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The study of runout area of landslide enabled us to obtain a spatial prediction
for landslides, which could contribute as the basic for the hazard assessment
study. This study assesses the influence of terrain parameters that contribute to
runout zones using GIS based empirical model in Kundasang, Sabah. The
landslide inventories were obtained at 1:12 000 scales based on interpretation of
aerial photographs to identify landslide distributions in three assessment years;
1984, 2009 and 2012. The runout zones were distinguished from the areas within
the reach of the mobilized deposits. To estimate the areas that could be affected
by the path or deposition of the mobilized materials, a Digital Elevation Model
(DEM) with 2o0mx20m pixel size was used in the study area. We considered the
fact that under intense rainfall events deposits from a landslide tend to travel
long distances following the maximum slope and merge with a drainage network.
This paper focus on the possible runout flow path distance and affected areas
using the TauDEM extension for ArcGIS software starting from the source area to
predict deposit area. Parameters such as lithology, soil series and land use
influence the runout of landslides, and the transportability of runout flow
depends on terrain parameter such as slope angle.
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1. INTRODUCTION The runout area is defined as the area of a
landslide that may be reached by all landslide

event (Norway Geo. Society, 2015).
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Debris avalanches or flow is a major hazard in
mountainous areas and are identified by an
extremely high velocities (Crosta et al., 2002).
With the help with various modeling tools, the
distance and area were calculated for a specific
landslide type. The objective of this paper is to
investigate the influence of terrain parameters that
contribute to runout zones; such as slope angle,

lithology, land use and the soil series (soil types).

Given the difficulty of

parameters for future landslide, it is not easy to

identifying these

determine the runout path and the distance reach.
However, these problems can be overcome by
taking into account the fact that under intense
rainfall, of landslide tend to travel long distances
following the steepest path and merging with the
drainage network (Montgomery and Dietrich, 1994;
Pallas et al., 2004; Guinau et al., 2005). As the
result from this study, each runout area computed
will tend to merge with the nearest drainage

system in the study area.

II. RUNOUT BEHAVIOUR

Defining the necessary of landslide prediction
as the basic for hazard assessment, these require
accurate prediction of the runout behaviour of
landslide, such as how far and how huge are the
runout zones once mobilized. Generally, runout
behaviour is a set of quantitative or qualitative
spatially distributed parameters that define the
destructive potential of a landslide (Dai et al.,
2002). These parameters for the purpose of
landslide hazard assessment mainly include (Dai

et al., 2002; Hungr et al.,, 1999; Wong et al.,
255

1997):

« Runout flow path length

— the distance from a landslide source area
to the distal toe of the deposition area;

« Damage corridor width

— the width of an area subjected to
landslide damage in the distal part of the
landslide path;

« Velocity

— how fast the runout travel within the
damage corridor which determines the
potential damage to facilities and the design
parameters of any required protective
measures;

» Depth of the moving mass

— the mass from the material in
depositional area which influences the impact
force of a landslide within the damage corridor;
and

+ Depth of deposits

— landslides deposits may build up to an
enough depth behind a structure to cause it’s
to disintegrate.

In this study, we are focusing on the runout
flow path distance and affected areas as the
preliminary for the hazard assessment study. A
realistic estimate of runout behaviour of
landslide depends on an adequate
understanding of the generic factors that
control the travel of landslide’s deposit.
Factors that influence the runout behaviour
(slope angle, lithology, land use and the soil

series) are also assessed in this paper.

III. STUDY AREA
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The study area is located in Kundasang, Sabah
and was selected because of the abundance of
landslides that are often occured either by natural
causes or human activities. The study area
(Figure 1) covers the latitude of 6°2'27.129"N -
5°54'36.652"N, and longitude of 116°38'35.095"E
- 116°44'40.472"E. The total area coverage is
426km2. Rapid development since the 90's has
taken over this area and the development
involves many land clearing activities and slope
cutting.

The hilly terrain and ridges with an elevation
of more than 1500 meters (a.s.l) which happens
to be a combination of steep to very steep slopes
were a direct after-effect of violent tectonic
activities in the past (Tating, 2006; Roslee et al.,
2012). The steep and hummocky terrain, regional
and unstable local geology, existence of old
landslide areas, and intensively geomorphological
processes (Roslee, 2012) in the study area, makes
it an area prone to landslides. Due to these factors,
any construction built on hilly terrain has a
higher tendency to landslide occurrences.

