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The Life Risk Acceptability Criteria for the Geo-hazards in China

ZHAO Zhou, HOU Enke

School of Geology and Environment, Xi’an University of Science and Technology, Xi‘an 710054, China

Abstract The acceptable risk criteria are an important part in connection with geo—hazards risk assessment and management; china’s

geo—hazards criteria are in the early stages of research. For the targets of the life risk acceptability criteria definition of geo—hazards

occurred china, firstly the connotation of criterion is analyzed, and then the Individual Risk (IR) criteria and the Social Risk (SR) criteria

are achieved through a consequence based approach. The IR criteria are discussed and defined by using statistical and comparative

analysis method based on the casualty data of geo—hazards occurred in recent years in the entire country of china and other twelve

Chinese provinces frequently—occurring geo—hazards. The research results of IR are summarized as follows: For the natural geo—hazards,

the upper limit of the acceptable individual risk is 10 per annum and the maximum tolerance for the individual risk is 10~ per annum;

for the geo—hazard IR caused by new built—up slopes, the upper limit of the acceptable individual risk is 107 per annum and the

maximum tolerance for the individual risk is 10~ per annum. The SR ecriteria are recommended based on the IR criteria and the

international experiences composed by acceptable, unacceptable, ALARP, and intense scrutiny regions. It is suggested that all of the

research conclusions are only for the discussion. The result has both theoretical and practical significance to the formulation of risk

acceptability criteria and the risk management implementation for geo—hazards in china.

Keywords geo—hazards; individual risk; social risk; acceptability criteria
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Table 2 Grades of geo—hazards risks
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Table 3 Casualties caused by geo—hazards with some provinces in the recent years

w gy er E A e, ey BT 20 AR
A K o N N o "
2004 29 8 37052000 2004 162 100 87246000
2005 58 23 37200000 488000 2005 82 87500000
2006 22 5 37350500 ipl| 2006 61 6 81690000
[ 7 2007 86 24 37480000 2007 143 3 81270000
2008 29 13 37620000 2008 150 7 81380000
2009 10 4 37720000 497000 2009 159 25 81850000 640000
2010 270 50 37870880 516000 2010 119 3 82324730 800000
2006 18 0 26062500 2006 145 1 63420000
2007 10 4 26171600 HIiNE] 2007 20 16 63550000
Hl 2008 8 0 26281200 1750000 2008 18 12 63800000 450100
2009 19 6 26354600 2160000 2009 22 40 64060000 577900
2010 1801 2062 26528800 2010 46 0 64322646 623000
2005 18 27980000 2005 78 91940000
2006 3 28080000 2006 171 93040000
e 2007 53 58 28160000 SR 2007 18 4 94490000
2008 10 19 28390000 2008 37 95440000
2009 87 8 28590000 2009 19 4 96380000
2010 37 28790000 2010 44 6 97324524
2004 200 112 44152000 350000 2004 41 34 48890000
2005 60 44504000 2005 50 49250000
2006 60 44830000 i) 2006 83 49610000
=~ 2007 125 8 45140000 2007 28 50020000
2008 158 45430000 2008 82 50490000
2009 55 2 45710000 2009 18 100 50920000
2010 190 47 45993400 1530000 2010 85 35 51352820
2005 94 35350000 2006 29 39553000
2007 25 35810000 M 2007 37 39754800
pia%e 2008 3 36040000 2008 38 37930000
2009 3 36270000 2009 22 37980000
2010 79 36502128 2010 100 38030065
2005 50 57100000 2005 36 43112400
2006 4 56930000 T 2006 14 43391300
w2007 17 56990000 2007 18 43684100
4 2008 10 57110000
2009 8 57200000
2010 41 57290142

EHYE SRR TE A WL IRE R R E S (R RTE )RR MA BN R EFER, 2010 F5 A 0 EHARE 2009 FA T E S

Notes: The data is based on provincial annual statistical report, geo—hazards prevention program and the china geo—hazards bulletin on the same period. The

resident population in 2010 were calculated on the basis of the growth rate of provincial population in 2009.
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Fig. 3 Casualty rate of population threatened by
geo—hazards for some provinces in recent years
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Fig. 4 Total population casualty rate caused by
geo-hazards for some provinces in recent years
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Table 4 Casualties caused by geo—hazards of china in recent years

FEh T AR ZOIAM UNEPsE- IS N RE iy
1998 1573 1248100000 0.00000126
1999 864 1259090000 0.00000069
2000 1080 1264780000 0.00000085
2001 1049 936 1276270000 0.00000156
2002 907 470 1284530000 0.00000107
2003 868 3355 1292270000 0.00000327
2004 860 280 1299880000 0.00000088

