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Fig. 1 Economic losses by geological disasters in
Yunnan from 1991 to 2002 (U nit: hundred million Y uan)
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Fig. 2 Deaths number by geological disasters in Y unnan

from 1991 to 2002 ( Unit: person)
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1 1965~ 2002

Table 1 Typoical disaster events of landslide and debris flow caused by rainfall in Yunnan from 1965 to 2002

1965- 11- 22~ 23 444
1969- 08- 11 99 ., 167 1000
1979- 09- 26~ 10- 08 143, 88
1983- 07- 02 32, 51
1984- 05- 27 121, 34 , 1 100
1990- 06— 29 52, 9 800
1991- 09- 23 2106 ., 8 1 200
1994- 07- 13 58 ., 347 1
1995- 05- 30~ 31 33, 8 L6
1995- 07— 24~ 25 41 41 L3
1995- 08- 16 29 ., 10 820
1996- 05- 31 06- 03 372, 146, 16
1997- 05- 06~ 06— 08 74 133, 25
1998- 07- 02~ 03 21, 18 300
1998- 06~ 07 23, 610
1998- 07- 13 40 , 178 .51
2000- 08- 13 17 , 4
2001- 07- 03 28, 15 6000
2001- 07- 09 9 , 2 . 500
2001- 08- 25 18 5
2002- 08— 12 29
2002- 08— 14 63 , 33

2 127

Table2 Heavy rain and raingorm frequency in 127 weather stations of Yunnan

1 2 3 4 5 6 7 8 9 10 11 12

53 12.1 14.7 327 1150 2540 305.0 290.0 166.0 103.0 47.5 13.6
0 4 1.1 2.4 3.7 20.7 510 63. 5 55. 8 30. 9 14.9 80 1.5
00 0.0 0.1 0.1 1.1 33 49 34 1.9 0.7 03 0.0

337

6.4
(106

127 35 a (1961~ 1995 ) 3 1985~ 1998

Table3 Main synoptic systems frequency caused heavy rain and

rainstorm during rainy season from 1985 to 1998 in Y unnan

, 10
, 225
5 9 16 3 5 8 0 0
; (125 ) (117 ) 6 17 11 1 8 3 3 9
) 7 19 10 2 14 0 4 14
8 14 11 5 7 0 7 19
9 12 12 4 3 1 1 9
0 8 15 4 0 7 0 0
1 6 7 1 0 7 0 0
85 82 20 37 26 15 51
(%)269 2.0 63 1.7 8.2 48 16. 1
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Table 4 Regional critical rainfall comprehensive index of causing landslide and debris flow in Yuman (Unit: mm)
I I I v \% VI
> 30 60~ 80 50~ 70
2F ~ 30 80~ 100 70~ 100 80~ 100 80~ 100 80~ 100
16~ 26 > 100 100~ 150 100~ 150 100~ 150 100~ 150 100~ 15°
<20 > 150 > 150 > 200 150~ 200
I : 21% ( 3)
;I ,
; 10 , ; 40
1Y , Y 35
30
; VI 25
20
15
N ‘mm Al
80% 0 - — - ..
6~ 8 | 5H 6H 7H 8H 9H 10H
7 5~ 10 3 (%)
, 6~ 8 , Fie. 3 Monthly variation of lan dslide and debris flow disasters
7~ 8 in Yunnan (%)

70% , 8 ,:.6 9 ;



575

525
39d ,
3
, . o~ —
4
Fig. 4 Precipitation patterns in early days caused
landd e and debris flow disasters in Yunnan
2.3.1
5d 2d
250 mm ; 1d
250 mm 1nd ., 4.d
> 10 mm ~
3.
— ( 10d )
( 2d ) -
204, 39%
1992- 07- 12
) 235 mm,
142
50 mm ,
150~ 200 mm
2002- 08- 12
, 29 22.0
mm, 3d 101.9 mm s 11
d 148.0 mm 11d

3d

B

- 08- 12 22.0 mm ,
2.3.2 ~
50 mm ,
) 10~ 50 mm ~
263
), 50%
: 2000- 08- 21
4 2002- 08— 14
63 33
2~ 3d 10 mm ~
6d
2.3.3
40d ~
, 40 d 25
40 d
4%,
2001- 09- 02
22.d 33~ 39d 3
s 2 10 mm
, 525
3
1961

12

525

2002

2

d
(4d

12d

7~ 14 d

2~ 3d



576

23

3~ 12 h
125
31
300 km,
6 min
32

2

0~ 3h

1984

3.3

3.4

(EOS)

3.5
FY

56

5 km

20 km
15~ 20 km
100 km, 20
(EOS)
. 1~2d
EOS



577

PCVAST

36

km ’
20 km
37 GPS

, GPS ,

GPS
38

100 km

10 km
, 6~ 48 h

90 :
4.5 169

40

20

GPS

(References) :

Tan Wanpei, Wang Chenghua, Yao Lingkan, et al. Regional
Forecasting of Debris Flow and Landslide under Rainstorm [M] .
Chengdu: Sichuan Science and Technology Press, 1994. 205~
208. | s s s

[M] . : , 1994.
205~ 208. ]
Tang Bangxin, et al. Flood, Debris Flow, Landslide and Hazard
Control [M]. 1994. 83~ 100. [

[M].