The geology of the study area includes the
Crocker Formation (Late Eocene to Early
Miocence age), Trusmadi Formation (Paleocene
to Eocene age), granite intrusion, as well as
several recent Quaternary alluvial materials
which are still being deposited (Roslee et al.,
2008). In general, the Trusmadi Formation
exhibits two main structural orientations NW-SE

and NE-SW (Tongkul, 2007; Roslee et al., 2008).
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Figure 1: Study area.

The Crocker Formation is divided into four
main lithological units which are thickly
bedded sandstones, thinly bedded sandstone
and siltstone, red and dark shale and slumped
deposits, whereas the Trusmadi Formation
rock sequence was divided by Jacobson (1970)
into four main lithological units, namely;

argillaceous rocks, interbedded sequences

(turbidites), cataclasites and massive
sandstones. The alluvium is limited to the
lowland which represents unconsolidated

alluvial sediments on river terraces that
contain unsorted to well-sorted sand, silt, and
clay of varying proportions which are mostly
derived from the upstream bed rocks. It occurs
as irregular lenses and has a variety of forms
and thicknesses.

In areas within Kundasang, landslides
could have been conceivably initiated by
development, continuous heavy precipitation
and earthquakes. These phenomena could be
fatal and cause impacts towards societies as
well. In a long-term period, they can also
contribute towards landscape evolution. By
conducting runout analysis of landslides,
landslide-susceptible areas can be identified
and safer area for development can be

delineated.
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IV. METHODS

According to Dai et al (2001), the runout of
the landslide can generally be grouped into three
categories. The first includes empirical models
aimed at providing practical tools for predicting
the runout distance and distribution of landslide
debris. The second categories include simplified
analytical models, which describe the debris
movement in which the debris mass is assumed
as a single point. The third includes numerical
simulations of conservation equation of mass,
momentum, and energy that describe the
dynamic motion of debris, and/or a rheological
model to describe the material behaviour of
debris.

In this study, we are using empirical models as
an approach for predicting the runout distance of
landslide because empirical methods are
generally simple and relatively easy to apply. The
information required by these methods is usually
general and readily developed. However,
empirical methods can only provide a preliminary
estimate of the profile.

In this paper, there are two stages of
methodologies involved in order to run this
analysis; the first stage involves creating a
landslide inventory and the second stage is
conducting the runout analysis. The prediction of
runout model was applied in a GIS environment
and compared across three assessment years;
1984, 2009 and 2012.

The first stage involves the identification of
the landslide’s source zone. In order to identify
the source zone, a landslide inventory needs to be

interpretation of aerial
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produced via the

photographs. A total of 178 aerial photographs
were used to map landslides with the scale of
1:12 000 throughout three assessment years,
starting from 1984, 2009 and 2012.

The interpretation of aerial photographs
was mostly done in the Kundasang’s area. In
order to identify landslides in the aerial
photographs, stereo viewing was used. To
minimize errors in landslides identification,
only landslides with visible scar observed in
the photographs were extracted. However, the
coverage of the aerial photographs on the
study area is different for each year as shown
in Figure 2. Unequal coverage of aerial photos
is solved by normalizing the area when
calculating the landslide runout zone for each
parameter classes (landslide frequency/area

for each parameter classes).

Figure 2: The coverage of the aerial

photographs on the study area in different for

each assessment years.

The resulting inventory as digitized in
ArcMap (ArcGIS) software. In each landslide
attribute in the inventory were systematically
divided into the scar and the runout zones. In
order to carry out a joint analysis of landslides

and Digital Elevation Model data, the scar or
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failure zones were rasterized to the DEM
resolution in the GIS software. Each failure is
assumed to be within a single 20m X 20m pixel
(Dai and Lee. 2002; Coe at al., 2004) because
20m X 20m could be optimal for analysing
landslide source and runout prone areas in the
study area.

For the second stage, in order to determine
that areas that are prone to landslide, we propose
a methodology based on the use of the open
source TauDEM software developed by Tarboton
(1997). TauDEM is software that can be executed
as an ArcGIS extension. This software contains a
set of tool which facilitates the assessment of
hydrologic processes from DEM (Guinau et al.,
2007).

In this study, to identify a landslide affected
area and the flow path length, two tools were used:
flow direction (D — infinity) and pit removed. Pit
remove tool shows the functions of the grid cells
surrounded by higher terrain that does not drain.
According to Tarboton (1997), pit remove creates
a hydrologically correct DEM by raising the
elevation of pits to the point where they overflow
their confining pour point and can drain to the

edge of the domain.

