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11:15 #5319 Landslide Monitoring through Spatial Sensor Network
Dr. Ping Lu

11:30 #2390 Sedi['nentar'.r processes associated to a late Miocene large-scale submarine landslide (Sierra de Gador, Almeria, SE Spain)
Dr. Angel Puga-Bernabéu

11:45 #828  Submarine landslides and related gechazards around Indian Subcontinent and Islands
Mrs. Sainaba N. K.

Tuesday - Session 5 14:00-15:30
T8.5 - Subaerial and submarine landslide processes and hazards / Crustal deformation and

seismotectonics in Africa: Active faulting and earthquake hazard assessment

Hall 4B2

14:00 _ #2#51 " Assessing slope stability in three dimensions throughout a landscape: Stratovolcances, coastal bluffs, aridsubmarine slopes

=7 Dr. Mark Reid S~o
- ~
14:15 #11 Landslide volume estimation by landslide area-frequency distribution S\
. Prof. Chien-Yuan Chen o
~ - (4
430, _#3255 The Seismotectonic Map of Africa ==
oo L QrLMustDpha Meghraoui (KEYNOTE SPEAKER) ___--~ -
15:00 #2237 RecentSeismi :-itfa_nafolﬁnlsm in Afarandthe Main EtviopiamRift - =~~~ "~
Dr. Atalay Ayele

15:15 #1388 The Aftershock sequence of the 5th August 2014 Orkney earthquake
Mr. Brassnavy Manzunzu

Tuesday - Session 6 16:00-17:45
T8.6 - Crustal deformation and seismotectonics in Africa: Active faulting and earthquake hazard assessment

Hall 4B2
TIME PAPER# PAPER TITLE & AUTHOR

16:00 #4332  Pleistocene-Holocene seismoturbidite succession above the Lwandle-Nubia plate boundary, offshore South Africa
Dr. John Rogers

16:15 #3717  Stress Field in the Western Part of Africa-Eurasia Boundary from the Azores to Tunisian Atlas
Dr. Farida Ousadou

16:30 #3259  Stress change and fault interaction from a two century-long earthquake sequence in the central Tell Atlas [Algeria)
Prof. Mustapha Meghraoui

16:45 #3202 Stressfield in the African Plate
Dr. Damien Delvaux

17:00 #1169 Neotectonic stress mapping in Southern Africa solves the puzzling M5.5 Orkney Earthguake of 5 August 2014, North West Province,
South Africa
Dr. Marco Andreoli

17:15 #3254 Neotectonic stress orientation in the Kaapvaal Craton, South Africa derived by the Dihedra method
Prof. Adam Bumby

17:30 #3256 Investigating Seismic Source Zones in Cameroon: A preliminary step for Seismic Hazard Assessment
Dr. Bekoa Ateba

Tuesday - Session 6
T8.6a - Challenges in Identifying and Characterising Seismogenic Faults in Non-Plate

Boundary Settings / Gechazards and societal benefits: coping with reality
Roof Terrace

TIME PAPER# PAPERTITLE & AUTHOR

16:00 #4192 Cosmogenically dated marine terraces in South Africa reveal low long-term rates of uplift and no evidence for localized faulting
Dr. Paul Bierman

16:15 #911 Differences in geological hazards from liguefaction—fluidization and ground waves in the areas facing Tokyo Bay and San Francisco Bay
Prof. Hisashi Nirei

16:30 #5562 The use of downhole geophysical logging in assessing subsidence from abandoned coal mines
Mr. David L Knott

16:45 #3077 Present Permafrost Degradation in NE Siberia: Environmental Implications
Dr. Jiri Chlachula

17:00 #3635  Artificial neural network based gechazard potential mapping for sustainable land use planning: approaches and examples from
Germany and Namibia
Dr. Andreas Barth

17:15 #3844 Variations in the morphology of reactivated fault scarps in the UK
Dr. Laurance Donnelly
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Landslide volume estimation by Outline
landslide area-frequency distribution

@BACKGROUND/ OBJECTIVES AND
GOALS

@STUDY AREA AND METHODOLOGY

@RESULTS

Dept. of Civil & Water Resources Engineering @ SUMMARY
National Chiayi U., Chiayi City, Taiwan R.0.C.

Speaker: Professor Chien-Yuan Chen
30 August 2016

Background

= Global climate change has caused increased natural disasters
to occur worldwide in recent years.

