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Abstract

The aim of the research was to investigate peoplelerability and perceptions to

landslides. Information from respondents was gatihdsy use of questionnaires from two
villages in Banjarmangu district, Central Java pmog, Indonesia. These two villages were
randomly sampled to get a feel of the differentwgdrom different people.

Some elements related to the physical and socinesiz aspects of the respondents in the
two villages were identified and analyzed using sandicators. These indicators were used
in relation to the ability of people to deal withet different landslide processes. The
availability of both formal and informal mechanismisch as social networks and warning
systems (Kentogan) that play an important role opireg with and adapting to the hazard
were also explored.

Data on the respondents’ perception to what ladesliare, their causes, the available
resources to preventing them and the existing meador disaster management within the
community are also discussed in this research.

The weights of evidence modelling method that wlsegrior probability of occurrence of an
event was used to determine the probability of oerice of landslides based on the relative
contributions of factor themes that are influentralcreating slope instability. A sensitivity
analysis was carried out on the input factors te weights of evidence modelling to
determine their influence on the occurrence offéis¢ landslides and creep phenomena taking
place in the study area. The results are landslideeptibility zonation maps.

A summary of the work, methodologies and tools eygdl by organizations and government
agencies involved in various studies and investgat to understand what really happened
after the tragic loss of 76 lives in the Gunungtagenlet 2006 landslide is discussed in this
work together with collective independent findirmgsthe author.

The overall vulnerability obtained from the resdéarshowed that both villages had
comparable vulnerability classes with majority lné respondents with in the moderate class.

A risk index matrix associated with the hazard andnerability of the investigated
communities was constructed but is not the finalulteper se. The risk analysis results
provided estimates for individual risk levels bud diot provide insight on the geographical
distribution of the landslide risk to the whole pdgtion in the study area. The ultimate
objectives can only be fulfilled when proper rigkluction measures are implemented, leading
to an observed decrease of casualties.

Keywords: Hazard, Vulnerability, Perception, coping mecharsisand risk
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1. Introduction

1.1. Background

Landslides are one form of land degradation whiotuo mostly in the mountainous and hilly
areas of the world. They are defined as “the movermea mass of rock, earth or debris down
a slope” (Cruden, 1991). Some landslides can treored distances over slopes damaging
structures and elements that lie in their pathdenbthers are less destructive and confined.
Consequences of mass movements include loss ofltite property damage plus severe
economic setback especially in developing countilé® extent of potential damage varies
enormously.

In Indonesia, landslides have occurred in and at@awns that surround or are located on the
slopes of the mountains and hill slopes. The ladeslare mainly triggered by rainfall or
earthquakes and aggravated by human activities sscldeforestation, cultivation and
construction. These factors destabilize the alrdaalyile slopes (CONTOUR, 2001; Dai et
al., 2002; Marfai et al., 2008). Despite the erigtilandslide hazards, large populations
continue to live or are forced to live in areas athare highly prone to such geomorphic
processes because of the fertile volcanic soilsaregood for agriculture and the very high
population pressure especially in Java. The conggon of infrastructure, property and
increasing population density all make the socmtye vulnerable to landslides, even those
of small magnitude (Blochl and Braun, 2005). Diéfer people, groups and communities are
seen to have different meanings and interpretabbrsinerability to landslides.

Blaikie et al (1994) define vulnerability as theachicteristics of a person or a group of people
in terms of their capacity to anticipate, cope witbsist and recover from the impact of a
hazard. The degree to which populations and threjpgaty are vulnerable to a hazard varies
over space and time. There is a need to assessrahility in reference to specific spatial and
temporal scales. Measures such as terracing hase applied to reduce the impact of
landslide disaster. But there is a need to undedsthe risk in terms of perception and the
coping mechanisms for improved mitigation and pregaess actions. People tend to develop
mechanisms to counter the effect of hazards. Thesghanisms can only become effective
solutions if they are incorporated / adopted duptemning stages by all stakeholders and the
local government.

To obtain knowledge on how and why some groupsrane vulnerable than others requires
community participation. Investigating into peoglederception of their vulnerability can
produce useful information that could be incorpedainto the decision making process to
help mitigate the landslide problems. The aim a$ tiesearch is to perform a vulnerability
analysis for 2 villages in Banjarmangu sub distrogtntral Java province, Indonesia, using a
participatory GIS (PGIS) approach based on the conityt knowledge. The focus will be
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mostly on the dominant form of landslide processed their effects on the communities in
the study area.

1.2. Research Problem

Landslides have severe negative impacts to notlwmyan population but also their property
and infrastructure. Population pressures havede@pid developments taking place on hill
slopes and the surrounding areas down slope. Matidin of the hillsides has destabilized the
materials that constitute them leading to negativeacts such as loss of life and injury to
people and their livestock as well as of damagdéedlnes, critical infrastructure, agricultural
lands, housing, private and public assets.

In Banjarnegara Regency, Indonesia, a number aistraphic landslides have occurred
(United Nations Office for the Coordination of Huni@rian Affairs (OCHA), 2006). For
example, on January™42006 two landslides resulted in the destructionpodperties,
infrastructure and loss of human lives. These eventied 102 out of 184 houses (OCHA,
2006). Measures to address such a problem havéewt effective due to a top-down
approach which does not consider input from theceored affected community. The
knowledge community members possess about landsiliigation and response is vital since
their ideas suit their needs. However, the problies on how that local knowledge can be
considered or mobilised in disaster management.

This study focuses on analysis of community stmatt@nd social vulnerability to the
landslide hazard and its strategies to the effefcteccurrence. Changes in the frequency and
intensity of and exposure to landslides requirelaarability assessment.

1.3. Motivation

Available land for human settlement and their ai#g such as agriculture is becoming
scarce. Large populations are left with no choigetb move to the steep mountainous areas
which are prone to geomorphic processes. This méies and their property vulnerable to
landslide events. To address these problems, iBeseneed to involve communities and
groups of people especially those that are seitlébese natural or man-made hazard prone
areas.

In many developing countries such as Indonesia,nuanity based approaches have been
carried out to address mainly natural resourcelprob. The few that have handled natural
hazards have often underestimated or overlookedldhdslide processes because they
frequently occur in combination with other evenigls as floods, earthquakes or volcanic
eruptions (Aleotti and Chowdhury, 1999; Glade, 20P8pathoma-Kohle et al., 2007). They
have also concentrated mainly on hazard assessmemisk evaluation. Several methods and
techniques have been developed to assess vulngrabilandslides (Tarantino et al., 2007;
Van Beek and Van Asch, 2004). Most of these methamu$ techniques are too generic
(Guzzetti et al.,, 1999) where as others requirestauitial amounts of data and powerful
computers for processing (Chacon et al., 2006; niiema et al., 2007). Such studies in
developing countries like Indonesia are faced whih problem of data availability; which is
often unreliable and inappropriate. These studiesalso based on a top-down approach; that

2
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does not sufficiently take into account the asprs, capabilities and constraints of the local
communities. A need to address the problems thae as a result of occupying hillside
terrains through community-based approaches igfibve required.

1.4. Research objectives

The purpose of this study is to analyse vulnergbdnd peoples’ perceptions to landslides
including the coping mechanisms employed usingréggaatory approach with Sijeruk and
Kalilunjar villages as case studies. The proposexthodology will attempt to develop
approaches for hazard assessment, risk percepitbnugnerability assessment.

1.4.1. Specific objectives and research questions

1. To develop a community based hazard analysis basedatastrophic past events
experienced by the village communities
a. What is the local peoples’ knowledge about the getice of landslides?
b. Is there a possibility that the 2006 landslide graticould recur and potentially
damage any part of the Sijeruk community?
c. Is there a relationship between the rainfall antti$lide events in the study
area?
d. Which factors are directly or indirectly correlatedslope instability and what
are their contributions to landslide susceptibitifythe study area?
2. To explore the possibility of representing theagk risk perception spatially
a. What are people’s perceptions surrounding the oenae of the hazard in the
study area?
b. How to integrate the community risk perception imttnerability assessment
c. Assessing gender perceptions surrounding landstidarrences
3. To identify and evaluate the coping strategieslandslide measures employed by the
communities in both villages.
a. What are the peoples’ current actions/capacitiesetiuce and cope with the
impact of the hazard?
b. What are the government regulations and practinegelation to landslide
hazard management
4. To carry out a vulnerability analysis based on e@tonomic and structural
parameters
a. Which indicators of vulnerability are relevant fimle analysis and application
at village level?
b. How to acquire adequate data for the factors dmuting to and needed for
vulnerability analysis?
c. What criteria need to be used to develop vulnetghéissessment in a poor
data environment?
5. To evaluate the associated risk using the hazasgestibility and vulnerability
information obtained above.
a. To what levels of risk are the people in the twitages?
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1.5. Hypothesis

- The occurrence of a large landslide which causegyrdamage and casualties leads to
a major change in risk perception among the loopufation and to a reduction of the
vulnerability as people are willing to change theshaviour structurally.

