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Shallow slides: Central Japanese Alps
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Deep slide: Sept 2011, Kii Peninsula
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Relationship between the initiation of a shallow landslide and rainfall
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Available online 4 January 2010 A
l Y from rainfall data (Rada

e regression method: 1= mass movements in Taiwan

Shallow landslides measured from the beg

3 absence of rainfall for 2« X & i 4 i
;g;‘;;;;m‘“ e el e Chi-Wen Chen', Hitoshi Saito™ and Takashi Oguchi™
Quantile regression rainfall intensity. These

East Asian summer monsoon The new thresholds are

regions, the Asian mon
induced shallow landsli
and rainfall characterist

Abstract

Mass movements caused by rainfall events in Taiwan are analyzed during a 7-year period fror 2006 to 2012, Data from
the Taiwan Soil and Water Conservation Bureau reports were compiled for 263 mass movement events, including 156
landslides, 91 debris flows, and 16 events with both landslides and debris flows. Rainfall totals for each site location were
obtained from interpolated rain gauge data. The rainfall intensity—duration (1-0) relationship was examined to establish a
rainfall threshold for mass movernents wsing random sampling: 1= 18.10#2.67)07 OIEDME \where | is mean rainfal ntensity
fmm#h) and [ is the time (h) between the beginning of a rminfall event and the resulting mass movement. Significant
differences were found between rainfall intensities and thresholds for landslides and debnis flows. For short-duration rainfall
events, higher mean rainfall intensities were required to trigger debris flows. In contrast, for long-duration rainfall events,
similar mean rainfall intensities tiggered both landslides and debris flows. Mean rainfall intensity was rescaled by
mean annual precipitation (MAP) to define a new threshold: fye = 0.0060(x 00006 077004 where fyap is
rescaled rainfall intensity and MAF is the minimum for mountainous areas in Taiwan (3000 mm). Although the -0
threshold for Taiwan is high, the lyap-0 threshold for Taiwan tends to be low relative to other areas around the
world. Our results indicate that Taiwan is highly prone to rainfall-induced mass movements. This study also shows
that most mass movements occur in high rainfall-intensity periods, but some events occur before or after the
rainfall peak. Both antecedent and peak rainfall play important roles in wriggering landslides, whereas debris flow
12 occurrence is more related to peak rainfall than antecedent rainfall.

Keywords: Mass movements; Landslides; Debris flows; -0 thresholds; Rainfall; Typhoons
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Introduction

Landslides are prone to occur in orogenic and
humid mountain belts in the world, and often
become serious natural hazards for the cause of
huge loss of human lives and properties.
Like many other places, the Taiwan Island is
located on an active orogenic belt and in a
subtropical monsoon climatic zone, so it is subject
to earthquakes and highly cumulative rainfall.
Hence, landslides often occur due to ground
shaking caused by earthquakes and rock or soil
weakening by heavy rainfall.
To minimize the losses of lives and properties
resulting from landslides, understanding and
dicting the distrib and probability of
landshdes triggerred by either earthquakes or
rainfall are a substantial issue.

Earthquake-triggered landslides by the 1999
Chi-Chi earthquake in Taiwan

9272 large landslides (> 625 m?) occurred during the
earthquake shaking (Liao and Lee, 2000). The total
area of the landslides is 127.8 km?, and 8843 of the
landslides are located within the region of PGA value
> 250 gal (Fig. 2).
1200

1210 1220

EARTHQUAKE| Input
OCCURENCE

Study of factcrs in distribution and grobability of
landslides triggered by earthquakes in Taiwan

Chia-Han Tseng' and Ruey-Juin Rau?

' Graduated Institute of Applied Geology, National Central University, Taoyuan, Taiwan
?Department of Earth Sciences, National Cheng-Kung University, Tainan, Taiwan

Idea
The focus of this study is on

g factors of

occurs, both seismic and geologlcal factors which may mﬂuem:e distribution and probability of
landslides should be taken into consideration. The idea of the analysis procedure is as folI‘:st (Flgt!)

