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Fig.1 Spatial distribution of mountain hazards in the

Hengduan Mountain Region
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Tab.1 Mountain hazards risk zoning table in the Hengduan Mountain Region in 2000,2005,2010 and 2015
" 2000 4 2005 4 2010 4 2015 4F
o ER/(F km?)  WBI/%  @R/(H km?)  WBI/% WA/ km®)  WBI/% HA/(JF km?) A1/ %
1 6.39 14.34 6.54 14.69 7.11 15.92 6.97 15.65
it 19.72 44.24 21.16 47.54 20. 88 46.75 18.71 42.03
=1 13.04 29.26 12.55 28.20 11.94 26.74 12.50 28.08

e 5.42 12.16 4.26 9.57 4.73 10.59 6.34 14.24




523 RO 1Ly DX 1Ly M 9 1Y B A R AT 227

60 120 24,%

(a) 20004 (b) 20054

FEREEIER HEREIER

o gl

240 0 60 120 240

(c) 20104

(d) 20154

8 HEMT L X 2000 £ .,2005 £ .,2010 51 2015 F£ LR ERE 42X
Fig.8 Risk mapping in the Hengduan Mountain Region in 2000,2005,2010 and 2015

o DX T RS A AN R, o RS BT LD X I 15% Zedv, B mRVR @ AE B X G A2 Al A i, HL Y L AR
EEAR R AR e A XU AR A B E o 2000 AR BE T —E B R BRI D, 7E 2015 AR
2005 4F 1 2010 4R B v XUBS DX A9 S8 Bl EE 2000 AR A0 BB TR S BRI S, BT L DR KU 1 2 BE
2015 4F w78 DU AR o i BUOE R R R RIS SRR



228 i AR 38 &

AT ArcGIS F-& |, LABE T 1L X 1L H 5 5y
WFFEAS G, 5 %5 R LN % & GDP %% & Fl +
i A A5 T sh A AR 4, 43 BT R T L XL
M FE 2000—2015 A [i] 4 4 19 2l 25 16 B Pk i 5
P DT S B0 B 28 KU A o R EES IR R W F

(1) BT L X AL L P J0 350 A B PR A, o A An
fi B PR v X T AR R S M O o R
Fi I PR v X5 32 R TR 4 A1 2l 25 A8 Ak B B2 e, AN (] B
] A5 UCH E R M 22 R AW R . ARG AN D%
FE \GDP 4% B A A Hh R B AR A i 5 e s R AR
1o Gy WME S A AT TR T L DX R R Y — s A AR
W TR R R kT, L BE B[R AS AR A 2 B
HH 2 T A s R

(2) INEEDR | 43 B DU AF 1 XU 25 51, o7 6 0
11 DX 8 R A AT B v R v A S XA b XN 1T A
A A UIE SRR, L S 0 S L B A
IO 11 DRI 28 ) [vi) A5 3658 v o T WG I 8 DX gl ) A
TR E A I TG, Sy 400 R A, XURS: i T % 2
AR A RRAE

(3) M [i] RUBE K B, 86 K 110 DX 32 5 948 R 06
NS GDP % i il + i A B 3l 25 28 4k 1 52
B AT A7y L i 1R DR P ) s T 4 A v R LA e
A 25 S5 BRI L DX DR e B ) % 2R s A AR Ak

52 A - 19 722 Ak, R R 1L DX L b 9 A A
PE 5 40P R RS P R A AN W7 78 A, B b 3 4 1L
I B Bl A RS AR A, 3 0 HERE AT TR 2 A S
B i HLA B R H T L 0 B A KU
i 14 52 2 P 0 ESCHE K B 1) R, AR BIF 9 B
WHERENSIEZ, RHEHAXNE RN SR RN
MR AR B NS AR I Bl A X 1L b e 1 Bl A Y
Wi, 33 5 BEAE A 5 W WF o8 AR h it — 5 IR A 5 #r
FERDE o BB B R T B BB 1 X 5% 080 AN 5 35,
Bl A FE R P v ¢ T O I Ok R AR HRE A Ak
BB AAE RS, DRSS ST A&
U S B RS B M 1 S ) R, P RE 2 S B AR
B PEAN 25 SRt B — e i 25 . 2 T UL, ¥ g o st
8 X G B R AT 2h A B P v A Ak B
KAER B, R4 I B F I R ARG B 0 B S 4R e
JRURSE 1 DF (B 4 1 o A, sh 25 B 118 B0 2K R

