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Abstract

Nowadays, flow modelling for debris flow susceptibility is commonly applied, yet
there are some deficiencies faced by only using the model. Modelling process is
only determined by some input factors that they capable to use as input, yet other
factors which are not included in modelling parameters might give influence to
debris flow occurrence. Other parameters causing debris flow must be clearly
identified for intense by landslide inventories, which will determine other parameter
that may not include as modelling input parameter but in fact causing debris flow
occurrences. Therefore, this research is aimed to do debris flow susceptibility
analysis using debris flow inventory as well as modelling. The landslide inventory
was further analyzed become landslide susceptibility using weight of evidence
analysis, while the modelling process was applied using RAMMS (rapid Mass
movements simulations). As a result, from inventory analysis, in the study area the
debris flow was commonly occurred in old andesite geological formation with
plantation or paddy field as the land use then has slope around 25 to 45 % or 15 to
25% in structural landform, furthermore triggered by more than 250 mm three days
cumulative rainfall. On the other hands, by modelling result, the debris flow
occurred on the soil, which has high density (p), while low in earth pressure
coefficient (}), viscous turbulent friction (&), dry coulomb friction (i) and cohesion
(c). By those results, the area susceptible to debris flow can be constructed from the
parameter resulted from inventory analysis while to identify the level of
susceptibility, the modelling result can be implemented.
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CHAPTER 1. INTRODUCTION

1.1 Background

Landslides are a common ground surface phenomenon on the Earth which
are mostly triggered by factors that make a slope unstable, such as seismic activity,
rainfall induced soil and groundwater changes and man-made activities such as road
and building construction (Arnous, 2010). They are indicated as one of the natural
hazards that have high losses and casualties. The high losses are determined by
landslide occurrence frequency, yet individual landslides might not have high
losses. Therefore, losses caused by landslide occurrence are often underestimated
in the official damage estimations. To reduce economic losses caused by landslides

in the future, landslide vulnerability assessments are needed.

Landslides are one of the disasters in Indonesia which bring extensive
damage to properties and loss of life. In Central Java Province itself, data recorded
by BNPB (n.d.) have found 109 landslides occurrence in 2016 which caused 59
casualties and much damage to properties. According to many studies that have
been done in the Middle Part of Kodil Watershed, which is administratively
included in Central Java Province, Rusdiyatmoko (2013) reported 152 landslide
occurrence from 2003 to 2012. The landslides occurred on hilly to mountainous
topography and are mostly triggered when the soil, which contains clay material,
are exposed by continuous rainfall. The landslide occurrence not only impacts the

source area of a landslide, but also the area downslope, the runout area. In fact, both



are used for settlement and agriculture purpose. To reduce the risk of both areas, it

is necessary to determine the exact area to be impacted by the landslide.

Genetically and morphologically, the area in a landslide will be divided
into two zones, including the upper part where the failure is generated and the lower
part which is affected by material movement from the upper part (Vescovi, 2006).

Both the area are impacted during landslide occurrence.

Crown cracks

Minor scarp

Transverse cracks

Transverse ridges

~ Surface of rupture

Main body

Foot Toe of surface of rupture

Surface of separation

Figure 1.1. Depletion and accumulation zone
source: http://geology.com/usgs/landslides/

Varnes (1984) defined the upper part as depletion zone, while the lower
part as accumulation zone. The depletion zone is the area where elevation becomes
lower as an impact of the material movement. While the accumulation zone is the
area which is impacted by material movement, or in other words, it is the area
covered by debris. As shown in figure 1, depletion zone is the area from landslide
scarp to the toe of surface of rupture, whereas accumulation zone is the area from

the toe of surface of rupture until landslide toe.

The accumulation zone will be more significant on the flow-like

landslides. In the flow-like landslides, fluid material will be moved on a rigid bed



(Hungr et al., 2001). As a result of its motion, landslides with long run-out will
occur. Accumulation zone might be placed on the area which might be far from the

source area.

From the 152 landslide occurrences in the Middle Part of the Kodil
Watershed, generally the landslide types are slide and slump. Around 8 landslides
of total landslides have more than 100 m run-out distance which will not be
classified as slide neither or slump. These types of landslide can be classified as
debris flow. This study will try to discover the reason of debris flow occurrence

among other different type of landslide such as slide and slump.

1.2 Research Problem

Regarding landslide susceptibility assessment, many researchers have
focused on the study of the depletion zone (source area), yet susceptibility
assessments focusing on potential accumulation zones (area covered by landslide
material) is limited. For instance, Arnous (2010) and Feizizadeh et al. (2014) used
remote sensing and geographic information systems to estimate landslide
susceptible area. The research emphasized the prediction of landslide triggering
areas, but did not discuss areas prone to coverage by landslide material. Meanwhile,
as described in Quan Luna et al. (2013) and Blahut et al. (2013), the accumulation
zone has higher risk than depletion zone, because the bottom of slopes is usually

more densely populated than the upper part.



Flow modelling studies are being done to predict potential accumulation
zone of future events (Schraml et al., 2015). Flow-like modelling studies can be
applied to reduce property damage and loss caused by the flow of landslide material.
Moreover, flow-like modelling studies could give a precise prediction of runout
distance and velocity, which can be used as hazard intensity estimation for risk

studies and protective measures (Cesca & D’Agostino, 2008).

Flow-like landslide modelling is considered as a relatively new research.
Guo et al. (2014) used historical landslide events to build a model in evaluating
landslide travel distance. Besides, 2-dimensional models have been applied such as
FLOW-R which delimits run-out areas based on multiple flow direction and energy
based algorithm which only used DEM as a parameter (J. Blahut et al., 2010).
Another research used 2-dimensional model named FLO-2D to simulate debris-
flow by using shear stress characteristic based on laboratory analysis as the input

parameter (Quan Luna et al., 2013).

Besides, flow-like landslide modelling could also be done by using
dynamic models. One of the examples is dynamic model DAN3D which uses
rheology rules, friction angle and Voellmy fluid assumption as parameters (Zhang
et al., 2013). Then another example is RAMMS which uses DEM, release area and

friction parameters as input data (Christen et al., 2012).

From the researches that have already been done, it can be concluded that
different model requires different input parameters that will influence the result. In

reality, run-out occurrences are not only influenced by the model parameters itself,



but also is influenced by other factors. For example, RAMMS needs DEM, soil
parameter, and landslide volume as input parameters. In fact, other factors, like
rainfall and landform, in a particular area might play important roles. To obtain a
proper result, the modelling process should be followed by landslide inventory that
considered other specific factors triggering landslide run-out. Thus, this research is
aimed to combine flow modelling with landslide inventory analysis to get specific
factors causing flow-like landslide. Then, by those parameters, flow-like landslide
susceptibility analysis will be properly matched to the study area. Finally, this kind
of flow-like landslide susceptibility analysis will be effective to reduce the impact

caused by landslides.

1.3 Goal and Objectives

Goal

The main objective of this research is to analyse debris flow susceptibility based on

landslide inventory and model calibration in the Middle Part of Kodil Watershed.

Specific objectives

a. To identify updated landslide susceptibility in the Middle Part of Kodil
Watershed.

b. To analyze and model debris flow behavior in the Middle Part of Kodil
Watershed.

c. To combine landslide susceptibility parameter and calibrated model input

parameter on debris flow susceptibility area identification.



1.4 Research Questions

Table 1.1. Objectives and research questions

No Objectives

Research Questions

1  Toidentify landslide a.

susceptibility in the Middle

Part of Kodil Watershed. b.

How to build a landslide susceptibility
map?

How landslide inventory influence
landslide susceptibility?

Which class of the landslide
parameters are causing the debris
flow?

2  Toanalyze debris flow a.

behavior in the Middle Part of
Kodil Watershed.

What are debris flow characteristics in
previous events? (e.g. debris flow
duration, height, and volume)

Based on debris flow modelling, how
input parameter influence the debris
flows?

3  To combine landslide a.

susceptibility parameter and
calibrated model input
parameter on debris flow

susceptibility identification. b.

Which parameters can be used to
determine the susceptible area to
debris flow and the level of debris
flow susceptibility?

Can improved parameters be used to
generate a debris flow susceptibility
map?

1.5 Thesis Structure

This thesis has the following structure:

Chapter 1 introduces the study background stating why the research is being done,

then followed by research objectives and questions.

Chapter 2 is literature review describing landslide in general, debris flow, and debris

flow assessment using landslide susceptibility information and debris flow

modelling.



Chapter 3 explains the materials needed in the research as well as the method used

to collect and process the materials.

Chapter 4 describes the study area condition including physical and social aspects

of the area.

Chapter 5 is result and discussion of the study including landslide assessment,

debris flow modelling and debris flow assessment.

Chapter 6 is final conclusion which states the objective achievement and the

recommendation for the study area itself as well as the future studies.



CHAPTER 2. LITERATURE REVIEW

2.1 Landslides

Mass movement processes are commonly simplify with term landslides.
In fact, the landslides can be differentiated into several types based on their material
types and movement types. The material types are classified as rock, soil, earth,
mud, debris, while the movement types including fall, topple, slide, spread and flow

(Varnes, 1978).

Table 2.1. Mass movement classification of Varnes (1978)

Type of Movement Type of Material
Bedrock Engineering Soils
Predominantly  Predominantly
Coarse Fine
Falls Rock fall Debris fall Earth fall
Topples Rock topple Debris topple Earth
Slide Rotational Rock slump Debris slump Earth slump
Translational Rock block Debris block Earth block
slide slide slide
Rock slide Debris slide Earth slide
Lateral Spreads Rock spread Debris spread Earth spread
Flows Rock flow Debris flow Earth flow
Deep creep Soil Creep

Complex (combination of two or more principal types of movement)

2.2 Debris Flows

Many researchers have their own definition of debris flow, which has been
updated over the years. Varnes (1978) defined debris flow as the flow-like landslide
which is distinguished by the high percentage of coarse particle. Commonly it is

triggered by unusual heavy precipitation, which caused torrential runoff on steep



slopes and caused a rapid flow on preexisting drainage ways. Varnes (1978) also
mentioned that debris flow will be triggered by a certain rate and durations of
rainfall, physical properties of material and deposit, slope angle, pore-water
pressure, and movement mechanism. Besides, Hungr et al. (2001) described that
debris flow occurs when the water content of debris material is saturated, which
caused rapid velocity of movement on a regular confined path. According to his

research, debris flow velocity excess 1m/s up to 10m/s.

In 2007, Sassa et al. defined debris flow as a mixture of water and sediment
which flow down as if it continuous fluid. According to (Sassa et al., 2007), debris
flows are initiated because three predominant causes. The first cause is due to
channel bed erosion, which is triggered by a severe rainfall. The second cause is
due to a landslide which lead material movement. And the other cause is destruction

of natural dam on the upper part of the slope.

Debris flow can be divided into two different classifications, they are
hillslope debris flow or known as open-slope debris flow and channelized debris
flow. These two classifications are made based on topographic and geological
characteristic of the location where the debris flow placed. Hillslope type of debris
flow forms its own path down the slope, while channelized type flows on the
existing pathway for instance rivers, gullies, valleys or depressions. (Nettleton et

al., 2005)
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Topographic Channel Feature

Flow / Erosion Channel

(b)

Figure 2.1. Hillslope debris flow (left) and Channelized debris flow (right)

2.3 Landslide Inventory

Landslide inventory is an inventory of the location, classification, volume,
activity, date of occurrence and other characteristic of landslide in an area (Fell et
al., 2008). In a simple word, landslide inventory is recorded data about past
landslides distribution and characteristic. Complete landslide inventory consists of
coordinate, address, type, date of occurrence, extent area, dimension, geology, land
use, triggering factor an causalities (Hervas, 2013). Besides, illustration, map and

aerial photo could be complementary data in inventory.