E o T M ZOAK ARBE BARfTER
2005 682 339 1307560000 0.00000078
2006 774 453 1307560000 0.00000094
2007 679 446 1307560000 0.00000086
2008 757 841 1307560000 0.00000122
2009 486 315 1307560000 0.00000061
2010 2915 534 1341000000 0.00000257

ELRER R TE RGBS AL AR AL B R B R R F Bk,

Notes: The data is based on both the annual statistical bulletin of the National Bureau of Statistics of China, and the annual geo—hazards bulletins of The

Ministry of Land and Resources of P. R. China.
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Fig. 5 Total population casualty rate caused by geo-hazards
of china in recent years
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Fig. 6 Societal risk criteria in China

21 I



] jcmik

ﬁ\ 3Tk X (Articles)

B S 2011,29(36)

SCIEACE & TECHAOLOGY REVIER

4 Hig

AR SCAE R M J5 9 AT 4 52 XIS e o4 A 108 2 A AR i i R
F AR AG 5 7 1 L Al b, 255 & 12 AR F
1R A T AT f 3 R i A N B T R R S
Br#) 5 i  WEFERE 1 A AR ML B R R i T AR R R K
F A N A XU AT 2 2 hn vf OF 20 A 4t T S B
GE AL 22 R BOARIE BT 5 T7 36 AR S0 B RE 68 X
b T I T e 3% XIS o o ) ) R R M S T XS A B ) S
Jiti S ) — 5 B HE S A T

2 % 3k (References)

[1] Dai F C, Lee C F, Ngai Y Y. Landslide risk assessment and management:
An over view [J]. Engineering Geology, 2002, 64(1): 65-87.

[2] Fell R, Ho K K S, Lacasse S, et al. A framework for landslide risk
assessment and management [C]/Hungr O, Fell R, Couture R. Landslide
Risk Management. London: Taylor and Francis, 2005: 3-26.

[3] Fell R, Cororninas J, Bonnard C, et al. Guidelines for landslide
susceptibility, hazard and risk —zoning for land use planning [J].
Engineering Geology, 2008, 102(3-4): 85-98.

[4] ERM -Hong Kong. Landslides and boulder falls from natural terrain:
interim risk guide lines[R]. HK: Geotechnical Engineering Office, 1998.

[5] ANCOLD. Guidelines on risk assessment [R]. Tatura: Australian National
Committee on Large Dams, 2003, 24-30.

[6] AGS. Landslide risk management concepts and guidelines [R]. Australian
Geomechanics, 2002.

(7] #3616, X074, 9 AT 4 R K bR BF 55 53k (], S M BT 5,
2010, 19(3): 72-80.

Shang Zhihai, Liu Xilin. Word Regional Studies, 2010, 19(3): 72-80.

[8] VR, X AR, W3 O KU 23 BT 5T (). AR 42, 2001(2): 1-6.
Wang Ming, Liu Dongyan. Geotechnical Investigation & Surveying, 2001
(2): 1-6.

(0] #6350, I FA. TR R 5 E I (1], BB . 2010, 29
(1): 23-30.

Shang Zhihai, Liu Xilin. Progress In Geography, 2010, 29(1): 23-30.

[10] United Nations. International strategy for disaster reduction: 2009
UNISDR terminology on disaster risk reduction [R/OL]. [2009-06-01].
http://www.unisdr.org/publications.

[11] HSE. Reducing risks: Protecting people—HSE s decision making process
[R]. London: Her Majesty’s Stationery Office, 2001: 21-52.

[12] AGS. Practice note guidelines for landslide risk management 2007[R].
Australian Geomechanics, 2007, 42(1): 64-114.

[13] WF IR W, SKAF S, #E 00 RZRE XU 2 52 e T 5T [J]. BiRh2 5 TR,
2002, 22(3): 193-198.

Shi Zhengang, Zhang Zuoyi, Xue lan. Chinese Journal of Nuclear
Science and Engineering, 2002, 22(3): 193-198.

[14] ZE ML B, J SC B, K e i e TR KRS, 52 52 3 ) AIF 5 HE R [, 1 v
T, 2003, 21(2): 96-102.

Li Dianqing, Tang Wenyong, Zhang Shenkun. The Ocean Engineering,
2003, 21(2): 96-102.

[15] ¥ 3, 9BAE 2k, REar 4R, A, RN R PFM 14 7T 352 32 XU BT 5 5 91 34
0] %4 5% 54, 2005, 5(3): 90-94.

Xiao Yi, Guo Shenglian, Xiong Lihua, et d. Journdl of Safety and
Environment, 2005, 5(3): 90-94.

[16] X, S84 g5, 1%, 2 RSB it 22 4x KBS DA HE 28 K H R[],
RBUR 22740 1220, 2006, 39(4): 18-24.