J2 Bl A KU 1 DT (19 G B, Hhy 32 W A8 B B ds
IR 46 2 0L TR 225 i), e s 4R B 7 1) 2 2 TR K
13 S 1 i 9 B A5 XU P ¢ T B A e —
Jia) f

B A E R SR B AT R KRR (973 3
X)) AL MK £ B F R R A A A AR 28 B A
EPRBARREH LR AR FR LA R Ao 2K F
T A BB T @ AR AR A B e

£ % 3Lk ( References)

(1] MRS, XBAS, Tk A58, 3 25 AR W 1l IX [ £ 23 () 4 R 5 s
AR5 [T]. # BB 5E, 2018, 37 (3): 607 — 621. [ SHI
Zhenqin, DENG Wei, ZHANG Shaoyao. Research on spatial
pattern and spatial change of land in hengduan mountain region in
recent 25 years [ J]. Geographical Research, 2018, 37(3) : 607 —
621]

(2] S, S8 0, 45, Ll N L M o 5[] 20 A R AE J2 A

D HRE 3 ox#r (], K B RFFAT L, 2014, 21(6) ;278 - 283. [

HUANG Jing, DI Baofeng, BIAN Jinghong, et al. Spatial

distribution characteristics and human driving forces of mountain

disasters in Liangshan Prefecture [ J]. Soil and Water Conservation

Research, 2014, 21(6) . 278 -283 ]

Wi, SRR, BEK P, 45, 25 R ) b R K A 1 R S 0 A L

HERAE[T]. sBkPl 2 524, 2015, 37(4) :84 -93. [

TAO Yuan, HU Kaiheng, TIAN Yongzhong, et al. Distribution and

—
w
[

characteristics of secondary mountain disasters in Ludian

earthquake, Yunnan Province [J]. Journal of Earth Sciences and

Environment, 2015, 37(4): 84 -93]
(4] Wi, dookmm, &K, 4. P8 5T R E & w o A LR e i
FEWLIT. b I H o R % 5 PR 244, 2010,21(1) <127 -
132. [ CAO Nan, SHEN Taili, LUO Shuilian, et al. Development
and distribution of geological hazards in xichang city and suggestions
for disaster prevention [ J]. Chinese Journal of Geological Hazards
and Prevention, 2010, 21(1): 127 -132]
FFYL KA IFMERE. DU ¢ M T ] S5 e A 3 S I
PEM[T]. BRI K TR A% ,2005,25(4) . 426 —430,457. [ LI
Xiuzhen, LIU Xilin, SU Pengcheng. Risk assessment of debris flow

—
W
[

in Anning river basin of Liangshan Prefecture, Sichuan Province
[J]. Journal of Disaster Prevention and Mitigation Engineering,
2005, 25(4) ; 426 —430,457]

[6] VAN Westen C J, VAN Asch T W J, SOETERS R. Landslide
hazard and risk zonation—why is it still so difficult? [J]. Bulletin
of Engineering geology and the Environment, 2006, 65(2): 167 -
184.

[7] MOSQUERA - Machado S, DILLEY M. A comparison of selected
global disaster risk assessment results [ J]. Natural hazards, 2009,

48(3) . 439 —456.



