu
b i

e

me

t e
rs

.

T
he

d i而nutio n of fo
res t res

ouree 15 direetly ca us ed by the exces
siv e fal l

of tr侧绍 ,

w hi
e

h 1
5 e

fo
s

el y re l
a t e

d t o t h
e s

h
o r

t a
ge

o
f fu

e
l in Z h

a o t o n
g P re fe ct

u r e

.

B
a

d d es i
gn an

d
co ns

t

ruc

t io
n o

f
r o

ad

s a
re

a
ls

o
fa vo

r a
b l

e t o t h
e

fo
n n a t i

o n o
f d

e
b

r
i
s

flo ws

.

B
e e a u s e t h

e
li m it

o
f m

o

un

t a
in

o u s
l
a n

d fo

rm

,

mo

s t o
f t h

e
hi g h w

a
y

a r e 2
1
92 铭

.
B last

and sto ne-- Pi eking res
ults in the disca rd ed eart h to fa ll dow n afo ng sloPes and aeeum ulate

g adua lly
,

w h i
ch

t a
k es

s a n
d

s a n
d

s t o n
es

a
w

a
y fr

o
m

t h
e o r

ig
i
na

l
s

l
o

pe

,
a n

d d
e s t

r o
y t

he

s t a
-

b il it y
o

f
na

t u
ra l

s
fo P eS

.

T
he ro

a
d

s
ur fa

c e o
f

mo

u
nt

a
i
no

u s v
i ll

a

ge
h

ig
h w

a
y

s
15

a
l

wa

y
s

b
r o

k
en

.

T
he

re 15
n e

i t h
e r s

l
o

P
e--

P ro
t e

ct i
o n

,

no

r
d ra in

a

ge

,
a n

d
no

r
t re

e--
P l

a n t i
ng

o n t h
e s

i
de

s

o
f t h

e
h i

gh
wa

邓
.
Al
on g

mo
st vi ll age hi g hw ays

,

d
e

b
r

is fl
o

w
s a

re
v e r

y
a

ct i ve

,
a n

d t
he

d is
a s

t e r s

a
re ve ry

s e
ri

o u s
,

t o o

.
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,

Z
ha

o t o

ng
P re fe

e t u r e
1
5

d i vi d
e

d i
n t o

1 0 b as i
e

un
i t s

.

H
e

re
t

he
b as i

c

un
i ts a r e t h

e a
d 而
nistra

-

tive co untie s
.
Beca us e the Pr eventio n and re lie fofthe debris flow disas ters ma in

ly deP恤d
on the va rious govern m ents

,

w e c
h

o o s e t
he

i
n t e

g ra
t e

d
a

d 而ni strative re gi ons as the basic

un its to e
valuatetheregi onalrisk ofdebris flow ol

.

The quantitative ind exes used to evaluate the re gional risk of deb
ris flo w

are as

fo llows
.

万户the ac tu al sP atia lds ns ity o f d eb ris fl o w ra vi n es

It 15 the n u
汕
ersofdebrisno w ra访nes per u苗t ar ea (

u su ally p er l
,

00
0腼
2)
.itshows

the activesitua tionofde brisflowsand15the mostimpo rtantindex
.Therefo re it15thelead

-

ingindexfortheeva hiationonthere乡ona lrisk of ds bris flo w
.

万广the fl oo d-- h
azard o cc ur re n ce fre

q ue nc y

It 15 su P Po sed th at un d
er the ei

rcu
m stanc e of the da ily

ra in fa ll u P or eq ual 50m m
,

o r

t
he

e o n t i
n

ue

s
ra l

n
fa l l

o
f 3

da
y

s o v e r
2 4
一 4 0 t i

me

s o f th e a v e
ra ge d a il y P re

e iP ita t io n in a y ea
r

(s pe
e i
fic

t恤es m ustbe des igna ted by the loeal me
teorologica ldePartme ni

s)
,

t h
e

fl
o o

d--

h
a z

-

a
rd m

a
y P

o s s
ib l y

o e e u r
i
n t

he

r

铭ion
.

T hen w it h in th e ee rt a in sta tis tic al P erio d
,

t
he

P ro
po

rt i
o n o

f t h
e

flo

o

企h
aza rd tim es in

the Possible total flood-- ha za rd time
s 15 defined as the “

fl
o o

d--
ha za rd

o
cc

u

rre

n
ce

fr
e
q
ue nc

y

” .