GEOLOGICAL FACTORS

} Slope Aspect i
| Weak Plane Strike |
+ RocksS lrength i

Epicente

Propagation Directions
PGA

'
i
Arias Intensity :

q iggered |; . After an earthquake

MAP OF LOCATIONS
WHERE LANDSLIDES
MAY OCCUR

r Location

Figure 1 : Analysis procedure for distribution and

Earthquake-triggered landslides by the 1999
Chi-Chi earthquake in Nantou County

More than 1/3 (3222) of the Chi-Chi landslides
occurred in Nantou County, where the hanging wall
of the Chelungpu Fault is located (Fig. 3). Aspect of
each landslide triggered can be correlated to the
propagation direction of the seismic waves.

e

of earthg iggered landslides.

Dominant aspect of the dip slopes in Nantou
County of Taiwan

According to the distribution of the dip slopes
(from CGS, MOEA), provinces with the dominant
aspect can be defined. The landslides triggered by
the earthquake are not necessarily dip slopes, but
are more related to the aspect of hillslopes.

e

N

Bt ot 04 0

Figure 2: Locations of the landslides triggered by the 1999
Chi-Chi earthquake in Taiwan.

the aspects
and the pmpaguﬁon directions of seismic
wa

About 52.6% of the landslides have the angles of
smaller than 90" between their hillslope aspects and
the propagation directions of the seismic waves of
the 1999 Chi-Chi earthquake. Each of the angle
groups have similar numbers of the land:

Relationship between landslide occurrence and
ma—-»«-——m—.—.r—m

“ "“ l].lllnih.m;

T

LHHH

mmas NmegvsmlheJands‘
seismic wave propagation direct
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Figure 3: Landslides triggered by
Y the 1999 Chi-Chi
earthquake in Nantou County of Taiwan,

Amplification
s o{"‘hlllslo:eﬁse“ of seicmic waves at the

Figure a: Provinces of the dominant dip slope aspect In
Nantou County. The DEM has a resolution of 20 m/pixel.

Conclusions and future work
Ear(hquake -triggered landslides can be attributed

When seimic waves coming froy hy
reach the hillslopes whose agspecz aare parallel to
the propagation direction, the wave amplitude can
be amplified probably owing to unconsolidated
material near the ground surface, or due to wave
oscillation parallel to the hillslope surfaces or weak
planes, so that unstabilize the slope material.

rotatior S [
nal failure
Seismic
7 vave Earthtquake-triggered
Hypocenter
Figure 6: Slnpe failures, including ronuonul and

seismic

uake- and rainfall

Isndalides io Tatwan's orogenic mountain belt ESPL 44, 1661-1674.
te Sensing. Taipel 383 388

both logical and seismic In the
case of the 1999 Chi-Chi earthquake, hilislope
aspects can be one of the geological factors, and
the propagation directions of the seismic waves
correlate the hillslope aspects of the landslides
triggered. Therefore, translational failures are not
necessarily the majority of the landslides that are
triggered by earthquakes.
re work will be to create synthetical se‘m_nic

:vh:v'eus“::ommg from the hypocenters within and
outside the Taiwan Island. Underground geological

structures will also be taken into consideration in
order to understand that if the path effect would
also control the distribution of occurence of
earthquake-triggered landslides.

Contact information:
E- mlil b89204007@ntu.edu.tw
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<

PR B

121°0°

2

ED

WERRARERmANL

DRE

——

5°0°

24°0°

H

o FEA L DRRE (LR

AL
EHIEIR S RMDRAE <90°

f
i
i
i
gi

'1
|

B o TSRS 8

o

EFE I E

Ay |

Cumaulative numben of landsiides

X Epicenter of Chi-Chi EQ
Bl Chelungpu Fault
[ Landslides
Isointensity
Il 7 (>400gal)
B 6 (250-400 gal)
5 (80-250 gal)
4 (25-80 gal)
Il 3 (8-25qal)
Bl 2 (25-8gal)
1

23°0

OSclllatior 2| o
planes, s¢ ~

landform

B T T wwes INASe

rotational failure 3 \I i I[ | fail
,./
<\ Seismic Earthtquake-triggered
W wave landslides
Hypocenter

rotational and

—am | R lmala

Figure 6: Slope failures, including



VWi s <4< £53. X BHERE
RE‘D Bﬁw*:lﬁﬂ EEEEEEEEEEEEEEEEEEEE

= Yall. )

+ =&l
« HOAZ — PR U U\ LIBHEAZ

T ITZ(IEZEICIFFE U TULRL

55
« [FM — & : 2009FEERE.8=3000mm
—HBHAR : 2012FE5R1252000mm

W= — HAN K DIEZE