Due to difficulties for data collecting, only partial data could be available
in landslide inventory. All those data can be collected by aerial photo, field survey,
and interviews. Commonly, the inventory will be formed as landslide distribution
maps which has attribute table that contain the landslide additional information and
its characteristic. Detail inventory might be applied in large landslide such as

landslide source area, scrap, landslide body, and ponds. The inventory is valuable
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for future research, planning, and decision-making, moreover, it will be useful as
basic data for landslide density, hazard, susceptibility, and risk map which essential

for risk reduction measurements. (Hervas, 2013)

2.4 Landslide Susceptibility Assessment

According to Fell et al., (2008), landslide susceptibility is an assessment
using qualitative or quantitative approach which determines classification, area, and
spatial distribution of landslide. The landslides that are used as objects of
assessment can be the landslides that already exist or potentially may occur in an
area. It is expected that the more susceptible the area to landslides, the more the
landslide will occur in that area. It is different from landslide hazard which took
landslide frequency in a given period into account, the landslide susceptibility does
not give the frequency or time frame of landslide occurrence, however it only

determines the possible location of landslide occurrence.

As mention previously, landslide susceptibility assessment could be done
using qualitative and quantitative approach. The qualitative approach is a method
which uses knowledge driven to extract the parameter of susceptibility. Some
examples of qualitative approach are fuzzy, multiclass overlay, and spatial multi
criteria evaluation. Besides, quantitative approach is a method which based on data
driven, some examples are bivariate statistics, weight of evidence, frequency ratio,
cluster analysis and so on. Both qualitative and quantitative approaches can be used

based on data availability, for instance, qualitative approach is commonly used in
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some countries which does not have appropriate quantitative data for landslide

susceptibility assessment. (Fell et al., 2008)

This research applied quantitative approach, namely the weight of
evidence analysis, which statistically calculate the importance of influential factors
to the landslide occurrence. According to Song, et al. (2008), the weight of evidence
is the method which usually predicts the occurrence of events based on the training
data on the known fact or influential factors. By this definition, it can be concluded
that the landslide inventory is the crucial data to be used in landslide susceptibility

analysis using weight of evidence analysis.

2.5 Debris Flow Susceptibility Assessment

Debris flow susceptibility assessment is a part of the landslide
susceptibility assessment which include both recognition of landslide source area
or commonly called initiation area and landslide runout (Mandaglio et al., 2016).
The landslide runout which is determined in the debris flow susceptibility
assessment may consist of travel distance, velocity and intensity of existing or

potential debris flow.

Debris flow modelling is one of the methods to assess debris flow
susceptibility which will predict the area will be affected by hazard in future event
and understand their behavior (Hussin, 2011). There are 3 categories of debris flow

modelling including physical, empirical and dynamic modelling (Chen & Lee,
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2004). Physical modeling is the method that conducted by field observation and
further analyze the flow by laboratory analysis. In fact, it is difficult to conduct field
observation for debris flows, therefore many methods are used to simplify the field
observation, such as using high-speed photography or runout videotape as a

controlled field (Chen & Lee, 2004).

The empirical modeling is usually based on well documented field
observation (Quan Luna et al.,, 2013). The modelling parameters, which are
collected from well documented field observation, are used for analysis by
determining the relationships between each of the parameters. For instance, the
relationships between runout extent area with volume of the debris flow. The input
parameter for empirical model are volume estimation, topographic profiles, image

interpretation, and geomorphologic studies.

The last category of the debris flow model is dynamic models which use
numerical method to analyze the flow (Hussin, 2011). It is divided into 3 types
including lumped mass models, distinct element models and continuum models
(Chen & Lee, 2004). The lumped mass model defines debris flow as one uniformly
spread out sheets, with excess pore water pressure caused by liquefaction. The
district element model defines flow as a group of blocks which are analyzed using
an equation based on the contact between blocks. Then, the continuum model uses

rheological formula to simulate debris flow and to identify its characteristic.

This study applied dynamic continuum model by using RAMMS software

which uses Voellmy rheology to identify the debris flow. RAMMS software has
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three input parameters including digital elevation model, release area and friction
(Cesca & D’Agostino, 2008). Digital elevation model plays an important role for
run-out simulation since it will determine run-out volume in the initiation part and
also determine the visualization of the model. Another parameter is release area
which need to be identified to know the source of debris flow and how much the
volume of landslide run-out. To determine run-out volume, release area should be
followed by release height information. Then the last parameter, friction parameter,
consist of two data, including viscous turbulent friction (&) and dry coulomb friction
friction (p) (Bartelt et al., 2010). The viscous turbulent friction (§) controls the
velocity of the flow, which is determined by the type of flow material whether it
granular or muddy material. While the dry coulomb friction () controls when the
flow will stop which is determined from the tangent value of slope angle in the
deposition zone. Furthermore, deposit extent, velocity, flow depth and impact

pressures will be the outputs of the model (Quan Luna, 2012).

2.6 Theoretical Framework

In this research, debris flow susceptibility analysis is determined by two
analysis, including landslide susceptibility in general and debris flow modelling.
Both processes are applied to define specific parameter which cause debris flow
occurrence. Landslide susceptibility analysis is obtained using weight of evidence
analysis of several parameters which will be visualized on factor maps. Since the

weight of evidence analysis depends on landslide density, landslide inventory
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should be done earlier. Beside using landslide inventory for landslide susceptibility
determination, it is also used for defining the type of landslide, whether they are
categorized as debris flow or other types. Further, it will be used for determining

specific parameter that will cause the debris flow type.

The specific parameters causing debris flow, which have been determined
using the landslide susceptibility analysis will be improved by debris flow
modelling. To run the model, back analysis method is applied in several debris flow
events. Then calibration is applied using the extent area which is obtained from
aerial photos. From debris flow modelling, specific parameter causing debris flow
will be obtained. The specific parameters, resulted both from landslide
susceptibility analysis and debris flow modelling, are integrated to determine debris

flow susceptibility.

Landslide Susceptibility Analysis. : Debris-flow Modelling
Factor Maps Landslide Inventory Debris Flow Events
; } Y

All Landslides Debris Flow | = RAMMS Modelling

+ 2 A
Landslide Susceptibility : Calibration

v § A

Spesific Parameters 5 Spesific Parameters

Debris Flow Susceptibility

Figure 2.2. Theoretical framework



CHAPTER 3. MATERIALS AND METHODS

3.1 Materials and Equipment

There are several data needed in this research:

a. Landslide data

Landslide data were needed to determine landslide density, which further
were used in landslide susceptibility analysis. These data were collected from
previous research, governmental institution and participatory mapping. The data
from previous research were consist of landslide data from 2003 until 2012, while
2013 until recent data were collected from governmental institutions such as BPBD
Magelang and Purworejo Regency. Moreover, the participatory mapping from
village officers was held to determine the exact coordinate of recorded landslide
data from the governmental institutions.
b. Rainfall

Daily rainfall data from 2006 to 2015 were collected from 6 stations
surrounding the study area, then furthermore were used to determine landslide
susceptibility. The rainfall data were obtained from a governmental institution,
namely BPSDA (Balai Pusat Sumber Daya Air) Probolo.
C. Topographic data

Topographic data were needed to extract slope information of the study
area. It was generated from 9 m resolution Terrasar DEM which was obtained from

a governmental institution, namely BIG (Badan Informasi Geospatial).

16
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d. Geological map

Geological map was obtained from the Geological Map of The Yogyakarta
Sheet 1977 which was established by the Geological Survey of Indonesia. It was
used as one of parameters determining the landslide susceptibility.
e. High resolution image

There were 2 main purposes of high resolution imagery for the research,
including geomorphological map extraction and landslide inventory determination.
As same as topographic data, high resolution imagery was also obtained from BIG.
The high resolution imagery used was the Pleiades image year 2015 with 0,5 m
pixel resolution.
f. Land use

Land use data were obtained from online resource of BIG under
tanahair.indonesia.go.id website. The data were extracted from Rupa Bumi
Indonesia Map which produced by BIG at scale 1:25.000. The data were also used
as one of parameters to determine landslide susceptibility.
g. Aerial Photograph

Aerial photograph, which was used for modelling input parameter and
visualization, was obtained from data acquisition using drone namely DJI Phantom
4. Furthermore, photos that were captured by drone camera was compiled become
a mosaic using Agisoft software.
h. Soil properties

Soil properties were taken from laboratory analysis of soil samples by two

kinds of analysis, including grain size distribution and plasticity index analysis. The
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result of the analysis was the type of soil which determined the model input
parameters such as soil density (p), earth pressure coefficient (1), viscous turbulent
friction (&), dry coulomb friction (p) and cohesion (c).

Some software were used in research analysis including;

Table 3.1. Software used in the research

No Software Version Function

1 ArcGIS 10.1 GIS processing

2 lwis 34 Weight of evidence analysis
4 Agisoft 1.2 Compiling aerial photos

5 RAMMS 1.5 Debris flow modelling

6 Ms. Word 2013 Word processing

7 Ms. Excel 2013 Spreadsheet processing

8 Ms. Power Point 2013 Presentation

Beside software, there are some equipment used for data acquisition, they are;

Table 3.2. Equipment used in the research

No Equipment Function

1 DJI Phantom 4  Aerial photo acquisition
2 Sieves Soil laboratory analysis
4 Casa Grande  Soil laboratory analysis

3.2 Method Applied

3.2.1 Analyzing Landslide Susceptibility

In this research, landslide susceptibility analysis was used for determining
the parameters and their classification which cause a debris flow. The landslide
susceptibility analysis was determined using data driven method, namely the weight
of evidence analysis, which was proceed using Illwis 3.4. Generally, the weight of
evidence method assessed the relationship between the distribution of landslide

occurrence and the distribution of the parameter causing landslide (Barbieri &
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Cambuli, 2009). Therefore, the first step in this analysis was generating a landslide
distribution map which was based on landslide recorded data. Then in the next step,
landslide parameters, such as land use, rainfall, geology, combination of slope and

landform, were also generated which were further visualized into factor maps.

Aside from landslide susceptibility map, other outputs of this analysis was
the weight of each class in every parameters. The weights were calculated based on
the presence and absence of landslide events in each class of the parameters (Song
et al., 2008). The calculated weight consists of positive weight to indicate the
importance of the factor map presence for the landslide occurrence and negative
weight to indicate the importance of factor map absence for the landslide occurrence
(Barbieri & Cambuli, 2009). To calculate the weight of each class, the landslides
distribution map was overlaid with each factor map, which further resulting four

pixel combinations (Van Westen, 2002). They are;

Table 3.3. Four pixel combinations of landslides and class of parameter
Certain class of parameter

Present Absent
Landslide Present  Npix: Npix2
Absent  Npixz NpiXas

Where,
Npix1 = number of pixels with landslides in the class
Npix2 = number of pixels with landslides outside the class
Npixs = number of pixels without landslides in the class

Npixs = number of pixels without landslides outside the class
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Those combinations was used to determine positive and negative weight under the

equation;

Npixq Npixyp
+ _ Npix1+Npixy - _ Npix1+Npixy
VVi - lOge Npixg and Wi - loge Npix,
Npix3+Npixy Npix3+Npixy

After positive and negative weight was determined, final weights of each classes

was defined using following equation;

Wmap = Wplus + Whin totat = Win

In which W min total was the total negative weights in other classes.

Finally, all weight maps was summed up to obtain landslide susceptibility map then

was classified into high, moderate and low susceptibility. (Van Westen, 2002)

3.2.2 Debris Flow Modelling

Debris flow modelling was done using RAMSS software. Generally, there
are two sequential steps in this modeling, including input preparation and running
calculation (Bartelt et al., 2010). The input preparation is a step to prepare several
data such as DEM, map and orthophoto, so that they can be used for the model
interfaced. In this process, project directory was set to select the certain folder
where the project was located. Subsequently, to build a model interface, project
wizard was created, then the data that have been stored previously will be visualized

into a three dimensional model (Christen et al., 2012).
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After a model interface has been built, debris flow modelling was
calculated by running calculation process. In this step, project domain, release area,
and some parameters was set (Bartelt et al., 2010). The project domain is the model
boundary which was determined by digitizing on the model interface. While the
release area is the source boundary which was also determined by digitizing on the
model interface, but additionally should contain release height information to

estimate landslide volume.

Regarding the parameters, there are 2 kinds of parameters which was
determined before model calculation including simulation parameters and friction
parameters (Bartelt et al., 2010). The simulation parameters are simulation grid
resolution, end times, dump steps, soil density (p) and earth pressure coefficient (1).
While friction parameters are viscous turbulent friction (&), dry coulomb friction

(1), and cohesion (c).