Table 1: landslide inventory.

Flow direction is defined as the steepest
downward slope on planar triangular facets on
a block centred grid (Tarboton, 1997). ‘D —
Infinity multiple flow direction’ function was
used to assign a multiple numbers of possible
flow directions to each pixel based on the
direction of the steepest downwards slope

(Guinau et al., 2007, Tarboton 1997).

A. Landslide inventory

The first step of doing a runout analysis is
creating a landslide inventory to identifying
the landslide source. The landslide inventory
was interpreted from aerial photographs and
later classified according to Varnes (1978)
landslide. Table 1

summarizes the landslide inventory with the

classification of the

total number of landslides, type of landslide
and activity of landslides for each assessment
year; 1984, 2009 and 2012. As previously
stated, to minimize errors in the landslides
identification, only landslides with visible
scars observed in the photographs were

extracted for the runout analysis.

Type of landslide
Year Total landslides
Average Area (km2) Flow Slide Complex
1984 91 1.64 35 52 5
2009 280 2.29 98 182 4
2012 62 1.35 49 63 6

A. Runout areas
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Three runout zone maps were produced for

each assessment year. A total of 58, 161 and 41
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active landslides with clear scar boundary were
and 2012

These

identified in the

1984,

respectively using aerial photographs.

2009

active landslides were used to compute the
runout zones. Figure 4 shows the combination of
runout zones in the study area across three
assessment years.

There are two important things need to be
highlighted from the runout zones produced; the
distance along the flow paths from the cells in the
starting grid to the grid cells in the runout zone
and the total number of runout affected in each
parameters classes. Each of the runout areas will
be used to analyze with the factor influencing the

terrain stability.

Figure 4: The combination of runout zones in

the study area across three assessment years.

Table 2 shows the distance of flow paths
across three assesment years and are classified
into five categories; <100m, 200m, 300m,
400m and >500m. From the analysis, the
distance of the runout flow path are
dominantly fall into <100m class. The number
of runout zones that falls in the ‘more than
500m’ categories that occurred in 1984, 2009
and 2012 are 10, 15 and 3 respectively. It can
be considered that any of the runout zones that
falls on ‘more than 500m’ categories be
categorized as debris avalanche due to its high

in water content and could mobilize the debris

far from the source area .

Table 2: the distance along the flow paths from the cells in the starting grid to the grid cells in the

runout zone and the area of runout.

Distance of flow path

Number of runout zones

1984 2009 2012
<100m 35 113 30
200m 4 12 3
300m 5 12 4
400m 4 9 1
>500m 10 15 3
To examine the terrain parameters

V. PARAMETERS
INFLUENCING THE
RUNOUT ZONES
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contributing to the landslide runout zone, the
runout which occurred in the study area were
analyze with those parameters considered to

influence on runout behaviour. The
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parameters include, slope angle, lithology, soil
type and land use. The runout distribution map
was crossed with the raster data layer of each
parameter which contains different classes. The
purpose is to examine the influence of runout
behaviour especially on the areas affected and the
length of runout. From the model produced
across the three assessment years, it can be

observed that the longest length runout is over 1
km.

A. Slope angle

Slope angle has great significance on the
susceptibility of a slope to landsliding. To
quantify the relative frequency of runout zones on
different slope gradients, the slope angle
categories was computed using available digital
elevation model (DEM) with the cell sized 20m X

Table 3a: 1984

20m resolution. The slope angle are classified
into four classes according to Department of
Mineral and Geoscience Malaysia classification;
<15°,15°-25°,25°-35° and >35°.

Table 3a, 3b and 3¢ show the result of the
2009 and 2012

runout zones in 1984,

respectively with slope angle classes.
Examination on the number of landslide with
the corresponding slope angle categories
shows that the distance of the runout zone was
highly influenced by the slope angle in the
study area. The steeper the slope, the longer
the distance of runout zone will travelled.
Majority of the runout zone which happen in
less than 100m only appeared in slope angle
with class less than <35° class. The runout
which occurred on more than >400m falls in

the more than >35° class.