Beijing: Science Press,

, 1994. 83~ 100.]
Wang Lixian, Yu Zhimin. Prediction on Damage of Mountain Tor
rent and Debris Flow [M].
2001. 31~ 38 | .

M. : , 2001.

Beijing: Chinese Forestry Publishing
House.
31~ 38.]
Institute of Mountain Hazards and Environment , Chinese Acade
my of Sciences. Research and Prevention of Debris Flow [M].
Chengdu: Sichuan Science and T echnology Press, 1989. 121~
134, 249~ 262. |

[M]. : ,
1989. 121~ 134, 249~ 262.]

[ 5] Institute of Mountain Hazards and Environment, Chinese A cademy

of Sciences & Minister of Water Resource. Debris Flow in China
[M]. Beijing: Commercial Press , 2000. 60~ 71. [
[ M].
, 2000. 60~ 71.]
Wang Jinglai, Yang Zihan. Yunnan natural disaster and reduction
gudy [M]. Kunming: Yunnan University Press, 1998. 113~
158. | R . [M].
, 1998. 113~ 158.]

Tang Chuan, Zhu Jing, et al. Study on landslides and debris flow
of Yunnan [ M]. Beijing: Commercial Press, 2003. 101~ 154.
[ , , [M] .

, 2003. 101~ 154. ]

Wu Jishan, Kang Zhicheng, Tian Lianquan, et al. Debris Flow

Observation and Research in Jiangjagou, Yunnan [ M ]. Beijing:
Science Press, 1990. 197~ 212. | N s N

[M]. : ;



578

23

1990. 197~ 212.]
[9] Qin Jian, Xie Mingen, Liu Yu, et al. Introduction to Meteoro-
logical Disasters in Y unnan Province [M ] .
cal Press, 2000. 130~ 191. [ s s R
[M]. : , 2000. 130~

Beijing: Meteorologr

191.]

[ 10] Yunnan Provincial Disaster Prevention Association. The 40 Years
Investigation of Major Disasters in yunnan [M ]. Kuming: Yur
nan Science and Technology Press, 1999. 1~ 24. [

[M].
, 1999. 1~ 24.]

[11] Peng Guifen. The relationship between geological disasters and
precipitation in Yunnnan Province [ A]. In: Collected papers of
meteorobgical forecasting and warning technology on geological
disasters [ C]. Beijing: Meteorological Press, 2004. 172~ 176.
[ . [A].

[C]. : , 2004.
172~ 176. ]

[12] Zhang Hongbing, Jin Deshan. Some natural factors influencing on

activity of landslide and debns flow in Yunnan Province [J]. Hy-

drogeology & Engineering Geology, 2004, 31 (5): 38~ 41.
[ ,

[J]. , 2004. 31 (5): 38~ 41.]

[13] Tang Chuan. Investigation and analysis on regional features of de
bris flow hazards [J]. Research on Yunnan Geographic Environ-
ment, 1997, 9 (1): 1~ 10. [

[J]. , 1997, 9 (1): 1~
10. ]

[ 14] Yao Xuexiang, Xu Jing. Multr discipline forecast and warning err
gineering sysem on sediment related disasters [J]. Engineering
Science, 2004, 6 (6): 9~ 14. | s

[ J]. , 2004, 6 (6): 9~ 14]

[15] Cui Peng, Liu Shijian, Tan Wanpei Progress of debris flow
forecast in China [J]. Journd ¢ Natural Disasters, 2000, 9
(2): 10~ 15. [ s R

[J]. , 2000, 9 (2): 10~
15.]

The Cause of Meteorological Formation and Monitoring on
Landslide and Debris Flow Disasters in Yunnan

XIE Mingen', CHENG Jiangang', FAN Bo’
(1. Meteorological Bureauw of Yunnan Province, Kunming 650034, China;
2. Simao Municipal Meteorological Bureau of Yunnan Province, Simao 665000, China)

Abstract: The formation environmental background and distribution about landslide and debris flow disasters in

Y unnan Province have been analyzed by using historical natural disaster data. It is shown for typial disaster

events of landslide and debris flow caused by rainfall from 1965 to 2002, the relationship between landslide |,

debris flow disasters and meteorological environment has been studied. Landslide and debris flow disasters in

Y unnan occur mainly in July and August in the midsummer, major influencing synoptic systems includes shear

line, cold front, westerly trough, southwest vortex, storm of the Bay of Bengal, westward typhoon from the

South China Sea and convergence area between two highs. T here are three precipitation patterns in early days

caused landslide and debris flow disasters in Yunnan which includes rainstorm, moderate heavy rain and cloudy

rainy weather for several days. The regional critical rainfall com prehensive index caused landslide and debris flow

disasters has been given: finally, the meteorological monitoring and warning technical methods with landslide

and debris flow disasters are further discussed.

Key words: landslide; debris flow; meteorology; precipitation; monitoring and waming