The grid resolution, the end times and the dump step are given value by
the user which determined the resolution of the model result and the calculation
process duration (Bartelt et al., 2010). The grid resolution is an important feature
which further determines the resolution of terrain model of the simulation. Then,
the end times is the maximum duration for the simulation. The proper simulation is
the simulation which does not reach the end time of simulation. Moreover, the dump
step is the time interval of simulation which represent the time resolution of the

simulation.



22

Then, another simulation parameter is the soil density (p), which
represents the ratio between the mass of soil bulk and the volume of soil, including
the pore spaces (Black & Blake, 1965). The density (p) was determined from the
soil type in the area, the following table is the typical value of soil density

(Subramanian, 2008);

Table 3.4. Typical mass densities of basic soil types

Type of Soil Mass density (Mg/m?3)
Poorly graded soil Well-graded soil
Range Typical value Range Typical value

Loose sand 1,70-1,90 1,75 1,75-2,00 1,85
Dense sand 1,90-2,10 2,07 2,00-2,20 2,10
Soft clay 1,60-1,90 1,75 1,60-1,90 1,75
Stiff clay 1,90-2,25 2,00 1,90-2,25 2,07
Silty soils 1,60-2,00 1,75 1,60-2,00 1,75
Gravelly soils  1,99-2,25 2,07 2,00-2,30 2,15

The last parameter in the simulation parameters is the earth pressure coefficient (1),
which represents the ratio of vertical and normal stress. It is an important parameter
because it regulates the flow height of the simulation (Christen et al., 2010). This

parameter was determined from the following equation (Terzaghi, 1943) ;

Kq/p = tan® (45° — g)

Where, Kq/p, = earth pressure coefficient

@ = angle of friction

Aside from simulation parameters, friction parameters are also needed as
input parameters in RAMMS including viscous turbulent friction (&), dry coulomb
friction (p), and cohesion (c) (Bartelt et al., 2010). The viscous turbulent friction
(&) is the parameter which dominates when the flow is running quickly. It is

determined by the types of flow whether granular which is represented by 100 to
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200 values or mud flow which is represented by 200 to 1000 values. Then, dry
coulomb friction () is the parameter which dominates when the flow is close to
stop or in the other words, is the normal stress at the base of the flow (Scheuner et
al., 2011). It was determined from the tangential value of the soil friction angle.
And the last parameter is the cohesion (c) which is the force that binds the soil
particle together or in other words, it is the bond between the soil particle (Terzaghi,

1943). The cohesion (c) was determined using the typical value of a certain soil

type.

From the descriptions, it can be concluded that almost all the parameters,
such as soil density (p), earth pressure coefficient (1), viscous turbulent friction (&),
dry coulomb friction (u) and cohesion (c), are determined based on the soil type in
the area. Therefore, this research tries to determine the type of soil in each modelled
debris flow event based on the Unified Soil Classification System (USCS). The

following table consist of USCS, its friction angle and the cohesion (c);

Table 3.5. Unified Soil Classification System

No USCS Sail Description Angle of Friction ~ Cohesion
Class
1 GW Well graded gravel 33-40 0
2 GP Poorly graded gravel 32-44 0
3 GM Silty gravel 30-40 0
4 GC Clayey gravel 28-34 0
5 GW-GMor Silty gravel with many 35 0
GP-GM  fines
6 GW-GCor Clayey gravel with 29 3
GP-GC many fines
7 SW Well graded sand 33-43 0
8 SP Poorly graded sand 30-39 0
9 SM Silty sand 32-35 0
10 SC Clayey sand 30-40 0
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11 SW-SMor Silty sand with many 27-33 0
SP-SM fines

12 SW-SCor Clayey sand with many 31 5
SP-SC fines

13 ML Silt 27-41 0

14 CL Low plasticity clay 27-35 20

15 CH High plasticity clay 17-31 25

16 OL Organic silt 22-32 10

17 OH Organic clay 17-35 10

18 MH High plasticity silt 23-33 5

source: www.geotechdata.info

After the modelling process and result analysis were already done, the
debris flow extent, which was produced from the model, was compared to the extent
of previous event. The parameters were adjusted during the calibration process. As
a result, the specific parameters causing debris flow was determined and finally are

able to use for analysing debris flow susceptibility.

3.2.3 Critical Analysis of Debris flow Susceptibility

Debris flow susceptibility analysis was determined by integrating
landslide susceptibility analysis and debris flow modelling which both resulting
specific parameters causing the debris flow. The specific parameters produced from
landslide susceptibility analysis were improved by specific parameter produced by

debris flow modelling.

From landslide susceptibility analysis, a specific class of each parameter
causing debris flow was produced as well as its weight to landslide susceptibility.

Critical analysis was done to identify either the class of the parameter and its weight
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causes debris flow or not. Besides, from debris flow modelling, specific parameters
formed as specific local circumstances causing debris flow was also produced. As
same as landslide susceptibility analysis, the result of modelling was also critically

identified.

After those critical analysis was integrated to determine the parameters of
debris flow susceptibility, the integrated debris flow susceptibility was compared
to the susceptibility analysis of all landslide in phase one. The comparison was
aimed to know whether improved debris flow susceptibility was linear to landslide

susceptibility in general or not.

3.3 Fieldwork

The fieldwork consist of 3 main activities including landslide inventory
process, debris flow identification and soil sample taking. Beside collecting
secondary data of landslide occurrence from institutions, the landslide inventory
was also done by participatory mapping technique. According to Chambers (2006),
participatory mapping is a participatory method based on local people’s abilities to
build geographic information. Therefore, this research involved the local
authorities, such as head, secretary and staff of village offices to mark the landslide

points based as well as landslide dimension identification.

Based on landslide inventory, landslide with more than 100 meter lengths,

which further was called debris flow, was visited to identify whether it was suitable
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to be modeled or not. The debris flow was photographed by drone namely Phantom
DJI 4 to obtain aerial photograph. It was used in the modelling process and was
used to identify deep information of the terrain and physical analysis of the area,
including landslide extent, source area and the height of the source area, so the

model results were easier to interpret (Christen et al., 2008).

There are some parameters required for debris flow modelling.
Commonly, the parameters can be prescribed from numerical solution or automated
procedures using terrain analysis in GIS (Christen et al., 2008). Unlikely, in this
research, the parameters were acquired from soil sample analysis. The soil samples
were also taken to get soil property information from 3 samples of selected debris
flow and 3 samples of other landslides with small dimension. The sample of small
landslides was used as comparative samples to those in the selected debris flow.
Furthermore, the soil samples were analyzed in a laboratory to obtain the soil type

information then further determined the value of model input parameters.

3.4 Data Collection and Processing
3.4.1 Extracting 3 Days Cumulative Rainfall Data
Based on the research that have been done by Peres & Cancelliere (2014),
by using a method called power-law rainfall intensity-duration, the hillslope
showed the good stability when there is no continuous rainfall more than 3 days, or
in other words, 3 days cumulative rainfall is the threshold for hillslope instability.

Referring to the research result of Peres & Cancelliere (2014), this research was
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also used 3 days cumulative rainfall to assess landslide susceptibility. The data were

extracted from daily rainfall data starting from 2009 to 2015 in 7 rainfall stations.

The 3 days cumulative rainfall were calculated in each day by adding the
current daily rainfall with rainfall data of 2 days before. After those rainfall data
were accumulated, the maximum 3 days cumulative rainfall was used as a
representative value of each rainfall station. To get spatial data of 3 days cumulative
rainfall, the representative values of each station were interpolated. The
interpolation process was processed in ArcGIS 10.1 by using inverse distance
weighted tool, which interpolated the data proportionally based on the distance
between one station to others (Mair & Fares, 2011). As a result, a distribution map
of 3 days cumulative rainfall was extracted and can be used as one of the parameters

for landslide susceptibility analysis.

3.4.2 Extracting Landform Map

The landform map was constructed from three main inputs, including
Pleiades imagery, geological map and Terrasar imagery which was used to
construct a hill shade map. Imagery interpretation was applied from those 3 kind of
data to generate landform classification. Interpreting landform from imagery
requires key interpretation features including image tone or color, shape, shadow,

association and texture (Martha, 2012).
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The hill shade helps to interpret the morphology of the area by using key
interpretation features such as shape, tone, and texture. The hill shade, which
visualized the terrain of the area, is the important component of landform
identification (Martha, 2012). It helps to know either it is generally flat which was
interpreted as denudational landform, or consist of a clear dip and strike which was
interpreted as structural landform, or consist of steep slopes which was interpreted
as volcanic landform. On the other hands, interpreting from high resolution
imagery is applied using almost all key interpretations such as color, shape,
association and texture. It helps to identify the drainage pattern and vegetation
condition which are useful landform interpretation. For instance, as a result from
the erosion process, denudational landform has many drainage lines which closely
located, nor the structural and volcanic landform. Furthermore, the lithology or soil,
which was represented by geological map also helps the interpretation to know

which lithological type are dominant in a certain landform unit.

HIGH RESOLUTION IMAGERY HILLSHADE

U U

LANDFORM

Figure 3.1. Landform construction
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3.4.3 Generating Landslides Polygon

The landslides point was extracted into polygon using ArcGIS 10.1 to
obtain a landslide density map which was used to assess landslide susceptibility.
There are some input data for generating the landslide polygons, including landslide
inventory, high resolution imagery namely Pleiades and hill shade which was
extracted from Terrasar imagery. The landslide inventory, which have been
recorded from local authorities, consists of the landslide dimension data which help
the polygon extraction. The landslide polygons are digitized on the high resolution
imagery based on possible interpretations of the landslide location from the high
resolution imagery itself and also the hill shade. The high resolution imagery was
used to estimate the exact area of landslide which was described in landslide

inventory, while hill shade was used to estimate landslide direction.
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Figure 3.2. Landslide polygon construction
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3.4.4 Aerial Photograph Acquisition and Photos Processing

The aerial photo acquisition was obtained using an unmanned aerial
vehicle called DJI Phantom version 4 and was operated using Pix4D application
which was open on PC platform. Technically, DJI Phantom was controlled by
Pix4D application. Here are the sequences of aerial photo acquisition using DJI
Phantom 4 and Pix4D (Phantom 4 - user manual, 2016):

a. UAV track, which further called as mission, was created in Pix4D application.
Mission grid extent was adjusted with the total area extent to be captured,
flight height, and the flight duration.

b. Flight setting was adjusted in Pix4D to control the camera angle, output
photos overlap, and UAV speed.

c. The UAV was connected to Pix4D application until the mission was able to
be run.

d. After all setting were set, the UAV was taken off to capture the aerial photo.

After all captured aerial photos are collected, those photos were combined
to be one single mosaic so the imagery can be used in this research. The following
steps are the sequences of combining photos to be single mosaic using Agisoft 1.1

(Agisoft photoscan user manual, 2011).

a. Importing photos. All captured photos were added to agisoft software.
b. Photos alignment. Photos alignment was done for creating points cloud which

are the points connected from one photo to another.
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c. Creating dense cloud. Dense cloud is point could expansion, so that many
control points was generated.

d. Building mesh. It was a 3D polygonal mesh representing the object surface
based on dense cloud created previously.

e. Building texture. It was the final step to build orthophoto mosaic which

already consist of 3D photos, not just 3D polygonal as the previous step.

3.4.5 Laboratory Analysis of Soil

Soil laboratory analysis was used to classify the soil type based on Unified
Soil Classification System (USCS) which further used to determine some
parameters in modelling including soil density (p), earth pressure coefficient (),
viscous turbulent friction (&), dry coulomb friction (u) and cohesion (c). USCS use
soil gradation information and plasticity index to classify the soil type based on the
following steps (Ishibashi & Hazarika, 2011).

a. The soil was sieved using several sieves with different opening size between
0,075 mm (no. 200) and 4,75 mm (no.4) size. The soil, which finer than 0,075
further was called F200, while the soil which retain in 0,075 sieve namely
R200. This naming is applied to all sieves.

b. After the sieves analysis was done, the grain size distribution was visualized
in a curve then coefficient of uniformity (Cu) and coefficient of gradation
(Cg) was calculated. It was used to identify whether the soil is classified as

well graded or poorly graded soil.
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c. For some soil classes, plasticity index was tested. Plasticity index is used to

determine if the soil consists of clay or silt particle. The laboratory equipment

in this test is Casa Grande.