W

e s

ho

u
ld P

a
y

a t t e n t fo
n t o

d is
e
ri 而nat e the

“

fl
o o

d--

h
a
za rd

o
cc

u
rr

e

nc

e

fre

-

q
u e n

cy

”

fr
o

m
t h

e

flo

o
d

fre

q
u e n e

y

.

T h
e
y

a
re

e o
m P le t e l y t w

o
di

ffe

r e n t
co

n
ce

Pts

.

B
e
ca

u s e t
he

d
e
br i

s
fl

o
w

s o
ft

e n a
cc

o
m P

a n
y w it h t h

e

flo

o
ds

,

t h
e

flo

o

d--

h
a z a

rd
o c e u r r

en ce
fre

q
u e n

cy
is

a

go

o
d 如Pl ica tio n ofthe aeti

ve degree ofde bris flows
.

叉犷the average we
athered co effi eientofro cks

It 15 the ratio of m onoax ial eom Pres sive stre ngth of w eathered rocks to that of fr es h

rocks
,

ma

r
k

e
d w it h

Ky
(于< Ky < l)

.
It in d ic ates the bro ken degree ofroeks and the quan

-

tity of the loose solid
ma
terials

‘

P
ro

vi d

e

d
fo

r

d

e

b

r

is fl

o

ws

.

At

t
e n

t
i

ve
ly

,

X 夕 s
ho
u kl b e the

a v e ra g e va lue in the re g io n (
sa m P le )

.
In P ro po rt io n to th e le a d in g in d e x

,

w
e u s e

i t s r e e
i P

r o
-

cal

a s t h i
s

i
nd

e x
fo

r t h
e e v a

l
u a t i

o n o n t h
e r e

g io
n

al
r

i
s

k
o

f d
e

b
r

i
s

fl
o w

.
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叉诊一 the av
e r a g e co

e ff ie ie n t o f v a

ria
t i o n o f m

o n t hi y P re ci P it a t i o n

I n s o u t h

wes

t e
m C hi n a

,

d
e

b
r

i
s

flo
w

s
m

a
i
n

ly

o
cc

u r
i
n t h

e
ra i

n
y

s e a s o n

fro

m M

a
y t o

s
e

Pt
e

mb

e r
in

a
y

e a r

.

T h
e

co

e

ffi

e
i
e n t o

f
v a r 讯tio n

,

ma

r
k

e
d w i t h C

v

(
0 < C

v

<
l

)

,
s u 韶es ts the

ee ntra lized dis trib utive situatio n of the yearly Pre eiPit
ation

.
T here fo re it als o refle

cts the

po
ssib让ity o f d eb ris fl o w o cc u rre n ee

.
T ha t 1

5 ,

t h
e

l
a r

ge

r
C

v
,

t h
e

mo

r e e o

nc

e n t
r a

t i
v e t h

e
P

r e
-

c

iP
i t a t fo

n
,

an
d t h

e
h i g h

e r t
he

d
e

b
r

is
flo

w fr
eq

u e n

cy

.

C

vm

a
y b

e e a
l
e u

l
a t e

d b y t h
e

fo

rm

ul
a :

C
”

习【凰(戈
一

动
‘“, /无 (l)

w here: 戈

i= l
,

2

.

⋯
,

1 2

.

1
5 t h

e
m

o n t h l y P re
c

i P i t a t i
o n

,

X is

B
e

ca
u s e

C
v

va

r
i es y

e a r
l y

,

w e
h

a
d b

e t t e r

t h
e a

ve

r a
g

e

mo

n t h l y P
r e e

i P i t
a t i

o n
,

a v e r a
g

e t h
e

m m
o r e

t h
a n

1 0 ye
a r s

.

万扮the density o f aetive fa u lts It 15 th e to tal le n gt h of
aetive fa ult s Per u n it a rea (u su al

-

ly l
,

o
oo

k m

,
.

T h e
ra 过ts on ly co un

t 污th ose large
,

d
e e

p
a n

d
a c

t i
v e

fa
u

l t s
,

忱ca u
se m ostorthe

debrisfl ows
oft en aPPearafo ng the active fa ult

zones
.

叉犷the a
verage arm

ualdays uP orequal25
nun

rain fa ll

Al though the ove
r SO
rnm

daily rains torm
s ca n ign it

e debris flo w
s, t h

e
t i m

e s o
f

a c t
ua

l

de
b

r
i
s

fl
o w s a r e u s u a

ll y m
o r e t h

a n t h
e t 而es ofrainstorms

.
In fa et

,

t h
e a v e r a

ge
a

nn

u a
l d

a
y

s

u
P

o r e
q

u a
l 2 5 m m

r a
i
nf

a l l h
a s a

d
o s e r r e

l
a t io

n s
h i P w it h t h

e
l
e a

d in g in d
e x

t h
a n t h

e a v e r a
ge

a n n

ua
l d

a
ys

u
P

o r e
q

ua
l 5 0

rrun

r a
i
n

fa l l

.