- PGIS is effective in eliciting information and spdtcomponents that are relevant to
landslide risk assessment.

1.6. Research conceptual framework

The conceptual framework (figure 1-1) for this stuslbased on a vulnerability assessment at
village scale. For this study, the analytical feamork links the community’s local knowledge
to the elements at risk, hazard perception plusatteptive measures. The involvement of
local knowledge from the community people is funéatal in achieving feasible, equitable
and lasting solutions to better manage disastaatsiins. The quality of decisions on what
affects the community can be improved by the inolusf a broad range of stakeholders who
can bring important local knowledge and relevantispectives to the planning process.
Involvement of stakeholders especially the locahonity creates a sense of ownership and
commitment to the process (Groenendijk and DomheRD03). Integration of local and
scientific knowledge will provide better resultslamdslides vulnerability assessment.

Drefine the
landslide hazard
Vulnerability of | Coping
Elemernts at 15k mechanism
Cheerall vulnerability
Local me »| (Exposute & coping
coarenmity caparity)
Coping | |
mechanism

Figure 1-1: Research conceptual framework

Identification of damaged elements at risk helpddtermine their vulnerability. Some factors
such as the social factors will be used to detegmminerability depending on age, gender,
seniority, education, health, and socio econonatustamong others. Physical elements such
as building structures will also be considered.

Capturing information regarding people’s perceptibmisk is valuable in understanding their
behaviour. It provides a view into what people eatund the importance they place on certain
factors. People make different decisions basedhein bwn perception of risk which in turn is
founded in their own education, experience, fearemotional capacity.

1.7. Organization of the Thesis

The whole thesis comprises of eleven chapters ewrsin figure 1-2. Introduction of the
research, literature review, the study area andodeiogy are contained in chapters one to
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four respectively. Chapter five constitutes a retaction of the 2006 landslide event in
Sijeruk village plus the analysis of the rainfaitvin the whole study area. Chapter six deals
with hazard mapping and analysis to obtain a lamelsusceptibility map. Chapters seven and
eight consider local knowledge from the questioraurvey in terms of perception and
coping mechanisms. Chapter nine analyses the piyaied social vulnerability of the
elements at risk and chapter ten talks about G$lapter eleven is the final and last chapter
and it talks about the conclusions, recommendatao study limitations. Chapter five to
nine constitute the five main parts of the wholeesrch work.
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2. Literature review

2.1. Definitions

Hazard: UNISDR (2004) defines hazard as a potentially dgintg physical event,
phenomenaor human activity that may cause the loss of lifeirgury, property damage,
social and economic disruption or environmentalrdegtion. When these natural hazard
events have drastic effects on human beings, tiezy ¢onstitute into a disaster (Blaikie et al.,
1994). Twigg (2004) states that when a significamnber of people are affected by a hazard,
and are incapable of regaining or coping with lgstigen that’s a disaster.

Vulnerability: Vulnerability can be interpreted from various geiof view as reported in the
reviews by Cutter (1996), Glade (2003) and Siamlaal{2006). Some definitions of
vulnerability include:

Hollenstein (2005) expresses vulnerability as tkpeeted loss for a given element at risk
following a natural event which is a function oftma, event type and intensity and often
requires a multi disciplinary approach to be esteda

Blaikie et al (1994) define vulnerability as theachicteristics of a person or a group of people
in terms of their capacity to anticipate, cope witbsist and recover from the impact of a
hazard.

According to Turner 1l et al. (2003), vulnerabiliban be described as a function of three
overlapping characteristics that include exposwwensitivity and adaptive capacity with
interaction.

The above definitions show the dynamic nature dhemability which should be assessed
taking into consideration temporal and spatial esp@Papathoma-Kohle et al., 2007).

Risk: It's defined as the probability of harmful consegoes or expected losses resulting
from the interaction between natural or human iredubazards and vulnerable conditions.
The level of risk is seen as a result from thergdetion of the hazard with the value of the
elements at risk by way of their vulnerability ssnpeople consciously place themselves at
risk from natural hazards such as landslides duiactoof alternatives, dynamic nature of the

hazard, unpredictability of the hazard, etc (Glatlal., 2005).

According to Fuchs (2009), a functional relationtieen the hazardous event and the
elements at risk exposed is prerequisite for riskposure defines the susceptibility of the

elements at risk to be affected by the hazard dukdir location in the area of influence of

the process and lack of physical resistance (FW2®39). The relationship between hazard,
elements at risk, vulnerability and risk is showrfigure 2-1 below.




ANALYSING CHANGES IN LANDSLIDE VULNERABILITY USING  GIS AND LOCAL SPATIAL KNOWLEDGE

An asset is not vulnerable unless it A hazard is not hazardous unless
is threatened b thi Release . .
IS threatened by something it threatens something

rate

Elements

Hazard Vulnerability ot rick

Background Dose rate Exposure

levels

Figure 2-1: Conceptual relationship between hazard, eteents at risk, vulnerability and risk (Alexander
2002 in Glade 2005, Fuchs 2009)

Risk assessment and management of landslide caamighe estimation of the level of risk,
deciding whether or not it's acceptable, and amglyappropriate control measures to reduce
the risk when its levels can’t be accepted (Daalet 2002). The present context not only
includes the analysis of the landslide hazard #id but also vulnerability identification of
specific stakeholders. Examples of the types ofmtade that a building can be subjected to
depending on the type of landslide process are shoigure 2-2 below.

debris impact air-blast effect

vertical displacement lateral displacement undermining

s FLOW

lateral thrust burial lateral displacement

Figure 2-2: Types of landslide processes plus associ@impact on buildings (Puissant et al., 2006)

2.2. Vulnerability Assessment

Vulnerability assessment comprises a systematiluiatran of households, livelihood, groups
of people, a community or system with respect tmzard (Villagran de Leon, 2006). It can
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be applied across a full range of land use planrang management tools providing
fundamental data upon which emergency-responses pam based (Deyle et al., 1998).
Despite all the limitations, complex and sometiraesn unsolved problems, it is an economic
and political necessity to assess vulnerabilitiatmislides (Glade, 2003).
Vulnerability assessment to a given landslide imeslunderstanding its interaction with the
affected elements and the community. For landslitles damage and losses depend on
factors such as run out distance, volume and wglogisliding, elements at risk (population,
buildings and other structures), their nature amakimity to the slide (Dai et al., 2002).
Social factors such as wealth and housing charsiitsr also play a significant role in
determining vulnerability on parts of some popwatsubgroups (Cutter et al., 2000). Polsky
et al.(2003) proposed a set of eight steps for goimyg vulnerability assessment. These
include:

a) Definition of the study area in tandem with stakdkes

b) Becoming aware of the study area and its contents
¢) Hypothesizing who is vulnerable to what

d) Developing a causal model of vulnerability

e) Finding indicators for the components of vulnernapil
f) Weighting and combining the indicators

g) Projecting future vulnerability

h) Communicating vulnerability creatively.

Assessment of vulnerability is somewhat subjectwel largely based on the statistics of
historic records (Galli and Guzzetti, 2007). It lwe®n carried out by first analyzing historical
disasters, identifying and systemizing the vulnkratpnditions from damages and losses
experienced by different communities (VillagranLemn, 2006).

Landslide vulnerability is still considered a diffit process since it depends on different
damage degrees from the different types of lanelsticbcesses that need to be evaluated
separately and also the level of risk due to laddslis often several orders of magnitude
lower than those of other hazards (van Westen,e2@06). A number of studies have tried to
examine both risk and community vulnerability anery limited have tried vulnerability
specifically (Papathoma-Kohle et al., 2007).

Wood et al.(2002) generated a vulnerability methoglp from a community planning process
that integrated inputs from stakeholders and teahradvisors. This process was applied
particularly to hazards such as landslides, liqeteda and tsunami inundation associated with
earthquakes. The advantage of this method is thuaini be repeated in various areas thereby
building networks of resilient communities.