The following chart is USCS flowchart to easier the classification;
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Figure 3.3. USCS flowchart




CHAPTER 4. STUDY AREA

4.1 Administrative and Geographic Position

Kodil watershed is a sub-watershed of Bogowonto which is one of the
watershed located in Central Java, Indonesia. This study took place in the middle
part of Kodil watershed, which specifically located in two different sub-districts,
Bener sub-district belongs to Purworejo and Salaman sub district belongs to
Magelang. Specifically, there are 21 villages which included in the study area, 20
of them is administratively located in Purworejo district, while the other one is
located in Magelang district.

Table 4.1. Administration boundary of study area

No District Sub-district Villages

1 Purworejo Bener Bener Legetan
Bleber Limbangan
Cacaban Lor Mayungsari
Jati Medono
Kaliijambe Ngasinan
Kalitapas Nglaris
Kaliwader Pekacangan
Kamijoro Sidomukti
Kedungloteng Sukowuwuh
Ketosari Wadas

2  Magelang Salaman Margoyoso

The study only focused in the middle part because the variety of
geomorphological processes, including volcanic, denudational and structural which
may lead to problem focused by the study namely debris flow. Geographically, it is
located between 392099,226 E — 403179,265 E and 9153946,066 N -

9167566,5399 N with 7951,18 Ha total area extent.

33



34

MAP OF MIDDLE PART OF KODIL WATERSHED
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Figure 4.1. Map of middle part of Kodil Watershed

4.2 Altitude

The study area has elevation variety from 100 to 850 meters above sea
level, which is distributed from low to high elevation from south to north. The south
part of the study area until the middle part has variation in elevation between 100
to 400 meters above sea level, whereas the north part and several east part of the
study area has more than 400m elevation. The north and east part are higher than
other part because those sides is influenced by Sumbing and Menoreh mountain.
Those varieties of elevations causes morphological different from plain to
mountainous topography. The morphological different leads to landslide
occurrence frequency. By the fact, several villages located in a mountainous area
are prone to be affected by landslide occurrence, even could be inaccessible during

landslide hazard.
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Figure 4.2. Elevation map of middle part of Kodil Watershed

4.3 Climatology
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Beside the topography of the area, high rainfall intensity also causes the

landslides occurrence. 7 rainfall stations, which are located not more than 5 km

from the study area, was selected to represent the rainfall information. The rainfall

stations are Banyuasin, Bener, Guntur, Kedungputri, Maron, Ngasinan, and

Salaman. Based on those stations, the rainfall intensity was varied from 0 mm to

627 mm. According to the analysis of Figure 4.3, the peak of the rainfall season

commonly occurred in December and January. Then commonly, after the peak

season of rainfall, the landslides occurred, especially in the middle to the end of the

rainy season when there was a continuous rainfall for more than 3 days.
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Figure 4.3. Average monthly rainfall 2009-2015

Figure 4.3 depicts that the rainy season was begun from November, while
dry season was begun from June. All rainfall stations show similar trends between
one station to another, except Guntur and Ngasinan stations which have much
higher rainfall intensity than other. This difference happened because the stations
are located in higher elevation than others (shown in figure 4.4). It is shown that the

higher the station is located, the higher the rainfall intensity.

Based on Schmidt — Ferguson classification, the study area is categorized
as a B climate type or wet climate. The class was generated from the ratio of dry
and wet month. Generally, middle part of Kodil watershed has two dry months
which has average monthly rainfall lower than 60 mm and 8 wet months which has

average monthly rainfall higher than 100 mm.
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Figure 4.4. Rainfall stations map

4.4  Geology

The study area has four different geological formations including
alluvium, old andesite formation, sentolo formation and andesite. From the four
formations, old andesite formation is dominantly appears in the study area. Surficial
deposits for old andesite formation are andesitic breccia, tuff, lapilli tuff,
agglomerate and intercalations of andesitic lava flows. Then andesite surficial
deposits consist of composition ranges from hypersthene andesite to hornblende-
augite andesite and trachyandesite. On west side of study area, there are sentolo
formation and alluvium. Sentolo formation dominantly consists of limestone and
marl sandstone, while alluvium consists of gravel, sand, silt and clay along larger

streams and coastal plain as surficial deposits.
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Figure 4.5. Geological map of middle part of Kodil Watershed

45 Land Use

Land use in the study area is dominated by plantation or commonly called
a commercial forest. Almost in the whole part of the study area are dominated by
the plantation land use. Aside from plantation, there is also a paddy field which
commonly associated with rivers. It is different to dry farming land which is
distributed irregularly in the study area. Other land use are savanna and shrub, they
do not significantly exist in the study area since the area covered by those types of
land use is not considerable. Aside from all land use, settlement is clearly seen in
the study area. It is scattered clumps forming a hamlet and generally associated with

roads, paddy field and dry farming land.
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Figure 4.6. Land use map of middle part of Kodil Watershed

Aside from natural triggering factors, landslides in the Middle Part of
Kodil watershed were also triggered by the poor land management, including
undercutting slope by transportation activities (Rusdiyatmoko, 2013). As shown in
figure 4.5, the main road passes through the study area. It is exacerbated by the
main road which regularly used by logging truck, then cause vibration leading to

landslides.

4.6 Landslides

Landslides in the study area frequently happen year by year. Recorded by
Rusdiyatmoko (2013), from 2003 until 2013, 152 landslides occurred. After 2013,
the data shown that still the landslides still frequently occurred with 50 events
increased. Those landslides have the average length and width between 5 — 100 m,

yet occasionally, the maximum length as well as width might reach 700 m distance.
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Until 2013 there are 8 landslides with more than 100m long, then increase 4 events
until 2016. Those huge dimensions indicate that there are possibility of huge
landslide occurrence in the study area. The huge dimensions of landslides may lead
material spreading caused by landslide run-out, then affects a destruction in the

agricultural area, road network, and settlement.
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Figure 4.7. Landslide occurrence 2003-2013 (left), 2003-2016 (right)

The following table shows how the landslide frequency increase from previous

T Ee T T
7oe noreoe oeor

inventory until recent inventory.

Table 4.2. Landslide length in middle part of Kodil Watershed
Landslide length (m) Frequency of events Frequency of events

2003-2013 2003-2016
Missing data 7 -
0-25 90 143
25-50 27 27
50-100 19 20
100-450 9 12

Total 152 202




CHAPTER 5. RESULT AND DISCUSSION

5.1 Landslides
5.1.1 Landslides Inventory

The landslide inventory was conducted by collecting data from previous
research and governmental institution, namely BPBD (Badan Penggulangan
Bencana Daerah). The inventory before 2013 was obtained from a previous study,
while the inventory after 2013 was obtained from BPBD. The data consists of date,
location, victim, losses and short description of landslide events. One of deficiency
related to inventory data was not every point consist of coordinate information.

To reduce the deficiency of lack information about landslide coordinates,
interviewing local authorities was applied. The respondents are head, secretary and
staff of the villages. After the interview, respondents are being asked to mark the
landslide location on the map. This method also used to determine landslide

dimension including, the width and the length.

Landslide Data From BPBD Magelang and Purworejo

Y
Head of Village 168 5
y No
Secretary of Village = »| Marking on High Resolution Imagery
¢ No
Yes
Staff of Village ———

Figure 5.1. Hierarchy of landslide inventory
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Table 5.1. Landslides inventory

No Village Year (20...) Total
03 04 05 06 O7 08 09 10 11 12 13 14 15 16
1  Bener 0
2 Bleber 1 3 1 5
3  Cacaban Lor 4 1 4 2 11
4 Cacaban 0
Kidul
5 Jati 1 3 1 1 9 6 21
6  Kalijambe 6 1 13 2 1 1 2 1 1 28
7  Kalitapas 1 1 2
8  Kaliwader 3 2 11 16
9  Kamijoro 1 1 4 6
10  Kedungloteng 0
11  Ketosari 5 1 3 2 1 2 2 16
12 Limbangan 0
13  Legetan 1 2 3
14  Margoyoso 1 1 9 3 1 3 3 21
15  Mayungsari 6 1 3 1 13 24
16  Medono 1 2 3
17  Ngasinan 0
18 Nglaris 1 3 4
19 Pekacangan 1 4 3 8
20  Sidomukti 0
21 Sokowuwuh 1 1 16 18
22 Wadas 1 1 2 1 7 2 2 16
Total 5 2 1 21 2 5 20 11 3 27 4 14 26 29 202

As shown from table 5.1., total landslide occurred from 2003 are 202
events. The highest number of events occurred in Kalijambe village (28 cases), then

the highest number of landslide event occurred in the year 2011 (42 cases).

LANDSLIDE EVENTS OF
MIDDLE PART OF KODIL WATERSHED
N
A 005 1 2 3 4
Kilometers
Legend
@ 2003 © 2008 @ 2013
O 2004 @ 2009 @ 2014
O 2005 @ 2010 © 2015
O 2006 @ 2011 O 2016
O 2007 @ 2012

Sources:
1. Rupa Bumi Indonesia Map scale 1:25.000
2. TerraSAR-X Digital Elevation Model 9 m resolution (2011)
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Figure 5.2. Landslide events of middle part of Kodil Watershed
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5.1.2 Landslide Susceptibility Assessment

5.1.2.1 Landslides Density

Landslide density was used to determine landslide susceptibility based on
the weight of evidence analysis. To build a landslide density map, it is necessary to
determine landslide polygon in previous. The inventory data, which consist of
landslide dimension, were used to determine the landslide polygon. Aside from the
dimension, hill shade, which is extracted from the 9 meter DEM (Digital Elevation
Model) and high resolution imagery was used to interpret the landslide polygon.
From the data collected from 2003 to 2016, landslides occurred in 21,52 ha from
7951,22 total area, which means, the landslide density is around 0,0027 or in other

words 0,2 % of the total area was exposed by landslides.

Figure 5.3. Landslides in the study area

5.1.2.2 Rainfall

Rainfall data, which were used for landslide susceptibility analysis, were
taken from 7 rainfall stations, including Banyuasin, Bener, Guntur, Salaman,
Ngasinan, Maron, Kepil, and Kedungputri. In general, landslide cases are not only
influenced by rainfall intensity, but also rainfall duration (Kritikos & Davies, 2014).

Therefore, maximum three days rainfall is more appropriate to be used for analysis
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than only using a traditional daily rainfall or annual rainfall. In Indonesia, many

rainfall stations not have adequate data for daily rainfall, some are clearly available,

while some data were broken due to equipment error as well as human error. In this

research the data used are the data from 2009 to 2015 since in that period of time,

the data of daily rainfall are clearly available.

Table 5.2. Maximum 3 days rainfall

Years Rainfall Stations
Banyuasin Bener Guntur Salaman Ngasinan Maron  Kedungputri

2009 197 201 270 231 195 198 166
2010 130 244 305 168 203 224 207
2011 79 176 230 161 253 199 231
2012 82 264 235 217 200 192 224
2013 94 182 226 159 217 207 315
2014 81 229 194 155 199 182 199
2015 59 156 263 216 185 173 150
Rmax 197 264 305 231 253 224 315

The highest 3 days cumulative rainfall was recorded in Kedungputri

station with a value of 315 mm. On the other hands, the lowest value was recorded

in Banyuasin station with a value of 197 mm. To get spatial distribution of

maximum 3 days cumulative rainfall, isohyet method was applied. Each station has

its own value of maximum 3 days cumulative rainfall, then the value was

interpolated to the other nearest station to get the spatial distribution of the value.

From the interpolated result, 3 days cumulative rainfall was classified into

2 classes, including the class of lower than 250 and higher than 250 mm. Generally,

the 3 days cumulative rainfall was increased from east to west part of the study area.

It is linear to the elevation of the area which also increased from the east to the west.

Based on the area, the value of 3 days cumulative rainfall is dominantly higher than



250 mm, only one-fourth

cumulative rainfall.
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has lower than 250 mm 3 days
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Figure 5.4. Three days cumulative rainfall of middle part of Kodil Watershed

Based on rainfall classification and weight of evidence analysis, most

landslides occurred in the area with 3 days more than 250 mm with 19,14 ha area

was exposed by landslides, or in other words, the class received the highest weight

and expected to be dominant rainfall class causing landslide occurrence. On the

other hands, the area with 3 days cumulative rainfall less than 250 mm only had

2,38 ha extent area exposed by landslide. The weight of both classes showed that

the class of more than 250 mm rainfall perceived higher value than the class of less

than 250 mm rainfall. It showed that the area with 3 days cumulative rainfall more

than 250 mm is more susceptible to landslide than the area with less than 250 mm

3 days cumulative rainfall.