T h
e

re fo

r e
,

i t 15
u s e

d as
t h

e
i
n

d
e x

fo

r
t

he

e v a
hi

a
t io

n

o n t h
e

re g i
o n a

l
r

i
s

k
o

f d
e

b
r

i
s

fl
o

w

.

灭升the P
ropo rt io n o f th e eul tiva ted la n d u P o

r eq u al 25 d eg rees in th e total eu ltivated

h ll d

It reP resen ts th e in tens ity o f h u m an a etivi ties
.
C ult ivatio n on the steeP slo Pe 15 th e

ma nk ind
‘
5

d ir
e e t d i

s t
r a e t i

o n t o t h
e n a t u r a

l
e n v

ir
o n

m
e n t

,

w h i
e

h
e a s

i l y
r e s

ul t s
i
n t h

e
d 而inu

-

tio n of the eoverage of fo res t and vegetation
,

t h
e

10
5 5 o

f w a t e r a n
d

5 0
1 1

,
a n

d t h
e

fo

rm

a t io
n

o
f

de
b

r
i
s

fl
o w s a n

d l
a n

d
s

li d
e s

.

叉犷the P
roP o rtion o f the slo P ing la nd

u P o r equ al 2 5 d egr ees in th e to ta lla nd

T h e slo P in g land
u P o r eq u al 2 5 d egrees b elo n gs to the steeP slo P in g lan d

.
D ebris fl ow s

al w a岁 ta ke P laee th ere
.
E sP eein ll y in the h ead w aters o f d eb ris flo w

ra vin e
,

s
l
o

pe

s a r e e v e n

u
P t o

6 0 d
e

g
r e e s

.

I
n

fa ct

,

i t h as
c

fo
s e

re l
a t i

o
ns hi P w i t h t h

e
l
e a

d i
n

g i
n

d
e x

.

C
o n s e

q
u e n t l y i t 1

5
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,
s e

P
a r a t i ve re la t i vi t y t h

e 戈es Xs in to rela
-

tiv e valu e 厂l-- X
: w ho

se
ma
xim
um
15 1 and m in i

mu
m 15 0

,
a

nd

t h
e r e s t a

re

fro

m 0 t o
1

.

R
e

l
a t i

v e
i
n

de

x
es X 户Xs b y th e fo rm

ula :

X “
j一 (X

j 一 X jm in )/ (X
jm a x 一 X zm i

n
) (2 )

wh
e re : 1 15 th e re g io n (s

am
p le )

n u m b
er ,

i = l ; 2

, ·

⋯
,
n

·

j
1

5

t

he

i

n

d

e x n u

m
b

e r

,

j
= l

,

2

,

⋯8
·

了。

15 t h e re l
a t iv e Va ki e O f t he in d e x j in t h e r e g io n i

·

戈j is the absolute
value (basic data)of

the in dex jin the
regio n i沈少

”in 15 t h e 而ni m Lnn
ofxj X尹

忿
ax 15 th e m

a x i

mu

m
o f 耳

The fu nct ions ofthe 8 ind exes a
re no tequalin the evalu atio n on the re gio nal

risk of

ae bris now
.
Based on Liu ,

5 s t u
d y l

’]
,

t
he

w e
i g h t n u

m 悦rs or the 5 in dexes re s讲ct ive ly a re

W
z= l

,

W

Z
= 0

.

7 8 0 6

,

W

, = 0

.

7 6 2 1
,

W

;
= 0

.

7 4 4 5

,

W

:
= 0

.

7 3 8 4

,

W

。= 0

.

7 12 8
,

W

, = 0

.

7 1 2 6
,

W8

= 0

.

7
(X)

0

.

T
he

r e
g io

n a
l

r
i
s

k
o

f d
e

b
r

i
s

fl
o

w
ca

n
b

e
ca l

c u
la t e

d b y t h
e

fo l fo w i
n

g fo
r

mu

la
:

p

‘
=

X

‘i 一 + 0

·

7 8 0 6
X

’‘2
+ o

·

7 6 2 l
X

’‘3
+ 0

·

7 4 4 5

X’
‘4

+ o

·

7 3 8 4
X “
5+ o

·

7 l 2 3

X’
‘6

+ o

.