The assessment of landslide hazard and risk hasri@ea major topic of interest for many
professionals as well as community and local adstri@iions in many parts of the world
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(Aleotti and Chowdhury, 1999). To achieve the gufadetermining the risk posed by existing
or future slope failures, information on landslitkazard and vulnerability is required
(Castellanos Abella, 2008; Galli and Guzzetti, 2007

2.3. Vulnerability concepts

Several concepts relating to vulnerability havernbdeveloped. Bohle (2004) explains the
concept of vulnerability as one with a double dinoe having an external and internal side
(figure 2-3). The external side is related to expesvhile the internal side is related to coping
capacities. The influences of the exposure sideubfierability include human-ecological
perspectives, political economy approaches andlemgnt theory and those of the internal
side include action theory approaches, crisis amflict theory and models of access to
assets. In this model, there is a relationship eetwulnerability, coping capacities and assets
such as infrastructural, economic, socio-politicatplogical and personal. Also with this
model, there is less vulnerability when people mmnimore assets that increase their
capacities to cope with risks and the related tesasThis model helps to explain the causes
and origins of vulnerability.

The “external”
side of vulnerability

& EXPOSURE

Political Economy Approaches
Crisis and Conflict Theory

COPING

The “internal”
side of vulnerability

Figure 2-3: The two sides of vulnerability

Birkmann and Bogardi 2004 and Cardona 2001 (cite8irkmann (2006)), developed an
onion model (BBC) (figure 2-4) regarding risks amdlnerabilities. This model is a
combination of their conceptual works. It considersvironmental, social and economic
spheres in defining vulnerability, coping capasitieisk and their reduction measures. The
framework has linkages between sustainable devedopnand vulnerability reduction,
underlining the necessity to give account to emrimental considerations on which human
conditions depend (Villagran de Leon, 2006). Ibgisomotes a problem solving perspective
within three key thematic spheres that include hownk vulnerability, human security and
sustainable development, the need for a holistprageh to disaster risk assessment and
debate on developing casual frameworks for meagugmvironmental degradation in the
context of sustainable development (Birkmann, 2006)
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Figure 2-4: The BBC conceptual model (Birkmann, 2006)

2.4. PGIS and Vulnerability Assessment

Participatory development is defined as a partmgmshich is built upon the basis of dialogue
among the various actors, during which the agersdgointly set and local views and
indigenous knowledge are deliberately sought aspgeeted (UNDP 1998 cited in Kienberger
& Steinbruch 2005). In this practice, the particifgaare more of actors than beneficiaries.
This practice combines a range of geo-spatial métion tools and methods such as satellite
imagery, aerial photography, sketch maps, Particiga3D models (P3DM), Global
Positioning Systems (GPS), and Geographic Infoonagystems (GIS) to represent local
knowledge in a spatial format; there by aiding desion, information exchange, analysis,
decision making and advocacy (Rambaldi et al., PO6%51S brings about community
empowerment (processing own spatial informatiompuggh measured, user-friendly and
integrated applications of geo-spatial technologied communication among stakeholders
(Kienberger and Steinbruch, 2005; Rambaldi et 2005). According to Twigg (2004),
participatory approaches in disaster managemensduable because:
- They enable people to explain their vulnerabiliaesl priorities, allowing problems to
be defined correctly and responsive measures tlebigned and implemented.
- The principal resource available for mitigationresponding to disasters is people
themselves and their local knowledge and expertise.
- Participatory work takes a multi-track approach likga with the complexity of
disasters and the diversity of factors affectinggde’s vulnerability to them.
- The process of working and achieving things togetia strengthen communities’
thereby increasing people’s potential for redudimgir vulnerability and empowering
them to tackle other challenges, individually antectively.

10
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- Participatory risk reduction initiatives are likely be sustainable because they build
on local capacity, the partnerships have “ownersbighem and they are more likely
to be compatible with long term developments.

- Participatory approaches maybe more cost-effeatithe long term because they are
more likely to be sustainable and the process all@eas to be tested and refined
before adoption.

- External agents cannot cope alone with the enormmusls facing vulnerable
populations. Local people can bring a wealth obueses, especially knowledge and
skills, to help reduce risk.

- Finally, working with local people can help profiesgls to gain a greater insight into
the communities they seek to serve, enabling themvdrk more effectively and
produce better results.

Today, different agencies (ActionAid, 2004; ADP@02; MDC Inc, 2009) use different
methodologies to carryout community based vulnéitalstudies but the application of PGIS
is still in its infant stages. Evidence shows thajority risk management and response
programs carried out have had top-down approadtahave failed to address specific local
needs of vulnerable communities. They ignore theerg@l of local resources and capacities
and in some cases have increased people’s vultigrgKienberger and Steinbruch, 2005).
PGIS enables the vulnerable people to get involmgalanning and implementing measures
along with local, provincial and national entiti¢lsrough partnership (Kienberger and
Steinbruch, 2005; Peters Guarin, 2008; Rambaldi.e2005). According to McCall (2004),
participation is the essence and key to P-mappmigRGIS; that has the potential to put the
community on equal status with experts. It may be only resource that local groups
especially the resource poor have ownership of.

2.5. Perceptions

The way in which the characteristics of a natukednt are perceived, the nature of personal
encounters with the hazard and factors of indivigagaisonality in combination, account for
the variation of people’s perception of a speaifatural hazard and appear to be independent
of or have relatively minor overall influence onetltommon socio-economic indicators
(Kates, 1971). Kates (1971) , further highlightattthe perceptions of magnitude, frequency,
duration and temporal spacing appear to be the migsificant from the many possible
characteristics of the natural event while recesgndrequency and intensity appear most
critical for personal experience. The most relevaatsonality factors include fate control,
differential views of nature and tolerance of dismace creating information. According to
(Kates, 1971), the perception of a hazard can\idedi into three groups

a) Acceptance

This includes fatalistic tendencies where the pediping in the hazard prone area treat the
hazard as a part of their lives or an act of God.
b) Domination

11
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This involves having a controlling influence of thazard through scientific research such as
engineering or use of technology.
c) Adaptation

It requires one to adjust to the environmental @k by looking at both the human and
physical systems during response.

The interaction of the human use and natural esystems creates hazard events that people
perceive then respond to. How the affected popmrateacts can modify both systems
mentioned above (Kates, 1971) (Figure 2-5).

Individual factors Filter
- Voluntariness
- Personal experience
- Concernment
- - Manageability Perception of vulnerability
S - Recurrence interval
g - Knowledge )
S - Potential losses
2 - Attitude ) c
S - Perceptive faculty %
< - Information processing o ) Evaluati i . S}
2 | & |y - Persistency Y valua |o-nlo <+« & [ S
3 ic o vulnerability (i S
- Reversibility g
o
) - Potential of mobilization
Interaction A
* - Delay effect Adjustments
- Efforts of hazard control
Social factors
- Familiarity - Reduction of susceptibility
- Policies’ behavior

- Signals

Filter

Figure 2-5: Interaction of human use and natural events (mirce: Kates 1971)

There is a general tendency to imply that lay pegmrceive while the technicians and
experts know (Nathan, 2008). In this researchreefee is made to the lay local people and
not technical experts who represent modern mothloaities. Exploring people’s perceptions
of the disasters that affect them helps to drawearicture of the local vulnerabilities and
also to understand them from the point of viewhaf people living under such conditions (de
Dios 2002). This is so since human behaviour ddatesto an extent the degree of
vulnerability. According to Dwyer et al. (2004)etiole of perception can be significant when
studying social vulnerability measures. If peoplkergeive risk to be real, they will act
accordingly (Slovic, 2000). Hence, obtaining/gaithglinformation about people’s perception
is valuable in understanding their behaviour. Egtion of risk / hazard provides a view into
what people value and what importance they placeeotain factors in the event of an actual
natural hazard impact (Dwyer et al., 2004). Sudbrmation is useful in determining how
people will recover if these factors are affectedry a hazard event. According to (Chen et
al., 2008), risk perception is necessary for hazraitijation. Once understood, disaster and

12
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vulnerability can be analyzed together with pagtegiences and the current situation in order
to predict the future.

2.6. Coping strategies

Blaikie et al (1994) defines coping as the mannewlich people and organizations act using
existing resources within a range of expectatiohshe situation to achieve various ends.
Twigg (2004) refers to coping mechanism or copiritategies as the application of
indigenous knowledge in the face of hazards sucHamdslides. Coping strategies are
sometimes referred to as capacity. When people kitav an event will occur in future
because one has happened in the past, they afignvilys of how to deal with it (Douglas,
1985 in Blaikie 1994). The choice of skills and aees applied varies according to the
nature of the hazard threat, the capacities aveailéd deal with it and to a variety of
community and individual priorities that can chanmlyging the course of the disaster (Twigg,
2004). They are also dependent on the assumptadriité event will follow a similar pattern
and the people’s action will be reasonable guidesifoilar events (Blaikie et al., 1994).
According to O'hare and Rivas (2005), the copinifjtglof a community faced with hydro-
meteorological hazards such as a landslide is@itumof three factors which include the:

1. Frequency, duration and intensity of the hazardwainether its effects will increase or

decrease with climate change

2. Vulnerability of the community; reflected in itsility to cope with the hazard

3. Adaptive community responses that are influencethbytechnical resources available
to raise the community’s capacity to handle theah@effects (mitigation).