Table 5.3. The weight calculated for rainfall parameter

Classes Area (ha) Landslide Area (ha) Weight
200 - 250 17479 2,38 -1,3802
250 — 300 6203,3 19,14 0,263
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5.1.2.3 Geology

Parent rock of the study area is dominantly breccia, which easily to
weather and producing thick silt to clay soil. Generally, breccia in a tropical climate
will be weathered into sandy-clay, clayey-sand, and sand-clay. Those types of soil
have a low shear strength which consequently is most sensitive to fail (Karnawati,
1998). Breccia is dominated in Tmoa (Old andesite of Bemmelen Formation)
geology class, which is the dominant class in the study area. Besides, there are also
other classes which not too dominant, namely andesite (a), alluvium (Qa) and

sentolo formation (Tmps) dominated with limestone and sandstone.

Based on the evidence of recorded landslide, Tmoa received the widest
area which is exposed by landslide. It is proved by the weight of Tmoa class which
is the highest weight among other classifications. Sentolo formation and alluvium
class are not significantly caused landslides since the area exposed by landslide are
almost zero and the weights are very low.

Table 5.4. The weight calculated for geology parameter

Classes Area (ha) Landslide Area (ha) Weight
Tmoa 6860,56 21,24 0,263
Tmps 496,62 0,01 -7,103
Qa 159,72 0 -10,626
a 434,72 0,27 -3,755

The old andesite in the study area was formed between Oligocene to
Miocene. In the study area, the old andesite formed as a result of volcanic activities
of Menoreh Mountain. Due to the high activity of some mountains surrounding the
Menoreh Mountain, it was elevated and lift up its mantle consisting andesitic

breccia. This activity made the intrusion of dacitic rock in some area and as time
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goes by the the dacite rocks were shifted to the lower part, so that the old andesite

formation with breccia dominated the surface area. (Bemmelen, 1949)

5.1.2.4 Land Use

The land use in the study area is dominated by plantation or commonly
called acommercial forest. Almost in the whole part of the study area are dominated
by the plantation which is many kinds of woody trees are planted such as durian,
jackfruit, coconut, hardwood trees and albizia. Aside from plantation, there is also
dry farming land which is dominated by corn and nuts cultivated. Generally in the
study area, settlement is scattered clumps forming a hamlet. Ordinarily, in

association with the settlements, paddy fields are cultivated.

Figure 5.5. Land use in the study area

Based on land use classification from Badan Informasi Geospatial (BIG),
where the land use data sourced, the land use in the study area is classified into 8
classes, including dry farming land, lake, paddy field, plantation, river, savanna,
settlement and shrub. Among those classifications, the plantation is the dominant
land use in the study area with 5206,02 ha total area, while the most narrow land
use classification is the lake with only 1,33 ha total area. Due to the wide area of

plantations, many landslides occurred in that land use class. Around 12,09 ha area
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exposed by landslide were located in the plantation. The second place where
received the landslide exposure was paddy field with the 6,22 ha total area. Aside
from that fact, the weight causing landslide from paddy field is higher than
plantation which consist of the widest exposed landslide area. This fact was led by
the density of the landslides in paddy field is higher than plantation. It is proved by
wide landslide area in paddy filed which is 6,22 ha from 1053,9 ha total paddy field
area, while in plantation area which is 5 times wider than paddy field only exposed
2 times higher than it from paddy field specifically 12,09 ha from 5206,02 ha total
area. Based on the weight calculated, there are 4 land use classes which not
favorable to landslide occurrence namely lake, river, savanna and shrub.

Table 5.5. The weight calculated for land use parameter

Classes Area (ha)  Landslide Area (ha) Weight
Dry farming land 424,33 0,92 -0,13
Lake 1,33 0 -3,477
Paddy Field 1053,9 6,22 1,091
Plantation 5206,02 12,09 -0,285
River 97,96 0 -7,79
Savanna 17,07 0,001 -3,468
Settlement 1069,43 2,29 -0,157
Shrub 81,15 0 -7,6

In the study area, the land use change was extensively occurred. Most of
the paddy field was built due to land use change from the natural vegetation. It
happens because of the high demand of economic needs, so the exploitation of land
resource occurred. It is not often that the paddy field was cultivated on the steep
slope which lead to the instability of the slope. Besides, the paddy field cultivation
leads the high intensity of land treatment since the paddy is plant 2 times a year, so

that the instability of the slope is increased.
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The existence of this type of paddy field also leads the instability of
plantation area which was associated it. The plantation area which located in the
upper part of the paddy field will face the effect of the instability of the paddy field
area. Therefore, it is also often the landslides occurred in the plantation. It can be
concluded that the paddy field area, especially the one which is cultivated due to
land use change from the natural vegetation, is prone to landslides. Then, the

plantation which is associated to the paddy field is also prone to landslides.

5.1.2.5 Slope and Landform Combination

In this research, slope and landform where classified into one factor map
due to their influence one to another. Every landform unit is characterized by
predominant process on it, which influence the stability of the area (Swanson et al.,
1988). Those predominant processes influence the sensitivity of an area to landslide
in a certain slope. For instance denudational landform is dominated by erosional
process which more sensitive to the landslide although on the gentle slope. This
condition might be different through other landform unit. It can be concluded that
the same slope classification may have different influence to landslide occurrence
due to the predominant process difference of a landform. A certain landform may
sensitive to landslide occurrence in the slight slope, otherwise a certain landform

may not sensitive to landslide occurrence even in the steep slope.

The slope data were differentiate into 5 categories which have different

area extent as depicted in table 5.6 and figure 5.6.
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Table 5.6. Slope area

Class  Slope (%) Area
Ha %
I 0-15 1413,857 17,78
1 15-25 2049,117 25,77
i 25 - 45 3444,98 43,33
v 45 - 65 920,568 11,57
\ 121,411 1,53

Slope data was extracted from Terrasar DEM which has 9 m pixel length.

Generally, slope the study area are categorized as moderate which has a value of 25

— 45 %. Among all the area, 43,33% area is included in this class. The highest

degree of slope area is distributed in the south east side of the study area.

Commonly, an area which is categorized as class I is used for the paddy field area

and settlement. In contrast, area which is categorized as class V is generally used

for plantation such as durian, jackfruit, coconut, hardwood trees and albizia.
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Figure 5.6. Slope map of middle part of Kodil Watershed

Subsequently, landform map was interpreted using 3 main data, including

Pleiades imagery, geology and hill shade which is extracted from terrasar imagery.

From the interpretation, landform was classified into 3 classes, namely structural,
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volcanic and denudational class. The structural class, which is influenced by
menorah mountainous area, is dominated in the eastern part of the study area, while
volcanic class, which is influenced by Sumbing Mountain, is dominated in the west
part of the study area. In addition, in the middle part of the study area, denudational

process is significantly formed.
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Figure 5.7. Landform map of study area
Here is the area distribution of the landform;
Table 5.7. Landform area

Class Landform Area
Code Ha %
D Denudational 1812,32 22,79
SM Structural, 3088,45 38,84
Menoreh mountainious
influence
VS Volcanic, 3050,42 38,36

Sumbing mountain influence

After the class of the slope and landform were identified, both maps are
overlaid to get the combination of both of them. Then, the combination data were
used as one of factor map in weight of evidence analysis. In total, the classification

consists of 15 classes, including 5 slope classes in each landform class.
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Figure 5.8. Landform and slope combination

Generally, the landslide occurrence was distributed equally in all classes.
It is showed the following table under the landslide area column which have a value
around 0 to 3 ha. From the following table, if it is only seen from the extent of
landslide exposure area, the landslides occurred mostly in slope classes around 25-
45%. It is shown from the landslide area which are 2,66 ha in structural, 3,04 ha in

volcanic and 3,59 ha in denudational landform.

Aside from that, the weight for each class not only depends on the total
area exposed by a landslide, but also depend on the total area of each class. In other
words, it depends on the density of landslides in each class. The highest weights are
received by denudational landform with different slope classes, whereas other
landform such as volcanic and structural are not showing the significant difference.
It is proved that denudational landform is more sensitive to landslide than structural
and volcanic. It is because the denudational landform are prone to be eroded. The

highest weight is received by denudational landform with 25 to 45% class of the
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slope, while the lowest weight is received by volcanic landform with more than
65% slope.

Table 5.8. The weight calculated for slope and landform combination
Classes Slope (%0) Landform Area (ha) Landslide Weight

Area (ha)
SM1 0-15 Structural 332,23 1,05 0,167
VS1 0-15 Volcanic 699,15 1,61 -0,173
D1 0-15 Denudational 358,52 1,47 0,444
SM2 15-25 Structural 643,4 2,22 0,268
VS2 15-25 Volcanic 886,17 2,2 -0,095
D2 15-25 Denudational 529,75 1,85 0,279
SM3 25-45 Structural 1486,34 2,66 -0,49
VS3 25-45 Volcanic 1196,85 3,04 -0,075
D3 25-45 Denudational 765,67 3,59 0,632
SM4 45-65 Structural 532,61 0,89 -0,505
VS4 45-65 Volcanic 240,27 0,29 -0,821
D4 45-65 Denudational 147,13 0,6 0,418
SM5 >65 Structural 93,59 0,03 -2,293
VS5 >65 Volcanic 21,25 0 -6,36
D5 >65 Denudational 12,56 0,006 -1,705

5.1.2.6 Level of Landslide Susceptibility

Landslide susceptibility in the study area was constructed from 4 basic
landslide susceptibility parameters including rainfall, geology, land use and the
combination of slope and landform. First of all, the landslide occurrence map was
constructed to know landslide distribution and its density. The landslide occurrence
map later was overlaid with each factor map to get the positive and negative weights
of each class using weights of evidence equation, which was described in
methodology chapter. In general, the presence of one class in a certain parameter
implies the absence of the other class. So that to get the cell weight in each

parameter map, the positive weight of a certain class in a cell was added by the
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negative weight of the other classes in the same map. On the other hands, it was

also reduced by the negative weight of the class itself.

The weight of each class from rainfall, geology, land use and slope-
landform combination was consecutively shown in table 5.3, 5.4, 5.5, and 5.8.
Based on the weight of evidence analysis, highest weight of each factor maps was
received by 250-300 mm rainfall, old andesite formation (Tmoa), paddy field and
denudational landform with 25-45% slope. It was shown from the highest value of

the weight that have been calculated in previous.

1

[ Weight: Rainfall ‘

’ Landslide Susceptibility

ranco 29000 wrn

Figure 5.9. Simplified flowchart of weight of evidence analysis
To get the final weight in landslide susceptibility identification, all weights

gained from individual parameter maps were summed up to get the final weights of
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each cells in the study area. The summed up weight, which is varied from -24,512
to 2,249, was classified as the following table to get susceptibility classifications.
The weight of cell which has a value lower than -10 was classified as very low
susceptibility since the value were resulted from the class which has no landslide.

In the other hands, all the positive weights were categorized as high and very high

susceptibility.
Table 5.9. Classes of landslide susceptibility

Class Lower Bound Upper Bound
Very low -24,147 -10

Low -10 -5
Moderate -5 0

High 0 1,125
Very high 1,125 2,616

According to final susceptibility analysis, most of the area was classified
as high susceptible to landslide with total area around 3836,76 ha. While the
smallest area was classified as very low with only 134,19 ha total area. Then very

high, moderate, and low classification were consecutively has value 675,4 ha,

2308,51 ha, and 990,63 ha.

u Very low
Low
Moderate

= High

= Very High

Figure 5.10. Percentage of landslide susceptibility level
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Figure 5.11. Landslide susceptibility map

The level of landslide susceptibility showed the correlation compared to
recorded landslide events,. It was proved by the amount of events which occurred
in the very high and high class of susceptibility. From recorded data, 8 events
occurred in very high class, 125 events in high class, 55 events in medium class, 14

events in low class, and no landslides occurred in very low class.