52 BT L DXL Hb 5 Y ) 2 KU PRI 229

(8] X IE. i 3 0 Bl O 3 KU U3 7 i W B WR 5 [ ] R o o 2014, 46(1): 101 -108]
#,2019,27(1) :88 =97. [ LIU Chuanzheng. Analysis methods on [17] %Bsi, 2555 B LA 4. BT L0 X 1L 0% 2 B 20 25 15 B 1k
the risk identification of landslide disasters [J]. Journal of TEMN[T]. K E,2019,34(3):196 —201,208. [ XU Ruichi,
Engineering Geology, 2019, 27(1) .88 =97] LI Xiuzhen, HU Kaiheng, et al. A dynamic hazard assessment for
[9] SHYLET, B, 22H2 % WZ X IEWA/ER IO WS K IEsh & mountain hazards in Hengduan mountain area [J]. Journal of
AL LT]. v B b K 3 5 Bl 1R 2# 4, 2018, 29(2) :1 -8. [HU Calaslrophology, 2019, 34(3) . 196 —-201,208 ]
Kaiheng, CHEN Cheng, LI Xiuzhen, et al. Dynamic assessment of (18] Thgzzs. b [ 4 By % Wy 1l i X3 28 X 3t 2 27 K7y 38 85 2 AL F
debris — flow susceptibility under the influence of earthquake and (D). BB B H T K2,2013:16 - 19. [ MA Hongjie.
rainfall events [ J]. The Chinese Journal of Geological Hazard and Cenozoic stratigraphy and paleoenvironmental changes in the
Control, 2018, 29(2) .1 -8] Hengduan Mountains, Southwest China [ D]. Kunming: Kunming
[10] gk, Bha%, 58452, 45 Je i) 1l b X 72 5 U8 A 3k 9 51X 48 it University of Science and Technology, 2013: 16 —19]
T [T]. P R 3E 0 K 2 2 4, 2016,51 (5) : 1014 - 1023. [19] ZEmA  MoCIR, ¥ HUE, 4. TR = B0 X 1960 - 2008 4
[ ZHANG Yongshuang, YAO Xin, GUO Changbao, et al. TN 25 A8 AL R AE [T, M B 2% 3% ,2010,65 (5) :563 -
Regional Warning of Debris Flow Hazards after Wenchuan 579. [ LI Zongsheng, HE Yuanqing, XIN Huijuan, et al.
Earthquake in Longmenshan Region [J]. Journal of Southwest Temporal and spatial variation of temperature and precipitation in
Jiaotong University, 2016,51(5) ;1014 - 1023 ] Hengduan Mountains from 1960 to 2008 [J]. Acta Geographica

[11] B2, AR IE S5 MU 43 B B A B R 1], K% Sinica, 2010, 65(5) : 563 -579]

2 2015,30(2):1 - 7. [ HUANG Chongfu. Discussion on the [20] JUVTEE,ZEFH 2, WAULAG. 1807 110 X 10 3t 9% 3 10 IX 08 43 A 4 A
basic principles of dynamic risk analysis of natural disasters [J]. 5 EEMAMEN R [J]. TR 2:4,2018,26(S1): 6 -
Journal of Catastrophology, 2015, 30(2): 1 -7] 13. [ BIAN Jianghao, LI Xiuzhen, HU Kaiheng. Study on region

[12] FUCHS S, KEILER M, SOKRATOY S, et al. Spatiotemporal distribution characteristics and dynamic evolution law of mountain
dynamics: the need for an innovative approach in mountain hazard disasters in the Hengduan Mountainous Region [J]. Journal of
risk management [ J]. Natural hazards, 2013, 68 (3): 1217 - Engineering Geology, 2018, 26(S1): 6 - 13]

1241. [21] ZFHE, Tk RO 73 . R 0 ST 2 1 R 2 40 53] 3 7 1 7 1

[13] fRete, JE/ANMTBEAE B0, 56 7R g I 1 DX/ It Ja 5 b J5 ¢ W DR T I P P R L] ol ) i 9 5 B Y 2
EAEREIFN G R A [ )], K Fx, 2018,33(4) .78 - #%,2010,21 (4):77 - 81. [ LI Xiuzhen, WANG Chenghua,
85,92. [ XU Xinghua, TANG Xiaoming, YOU Youyi, et al. DENG Hongyan. Application of grey correlation method and
Dynamic risk assessment and emergency warning of sudden distance discriminant analysis method in identifying potential
geological hazards in small watersheds in Southeast Coastal Areas landslides in Xiluodu Reservoir area [J]. Chinese Journal of
[J]. Journal of Calaslrophology, 2018, 33(4): 78 -85,92] Geological Hazards and Prevention, 2010, 21(4): 77 -81]

[14] Heal, AR, S 7 = PR X9 BN B T T T R [22] MONDAL S, MAITI R. Integrating the analytical hierarchy process
BEEh AR FEAN [J]. K % 2%,2007 (1) . 54 -59. [ FENG (AHP) and the frequency ratio ( FR) model in landslide
Wenkai, SHI Yuchuan, CHAI Hejun, et al. Dynamic risk susceptibility mapping of Shiv-khola watershed, Darjeeling
assessment of the madaozi landslide section of the ganba highway in Himalaya [ J]. International Journal of Disaster Risk Science,
the Three Gorges Reservoir Area [J]. Journal of Catastrophology, 2013, 4(4): 200 -212.