7 1 2

6X

’‘:
+ o

·

7 0

0o
X “
s (3)

where:R i 15 the regiona lrisk ofdebrisflow in the regio n 1
.
The res t

sym bo lsare thesame
as befo re

.

In line w ith thisme
tho d ofe

valuatio n on the regio nalrisk ordebrisno w
lZ] ana the re

-

gionalrisk gradesofdebris flow in T able s,

t h
e r

es
u

l ts o
f t h

e r e
g i

o

na
l

r
i
s

k
s o

f d
e

b
r

is fl
o

w i
n

Z h
a o t o

ng
P re fe

c
t u

re
a

re
s

h
o

w
n

in T
a

b le 6

.

Ta
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,

t
h

e
R
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15
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h
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.
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In Z hao to ng P refe etu re
,

t
he

d
e

b
r

i
s

fl
o

w
s a r e

ca

u s e
d b y m

a n
i fo ld fa

e t o
rs

.

W

e a t
be

r e
d

an
d b

r o

ke

n r o

ck

,

co m P l
e x a

nd de ns
e

fa
u

it

,
s t e e

P
s

fo P in g l
a n

d fo

rm

,

h
e a v e
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t o r

m

,

un
re

a s o n a
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e a
gr ic ul t u

re

,
e x

ee
s s

i ve d
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u

il d i
ng

a
re

a
l l t h

e

ad

-

va nt 昭eous co nditions to the fo r们。a t io n o f d e b r is
flo ws

.
T h is P a pe

r th ro
u g h t h e t

he
o r e tic

an
d P r a ct ica l r es e a

rc h es
,

co

n
cl

ud
es t h

e r e
g i

o

na
l

r
is k

s o
f d

e
b

r
i
s

fl
o

w
o

f Z
ha

o t o n
g

Pr

e
fe ct

ure

fo l l
o

w
s

·

T h

e

re
g io

n a

l

r

i

s

k g

r
a

de

v

:

o 川y Q 谧
o
j
a e o un

ty
,

h as
t

he

a
re

a o
r 3

,

1 9 5 k 耐
a
cco
unt谊g

fo r 14 pe rce
n t in Z ha

o ton g P refe etu re
,

a n
d d is t r

ib
u t es 8 0

de
b

r
i
s

fl
o

w
r a v

in es w i t h t h
e a v e r

-

铭e spat讯l由ns ity or a加ut 25 spo ts 讲
r l

,

oo
o k m

,
.

A u t h e 8 1砚exes have the hig h va lue s

and are co m bined ve 仃 水11
,

a n
d

a r e e x
t re m

e
l y

s u
i t

a
b l

e
fo

r
t h

e o c c u r
re

n
ee

o
f d

e
b

r
is fl

o

ws

.

忽 the p
res ent situationlor饰

anee a耐 tech nique in the pre re ct ure
,

t o e
li m 运ate th es e

fa vo ra ble fo
rm
ativ e co

n d itio ns o f d ebris flo w 15 fa irfy d iffi
cu lt

.
T h erefo

re ,

t
he m

o s t i m P
o r

-

t

an

t t a s
k

we

s u
g g es t e

d 15 t o
P

r e
d i

e t t h
e o

cc ur re
n

ee
o

f d
e

b
r

is fl
o

ws

,
r

ed

u
ce

t h
e

l
o s s

es
o

f

p
r o

P
e

rt i es

,
a n

d Pr
o t e e t t h

e
P

e o
P l

e
,
5

li fe

.

T h
e r e

g i
o n a

l
r

is k gr
a

d
e

1 1 1
:

I
n c

l
u

d i
n

g 6
co

u n t ie
s o

f Y
o n

gs h
a n

,

Ya

n

j

n
,

L
ud

i
a n

,

n
a

g
u a 飞

,

w

e
i
x 认 a n d z h en xio n g

,

h
a v e a n a r e a o

r 1 3

,

1 0 队m
Z, a e

co un

t i
n

g 匆r 59 peree n t in

一381一



,
a n

d d i
s t r

i b
u

t e s
1 7 0 d

e
b

r
i
s

fl
o

w
r a v

in
e s w i t h t h

e a v e r a
g

e s

Pa
t i

a
l d

e n s
it y

o
f

a
b

o u t 1 3
s

P
o t s

p
e r

l

,

(X)
O k m

2
.

ve
r

y w e
ll

.