5.2 Debris Flow

In this research, 3 debris flow events were modelled to identify specific
parameters causing their occurrence using back analysis method. Generally, the
events chosen for debris flow modelling are the landslide which has lengths more
than 100 meters. From the inventory data, there are 11 events from 2003 until 2016
that meet those criteria and 3 recently events are chosen to be modelled. The
selected event was chosen because no significant interference occurred to them, so

the extent area was still naturally built. From the following table, the last three
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events were chosen which located in Jati, Margoyoso and Mayungsari village.
Furthermore, debris flow event in Margoyoso will be referred as first debris flow,
Mayungsari as second debris flow and Jati as third debris flow.

Table 5.10. Debris flow inventory

No Date Village X Y Length  Width
1 January 2004 Kaliwader 399817 9155118 150 20
2 January 2005 Wadas 398689 9156177 200 11
3 January 2006 Jati 399134 9159827 250 82
4 February 2009 Kalijambe 397417 9162941 120 30
5 February 2009 Kamijoro 397666 9160222 200 86
6 20 December 2011  Margoyoso 398055 9163805 182 121
7 1January 2012 Sokowuwuh 395521 9162229 450 130
8 1January 2012 Sokowuwuh 394626 9162913 130 89
9 9 November 2016  Jati 400117 9161284 320 30

10 9 November 2016 Margoyoso 398286 9162916 130 30
11 9 November 2016 Mayungsari 400531 9162216 700 40

5.2.1 Debris Flow Modelling

5.2.1.1 First Debris Flow

398225 398250 398275

AERIAL PHOTOGRAPH OF MARGOYOSO LANDSLIDE

Legend
(252 source Area
Fxtent Arca

T T -
398225 398275 398300

Figure 5.12. Aerial photo of first debris flow
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The first selected debris flow event occurred on 9 November 2016 in
Margoyoso Village around 4 PM. This debris flow event was triggered by extensive
rainfall from several days before and was worsened by continuous rainfall from 12
PM on the occurrence day. The source area of the debris flow was a cliff which was
more or less have a height of 40 m. The flow of material caused material spreading

to more or less 4296 m? area with 130 m runout distance.

Modelling was calculated using release information inputs which were
obtained from the fieldwork. The extent of release area was obtained by digitizing
polygon based on imagery that was extracted from aerial photographs. It is located
at 477,42 m altitude and 22,15° angle which is automatically calculated by the
software after digitizing process. From the imagery interpretation, the value for
release height and the extent are 11 m and 59,4063 m?, respectively, which resulted

805,869 m? release volume.

€ RAMMS | Release information X

Release area information | C

Proj. area (m2): 59.4063

Mean slope angle (*): 22.1455

Mean altitude (m): 477.421

Release volume (m3): 805.869

(For Input Grid Resolution -> Exact Violume!)

Release area nr EI

Release height d0 (m): [11.00

Cancel 0K

Figure 5.13. Release information of first debris flow

Beside release information input, there are also other input parameters
which were obtained from literature and laboratory analysis including simulation

and friction parameters. The simulation parameters such as, grid resolution, end
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time and dump step were selected as needed, commonly the default value was
suggested. For other parameters such as, the soil density (p), earth pressure
coefficient (L), viscous turbulent friction (&), dry coulomb friction (u) and the
cohesion (c) were obtained from soil classification that is obtained from soil
laboratory analysis, then further using literature to determine the exact value of each
parameter. The value are 1850, 0,38, 200, 0,51 and 0, respectively.

Table 5.11. Parameters value of first debris flow

Parameters Value
Simulation  Grid Resolution (m) 1,5
parameters End time (s) 1000
Dump step (S) 5
Density (kg/m?) 1850
Earth pressure coefficient 0,38
Friction Viscous-turbulent friction 200
parameters  Dry-coulomb friction 0,51
Cohesion 0

The combination of several input parameters resulted output value as summarized
in the following table;

Table 5.12. Output of first debris flow

Output Value
Simulation duration (s) 240

Max velocity (m/s) 18,01

Max flow height (m) 16,01

The simulation of debris flow was formed in 240 seconds duration with
maximum velocity occurred in the beginning part of simulation where the release
area started to collapse. The high velocity occurred in the first 15 seconds of the
simulation, then continuously slightly moving until reaching low flux condition in
the last second. The maximum velocity around the release area showed higher value

compared to the velocity on the following part.
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Figure 5.14. First debris flow simulation (left) and the maximum velocity (right)

The debris flow started with average height 11 meters at the release area.
Subsequently, it spread to the area surrounding the source area with the average
height between 5 to 2 m, then finally the material spread to the lower part with the
height around 1 to 0 m until the flow stop. Generally, the high flow height only

happen in the source area, while evenly the flow height is lower than 4 meters.
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Figure 5.15. Final flow height (left) and maximum flow height (right) of first
debris flow
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5.2.1.2 Second Debris Flow
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Figure 5.16. Aerial photo of second debris flow

The second debris flow event is located in Mayungsari village which also
occurred on 9 November 2016. This debris flow event is the widest event among
the other two events which has 2,2 ha area extent. It is located 2 km away from the
first debris flow, so that the triggering factors causing the occurrence are almost the
same. It was triggered by the extensive rainfall from several days before debris
flow occurrence, then worsened by the high intensity of rainfall from 12 PM in the
current day. The high loss, such as agriculture and infrastructure losses, are received
due to this debris flow occurrence. One bridge which is the main road connecting

one hamlet to another, is reported interrupted due to this occurrence.

From imagery interpretation and fieldwork, the release area information
was obtained, then was digitized on the model interface which was extracted from
aerial photographs. The release height was 16 m while the extent area was 787,063

m?. The extent area and the height determined the material released which has the
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volume about 17182,6 m>. This source area was laid in 454,48 m altitude and with

34,34° slope.

Figure 5.17. Release information of second debris flow

€ RAMMS | Release information X
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Proj. area (m2): 787.063

Mean slope angle (*): 34.3415
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(For Input Grid Resolution -> Exact Volume!)

Release area nr E

Release height d0 (m): [16.00

Cancel OK

From laboratory test of the soil, based on USCS, the soil in second debris

flow is classified as well graded sand or commonly known as SW which has friction

angle value about 33°. From the literature, the well graded sand has the soil density

(p) around 1850 kg/m?, viscous turbulent friction (&) around 100 to 200 and zero

cohesion. The value of viscous turbulent friction (§) between 100 and 200

represents the granular material. The higher the value, the smaller the particle. Value

of 200 was chosen because the soil is not too gravelly. Furthermore, earth pressure

coefficient (A) and dry coulomb friction (p) has value about 0,29 and 0,65, which

calculated by the equation which was described in the methodology chapter.

Table 5.13. Parameters value of second debris flow

Parameters Value
Simulation  Grid Resolution (m) 1,5
parameters End time (s) 4500
Dump step (S) 5
Density (kg/m®) 1850
Earth pressure coefficient 0,29
Friction Viscous-turbulent friction 200
parameters  Dry-coulomb friction 0,65

Cohesion

0
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Based on aerial photography captured in the fieldwork, the area for the
second debris flow is the widest area compared to the other two debris flow. It also
proved by the simulation duration of the debris flow, which finished in 4010
seconds or 1 hour and 6 minutes. The maximum velocity almost reached 150 m/s,
which also occurred in the beginning of the debris flow or near to the area where
source volume was collapsed. Besides, the maximum flow height was recorded
higher than the release height due to the obstacle faced by the material during the
flow.

Table 5.14. Output of second debris flow

Output Value
Simulation duration (S) 4010
Max velocity (m/s) 149,95

Max flow height (m) 58,6707
From the following figure, it is shown that the flow had higher velocity at

the beginning of the simulation then gradually flow until reaching the maximum
run-out area. In the first 500 seconds the debris flow reached almost two-third
runout distance, but then the debris flow finished in in almost 1 hour later. It is
proved by the maximum velocity chart in the figure which showed the high velocity
in the first two-third runout distance then significantly decreased afterward. It
happened due to the slit in a certain part was too small, so that the material was not
flow immediately to the lower zone. The existence of hard rock around the slit
caused the obstacle of the flow. A small bridge located in the slit, which is also a
local street in that area, was destroyed due to the accumulative material during the

flow.
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Figure 5.18. Second debris flow simulation (above) and the maximum velocity
(below)

As same as the velocity, the maximum flow height of the second debris
flow was also significantly different between the first two-third run-out distance
and the rest. The first two-third distance has maximum height more than 4 meters,
while the rest only has maximum height lower than 2 meters height. Generally, the
significant flow height showed in the release area which has the height around 16
meters. At the end of the simulation, the overall release volume, which is 17182,6
m?>, was deposited in the half lower part of the extent area. From the simulation it
was calculated that there is no material deposited from the release area until the
middle part of the runout area. Those conditions were derived from the topography

and material released characteristic which are represented in the model input.
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second debris flow

5.2.1.3 Third Debris Flow
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Figure 5.20. Aerial photo of third debris flow
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As same as the previous two debris flow events, the third debris flow also
occurred on 9 November 2016 around 4 PM due to the extensive rainfall. Due to
the debris flow occurrence, high damages are perceived on 0,9 ha agricultural areas
especially in the paddy field. Near to the source area, one house was destroyed and

some houses were threatened due to the occurrence.

The debris flow has 7,5 m release height with 261,75 m? extent area which
located at 479,697 m altitude and 30,92° slope. By the result, 2824,72 m® material
spread from the source area. Those release information was used for input data in

the modelling process.

€% RAMMS | Release information X

Release area information C

Proj. area (m2): 261.750

Mean slope angle (*): 30.9164

Mean altitude (m): 479.697

Release volume (m3): 2824.72

(For Input Grid Resolution -> Exact Volume!)

Release area nr El

Release height d0 (m): 7.50 |

Cancel oK

Figure 5.21. Release information of third debris flow

Beside release information, some parameters are also needed for input data
of the model. The grid resolution, the end time and sump step value are chosen
based on the result expected from the modelling. On the other hands, other
parameters are chosen based on soil laboratory analysis and literature review. Based
on laboratory tests, the soil in third debris flow is classified as well graded sand
which has density (p) about 1850 kg/m?, earth pressure coefficient (1) about 0,3 ,

200 viscous turbulent friction (&), 0,65 dry coulomb friction (p) and 0 cohesion (c).
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Table 5.15. Parameters value of third debris flow

Parameters Value
Simulation Grid Resolution (m) 1,5
parameters End time (s) 2000
Dump step (S) 5
Density (kg/m?®) 1850
Earth pressure coefficient 0,30
Friction Viscous-turbulent friction 200
parameters Dry-coulomb friction 0,65
Cohesion 0

After the modelling process was done, some general output are produced,
including simulation duration, maximum velocity and maximum flow height. The

following table showed the value of each simulation output;

Table 5.16. Output of third debris flow

Output Value
Simulation duration (s) 1315
Max velocity (m/s) 80,95
Max flow height (m) 17,59

As same as previous debris flow, the third debris flow has high velocity in
the beginning of the simulation. In the first 20 seconds, the release material totally
collapsed with a velocity around 13 m/s. There is no significant obstacle faced

during the flow, however the velocity decreased towards the end of the simulation.

Figure 5.22. Third debris flow simulation (left) and the maximum velocity (right)
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In this debris flow, the release area was recorded as the highest maximum
height during the simulation. After the release area collapsed, the surrounding area
was affected by material spreading which generally have a height not more than 3
meters. Subsequently, the release material flowed to the lower part of the area and

totally accumulated in the area with lower elevation.
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Figure 5.23. Final flow height (left) and maximum flow height (right) of third
debris flow

5.2.2 Model Parameterization

Generally, in the modelling, soil property was the main input parameter
which determined the result of the simulation. 5 main input parameters were
determined by the soil properties, including soil density (p), earth pressure
coefficient (1), viscous turbulent friction (&), dry coulomb friction (u) and cohesion
(c). Beside determining the soil property of modelled area, analyzing the soil
property of small landslide is also applied to specify the input parameters that

causing the debris flow. In total there are 3 samples of soil taken from modeled
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debris flow and 3 samples taken from small landslide. Here is the summary of soil

properties from 6 samples taken.