The adaptive capacities can be seen either as’ ‘bardoft’(O'hare and Rivas, 2005). Hard
adaptation involves a “top-down” approach to thebpem while its vice-versa for the soft
adaptation. The differences between hard and ppfoaches include:

Table 2-1: Adaptive capacity approaches

Hard approach Soft approach
1 | Solutions are seen through application of physidahll for greater community awareness and
measuring and monitoring techniques participation
2 | Comprises of structural management programs|tihan-structural solutions to the disaster are
involve large engineering works and designs recommended

3 | Examples include hazard warning systems @Bdamples include landuse planning, risk
installation of physical structures to be able|@ssessment, Government support and insurance
tolerate the effects. support.
Modified from O’Hare, 2005

2.6.1. Vulnerability and capacity assessment

Capacity is defined as “the ability of vulnerableeas, populations, institutions and
livelihoods to resist and recover from the negaimpacts of hazards” (E.C.B.P, 2009). They
can also be referred to as material, attitudindtucal and spiritual strengths existing within a
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community that can be used to mitigate, prepareafudt cope with damaging effects of
hazards such as landslides. Capacities are thdivgosionditions and resources which
increase the ability of a community to deal witlzduas and risk.

Participatory vulnerability and capacity assessmiené systematic process that involves
communities and other stakeholders in an in-depédménation of their vulnerability and at
the same time empowers or motivates them to takeoppate actions (ActionAid, 2004).
With a VCA, a greater understanding of the natund different levels of risk faced by
vulnerable people is explored for use in decisi@kimg on ways to achieve safe conditions
whether short or long term (E.C.B.P, 2009). A VC8oahelps in finding means of how to
maximize local capacities and resources in supppttie local development process (de Dios
2002; E.C.B.P, 2009).

A range of VCA tools have been developed and tested\NGO’s with emphasis on
participatory and people oriented approaches (ERZ.R009; Peters Guarin, 2008). Such
NGO'’s include Oxfam, Action Aid, international fedéion of the Red Cross (IFRC), etc.
Unlike in GIS where the level of risk is deductaedibtegrating various layers of information;
a VCA uses historical analysis of the disaster tlagarovide the information about the levels
of risk (E.C.B.P, 2009; International FederationR¥d Cross and Red Crescent societies,
2006).
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3. Study area

3.1. Location and extent

The study area (figure 3-1) is located in a mounaas area in Banjarmangu sub district
Central Java province in Indonesia. It comprisesaaf neighbouring villages - Sijeruk and
Kalilunjar; found in the south eastern part of gub-district that is located in the Merawu
catchment. The population of these two villages,&1 people comprising mostly of small
farmers or agricultural labouressith 2,225 people living in Sijeruk and 2,816 peojh
Kalilunjar. Geographically, the study area is boumyl latitude 7.346to 7.312 S and
longitude 109.698to 109.726E. It has an altitude ranging between 349 — 12@fers
above sea level with an annual precipitation avedgbout 3777mm.
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Figure 3-1: Location of the study area

3.2. Geology and geomorphological units of the study ase

Within the study area, the geology comprises maniflfive formations — based on a map of
scale 1:100,000 and DEM visualization. The mostwalent geologic unit contains some
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guantities of clay that renders it susceptiblelope failure. Some structural discontinuities
appear in the central part of the study area. Dhmdtions are presented in table 3-1 and
figure 3-2.

Table 3-1: Geological units of the study area

Code Geological unit Lithology Landform
Tmph Halang formation Tuffaceous sandstone, conglomer&eyere mass wasting
marl and claystone
Tptb Breccia member gfVolcanic breccia and tuffaceousMonoclinical ridge
Tapak formation sandstone.
Tmpi Intrusives Dioritic rocks, gabbro porphyry Volcanicone severely
dissected
Qjo Patukbanteng  JedingLahar and alluvium consisting ofVolcanic cone severely
Morpholet volcanic debris. dissected
Tmp Penosogan Formation Alternating conglomerate, sandstdad¢canic cone severely
claystone, marl, tuff and rhyolite. dissected
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Figure 3-2: Geological map of the study area

3.3. Topographic condition

The study area was classified into seven classesdban the USDA classification to better
understand its topographic condition. As can ba se¢able 3-2, Kalilunjar village is mainly
dominated by a hilly topography (38%) in the nostuth direction while the main
topographic condition in Sijeruk is moderately shgp(33.61%) in the central and eastern
parts. It should also be noted that not much of dhea in both villages is flat (2.25%
Kalilunjar and 1.58% Sijeruk). Figure 3-3 show®pdgraphic visualization of the study area.
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Table 3-2: Slope classes within the two villages of tlstudy area

Village Description Slope Gradient Classes) Hectares Percentage
Kalilunjar Flat 0-3 8.5 2.25
Undulating 3-8 37.77 9.99
Moderately sloping 8_15 90.69 23.99
Hilly 15 — 30 143.64 38
Moderately steep 30 — 45 78.22 20.69
Steep 45 - 65 19.14 5.06
Very steep > 65 0.03 0.01
Total 377.99 100
Sijeruk Flat 0-3 4.83 1.58

Undulating 3-8 39.05 12.80
Moderately sloping 8-15 102.52 33.61
Hilly 15 — 30 84.03 27.55
Moderately steep 30 — 45 60.63 19.88
Steep 45 - 65 13.91 4.56
Very steep > 65 0.05 0.02
Total 305.02 100

Legend

DEM img

P 1igh: 1219

B Low - 350

l:l Buildings

E Beundary

0 0.3 1 2

Filometers

Kalilunjar

Figure 3-3: Topographic visualization of the study area
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3.4. Landslide Casual factors

The factors that influence the rate of slope movenoan be grouped into 2 origin types;
preparatory and triggering factors (Griffiths, 199®reparatory factors make the slopes
susceptible to movement without actually initiatithgm while triggering factors are external
stimuli that produce change in the stress-straiatiomship in the slopes resulting in
movement. Among the main factors that control laslitling are geological and
geomorphological conditions, climatic, weatheringdamanmade factors. Some of these
factors are discussed below in relation to the ystagea. This kind of information
complements indigenous knowledge and is essewtiahfinaging the environment. Also the
causes listed below often occur in combination.

3.4.1. Land use

A 2009 Landsat image was classified and land usgosition of the study area are shown in
figure 3-4 and table 3-3 respectively. The northmoderately sloping terrain in Kalilunjar is
dominated by mainly mixed cropping and rice fiedohgl in the northeast the moderately steep
slopes contain natural forests and mixed croppirg.the east of this same village, river
Merawu acts as a boundary and the settlements amdynfound in the central part that is
between hilly and moderately sloping terrain.

In Sijeruk, the natural forests are predominanthi@ west on mountain Pawinihan whose
terrain is moderately steep to steep. The ricediare found mainly in the eastern part of this
village while the settlements are located in thetreé part in the north-south direction. Both
the rice fields and settlements are within the maiddy sloping terrain. Mixed cropping in
Sijeruk village is randomly distributed within timeoderately sloping to hilly terrain. Mixed
cropping consists mainly of an intercropping ofakalcardamom, and the albacia tree. Figure
3-4 shows the main land cover types in the studg.ar

Table 3-3: Major land use types in the study area

Village Land use types Hectares Percentages

Kalilunjar Ft.)resf[ 31.41 8
Rice fields (Terraced) 40.59 10
Settlement 18.18 5
Water 19.53 5
Shrubs & Bushes 49.5 13
Mixed cropping 229.23 59
Total 388.44 100
Forest 13.05 4

Sijeruk Rice fields (Terraced) 81.63 26
Settlement 16.47 5
Water 12.42 4
Shrubs & Bushes 36.72 12
Mixed cropping 153.99 49
Total 314.28 100
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Figure 3-4: Major land cover types in the study area

Terrace - bench fields have been established sinltevation is being done on the slopes.
Majority of the people in the two villages are betitmmercial and subsistence farmers.