T h
e

d
e

ve l
o

P

me

n t a
l

S
o

me

o
f t

he
8 in d

e x
es

ha

v e t
he

h i g h
va

in es b
u t

co m b in
e n o t

t r e n
d

o
f t

he
k

e
y d

e
b

r
i
s

fl
o

w
r a v

i
ne

s s
h

o u
l d b

e
m

o n
i t o

re d

e
l
o s e

l y

,
a n

d t h
e

P
r o

P
e r e o u n t e

rm

e a s
ur es

s

ho

u
l d b

e 而Plem ented 50 as to re duce the debris

flo w disasters to the m in im um
.

T he regional risk grade 11: Inc ki din g 3 co un tie s of Y iliang
,

S
u

i
j
该n g-- S h u血

and
zhaoto飞 e ity

,

h as
a n a r e a o

r 6

,

1 3 8 k m

Z
,

a

cco

u n t谊9 ro r 27 pe
reen t 谊 z h a oto n g

,
a n

d d i
s

-

t
r

ib
u t es 8 0 d

e
b

r
is fl

o w
r a v

in es w i t h t h
e a

ve
r a

g
e s

P
a t i

a
l d

e
ns i t y

o
f

a
b

o u t 1 2
s

P
o t s

pe

r

l

,

oo 低m
2.T he value s or the 5 indexe s are re lative ly low an d t址y a

re no tco m bine d w ell
.
In

sPite ofthis
,

a
fe w

ke
y d

e
b

r
i
s

flo ws
d ir

e e t l y t h re
a t e n

in g 而nes
,

v
il l

a
g

e s

an
d m

a
i
n t

r a

ffi

e
l i

ne

s

s
h

o u
kl b

e

co nt

r o
l l

e
d

a n
d h

ig
h

ly Pa
i d

a t t e n t io
n t o t h

e
i
r a e t iv

e t r e n
d

s

.

M

e a n
w h i le

,

we

s
h

o
ul d

s t
r e n

g t h
e n t h

e e o n s e r

va
t i

o n o
f w

a t e r a

nd

5 0
11

,

an
d P

r e
ve

n t t h
e

fo

rm

a t i
o n o

f
n e

w d
e

b
r

i
s

flo

w s

.

T h is w
o r

k w a s
Pr

o
P

o s e
d b y t

he
g

o
ve m m

e n t o
f Z h

a o t o n
g P re fe

c t u r e
.

A

cco

r
d i

ng

t o
i ts

de

ma
nd

,

w e
h

a
ve d

o n e t h is
r

es
e a r e

h
a n

d P
r o v

id
e

d t h is

fin

d in g
s t o

i d
e n t 介 whi

ch regi ons

(co un ties) ha
ve and w ill ha ve the serio us risk of debris flow disaster

,
a n

d w h i
e

h re g i
o n s

( co un

t i
e s

) ha

v e a

nd

w il l h
a v e t

he
li g ht

r
i
s

k
o

f d
e

b
r

is
flo

w d i
s a s t e r

.

T
he

res

e a r c
h

res

u
it

s o
f

t
he

r e
g i

o n a
l

r
is ks

o
f d

e
b

r
i
s

fl
o

w
a

re
a

l l re l
a t iv

e
,

a

nd

o n
l y

ca

n

be co m Pa re d w it h
e a e

h
o t

he

r

in Z h
a o t o n

g P re fe
c t u r e

.

A C K N O
W

L E D G E
M

E N T S

M
a n y t h

a

nk

s t o

W

a n
g S h i ge

,

Y
a n

g
Q

in g
x

i

,

W

a

ng
Y

a n
g

ch un

,

Z h
a o

X i
nb

a o a n
d C h i

Z
o n

g
x

i
n

fo

r
t h

e
i
r

P
a r

t ic i P
a t io

n
i
n t h

e

fie
ld i

n
ve

s t i g
a t io

n a n
d t h

e

co
l l

e
ct i

o n o
f t h

e
b

a s
ic d

a t a

.

Al

s o t h
a n

k
s t

o
D

r
.

P
a

ul i
ne

I
v

es
a

nd
P

r o
f. L I T 该n ch i fo

r th e co m me
n ts an d su gg es ti

o n s

greatly assistin g in th e revi sio n of thi s m an u se
riP t

.

R E FE R E N C ES

【11 刘西 林
,

等
.
中国云南昭通地 区地质 因素对滑坡 的影响

.
环境地质与水科学

.
19 92

,

19 ( 1)

.

[2 1 刘西林
.
泥石流危险区划 的探讨

.
灾害学

.
1989

,

4
(

4)

,

于 9.

[3 1 刘西林
.
云南昭通地区泥 石流灾害及其危险度评价

.
灾害学

.
1991

,

6
(4 )

,

4
7-- 51

.

一382一