Table 5.17. Soil properties

Debris flows Small landslides

1st 2nd 3rd 1st 2nd 3rd
USCS SW-SM SW SW MH MH MH
Friction angle 27 33 33 23 23 23
Density 1850 1850 1850 1750 1750 1750
Earth pressure coefficient 0,38 0,3 0,3 0,44 044 044
Viscous turbulent friction 200 200 200 >200 >200 >200
Dry coulomb-friction 0,51 0,65 0,65 0,42 0,42 0,42
Cohesion 0 0 0 5 5 5

The soil samples were taken from 6 different places, including 3 samples
of modelled debris flow events, and 3 samples of small landslides. Based on the
sieve analysis and plasticity index analysis, the USCS type of each sample was
identified. Generally, debris flows area consist of bigger material compared to it of
small landslides. In addition, from the definition of debris flow itself, the debris
flow consists of debris which is predominantly coarse. It is impossible that the
debris flow consists of fine material such as silt or clay. It was proved by USCS soil
type which reported as well graded sand (SW) and well graded sand with silt (SW-
SM) for the modelled debris flow samples, whereas high plasticity silt for small

landslide samples.

From the material of small landslides, flow type of landslide still possibly
happen, but the water content of it must be very high. Or in other words, it will
occur in the drainage ways which consist of high water content. This kind of

condition will not be named as debris flow but earth flow. In the study area, the area
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with fine material is not susceptible to flow type landslides since the elevation of

small landslides are lower than debris flows.

The soil classification will determine an estimation of the soil friction
angle or in other words, the most stable slope of those types of material so there
will be no movement in that situation. The finer the material, the smaller the friction
angle. Commonly, a certain type of soil will have a range of friction angle, but in
this research since it was used for flow modelling, the smaller value was used for
input parameter so the flow will reach the runout distance as maximum as possible.
In general, the soil which has a smaller friction angle will have longer flow than the
soil that has a bigger friction angle. But this friction angle will also determine how
much the release volume of the landslide. The higher the friction angle, the greater
the amount of release volume from the source area. It is opposite to the small
friction angle which will have less release volume from the source area. This fact

proved the condition of flow type landslide in the study area.

5.2.2.1 Soil Density (p)

According to the study done by (McKenna et al., 2012), which tried to
determine the threshold of soil density between the slide type and flow type of
landslide, the density was associated with soil porosity and fine-grained content of
the material. The combined function of density, porosity and fine content was a

good predictor the determined the threshold, while single predictor is not good
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enough. Nevertheless, single density parameter showed a trend where the higher

the density, the more susceptible the area to landside with flow type than slide type.

While in this study, the trend is also similar, which was proved from the
soil samples taken from the study area. It showed the debris flow material has a
higher density than the density of small landslides. In fact, the density will influence
the runout distance of flow material or the type of failure mode whether it is sliding
or flowing. It also proved from the definition of the soil density itself, which is the
ratio of soil mass with the volume (Black & Blake, 1965). It means the higher the
density, the heavier the weight of the soil. Due to driving force from its weight, the
sliding or flowing process will be influenced. From the definition of the soil density,
it can be concluded that the higher value of density, the more susceptible the soil to

flow since the weight of the soil is heavier.

5.2.2.2 Earth Pressure Coefficient ()

The earth pressure factor will also influence the flow of landslide material.
It indicates the slope resistance to tend the move of its material (Terzaghi, 1943).
In the other words, it is the proportion of the vertical and the normal force (Hussin,
2011), which further will influence the flow of landslide material. Since it is related
to vertical and normal force, it can be concluded that the earth pressure is associated
with friction angle where the higher the friction angle, the lower the earth pressure.
Or in other words, the higher the force of the material to flow down the slope, the

less the force of the material to the earth.
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This fact proved from the soil properties analysis in this study. Based on
the result of soil property analysis, the earth pressure of debris flow is lower than
small landslide. It indicated that the resistive force of the soil in the debris flow type
of landslide is lower than the slide type of landslide. To sum up, the lower the earth

pressure, the susceptible the area to flow type of landslide or debris flow.

5.2.2.3 Viscous Turbulent Friction (&)

Another input parameter is viscous turbulent friction which represent the
flow material, whether it granular or muddy flows (Bartelt et al., 2010). The value
for granular flows range between 100 and 200, while the value which higher that
200 represent the muddy flows. The grain size of the soil played the important rule
to this parameter. From the soil samples taken, granular particle or coarse particle
dominated debris flow material, whereas fine particle dominated small landslide
material. For the modelled debris flow value of 200 was chosen since the material
was categorized as granular but not really consist of very big grain size material, so

the high threshold value was used.

In fact, muddy material has a bigger influence to material flows compared
to granular flow. As a result of sensitivity analysis by (Hussin, 2011), the higher the
viscous turbulent friction, the longer the runout distance, the higher the deposit
volume and the higher the maximum height. The fact that in the Middle Part of
Kodil watershed, the debris flow material has lower viscous turbulent compared to

small landslide material. It was contradictory with viscous turbulent characteristic
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in general. This condition indicates that the viscous turbulent friction can not be
individual predictor of failure type, the volume of release area might influence the
flow. In the study area the volume of the release area in the debris flow event is

greater compared to the small landslides.

5.2.2.4 Dry Coulomb Friction (p)

Aside from the earth pressure coefficient (1), there is the other parameter
that influence by friction angle namely dry coulomb friction. The parameter
influences the condition where the flow of material will stop (Bartelt et al., 2010).
The value is extracted from the tangent value of the friction angle of the deposition
zone. Commonly, the increase of dry coulomb friction value causes the decrease of

runout distance (Hussin, 2011).

In this research, the values of dry coulomb friction in small landslides are
lower than that in the debris flow. Nevertheless, the runout distance of the debris
flow material was higher than the small landslides, which is contradictory to the
actual condition. But in fact, if the dry coulomb friction variations are applied to
one single debris flow event, it will show the actual condition where the higher the
dry coulomb friction, the shorter the debris flow. It is proved that there is no trend
of dry coulomb friction value between different landslide events, in contrary the

trend was shown within the same landslide event.
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5.2.2.5 Soil Cohesion (c)

The last parameter is the cohesion which also obtained from soil property.
From soil property analysis, the soil classification was extracted, then by reviewing
the literature, a certain value of soil cohesion was obtained. From the analysis, the
debris flow material has zero cohesion while small landslides material have 5
cohesion value, which mean the bonds between small landslide material is bigger
than debris flow material. The cohesion value influences the stability of the slope
as well as the type of mass movement. In this research, the cohesive material which

consisted of silt material will move by sliding not by flowing.

Based on the literature, the soils which do not contain clay and silt are low
in cohesion or even not cohesive (De Blasio, 2011). The cohesion is linear to the
resistive force of a slope where the lower the resistive force compared to
gravitational force, the more stable the slope. To sum up, the lower the cohesion,
the lower the stability of the slope, or in other words, a long runout landslide such

as debris flow might be happened.

5.3 Debris Flow Susceptibility Analysis

Debris flow susceptibility analysis was done by deep analysis of landslide
susceptibility as well as debris flow modelling. The parameters causing debris flow

from those two sources will be combined to identify the specific parameters causing
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factor of debris flow. From landslide susceptibility, specific parameter causing
debris flow was determined from the certain classes of each parameter which more
influential to debris flow occurrence, then furthermore was used to determine the
area prone to debris flow. While from debris flow modelling, specific parameters
causing debris flow was determined from input parameters of the modelling then

subsequently was used to determine the level of susceptibility.

5.3.1 Susceptible Area of Debris Flows

The recorded inventory showed that there were 11 events of debris flow in
the study area. Generally, most of the events occurred in the very high classification
of landslide susceptibility. Here is the summary of debris flow events and the class

of parameters where it occurred.

Table 5.18. Debris flow events based on landslide susceptibility

No X Y Rainfall Geology Landuse Landform- Susceptibility
Slope
1 399817 9155118 200-250 Tmoa Settlement SM2 Medium
2 398689 9156177 250-300 Tmoa Plantation SM3 Medium
3 399134 9159827 250-300 Tmoa Plantation SM2 High
4 397417 9162941 250-300 Tmoa Plantation D3 High
5 397666 9160222 250-300 Tmoa Plantation D3 High
6 398055 9163805 250-300 Tmoa Plantation D3 High
7 395521 9162229 250-300 Tmoa Paddy VS3 Very High
Field
8 394626 9162913 250-300 Tmoa Paddy VS3 Very High
Field
9 400117 9161284 250-300 Tmoa Plantation SM3 Medium
10 398286 9162916 250-300 Tmoa Plantation D3 High

11 400531 9162216 200-250 Tmoa Plantation SM3 Medium
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Based on rainfall parameter, 9 from 11 recorded debris flows occurred in
the area with 3 days cumulative rainfall more than 250 mm. It was correlated with
the weight that was produced by landslide susceptibility analysis, which highest
weight of rainfall, 0,263, was received by that class. On the other hands, the other
two events occurred in the area which has 3 days cumulative rainfall around 200 to

250 mm.

The study area is dominated by Tmoa (old andesite formation) geology
type which most of landslides as well as debris flow occurred. Not all recorded
landslides occurred in this geology class, but all recorded debris flow events
occurred in this geology classification. Based on the weight of evidence analysis,
this class had the highest weight which is 0,263. It is proved that the most influential

geology class which causing landslides is the same as debris flow.

From land use parameter, 8 events was occurred in plantation area, 2 others
occurred in the paddy field area, while the other one occurred in the settlement area.
It is not equivalent to the weight produced from landslide susceptibility analysis
since highest weight was received by paddy field with 1,091 value. Nevertheless,
the plantation was placed in the second order of the weight after paddy field with -
0,285 weight. However, based the fieldwork experience, the initiation area of debris
flow occurred in the plantation, but then the material flowed into the paddy field
area. It occurred since the paddy field area was commonly associated with

plantation area and has a significant elevation difference with plantation area. Or in
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other words, plantation with steep slope are susceptible to debris flow when it is

located next to the paddy field area which located in the valley.

The last parameter is a combination of landform and slope. From the
recorded data it was shown that the debris flows occurred in many different
combinations of landform and slope including structural, volcanic and denudational
with 15 to 45 % slope area. The denudational landform with 25 to 45% slope is the
widest area where the debris flow occurred. It happened since the denudational area
was prone to erode or in other words, it is not as stable as other landforms. The
combination with 25 to 45% slope also increases the level of susceptibility to the
debris flow. Based on the weight of evidence analysis of the landslide, the weight
of this kind of landform-slope combination was the highest weight among other
combinations. Besides occurred in denudational landform, debris flow also
frequently occurred to structural landform with 2 different classes of slope
including 15 to 25% and 25 to 45%. Moreover, another combination where the

debris flow occurred is the volcanic landform with 25 to 45% slope.

From the weight of evidence analysis of landslide susceptibility, it is can
be concluded that the susceptible area to debris flow is almost the same to landslide
susceptibility. It was proved by the weight values of the specific parameters which
are the highest value compared to other classes. From the analysis, it can be
concluded that in the study area, the debris flow susceptibility is high in plantation
area which located in old andesite formation and denudational area with 25 to 45%

slope when triggered by more than 250 mm 3 days cumulative rainfall.
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5.3.2 Level of Debris Flows Susceptibility

To make the precise debris flow susceptibility analysis, the modelling was
used to improve specific parameters causing debris flow, which previously has been
analyzed from landslide susceptibility analysis. The modelling was done using back
analysis in the area where the debris flow have been occurred. The model
parameters was calibrated until the debris flow extent in the simulation is similar to
the actual extent. By all those model parameters, it can be concluded that debris
flow will occur in the area which has a big grain size of the soil such as sand or
gravel which has a high density (p), in other hand it have small earth pressure

coefficient (}), viscous turbulent friction (&), dry coulomb friction (i) and cohesion
().

Table 5.19. The influence of input parameters to debris flow susceptibility
Debris Flow Susceptibility

P low

|

low

Soil density

Earth pressure
Viscous turbulent
Dry coulomb friction
Cohesion

low

low

5.3.3 Summary of Debris Flows Susceptibility

Finally, according to the debris flow analysis resulted from landslide
susceptibility and debris flow modelling, it can be summarized that the area prone

to debris flow and its level can be determined. The area prone to debris flow could
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be extracted from the specific parameters produced by landslide susceptibility
analysis, while the level of debris flow susceptibility could be extracted from debris
flow input parameter. For the prone area of debris flow, it is a must that the area

should meet all criteria in the following table.