3.4.2. Seismicity

Seismic activity can increase the possibility afdasliding in many ways. It causes the loss of
strength in slope materials and also makes a dlogecome unstable by inertial loading
(Msilimba, 2007; Msilimba and Holmes, 2005). Acdagito (Keefer, 2002), the number and
volume of landslides triggered by any given earghgu depends on the earthquake
magnitude, although geologic and topographic cambtalso play an important role.
Although some structural discontinuities pass thlouoth villages, Sijeruk has felt the
effects of the earthquakes that are occurring éatljacent villages unlike Kalilunjar. The
magnitudes of these earthquakes in and aroundulkgi are not big enough to cause major
slope failures. Not a lot of information could beracted from the data provided by Badan
Meteorology and Geophysical station (BMG) apartrfrine magnitude, location and depth of
the eventsrecorded for the period between 2004 and July 2@&n if damage from
earthquakes is not localised it can be concludatirib significant seismic activity is taking
place in both villages. Its mainly in the neighbagrvillages though the magnitudes are too
low to have a major effect on both Sijeruk and Kalar. A correlation analysis of the
seismic activity associated with landslide occureenould not be established due to limited
data. Therefore seismic activity was ruled out dsgger mechanism. Table 3-4 shows the
events recorded in Kalilunjar village between 2604 2009.
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Table 3-4: Seismic events in the study area

No. Date Time Latitude (S) | Longitude (E) | Depth (m) Magnite
1 | 5th January 2006  22:07:09 7.33 109.72 33 2.4
2 | 24th May 2009 09:56:01 7.34 109.71 5 3.5

Source: BMG, 2009

3.4.3. Precipitation

Rainfall is one of the significant factors in thecarrence of landslides. Its infiltration on a

slope may result in changing the soil suction aositfjye pore pressure or main water table,
reducing shear strength of both rock and soil (&gal., 2003).

Due to the relatively high altitude, precipitativalues in the study area are high with an
average of 312mm per month. There is one distinet season (October — March) that

dominates over the dry season (June to Septenitie)high average annual rainfall rate and
the rain season cause a high moisture content vdtiobld be seen as predisposing factors
creating a low margin of instability in the studgea. More discussion about this in later

chapters. Figure 3-5 shows the average monthlyalhimithin the study area.
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Figure 3-5: Average monthly rainfall within the study area
3.4.4. Human activity

Although landslides are a natural geologic procéssir occurrence is also controlled by
human activities which increase the margin of slapsability. This is done for various
reasons including digging away large parts of tlopesto create room for houses and road
construction, construction of foot paths, dam bogdand building of terraces for agricultural
practices. In the study area, the houses are cotetr at the base, along or on top of steep cut
slopes, old fill slopes and on existing old landislareas.

3.4.5. Deforestation

It is considered as a preparatory causal factdarnd sliding. According to Butler (1978)
(cited in Msilimba, 2007), the manner of deforastatand subsequent ground treatment
affects the degree and rate of strength reduchiothe study area, logging is taking place in
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both natural and man-made forests but is very prgaint in the man-made forests where the
albacia tree - the main specie, is prematurelydsied due to increased demand for its wood.
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4. Research methodology

4.1. Methodology

The study was carried out in three phases: praviietk, fieldwork and post-fieldwork as
shown in figure 4-1. Activities in the pre-fieldwoiphase included identification of the
available data, design of the questionnaire, arepgmation for the fieldwork. All these
together were used to come up with a sampling désitpe used during fieldwork.
For both the investigated communities, the follayvprocedures were carried out during the
fieldwork phase.

a) Contact with the local authorities and discussinth whem the objectives of

the fieldwork

b) Field observation visit to the landslide areas he tompany of the local
authorities

c) Collection of socio-economic data at household llebg means of the
guestionnaire designed in the pre-fieldwork phase

d) Mapping of critical infrastructure such as schoplshlic buildings etc, using a
topographic map and GPS

e) One day focus group discussions in each villagergvparticipation was open
to both women and men.

Secondary data from the relevant offices was atdleated during this phase to compliment
the primary data.

The post-fieldwork phase contained a lot of ag#gitthat included: image interpretation for
the landslide inventory map, creating a databaséhi®analysis, integrating and modelling in
a GIS of both the primary and secondary data deltecA final risk map is obtained in the
end. Finally conclusions and recommendations aaevarinline with the research interests.
Overall, the research process takes into considar&nowledge, perception and adaptive
capacity of the community in relation to the lamdislhazard taking place in the study area.
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Figure 4-1: Flow chart of the research process

41.1. Materials

The initial step of the whole process involved sbarg for, obtaining and assessing the data
necessary for the research as shown in table 4etvbe

23



ANALYSING CHANGES IN LANDSLIDE VULNERABILITY USING  GIS AND LOCAL SPATIAL KNOWLEDGE

Table 4-1: Data requirements

Parameters Attributes Source
Occurrence
1. Landslides Type, magnitude, time, etc Image priation, field survey,

landslide incident reports from th
village office and by interviewing
people

Environmental parameters

2. Topographic map

DEM (10m pixel size)

Bakosurtatacale of 1:25,000

3. DEM derivatives (Slope
aspect maps)

Slope classes, angle / direction

DEM at 10m piizd s

4. Temporal land use mapg

Changes in land use, vige
density

lefEield surveys, image interpretation
IKONOS 30m resolution

5. Geology

To assess potential risk due to
geological setting

théeological Research arf
Development Centre, Bandung at|
scale of 1 : 100.000

Triggering factors

6. Rainfall

Precipitation, duration and intens
from 2003 - 2009

tYBMG — Geophysical institute

7. Seismic data

Location, magnitude and time
occurrence from 1999 — 2009

BMG - Geophysical institute

Others

8. Census data

Population characteristics

Villageeffi yearly data

9. Buildings

Foot print map and structural typ
for sampled buildings

dsnage interpretation, field surveys

10.IKONOS image

Elements at risk mapping

Geo-senadat resolution

Some of the parameters needed to make a landslabetibility map had to be extracted
from the obtained data as shown in table 4-2 below:

Table 4-2: Data preparations

Parameter Process

1 Land use Supervised classification of the IKON@&ge and validated durin
fieldwork

2 Lithology Used the geology map provided by GemalgResearch and Developme
Centre plus image interpretation of the colshadoa g

3 River network Digitized from the topographic map

4 Road network Digitized from the topographic map

5 Slope gradient Created from the DEM

6 Landslide locations Image interpretation andtidigtion from both aerial photos and IKON(C
imagery
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4.2, Data collection

The community in this research was the main soafaaformation to achieve the proposed
objectives. Field surveys were undertaken to geinaight into the spatial distribution and
characteristics of the past landslide events aacelments at risk. Two main data collection
activities were carried out during fieldwork:
1. Primary data collection based on questionnairenvige/s at household level, focus
group discussions at community level and field olestons for verification.

2. Secondary data collection which involved gatheriygprts and additional information
from literature review and particular institutiohsffices from within the study area as
shown in the table 4-1.

421. Interviews

Interviews by means of a structured questionnageeveonducted with 108 respondents from
Sijeruk (46 respondents) and Kalilunjar (62 resmontsl) villages. This was carried out in
order to obtain the degree of awareness to laredskanongst the populations, to gauge their
perceptions with regard to the causes and alsewetieir coping strategies.

Historical profiling of the landslide events wasndowith the help of the village officers.
Table 6-1 shows an inventory of the events thaewecorded to have happened or are still
happening in form of creep.

4.2.2. Focus group discussions

These discussions were used to obtain informatiegarnding landslide trends, past
occurrences, loss of lives and property, prepassin®an, relief and post management
programs implemented in the past, their effectigen@nd decision making process in local
disaster management. During the discussions, thasdifficulty in communication due to
language barrier.

4.2.3. Field observations

These were undertaken to observe and record keyrésasuch as land use and location of
past landslide events.

A summary of the information sources used duringidfvork to obtain the required
information are shown in table 4-3 below.
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Table 4-3: Data information sources

Information source Target group Purpose

Questionnaires Households These were used to obtain informatiothe people’s

Structured and semi impressions of what landslides are, where they pgcu

structured interviewg the threat from future landslides.

