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Fig. 1 Distribution of geological disaster casualty counties
in China (2000-2012)

GRS B ILEE G XFECE L RIE 2 AT R B, X B [ AR R R R FE TS
AR ZS AAHCHE . MO AR . Wi s dE . ok 2 . M o I s A Hi 1X
TR FELT AR Z

B2, IFARITABA FRRHER B S R B R FE T3, Hlinarm .
AR L B, AR AR IR RN B B BARARLL, EIRR R AT, XA
JRPIEWRETITR, SARKESA K, Bk, Hig T B3 o0 Ak ik i 5 [EN 1% B
(Fl3a) . ARG EERE,

ZRV R I N\ T Bl B 2R A AR RR . 2000-2012 4 [E 22 5 i AR R s g K
Y HAE GDP G ERGA 10.14% (AT LEMA 31530, (HDR— S X 28 5% A DR s K A A 2
DIRAFAZIRGENR . MEmIR AN 1. tHFURIT M S Bds R S S R B, 2
A FIMER BN B R WP, L, ASCRAIGDP#E . (K3b) ., j= ik 2m ([&3¢) 24
FEbRoe S e NG S50 . GDP UK 2000-2012 4545 ELAG4EY) GDP I K B 5 7=l
R HE 2010 4F 55 B 1955 — =k 5 GDP B H ), BT LR P SCHR P2 AR s v
(Nature Break) $#45 B K32 BBl EH A haEE Mg,

ME SR, B3 4o S BT R E T A AR AN &, N R AR
VU4 . GDP 3G s A L/ T8 XL 7l 280 BLAE v [E R rh b IR 4% 5
A, PRI, SRR ER B AR 1 SO B 01 7 i — 25 ) 4 o
22 |RFE

Logistic [l AR S — Bk A R A L [l E A Y, R AT s e IR 38 5 DR AR 3 22 i) ¢
FIWE R JEAER, BTz N H TR FE R AE R L BUBE PR AL 5
[ 229 g Logistic PN 7 BRI

_ exp(ﬂo thx +ﬁkxk)

1+ eXp(ﬂO Xt +/ka/<)
Kb PRRAR G, & AR AN TR A, BUEEEA0, 1]; x2&
AAZRRT (i=1,2, ., k), EEWEFLENHEER; (yAZENG g2MmilEHR
B, BB B AR B R x5 PRSEIAR RN,

(D)




54 FOBE A P E M R TR A S (AR SR SR R R 909

b BIAERNR [ ),

h2
SSOUAY e

HTE AL IR (m)
I 2212~5149 []40~60
Bl 120~145 [120~40
3 100~120 EE<20

iy
[ 80~100 JHAHE 0 500 km &
1 60~80 —

c. ZARFHREK

AR H K (mm)
B >1600  []200~400
[0 800~1600 [ 50~200
[400~800 [ <50

Il >0.8
[ 0.6~0.8 [1<0.2
[ 0.4~0.6 [ ikt

- B3
b
7 ¥ 3
e il . Lot 5
L LA, B8 S plas
R =L Sk ik st

B2 i A ARFREEEIN T ]

Fig. 2 Distribution maps of natural environment factors of China
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Fig. 3 Distribution maps of human-economic activity factors of China
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Py 0.000
B TRV -0.649 0.171 0.000  0.523
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Spatial pattern and influencing factors of casualty events
caused by landslides

WANG Ying"?, LIN Qigen"?, SHI Peijun"’
(1. Key Laboratory of Environmental Change and Natural Disaster of Ministry of Education, Beijing Normal
University, Beijing 100875, China; 2. Academy of Disaster Reduction and Emergency Management,
Beijing Normal University, Beijing 100875, China)

Abstract: The economy of China has maintained rapid growth with an average annual GDP
growth rate of 10.14% (in comparable price) from 2000 to 2012. During this period, China
witnessed frequent landslide disasters, including 338,964 identifiable individual landslide
disasters that resulted in 45,381 casualties, including 9,928 deaths. Analysis of the casualty
events caused by landslides from 2000 to 2012 revealed that the spatial pattern of the casualty
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events was affected by terrain and other factors of the natural environment, which resulted in
the distribution of casualty events being higher in the south region than in the north region.
Hotspots of casualty events caused by landslides were in the western Sichuan mountain area
and the Yunnan-Guizhou Plateau region, the southeast hilly area, the northern part of the loess
hills, and the Qilian and Tianshan Mountains, among some others. However, their local
distribution pattern indicated that they were also influenced by economic activity factors. To
quantitatively analyze the influence of natural environment factors and human- economic
activity factors, the binary logistic regression model was applied. The binary logistic regression
model is a type of probabilistic nonlinear regression model describing the relationship between
a binary dependent variable and a set of independent variables (explanatory factors). The
explanatory factors used in this study included relative relief, mean annual precipitation,
vegetation coverage, fault zones, lithology, soil type, GDP growth rate, industry type, and
population density. The dependent variable used in this study was the presence (1) or absence
(0) of casualty events caused by landslides in the county. For the logistic regression analysis,
the continuous variables of relative relief, mean annual precipitation, vegetation coverage, GDP
growth rate, and population density were substituted into the model. The categorical variables
of fault zones, lithology, soil type, and industry type were transformed into binary dummy
variables and then substituted into the model. The Probability Model of Casualty Events
Caused by Landslide in China (CELC) was built based on the logistic regression analysis, and
the confusion matrix and the receiver operating characteristic (ROC) curve were applied to
assess the model performance. The results showed that all explanatory variables in the model
were selected based on a significance level of 0.05. The coefficients of the explanatory
variables showed that relative relief, GDP growth rate, mean annual precipitation, fault zones,
and population density have a positive effect on casualty events caused by landslides. In
contrast, vegetation coverage has a negative influence on casualty events caused by landslides.
More specifically, the results showed that in terms of the influence degree of casualty events
caused by landslides, the GDP growth rate ranks only second to relative relief. The probability
of occurrence of casualty events caused by landslides will be 2.706 times that of the previous
probability with an increase of GDP growth rate of 2.72%. In the evaluation of the model
performance, the correct percentage in the confusion matrix is 75 % and the area under the
ROC curve (AUC) is 0.826, revealing that the CELC model has good predictive ability. The
CELC model was then applied to calculate the occurrence probability of casualty events caused
by landslides for each county in China. The results showed that there are 27 counties with high
occurrence probability but zero casualty events caused by landslides. The 27 counties can be
divided into three categories: poverty- stricken counties, mineral- rich counties, and realty-
overexploited counties, which are the key areas where great emphasis should be placed on
landslides risk reduction.

Keywords: landslide; casualty event; spatial pattern; influencing factors; counties; China