+ Taiwan has freq earthquakes as it is s d at the
Jjuncture of the Eurasian and Philippine Sea Plates. Its
geographical location causes Taiwan to be affected by
typhoon-induced landslides frequently.

» Landslides reduce reservoir life as they produce large
quantities sand and rock deposits.

L)

Background Background
« Eighteen landslide dams ) S“'I‘:Pﬂ'l';‘;‘?" o
L % i shaped s0 lope —— TS

1onned dirp yiteon is less than the critical value, then __— . =~
Morakot when it hit Taiwan. the avalanches will consist of cnly /)\ L\

The dammed-lakes were small events; this is the sub-critical / B 44? }
blocked as a result of state, which will grow umtil it K‘/&
landslides and debris flows reaches the critical one. ol o
(Forest Bureau 2009). + If on the other hand the slope is b8

greater than the critical value, thena A =7
very large avalanche will result; this S >
is the supercritical state, which will /

collapse until it attains the critical AR e
state. Imespective of the initial
Twsm (self-organized) to a critical state.
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Background

+ The power-law distribution of landslide frequency and
area in the Sandpile model can be expressed as (Bak,
1987):

=N, = yAT"

where V; is the cumulative number of landslide. A; is the

landslide area, and y and « are constants.

+ The formula was modified to compare the artificial
Sandpile model and nature lanslide into non-cumulative
form as following (Crosta et al.. 2003).

i
=N, = _F: = uyAl_-(“'H)

RO

« Landslide frequency-volume also shows a power-law
distribution (Fujii 1969, Dai and Lee 2001. Hungr et al.
1999, Dussauge-Peisser et al. 2002. Brunetti et al. 2009;
Tsai et al, 2013). The landslide frequency

hip can be p d as (Malamud et al., 2004):
A dN, oo
=N =——== a0 = ¢V, = f(vy)
dv,
= NeotP(V1)

where JV; is the cumulative number for landslide volume large
than I;; 77 is the landslide volume. In which. €' = yxu is the
intercept of the curve. £ is the exponent for the straight line
part and ff = a+1 (Guzzetti et al.. 2002).

Background

« Landslide volume (I7) and area (4;) shows a power-law
distribution in the log-log plot statistics analysis (Hovius et
al. 1997: Brardinoni and Church, 2004; Guzzetti et al.
2009; Chen 2012; Tsai et al.. 2013; Wood et al., 2015).
Landslide volume and area scaling relationship can be
explained as (Larsen et al.. 2010):

V=1 @
where y = coefficient and v = scaling exponent. The
coefficient y is in the range of 1.09 to 1.40 for soil landslides

(Larsen et al., 2010).

Objectives and Goals

+ The conceptual of SOC has been used as | §

Tand<lide fre
of q

area distnbution are limited at this stage.

an index to exhibit current state of a
basin before and after landslides (Chen,
2009).

The exponent of landslide frequency-
area distribution could be an index to
show landslide characteristics and
stability state of a basmn (Cheneet al.,
2007; Chen 2012).

It is expected to use for landshde

‘budget management in a basin.

Ahistorksd landslide dam is ssiddle Taiwsm

Study Area

+ The study area. Shihmen reservoir basin. is located in northem
Taiwan. Two typhoons. Sinlaku and Jangmi in 2008, mduced
landsldies in the study area were interpreting from remote sensing
images.

i 37 A6 (A0
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Methodology Methodology

B Tyyioon Sanlakull] Typhos Jangui

We smudy the itude and frequency -
distributions of landslides at Shihmen Reservoir b
Watershed indnced by typhoons Sinlaku and e o - b
Jangmi in 2008. w] uh .
The .\.;ub i.ucludeu ‘I.IL'J L I I - = . C
analysis by DEMs before and after landslide L] e m n |
events using ArcGIS spatial analysis. _,_—W\/,-f——._ h - a2 I I I o I
The paper formmlates landslide regression iL
equations for landslide area and volmme from 2
the landslide mventory. o=
+ The landslide volume is estimated by using soil | ‘[ T
thickness in comparison with field tests.
Janguii i sialall at the rain gaspe sations in the hisin
Example of erazion and drposition areaz
by subtracticn of DEM:

tatistics of landslide area and volume

|17 W—
=

The total landzlide volume is
53,756,633 m* by the DEM
analysis.