Focus groupg Zone leaders andHere information regarding landslide trends, past

discussion selected community occurrences, loss of life and property, etc plus|th
persons criteria for assessing the hazard was obtainedigfrp

discussions

Field observation Selected communityhey consisted of taking GPS readings of locatmiis

persons past landslides, critical facilities, etc

Modified from Peters Guarin (2008)

4.3. Sampling method

A representative sample size was obtained by usisglective — random sampling strategy.
This type of sampling strategy was applied becalrse survey couldn’t cover all the
households in the two villages of the study are#otAl of 108 respondents — 46 from Sijeruk
and 62 from Kalilunjar were obtained. For each dachihnousehold, one individual, usually
the head of the house, was selected. In the absérdter the head or an adult, any member
from that particular household older than 20yeaes welected as a respondent. Also two
focus group discussions — one in each village wetd. With the guide of a blown out image
of the study area, the focus group discussions weezl to gain and evaluate landslide
knowledge about the communities in the study area.
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5. Reconstruction of the 2006 landslide event

In this chapter, a reconstruction of the Janualy2D06 landslide events is carried out. The
disaster mechanisms, causal relationships to tlemtsvare also discussed to an extent. Land
use / Landcover change for three different yeamniglysed to examine the conversion from
wet to dry cultivation. And finally the rainfall ents in the study area are analysed in relation
to the occurrence of the landslides using the Gurdistribution and rainfall thresholds for
the initiation of landslides are also determined.

On 4" January 2006, two landslides occurred in the Ggraja hamlet, Sijeruk village,
Banjarnegara district, central Java Province. Tirst €vent occurred around lam with the
initiation point in the upper slopes of the PawanhMountain with a scarp of 100m length
and 50m width size. The second event happenedairbthe morning and its initiation point
was in the middle slopes with approximately 150mgland 50m wide size. These landslides
have so far been the worst disaster in the histbthe regency that resulted in the death of
76people, 14 injuries and 13 missing. Approximat&B2 housing units were destroyed.
Destruction was also extended to farmland, pla¢esooship, and a school. The Pawinihan
Mountain has a slope between 15 — 60% and thetaffemommunity was located on the
southeast slopes with 5 — 15%.

Strange rambling noises / sounds followed by shpkiere heard by some people in the
community at around 1am in the night. The chiefhaf hamlet then issued a warning alert by
use of the kentogan — it's a wooden gadget usegvoa warning signal. More than half of
the community population responded and left theimés for either the village office or the
mosque to pray while others stayed inside their émnAfter a few hours with nothing
happening, even those who had left their homegmetuonly to be trapped by the second
landslide that happened at 5am on tHeldnuary 2006. Figure 5-1 shows images of the 2006
Gunungraja landslide, search and rescue efforsspkdia coverage of the event.
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Initiation point of ' landslide ‘

Source: Geo-risk

~ January 8, 2006

Search called off for landslide victims

~ Slamet Susanto Anzam news agency : As gi Satmday, the search and ~  slides for fear of fmhm dlsablers,
 The Jakarta Post/Banjarnegara Local government of.flczals reseue team th had recovered  but many residents are choosing
Rt g announced the estimate after a y to stay, saying they said they
R eseue workers on Saturday - meeting of chiefs of ham! els in could not leave behind their cattle

called off the search for Stjeruk village A nd other valuables. -
‘badietburied in the Ban- .|« was revealed | egarding the spmad ofidisease;.
jarnegara landslide disaster, with  ber of vesidents ip the: VLllage was in refugee shelters in three dis-

f;ed as bumlatl a tofu trader in’

the total death toll now at EH 655, with 525 now living in tem- the Bunot Market here,”said Edv tricts in Jember régency, Edy said
Revising down earlier estimates porary shelters, 43 who worked in  Susilo, the spokesman for the Jem~. 700 of some 7,000 people taking
that over 100 people had gone other cities and 13 who were at ber disaster team, on Saturday. refuge in the shelters were cur-
missing, the search and rescue the hospital, He said the team would expand _ rently suifering diseases including

Figure 5-1: (a) - First movement happened at 0100 hours antlé second and biggest one at 0500 hours;
(b) - Search for victims using heavy equipment; (c) - ¥ample of news coverage of the disaster

5.1. Causal relationships

This community was susceptible to this hazard duerumber of circumstances including:
- Relatively high rainfall conditions prior to the sga movements. These are

investigated further in this chapter.

- A steep slope comprised of lava and alluvium wih weathering of clay-colored
silt 2-5 meters thick, that facilitated easy movetrfer the slide material.

- The weak field contact between the hard and impas/bedrock of andesitic lava
which provided a sliding surface to the top wedtigesoil of loose clay-silt.

- The time of failure when the residents were stiliieir homes

- Extensive self built housing units at the baseh& Pawinihan mountain range

without planning or regulation

5.2. Disaster mechanism

There was an increase in the soil water contetiteatontact between the weathered rock and
the andesitic lava layer; after 15days of congtainfall amounting to 449.9mm. This reduced
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the weak soil material above the already saturkstea layer (further investigations on how
exceptional the rainfall was, is carried out latethis chapter). The first landslide in the upper
slopes accumulated in the middle slopes and addeghty hence increasing its instability.
The middle slope material together with the firshdslide material moved further down,
hence the occurrence of the second landslide attbahcaused damage to the Gunungraja
hamlet settlements in the valley. Figures 5-2 arl $how the situation map of the 2006
landslide movement and the cross section respéctiMe previous records of such massive
landslides in and around the hamlet were found.
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Figure 5-2: Situation map of the 2006 mass movement inuBungraja hamlet, Sijeruk village
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Figure 5-3: Cross section of the 2006 mass movements (maetiffrom CVGHM, 2006)

The local authorities in Sijeruk together with somembers of the community were able to
map the landslide situation of the 2006 event atingrto their knowledge as shown in figure
5-4.
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Figure 5-4: Situation map of the 2006 landslide event byné community
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5.3. Reconstruction and rehabilitation

Rehabilitation and reconstruction refer to the pion of support during and after a disaster
for the quick recovery of the community functionarf Westen, 2009). Many activities are
involved during rehabilitation and recovery but sthsection looks at how areas of
reconstruction where defined. Considering thegresgure of the land condition in Sijeruk, a
team from the National University of PembangunarPl) in Yogyakarta was asked to
conduct geological studies to obtain relativelyeskaications for the displaced people. From
the many locations identified to re-locate the @ispd people, three locations where surveyed
for suitability and their initial land use type lnded:
a) Gunungraja and Belongan locations

Mixed thick vegetation cover with salak as the duemnit type that is harvested every 15days
and small partitions of banana, coconut, bamboacadvatia.
b) Duren location

Irrigated rice fields planted two times a year.

A number of factors were considered during sitec&n and they included: rainfall, slope,
field carrying capacity and the seismic activity g others in each location. The
Gunungraja location west of Sijeruk village wasommended by the UPN team but with
restrictions such as good and proper drainageuidace flow. All locations did not meet the
ideal criteria but the National University of Pembanan (UPN) geological team
recommendations were used as primary referenceirstedral part of the post-disaster
rehabilitation. The total area selected includedl@6nf (Gunungraja) west of Sijeruk and
15.848n7 (Belongan) in Kendaga.

Distribution of plots was done by means of rafftawing and house development was carried
out in mutual cooperation (gotong royong) based aalocation policy. In this policy, those
who had complete house damage were provided witbnaplete new house while those
whose houses were partially damaged, were givel lstveses without doors and windows
with the intention that they use the windows andrddrom the old houses.

Even with the UPN recommendations put in place,atea of the relocation village west of
Sijeruk is considered vulnerable. Clear signs gaat of this land is creeping are given by a
number of visual indicators such as cracks in th#swof buildings and on the road surface.
Also in February 2009, part of the road leadinghis village experienced a debris slump.
Nothing has been done up to date apart from migpairs. With all that is taking place and
also after the 2006 event, the community is nowaraware of the danger associated with
mass movements as highlighted in the coping meshaahapter.