Slope angle 0-100m 100-200m 200-300m 300-400m >400m

<15° 19 0 0] o) 0]

15 - 25° 14 2 2 o) 0]

25-35° 2 2 2 2 6

>35° 0 0 1 2 4
Table 3b: 2009

Slope angle 0-100m 100-200m 200-300m 300-400m >400m

<15° 65 5 4 0] 1

15 - 25° 44 6 5 3 2

25-35° 4 1 3 4 6

>35° o 0 0 2 6
Table 3c: 2012

Slope angle 0-100m 100-200m 200-300m 300-400m >400m

<15° 23 0] 0 0] 0
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15 - 25° 6 0] 2 0] 0
25-35° 1 2 1 1
>35° 0 0 0 2
tuff, limestone, breccia and agglomerate” (F),
“Shale and phyllite with some siltstone and
B. Lithology

The lithological map was grouped into five
main lithological classes; “Flysch type sandstone,
shale, siltstone with rare tuff, limestone, breccia
and agglomerate” (F), “Shale and phyllite with
some siltstone and sandstone” (SP), “Acid to
intermediate  intrunsive: = adamellite = and
granodiorite” (AII), “Terrace sand, gravel and
coral” (TS), “Basic to ultrabasic intrunsive:
gabbro, dolerite, serpentinite, peridotite, dunite
and pyroxenite” (BUI) and “Coastal and riverine
alluvium mainly clay, silt and sand” (CRA).

The correlation of the number of runout with
lithology is shown in table 4a, 4b and 4c. It can be
seen that throughout the assessment years, there
are three lithotype categories with relatively high
number of runout zone with the dominant
distance of runout less than 100m, namely

“Flysch type sandstone, shale, siltstone with rare

Table 4a: 1984

sandstone” (SP), and “Terrace sand, gravel and
coral” (TS). Besides, it can be seen that runout
distance with the length more than >400m
falls mostly on the SP lithotype throughout the
three assessment years.

The longest runout distance shown by the
geological materials in the datasets was in
interbedded types
especially associated with shale are the most

susceptible to landslides (Rib & Ta, 1978). The

agreement that rock

interbedded rock type such as the interlayer of
sandstone and shale will have different degree
of degradation when exposed to weathering.
Shale will experience a faster degree of
degradation than sandstone, and therefore,
will weaken the rock structure and making
sandstone easier to slide on top of shale. This
is the main causes that make it highly

contribute to landsliding.

Lithology 0-100m 100-200m 200-300m 300-400m >400m
All o o 0] o (o)
BUI o o 0] o (o)
CRA 10 0 0] 0 0]
F 9 1 4 1 4
SpP 11 2 1 3 6
TS 5 1 o) o)

Table 4b: 2009
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information about the parent rocks material and
physical properties of the soil that contribute to
landsliding. From the three assessment years, it
can be concluded that Crocker soil type has
contributed the most number of runout zones
occured in the study area followed by Pinosuk.
Most of the runout length of more than >400m
occurred in Crocker and Pinosuk soil types. In
2009, Bidu-Bidu type contributed highly to the
runout distance which is more than >400m.
Figure 5a, 5b and 5c shows the correlation
between the number of landslide and soil series in
each assesment years.

Table 5a: 1984.

Lithology 0-100m 100-200m 200-300m 300-400m >400m
AIl 0 0 0] 0] 0
BUI 10 1 1 o) 3
CRA 2 0 0 0 0]
F 49 7 9 2 10
SpP 35 2 2 6 1
TS 17 2 o} 1 1
Table 4c: 2012
Lithology 0-100m 100-200m 200-300m 300-400m >400m
All 0 0 0] 0 0
BUI 3 (o} 0] o o
CRA 0] 0] 0 0] 0]
F 20 3 1 1 2
Sp 0] 1
TS 0] 0]
C. Soil Series The parent rock for Crocker soil type was
made up of sandstone and clay whereas
Soil series is important in providing Pinosuk was made up from colluvium and

sandstone. Bidu-bidu type was made up from
ultrabasic igneous which may disintegrate by
weathering process and affect the length of the
runout. The sandstone often suffers gully
erosion by weathering and rainfall intensity
which leads to landsliding. However, these
sandstones is part of the cause for gullying and
slope movements, the rest being related to
slope degrees, rainfall and human activities.
With the help of high rainfall intensity, loose
material from colluvium may contribute to the

runout distance of landslide.