The vehume of top 10° of the
large landslides occupied
20.6% of the total landslide
velume; and occupied 89.6%
for the top 20% of large
landslides.

Mast of the landslides are
small in area; nerveless, their
summation of volume is solely
less than 1% of the total
wvolume in the shady area.

Tt explicit that large landslides
affect the sediment budget
strongly in a basin

Relationship of landslide volume and area

Landslide frequency-area relationship
»  The comulative form (N.-A.) andnnn—mml]aﬁvefmmoff]apdsﬁdeﬁ'equm

+ The relationship of lmdslide == m@éﬂu’i&-m‘md L “'c‘;nﬁa sbﬁsﬁi‘:r" it are shown in

E?n?lgmmgrel e | I V/dA, = 6070966431 (7 = 026) '

. = - N, =8715,5204 116 (2= 0.99)
7, =0.0274,148 (12 =0.73) I = J — - aE \\ —
] .

+ An improvement of the i = ‘ M N \

relationship for better . N i .

estimation of landslide volume 1 A\“ l N,

by area is needed. " i I, ' . N

om \\
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R L i Two segments of landslide area
Landslide frequency-volume relationship . .
TR D S T and volume relationships

frequency density (dN,/dV,) and landslide vohme (V) statistics distribution
: gl e

are shown in below. Their «  The relationship of landslide volume
= - = and area is separated at 1.000 o® and Yo
e T =T
S T 2 segments to mmprove the predictive wd
- sy —m—vy Pprecisions. i
R \ SES +  The two segments of formmlas are [ e
oy ; \ :
b H,_ l \\ Vp =0.021A, 1% (hanes, s A, < 100087
\,
] > \‘. i \\\ V= 02494, M6 (e 0m s A, > Lo00 ) o
\| -
Camulative form (Ne-Vo) distribution o
R . o)t
Landslide area and volume Landslide area and volume
relationship for shallow landslides relationship for deep seated landslide
+ The shallow landslides are further —,
separated into tw for md - :z : : - -
e gtagg i o T A e e o
‘precision of estimation. v & 5 EEI o + o
. Thetl'oieg_mumofhmdsﬁdenua_nd = hndslidgs(dzmh”mh:i S
&“:’I“:‘S‘}”:.’A"Jf;‘?“&.i‘““‘“ r separated from all landslides.
| b Thmgsse@guanwfu@ep [ o
‘_1[_‘.(;:;)-:03051\“::(#-0?\!«@0:2-1\ i ':‘ seated land:Li EMMHOL@ l i
Vi (m?) = 0.021A; ™ ¢ = 064, for depth % 200 AL <
RS V, () = 28084, 10
+  The dam exhibited an upper bound thatis ] (=038 foc dueh -2n) 5
attributed to the lmited depth 2 m used for . . .
shallow landslides and its equation could
‘be expressed as:
V, (m9) =100.0004, 214 2

Results

Error (%) = Yolsme by DEM —Histimated o, Toom o T e
) Volume by DEM XI00%, [P oatume ity |74 |
Sixatetom |3 isames | o

oamsne fuwr

[ 5 | ) et 1 |7 e fussnos [ses
Be3m 2
o
o
Comes of o
e 1 v
(Ne) s ms-cumuligive (N dA<) foems Gopaated
~
Eied woime  Enoc | Volume oorns
o) 0 L QYT W R =;
Z v v 2 ey
2 2072638 19 i [ P e b an
AN e a3 msam &r3s)
meme 18120 w9 S ———E——
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Summary

* The study analyzed typhoon-induced landslides in 2008 in the study

area, Shihmen watershed, by aerial images interpretation and DEM in
spatial analysis of GIS.

+ Results of the analysis show that the shallow landslides exhibit self-

similar behaviors with t.he power of 1.5 in the regressed equation.

« Atwo quation is proposed for the separation of

small and. laxge»scale landslides in order to avoid over estimation of
volumes for large-scale landslides.

« Landslides are separated by area for smaller and larger than 1,000 m®.

Shallow landslides are designated as having a soil thickness less than 2
m, whereas deep-seated landslides exceed such a depth.

The proposed equauons can be used to esumare landslide volume
using a landslide area lati with ble results
and for landslide disaster plannmg and mmg:uon.
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