5.4. Rate of creep movement

The Centre for Volcanology and Geological Hazardidgdtion (CVGHM) in Bandung,
Indonesia, installed monitoring stakes along thenmaad in the study area to monitor the
rate of movement of the creeping mass using Legmalgtic GPS receivers. The distribution
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of the monitoring stakes is shown in figure 5-5dvel There is no correspondence between
the creep bodies showed in the map and the mamgiatakes since the creep bodies were
mapped during the present research and the momgtetakes were only placed along the
main road.
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Figure 5-5: Location of the monitoring skates in the studyarea

The results from this survey indicated the deptthefsliding layer to be generally shallow to
deep with characteristic debris slumps and cradke research highlighted the factors
leading to this type of instability as:
- The physical properties of the Kemirigan rock whutip in the direction of the
fairly steep slope

- Cutting of the slope to make provision for widenihg road since large vehicles
use this same road and their large tonnage adith® tburden creating vertical or
horizontal vibration

- High and prolonged rainfall that increases the poager pressure and decreases
the soil shear strength

- Malfunctioning or absence of channels parallelhite toad to drain off surface
water which later drains through and acts as adabt

All the above singularly or in combination are bgkd to contribute to the increase in the rate
of creep.
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5.5. Landuse / Landcover change

The analysis of land use change revolves around eduzses the change and also what its
impacts are. Land use change may involve changd#®imix and pattern of land use in the
area or changes in the intensity of the use asasedllterations of its characteristic attributes
(Briassoulis, 2000). Land use change in the studya avas analyzed on the basis of
information obtained from Landsat images of 199001 and 2009 plus participatory
discussions with the respondents to the questiomrgirvey. Six main land use categories
were used during the analysis as shown in table&nralysis revealed an overall much higher
increase in mixed cropping (Kalilunjar 75.78Ha a8ileruk 70.74Ha) and forest cover
(Kalilunjar 18.09Ha and Sijeruk 9.99Ha) while thevas a tremendous decline in the shrubs
and bushes class in both villages (Kalilunjar 76 &@&nd Sijeruk 83.88Ha). Increase in both
forest cover and mixed cropping is in agreementhwhe discussions held with the
respondents. They pointed out that they were ad\tsehange from wet to dry cultivation in
order to decrease the creep phenomena taking platteeir area. The increase in mixed
cropping is also due to the change from mono crappf the traditional crops with poor
economic potential to mixed cropping. Most peopvéh resorted to intercropping their
original crops with the albacia tree whose woodrnslemand. Due to the high demand for the
albacia wood, most people harvest it at Syeargeausof the 8years when it's fully mature.
This leads to poor implementation of the afforestaprojects.

From table 5-1, it can be observed that in bottagés, there is an abrupt increase of the
mixed cropping land cover class for the period 12001 with Kalilunjar village having a
higher percentage increase. Another abrupt chamgt wentioning is that of the shrubs and
bushes class which again in the same period in Wbdyes, decreases. Much of the shrubs
and bushes class in both villages was convertedli mixed cropping class. This is because
the communities in both villages have taken on folgnthe albacia tree whose demand is
commercially high.

Increase in the water class in Sijeruk may be dugdople taking on fish farming to
supplement their income sources while its decreagalilunjar is because of the wet to dry
conversion process that the community is embradihg.spatial resolution of the images may
have affected to an extent the precision of thdyaiza

Figure 5-6 shows the land use changes that occatréide 2006 landslide location for the
analysed years. The red rectangle shows areashaaged from shrubs and bushes to mixed
cropping between 1991and 2001 and the yellow cimrtl001 shows where the original
disaster village was located while in 2009 it shomisat the current land use is — mainly
mixed cropping and some rice fields. Also for piegiod 1991-2001, there is some increase in
the forest cover class in the upper slopes clogkedirst scarp yet in the same area, for the
period 2001-2009 rice fields and some settlemengsimtroduced in the place of mixed
cropping. From the above analysis it can be caleduhat change in land use could have in
one way or another contributed to the cause ofahéslide.
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Figure 5-6: Land use change at the 2006 landslide site

Table 5-1: Land use change between 1991, 2001 and 2009

Hectares per analyzed year Overall
change
Village Land use types| 1991 % | 2001| % 2009 | % (Ha)
Forest 13.32 3 43.56 11 31.41 g 18.09
Kalilunjar | Rice fields 59.85| 15| 48.06 12| 4059 10 -19.26
Settlement 29.88 8 15.5Y7 4 18.18 5 -11.7
Water 20.16 5 8.19 2 19.53 5 -0.63
Shrubs & -62.28
Bushes 111.78§ 29 0.9 0 49.5 13
Mixed cropping| 153.45| 40 | 272.16) 70 | 229.23| 59 75.78
Total 388.44| 100 | 388.44 100 | 388.44| 100
Forest 3.06 1 18.63 6 13.05 4 9.99
Sijeruk | Rice fields 76.86| 24| 80.46 26 8163 26 4.77
Settlement 23.76 8 16.92 5 16.47 5 -7.29
Water 6.75 2 4.32 1 12.42 4 5.67
Shrubs & -83.88
Bushes 120.6| 38 26.01 8 36.72 12
Mixed cropping| 83.25 | 26 | 167.94| 53 | 153.99| 49 70.74
Total 314.28 100 | 314.28 100 | 314.28| 100
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5.6. Rainfall analysis

In general, rainfall is well known as the most intpat and frequent trigger of landslides. A
trigger is “an external stimulus that initiates thevement of a landslide (Wieczorek 1996 in
(Segoni et al., 2009)). The environmental prepayatactors related to rain and landslides
include: build up of high water pressure into tmeumd, change of ground water conditions
due to infiltration and soil characteristics plus dacrease in the soil suction value
(Giannecchini, 2006).

Data recorded daily at the BMG rain gauge in Kaiéu were obtained for the period of 1987
to 2008. There is only one rain gauge for the wistlely area, so it was taken as the reference
station since measurement of rainfall for landsiidesstigation should be site specific to each
slope failure. Interaction with the local peopleaaled that there was not a lot of variation
across the area especially during the wet seasmglhscanty showers do occur in Sijeruk
and are not evenly distributed over the whole aFegure 3-5 shows the average monthly
rainfall distribution within the study area.

Analysis of the rainfall events fron?'December 2005 to"7January 2006 shows a gradual
build up of antecedent rainfall and not a suddédluxn The characteristics of the rainfall in
the study area are such that they are less intautsprolonged events. Such rainfall can be
said to be sufficient to induce failures. The ralhfor the above mentioned period was
summed up in durations of 2, 5, 10, 15 and 20 daysee which combination gave a peak
value on the day of the landslide. Figure 5-7 showsutstanding rainfall peak on the day
when the landslide occurred. But looking at thea@@ 20 day summations, it can be seen that
much as there is no peak, the graphs are increasilike the other graphs which show a
decrease in the rainfall on the day of the slidewkler, rainfall peaks can be seen for the 2,
5, and 15 day graphs a day before the event. €hislto a conclusion that an accumulated
amount of rainfall over a number of days was awélaand it may have drastically reduced
the critical threshold tolerable by the slope i tipper reach which exerted pressure in the
middle reach resulting in the catastrophic conseces.
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Figure 5-7: Graph showing 2, 5, 10, 15 and 20 day rainfall sumations prior to the landslide event

5.6.1. Rainfall threshold values

Reichenbach (1998), defines a threshold as thenmimi or maximum level of some quantity
needed for a process to take place. The maximueshbid represents the level above which a
process will occur or where there is 100% chanceaoiurrence of the process at any time
when the threshold value is exceeded. While thammim thresholds are usually established
to delineate the lowest level below which the pssces unlikely to occur ( Crozier 1997 in
(Dahal and Hasegawa, 2008)).

Precipitation thresholds used for landslide trigggihelp to separate events that were a result
of rainfall from those that failed due to other sas. They can be defined empirically by
statistically studying rainfall conditions that uéted in slope failure (Aleotti, 2004; Guzzetti
et al., 2004) and physically by obtaining rainfailents for which rainfall measurements,
location and time of slope failure are known. Thase used to link regional or local rainfall
measurements to local terrain characteristics sischlope gradient, soil type and lithology
through a hydrological model (Crosta, 1998; Terli@998). They also require detailed
knowledge of the boundary conditions which are lguasot available. Empirical rainfall
triggering thresholds have been proposed at globgipnal and local scale (IRPI, 2009). The
rainfall parameters that are usually investigatecdlude antecedent rainfall, total rainfall,
rainfall intensity and duration (Aleotti, 2004; Ghet al., 2006; Giannecchini, 2005; Marchi et
al., 2002).
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In this study, cumulative antecedent rainfall wasisidered. A comparative analysis was
performed to study the relationships between daifyl antecedent 10, 15, and 20-day
antecedent rainfall. The landslide incidences uise¢bis analysis together with the associated
rainfall are shown in table 5-2. These are eventsassociated with creep. When compared
with figure 3-5, these events are seen to havedraggpduring the wet season where there is a
general assumption that most slope failures aradtw occur; hence, highlighting the role of
precipitation.

Table 5-2: Landslide incidences and their associated dgitainfall

Event date No of landslides Daily rainfall (mm)
29" January 2004 1 30.3
30" November 2004 1 55.2
30" December 2004 1 146.5
4™ January 2006 2 37
22" April 2007 1 33.4
1% February 2009 1 82.2

Graphs were made from the above combinations asvrshia figures 5-8. In each
combination, the minimum probable threshold belowiclv no landslides are initiated is
given by the solid black line which was visuallitdd on each plot. The relationships between
the combination of daily and the different antecedainfall days are defined by equations
5.1t05.3.