Xiao Yi, Guo Shenglian, Liu Pan, et al. Engineering Journal of Wuhan
Unaversity, 2006, 39(4): 18-24.
[17] RS, . K e sl FOI s 30U AR i RS Bt P18 (0], 7K 0 ks,

22

2010, 36(5): 68-70.
Du Xiaohu, Yang Jian. Water Power, 2010, 36(5): 68-70.
(18] SAREDT, B2 M. BEIE S T XUR: 426 32 o0 W3 SR AU BE 5T (1] 4t
25 [A] 5 TR 441z, 2006, 2(1): 60-64.
Hu Qunfang, Huang Hongwei. Chinese Journal of Underground Space
and Engineering, 2006, 2(1): 60-64.

[19] SB &Mk, BTHERL, 2= IWe k. A 500 TR T UK 33 32 HE I 52 (1], V6 %
AR R2E 24 FARBI2ERR, 2008, 40(1): 76-79.

Guo Zhanglin, Jia Zengke, Li Xiaohui. J Xi” Univ of Arch & Tech:
Natural Science Edition, 2008, 40(1): 76-79.

[20] B4 SR, Bk 72 b, X2 55 T AT 4 b S A 1 T T )
AU Tl 2R W, 2005(5): 94-98.

Zhao Zhonggang, Yao Anlin, Zhao Xuefen. Technology Supervision in
Petroleum Industry, 2005(5): 94-98.

[20] BX RN, ke pk, 25 Sk, A5 Il AR A 52 52 KU B o F 04 5 5E BF
FEJ). VAR AT IR 25 FARER AR, 2008, 30(2): 147-150.

Zhao Zhonggang, Yao Anlin, Li Youlii, et al. Journal of Southwest
Petroleum University: Science & Technology Edition, 2008, 30(2): 147-
150.

[22] FE 5% 424 1 7 Wa B A8 B IR, AQUT xxxx —xixxx A6 T Al 2 XU
VA AESR GG DLAR(S]. dbat: 5% 4 = R BELEUR, 2009.
State Administration of Work Safety. AQ/T xxxx—xxxx Guideline for
quantitative risk assessment of chemical enterprises [S]. Beijing: State
Administration of Work Safety, 2009.

[23] i A, EE g, WWITR. A KU Rk 2 XU AT 532 b ol BF 70 30F Ji
KJF R[] E A REE R, 2007, 3(3): 29-34.

Gao Jianming, Wang Xikui, Zeng Mingrong. Journal of Safety Science
and Technology, 2007, 3(3): 29-34.

[24] i 2 U, X088, 05 WIS, A5, TR A= 22 A SRS KU R A 22 KU
B 2 IR R (]]. b 22 824 224, 2007, 17(10): 91-95.

Gao Jianming, Liu Ji, Zeng Mingrong, et al. China Safety Science
Journal, 2007, 17(10): 91-95.

[25] 2= @08, XK, M A . A I NREREDS AN 5 (1], %4
52441, 2006, 6(5):112-115.

Li Jianfeng, Liu Mao, Ran Lijun. Journal of safety and environment,
2006, 6(5):112-115.

[26] 2= @18, XK, EARR. APt . a2 s i RS K )
). 22 2 RAE 224z, 2007, 17(1): 14-18.

Li Jianfeng, Liu Mao, Wang Dongdong. China safety science journal,
2007, 17(1): 14-18.

(27] 3 A 4, REAE I 8 9 5 A1 OB 4 7 o 9 SR (). A i
2008, 27(8): 1205-1216.

Zhang Maosheng, Tang Yaming. Geological Bulletin of China, 2008, 27
(8): 1205-1216.

(28] SR, 7R, AL, . Mo TR R VA 1 R AR 8], 1
F3E 41, 2009, 28(8) :995-1005.

Wu Shuren, Shi Jusong, Zhang Chunshan, et al. Geological Bulletin of
China, 2009, 28(8): 995-1005.

[29] SKH:ZE. BETF webGIS By 73k ¢ 3 HUM Bl 4t 5 KR A&7 B [D]. 20
I 1 J5T K %2, 2006.

Zhang Guirong. Spatial prediction and real-time warning of landslides
and it’s risk management based on webGIS[D]. Wuhan: China
University of Geoscience, 2006.

[30] H [ 57 i .8 A s S R U N ik = T 2T
[EB/OL]. 2006-12-09. http://www.chinanews.com/gn/news/2006/12-09/
834725 .shtml.

WWW.China News. Survey shows that the population threatened by
geo—hazards over thirty—five million [EB/OL]. 2006-12-09. hitp://www.
chinanews.com/gn/news/2006/12-09/834725 .shtml.

(SRS 4,20 KE)