Table 5.20. Summary of debris flows susceptibility analysis

Susceptibility area to debris flow Level of debris flow susceptibility
determination determination
1. The area must have 3 days 1. The higher the density (p) the more
cumulative rainfall intensity more susceptible to debris flow
than 250 mm 2. The lower the earth pressure
2. The area must be in Tmoa coefficient (1) the more susceptible to
geological class debris flow
3. The area must be on a plantation or 3. The lower the viscous turbulent
paddy field area friction (&), the more susceptible the
4. The area must have 25 to 45% slope area to debris flow
or 15 to 25 % slope under structural 4. The lower the dry coulomb friction
landform (n), the more susceptible the area to
debris flow

5. The lower the cohesion (c), the
more susceptible the area to debris
flow.

By the result that have already been obtained it is possible to determine the
area susceptible to debris flow yet on the other hands, determining the level of
debris flow susceptibility will be difficult since the parameter of level determination
is very specific. The specific soil map is needed to construct the level of debris flow

susceptibility.



CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

After the research was done, seven points of conclusion were obtained to

answer the research question;

1. The landslide susceptibility map was built by using weight of evidence analysis,
which involved 4 parameters including rainfall, geology formation, land use and
combination of landform and slope. Those parameters are the general factor
causing landslides.

2. The level of landslide susceptibility showed the correlation with the inventory
data. It was proved by the high landslide susceptibility level in the middle of the
study area where most of the recorded landslide events occurred.

3. Based on landslide susceptibility analysis, the specific parameters causing debris
flow are 3 days cumulative rainfall more than 250 mm, old andesite geology
formation, plantation and paddy field area, all landform classes with 25 to 45%
slope added by structural landform which has 15 to 25% slope.

Those specific parameters were generated based on the factual reasons. The
higher the rainfall, the more susceptible the instability of the slope. Then in fact
the old andesite is the widest geological formation in the study area, so that this
class will dominate the debris flow occurrence, yet there is scientific reason of
landslide occurrence in this area. It was because it formed by the volcanic
activities which is prone to weather, then prone to slope instability. Commonly

the extensive land use change is the main cause of paddy filed become the

80
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specific parameter causing debris flow. The paddy field, which was cultivated
on a slope area, will cause the instability of the slope, due to the treatment of the
area is higher than previous land use. Besides, the plantation which next to paddy
field will also face the effect of the instability. Different landforms will have
different stability even in the same slope class, it was showed from structural
landform which prone in 15 to 25% slope. It happened because the structural
landform consist of clear dip and strike which easily to fail even in the gentle
slope.

. The first debris flow simulation finished in 4 minutes with 18,1m/s maximum
velocity and 16,1 m maximum flow height. Furthermore, the second debris flow
was the longer simulation which ended in 1 hour and 6 minutes, with 149,95 m/s
maximum velocity and 58,67 m flow height. Then the last debris flow was end
22 minutes with 80,95 m/s maximum velocity and 17,59 m flow height.

The simulation result showed the significant differences in the second debris
flow, it was because the release volume and the release slope of the second debris
flow was higher compared to the other two. Therefore the the second debris flow
velocity was higher than others. Even the velocity was the highest, the simulation
time of the second debris flow was the longest compared to other debris flow. It
happened because the topography of the area formed a slit in a certain part, so
that the velocity was reduced, then causing the long simulation time. Besides, it
also affected the height of the flow, which was the higher among the other two

debris flows.
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5. There are 5 input parameters of modelling that influence the debris flow such as

soil density (p), earth pressure coefficient (1), viscous turbulent friction (&), dry
coulomb friction (w) and cohesion (c). The higher the soil density (p), the higher
the susceptibility to debris flow. In contrary, the higher the earth pressure
coefficient (A), viscous turbulent friction (§), dry coulomb friction (u) and
cohesion (c), the lower the debris flow susceptibility.
From the result obtained, instead of determining the debris flow occurrence,
those parameters give much influence to the movement of the debris flow,
especially the magnitude of the flow. All the parameters influencing the
movement of debris flow, such as the extent area, the velocity, the flow height
and the duration of the simulation.

6. The specific parameters causing debris flow, which produced by landslide
susceptibility (point 3) can be used to determine area susceptible to the debris
flow by overlapping all parameters. Whereas to determine the level of debris
flow susceptibility, the modelling calibrated input parameters (point 5) can be
used.

Based on the result obtained, the susceptible area of debris flow was only can be
determined using landslide susceptibility analysis, yet the parameters from
debris flow modelling only influenced the magnitude of the flow. So that the
area prone to debris flow was generated from parameters produced by landslide
susceptibility. Then the parameters from debris flow modelling was used to
determine the class or the level of debris flow susceptibility and is not used to

determine the specific area prone to debris flow.
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7. lItis possible to determine the area of debris flow susceptibility, yet the class or
the level of susceptibility distribution in the area is difficult to determine,
because it needs detailed maps of soil physical parameters to construct the
parameters map. Besides, the potential runout area was also could not be

determined.

6.2 Recommendations

Based on research result, some recommendation are recommended, including:

1. The landslide inventory about the size and the absolute location sometimes was
still subjectively constructed since the ability of local authority to read imagery
and to recall the previous event is limited. The deep participatory mapping is
needed to get more accurate data.

2. More detail rainfall data should be taken into account to get more realistic
susceptibility information. Collecting rainfall data or interpolation method
should be improved.

3. Because the complexity of the debris flow occurrence, many influential factors
that not included in landslide susceptibility analysis and debris flow modelling.
So, in further research, including other physical factors which obtain from
fieldwork experience is recommended to get a better analysis.

4. Further research concerning about constructing the detailed maps of soil physical
parameters resulted from debris flow modelling can be done. It is necessary to

construct the debris flow susceptibility map.
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5. The further research about determining the threshold of model input parameters
that influencing the magnitude of debris flow is suggested for further research to
obtain specific class of debris flow susceptibility.

6. Further study is needed on a potential runout area of debris flow so the
susceptible area of debris flow was not only generated from potential area to fail

becoming debris flow, but also the prone area to be covered by debris flows.
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Appendix 3. Weight of evidence script

//The parameter %1 refers to the name of the factor map.
// Each map should has a domain with the same name

/IDELETE EXISTING RESULT FILES
/[The crosstable s%1.tbt

/[The attribute table %1.tbt

/I Make a new attribute table

del s%1.*
del wo%1.*
del %1.tht
crtbl %1 %1

/ICROSS THE FACTOR MAP WITH THE ACTIVITY MAP
/I The cross table is called s%1

s%1=TableCross(%1.mpr,activity.mpr,IgnoreUndefs)
calc s%1.tbt

/l Calculate one column in the cross table to indicate only the pixels with
landslides.

Tabcalc s%1 npixact=iff((activity=1),NPix,0)

Il WE USE AGGREGATION FUNCTION, WITH OR WITHOUT AKEY TO
CALCULATE:

/Inclass = number of pixels in the class. Sum the values from columns Npix and
group them by %1

/Inslclass = number of pixels with landslides in the class. Sum the values from
columns Npixact and group them by %1

//Inmap = number of pixels with landslides in the map. Sum the values from
columns Npix and don't group them

/Inslide = number of pixels with landslide in the map. Sum the values from
columns Npixact and don't group them

//ITHE RESULTS STORED IN THE ATTRIBUTE TABLE %1

Tabcalc s%1 %1.nclass = ColumnJoinSum(s%1.tbt,Npix,%1,1)
Tabcalc s%1 %1.nslclass = ColumnJoinSum(s%!1.tbt,Npixact,%1,1)
Tabcalc s%1 %1.nmap = ColumnJoinSum(s%1.tbt,Npix,,1)
Tabcalc s%1 %1.nslide = ColumnJoinSum(s%?1.tbt,Npixact,,1)

/l CALCULATE THE FOUR VALUES NPIX1 - NPIX4. THIS IS DONE IN
THE ATTRIBUTE TABLE
Il Correct for the situation when Npix1 - Npix3 might be 0 pixels, and change it
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into 1 pixel

Tabcalc %1 npix1 =IFF((nslclass>0),nslclass,1)

Tabcalc %1 npix2 = IFF((nslide-nslclass)=0,1,nslide-nslclass)
Tabcalc %1 npix3 = IFF((nclass-nslclass)=0,1,nclass-nslclass)
Tabcalc %1 npix4 = nmap-nslide-nclass+nsliclass

/ICALCULATE THE WEIGHTS IN THE ATTRIBUTE TABLE
Tabcalc %1 wplus {dom=value.dom; vr=-10:10:0.00001} =
LN((npix1/(npix1+npix2))/(npix3/(npix3+npix4)))

Tabcalc %1 wminus {dom=value.dom; vr=-10:10:0.000001} =
LN((npix2/(npix1+npix2))/(npix4/(npix3+npix4)))

/ICALCULATE THE CONTRAST FACTOR
Tabcalc %1 Cw = wplus-wminus

[ICALCULATE THE FINAL WEIGHT

//The final weight is the sum of the positive weight and the negative weights of
the other classes

Tabcalc %1 WminSum=aggsum(wminus)

Tabcalc %1 Wmap=wplus+Wminsum-Wminus

IIMAKE AN ATTRIBUTE MAP OF THE FINAL WEIGHTS
w%1.mpr = MapAttribute(%1,%1.Wmap)
calc w%1.mpr
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Appendix 4. RAMMS modelling guide

1. Set the preferences. It determines the place of working directory, map,
orthophoto and DEM directory

ANDOoGe

2. Start the project by clicking new project wizard under track menu. Then give
the project name, set the location and import the project DEM

L

New.. » Projes CuleW | o
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3. 3d representation will be imported.

pur w Run Bt Project  Help
FEW RO LG | ANDoGe BPVIE R e @
4 DEdR
PARAMITER
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Simolation parameters

Choose vaushston

4 pEBRIS FLOW

PARAMETER:
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i@

& =3

i e

Choose visuslization:
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5. Create the release area and determine the release height.

@ oW 1

PAABETER

pr——

Choose assitaton

@ RAMSDEBHS FLOW 16

Ve wnvs 0ONe

° 6 B

vig ww» 0O Be
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Release height (m)

"6

Vinumscation R samoing Semarks

.

map

Chocae visuatzaton:

(G2
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meU 4e « &

X

105

Strat the simulation calculation by clicking run debris flow calculation under
run menu. Set simulation parameter in parameter tab, the click use block release
in hydrograph tab

SHBeo v

Release height (m)

e @

Ll )

»
®

CIC

@Y map
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7. Calculation result will appear as well as the output log file.

L4

HEme o % 4 G ANOoce BPVE M0 k B0 He
4 besrs

=]
=]

PARAMETER: Flow height (m)

+
= ;
’ L s Genes [y Vot F i
2] h ok pramelirs
© o E 067 Wotodes o
o 2 =
o £ Nr of cels 1501
N % 050
- = End time (s 1000
L] _ RS Omp s =

Grd resokton (m

&

0.17

Flow densty (xgd)| 2000

®
o
°
3

mem 86

3 Reiesse ¢
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8. Simulation result can be run and visualized in different dumb step.
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Appendix 5. Result of soil properties laboratory analysis
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Debris flows Small landslides

1st 2nd 3rd 1st 2nd 3rd
USCS SW-SM SW sSwW MH MH MH
Retained on sieves no 4 1451 % 33,48% 34,23%
(R4)
Retained on sives no 200 9355% 96,02% 97,01 %
(R 200)
Finest than sives no 200 6,46 % 3,98 % 2,99 % >50% >50% >50%
(F200)
10% finer (D10) 0,06 mm 0,15mm 0,12 mm
30% finer (D30) 0,24mm 0,74mm 0,61 mm
60% finer (D60) 0,96mm 25mm 2,41 mm
Coefficient of Gradation 1,1 1,49 1,27
(CG)
Coefficient of Uniformity 17,21 17,07 19,82
(CL)
Liquid Limit (LL) 63,64 82,19 72,12 59,5
Platic Limit (PL) 41,58 49,14 41,07 37,32
Plasticity Index (PI) 22,06 33,05 31,05 22,19
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