Soil series 0-100m 100-200m

200-300m 300-400m >400m

Bidu Bidu 10 0

0 0 o
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Brantian 0] 0 0 0 0
Crocker 10 2 3 2 10
Dalit 0] 0 0 0] 0
Kepayan 0] 0] 0] o 0]
Labau 3 0 0 0 0
Lokan 2 0 0 0] 0
Malubok 0] 0] 0 0] 0
Mentapok 0] 0 0 0] 0
Pinosuk 5 1 2 2 0
Trusmadi 5 1 0 0 0
Table 5b: 2009.
Soil series 0-100m 100-200m 200-300m 300-400m >400m
Bidu Bidu 10 1 1 5 7
Brantian 8 0 0 0 0]
Crocker 48 7 4 3 3
Dalit 0] 0 0 0] 0
Kepayan 4 0] 0] o 0]
Labau 2 1 0 0] 0
Lokan 0 1 0 0] 0
Malubok 1 0 0 0 0
Mentapok 0 0 0 0 0
Pinosuk 35 1 5 1 5
Trusmadi 5 1 2 0 0
Table 5¢: 2012
Soil series 0-100m 100-200m 200-300m 300-400m >400m
Bidu Bidu 0 0 0 0 0
Brantian 2 0] 0 0] 0]
Crocker 16 2 3 1 3
Dalit 0 0 0] 0] 0]
Kepayan 2 0] 1 0] 0]
Labau 5 1 o o) o)
Lokan 1 0 0] 0 0
Malubok 0 0 0 0 0
Mentapok 0] 0 0] 0 0
Pinosuk 4 0] 0 0] 0]
Trusmadi 0 0 0] 0 0
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D. Land use

Aerial photographs were used to derived land
use maps with the scale of 1:12 000 throughout in
the three assessment years, starting from 1984,
2009 and 2012. The land use were grouped into

» «

four main classes; “Built up”,

» 3

Barren”, “Forest”
and “Agriculture”. In 1984, barren classes has the
highest number of runout zones compare to the

Table 6a: 1984

other land use class. It contributed 6 runout
zone which are more than >400m in length.
The year 2009 shows most of the runout
distance with the length that is less than 100m
happened in forest area wheareas barren class
still contributed to the number of runout

which is more than >400m.

Land use 0-100m 100-200m 200-300m 300-400m >400m
Agriculture 6 0 0 0 0
Barren 10 1 0] 0 6
Built up 10 2 3 0] 2
Forest 9 1 2 4 2
Table 6b: 2009
Land use 0-100m 100-200m 200-300m 300-400m >400m
Agriculture 11 0 1 1 0
Barren 30 2 3 1 11
Built up 26 4
Forest 46 6 7 6 4
Table 6¢: 2012
Land use 0-100m 100-200m 200-300m 300-400m >400m
Agriculture 0] 0] 0 0] 0
Barren 8 0 4 1 o)
Built up 2 0] 0 0] 0
Forest 20 3 0 (o} 3

VI.DISCUSSION AND
CONCLUSION

The methodology proposed was to determine
areas potentially affected by deposit flow path
using the terrain parameters. The TauDEM
extension allowed us to identify the flow paths of
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a runout zone following the steepest track
from the potential source area to a drainage
network (Guinau et al, 2007). Using this
methodology, this software could be a good
starting point to determine potential flow
paths of the runout from the source zone and

is a good way to determine areas prone to
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landslide or debris flow which in turn can help in
some way to mitigate landslide hazards.

Certain conditions are required in order for
landslides to occur in any specific area.
Depositional area of landslide or runout flow
transportability depends on terrain parameter
such as slope angle, which refers to the maximum
slope inclination that rock and soil materials can
hold without falling or collapsed. In general,
higher slope angle will result in a longer flow path
of the landslide runout. Angle varies for different
geological materials and conditions.

It may be fair to expect that the properties of
the slope-forming materials, such as strength and
permeability that involved in the failure, are
related to the lithology and soil type, which
therefore should affect the likelihood of failure
and influenced the flow path distance of the
runout from it source area. For the result shown
in lithology, it can be seen that the length of
runout which is more than >400m are in
lithotypes of “Flysch type sandstone, shale,

siltstone with rare tuff, limestone, breccia and

agglomerate” (F) and “Shale and phyllite with

some siltstone and sandstone” (SP) whereas
for soil type it can be seen that throughout the
assessment  years, Crocker soil type
contributed to >400m runout length.

With this study area, the relations of
landslide runout zone with the paramaters
contributing to the initation of landslides are
presented. The parameters choosen are
applicable to predict the travel distance of
runout and giving adequate information for
the hazard assesment of the runout distance
when intergrated into map showing slope
failure and the digital elevation model (DEM)

within GIS.
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