2007(1); 54 -59 ] [23] GUO Changbao, MONTGOMERY D R, ZHANG Yongshuang, et

[15] Jm 55, s, THER, 5. MR X KUK sh 940 al. Quantitative assessment of landslide susceptibility along the
VERSTLT] . R CE S B IR 4 4R, 2015,26 (3) 107 - Xianshuihe fault zone, Tibetan Plateau, China [J].
113. [ FAN Yuanfang, HUANG Junbao, WANG Guomin, et al. Geomorphology, 2015, 248 93 - 110.

Discussion on dynamic evaluation method of rainfall-type geological [247 JE&AT. JII 000 IR0 T 2 B B 4 5 ¢ JRL I 301 25 9 4 WF 52
disaster risk [J]. Chinese Journal of Geological Hazard and [D]. J#b: B #B T K 2%, 2017:91 - 92. [ QU Feixing.
Control, 2015, 26(3) : 107 - 113] Research on dynamic evaluation of geological hazard risk in

[16] BN, 60 H M, BElE. Moo FE 8k Il X RBE LR ER— mangkang section of Sichuan-Tibet Network Project [D].
LA W L AR B0 S BURUR 0 0], 18 2 it SR B R 24 24 4 Chengdu: Chengdu University of Technology, 2017 91 -92]
(AP ) ,2014,46 (1) :101 - 108. [ MAO Gang, HU (257 XA M, i, BRI, 5 AT 5 vl ] 98 35 0 908 A0 3L K 3 KL
Yueping, CHEN Yuan. Exploration on the safety of mountainous B PEU X A AT (0] M ER B 2% 3 2 ,2016,31(9) :926 - 936.
settlements in frequent geological disasters—taking the towns and [ LIU Xilin, MIAO Cheng, TIAN Chunshan, et al. Comparative
villages of Hengduan Mountains as an example [J]. Journal of Analysis of Risk Assessment of Landslides and Debris Flows of

Xi’an University of Architecture and Technology ( Natural Science) , China in 2000 and 2010 [J]. Advances in Earth Science, 2016,



230 i AR 38 &

31(9): 926 —936] B0 WERTE T 2% ,2011:68 - 69. [ ZHANG Xuefeng. Research

[26] LIU Xilin, MIAO Cheng. Large-scale assessment of landslide on geological disaster risk assessment of regional mountain
hazard, vulnerability and risk in China [J]. Geomatics, Natural environment [ D]. Chengdu: Chengdu University of Technology,
Hazards and Risk, 2018, 9(1) : 1037 = 1052. 2011 68 =697

[27] skTvde. DI o 35 558 A9 3 5T % XU PR BT 5 [ D] R

A Dynamic Risk Assessment for Mountain Hazards
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Abstract. Scientific and dynamic risk assessment of mountain hazards in Hengduan Mountain region can provide an
important scientific basis for regional disaster prevention and mitigation and has important practical significance for
the social harmony and the steady economic development. In this study, a dynamic risk evaluation model of
mountain hazards was constructed with the mountain hazards including landslides, collapses and debris flows taking
as research object and the interannual change taking as the time scale of dynamic analysis. Firstly, the background
factors affecting mountain hazards were selected as the evaluation factors, and the static hazard degree of the
mountain hazards in the region was calculated by using frequency ratio method. on this basis, the dynamic impact
of rainfall as main inducing factor was considered, and dynamic hazard assessment was completed by factor
superposition method. Then, population density, GDP density and land use types were selected as vulnerability
assessment factors, and dynamic vulnerability assessment was completed through a simple statistical model.
Finally, dynamic risk assessment of the mountain hazards of Hengduan Mountain region was realized, combined
with the results of dynamic hazard and vulnerability assessment results. The results showed that: (1) The high and
extremely high-risk areas were mainly distributed in the southern and northeastern parts of the Hengduan Mountain
region, where the number of heavy rainfalls was high, and the hazard of the region showed an overall trend of low
northwest and high southeast. (2)In the high and extremely high-risk areas of the southern and northeastern parts,
the population was relatively dense, and the economic activity was strong, so the vulnerability level of the mountain
hazards was relatively high, and the corresponding risk level was also high. (3) The spatial distribution of mountain
hazard risk in the region had obvious differences in different year and the risk of the region changes dynamically
with time, due to the influence of the dynamic factors such as rainfall, population density, GDP density and land

use.

Key words: mountain hazards; Hengduan Mountain Region; dynamic hazard assessment; dynamic vulnerability

assessment; dynamic risk assessment