T =R+ 073Ry =120 .evuieeeiiiiieieeee it ee e et e e eeeeae e (5.2)
TP =R +058R, =150 .coevviiviiieiiiiiiiiiiieieeiiieeeiiieee i eens (5.2)
T2 =R+ 042R,; =160  ouiniit it et eee it e e (5.3)

Where:

T.2 = Threshold,

R1, a = Daily rainfall and

R0, 15, 26 b = Antecedent rainfall (10, 15, and 20 days).

37



ANALYSING CHANGES IN LANDSLIDE VULNERABILITY USING  GIS AND LOCAL SPATIAL KNOWLEDGE

250 (a) 250 (b)
200 3 200
= —_
£ 150 E150 -
= = *
= =
‘€ 100 g 100 -
g E %
> > A RIARE Ch
< 50 T 50 > L 3 * i v‘
o o » O, 5‘0 3
K &‘: »
0 * 0
0 200 400 600 0 200 400 600
10-day antecedent rainfall (mm) 15-day antecedent rainfall (mm)
¢ 10-Day cumulatiol ® Days with Landslide | | ¢ 15-Day cumulatiol ® Days with Landslide |
250 (©
200
T N
E150 \
= .
<
‘€100 *
g \\ %o 0: o* *
>
T 50 2.4 ," -2 -
a ° o, ¢¢
i
0 *
0 200 400 600

20-day antecedent rainfall (mm)

| #20-Day cumulatiol ¢ Days with Landslide |

Figure 5-8: Scatter plots based on the daily and 10, 15 0 day prior rainfall

From the equations, it can be deduced that they daihfall contributes more than the
antecedent especially in the initial stages of thiey season. For example in figure 5-8
considering the 10-day antecedent rainfall, SO0mndaify rainfall is required to initiate a
landslide in comparison to the 70mm antecedentathin

Further analysis was carried out using 3-day plds 15, and 20 day antecedent rainfall
events. Again the lower probable thresholds wetedivisually on the scatter plots as shown
in figure 5-9. From the analysis, the trend shdved the 3-day antecedent rainfall contributes
more than the 10, 15, and 20-day antecedent rbagallearly shown in equations 5.4 to 5.6.

T =R+ 079Ry =150 wiiviieieeie et itiiieee e e e et (5.4)

TE SR IR =190 i et e (5.5)

T2 = R+ 044R,0 =190  oiiiiiiiiiee ettt e e (5.6)
Where:

T.° = Threshold,
Rs, a = 3-day antecedent rainfall and
R10. 15 26 b = Antecedent rainfall (10, 15, and 20 days).
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Figure 5-9: Scatter plots based on the 3-day and 10, 15 & 8@y prior rainfall

Quantifying the influence of antecedent rainfalllifficult especially in the study area where
the rainfall station is a non self recording tygdso the lack of adequate representative
landslide data presents clear uncertainty whichldcdxe reduced if sufficient additional
information is available.

5.6.2.

The Gumbel distribution is commonly known as th&a@xe value distribution and is used in
environmental sciences to model risk associated @itreme rainfall (Koutsoyiannis, 2003).
Its temporal probability plots are the most widaed distribution functions designed to use
existing data records to show the relationship betwrainfall occurrences and their return
periods. This helps to anticipate what's going appen and get prepared but does not result
in the altering of the course of human actionse Gumbel distribution method considers the
maximum rainfall value in a year. During the anayshe largest monthly rainfall over a
period of 22years (1987-2008) in the study area wgksl to make the Gumbel distribution.
Data was provided by the BMG that is located inilkajar village. The procedure of
obtaining the Gumbel distribution is shown belowd &ime results in table 5-3.

Gumbel distribution
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5.6.2.1. Steps to calculate the Gumbel distribution
1. The left probability for each observation was chlted using equation 5.7.
R
TS ERPRURPR 5.7
TN (5.7)
2. The return period was then determined using equ&ti®.
T = T (5.8)
P, 1-R
3. To determine the plotting position for each obseova equation 5.9 was used.
Y = (=IN(IN(R))) oo (5.9

Where:

P. = Left sided probability that a certain rainfalnaunt is lower than the one
considered

Pr = Right sided probability that a certain rainfal higher than the one under
construction

T, = Return period

Y = Plotting position for each observation

R = Rank of a given rainfall value

N = Number of observations

From table 5-3, we can see that the lowest maximdaity rainfall occurred in 2003 and
amounted to 85mm while the highest maximum daiigfell occurred in October 2005 with
203mm. The probability that an amount of rainfakaer than 85mm might be received is
0.96 and the return period is about lyear. It cancbncluded from table 5-3 that as the
rainfall increases so does the left probability egtdrn period.

It is assumed that the 2005 rainfall amount ccwd@e induced the landslide event that
happened early January 2006 by accumulation pro€assreturn period for this rainfall peak
is 23years so in average, every 23years a raiafatbunt of 203mm is expected though it
could happen in subsequent years. A probabilityplgraas constructed using results from
table 5-3 as shown in figure 5-10. In this figur@nfall values 193 and 203mm are seen as
extreme values in comparison to the other valubgyTare believed to influence a lot the
outcome of the analysis results and eventuallytkdiction of the return periods.
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Table 5-3: Gumbel distribution

rocess (1987-2008)

Rainfall Rank P Pr T, Y
Year (mm) Sorted (R) (R/(N+1)) 1-P) (2/(Pr)) (-In(-In(PL)))
1987 122 85 1 0.04 0.96 1.05 -1.14
1988 90 90 2 0.09 0.91 1.10 -0.89
1989 95 93 3 0.13 0.87 1.15 -0.71
1990 97 95 4 0.17 0.83 1.21 -0.56
1991 95 95 5 0.22 0.78 1.28 -0.42
1992 120 97 6 0.26 0.74 1.35 -0.30
1993 150 107 7 0.30 0.70 1.44 -0.17
1994 130 109 8 0.35 0.65 1.53 -0.05
1995 145 112 9 0.39 0.61 1.64 0.06
1996 107 120 10 0.43 0.57 1.77 0.18
1997 112 121 11 0.48 0.52 1.92 0.30
1998 123 122 12 0.52 0.48 2.09 0.43
1999 146 123 13 0.57 0.43 2.30 0.56
2000 130 126 14 0.61 0.39 2.56 0.70
2001 137 130 15 0.65 0.35 2.88 0.85
2002 109 130 16 0.70 0.30 3.29 1.01
2003 85 137 17 0.74 0.26 3.83 1.20
2004 193 145 18 0.78 0.22 4.60 1.41
2005 203 146 19 0.83 0.17 5.75 1.66
2006 93 150 20 0.87 0.13 7.67 1.97
2007 126 193 21 0.91 0.09 11.50 2.40
2008 121 203 22 0.96 0.04 23.00 3.11
_ . Recurrence Interval (Years)
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Figure 5-10: Gumbel probability distribution
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If more concrete data and information of past liddsevents in the area are available, then
no doubt, that using the Gumbel probability plainfall return period can be used as a
temporal probability for the occurrence of hydrotemeological events such as landslides.

5.7. Conclusion

As earlier indicated, rainfall is one of the mostprtant natural triggering factors of
landslides. Its infiltration into the soils leadsdan increase in pore pressure and a decrease in
shear strength which may lead to slope instakality eventually slope failure. Here, the effect
of rainfall over a larger period is important, hertbe analysis of rainfall thresholds taking
into account periods of 10-20 antecedent rainfalysd A satisfactory amount of data is
needed if rainfall return periods are to be congdeusing the Gumbel method in order to
have a fair level of confidence in the results (€@aghi and Focardi, 1988 ({Petrucci and
Gulla, 1998)).

Quantifying the influence of antecedent rainfalh® easy especially in situations where the
data is inadequate and presents clear uncertaihighwcould be reduced if additional
sufficient information is available.

There is a need to correlate the creep monitoesglts with geological and hydro geological
characteristics of the study area in order to obdabetter understanding of the ground motion
phenomena taking place. Work should also be dan@esoils to test its cohesion and angle
of internal friction. Concerning landslides, a fagability back analysis should be performed
to assess their safety and functional design. Atingrto Eberhardt (2003), examples of slope
analyses include: investigating potential failureamanisms, determining slope susceptibility
to different triggering mechanisms, testing and sneag the different support and
stabilization options.
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6. Landslide hazard mapping and analysis

This chapter deals with the landslide hazard andlgsis. Assessment of some landslide
contributing factors such as slope gradient, sl@ggpect, etc that are used to predict future
occurrence of the landslide phenomena in the asealso carried out. Also a discussion of
the landslide inventory mapping carried out and wWeight of evidence method used to obtain
the susceptibility maps is contained in this chapte

Landslides are defined by Crozier (1999 @»g)‘a downward or outward movement of a mass
of slope-forming material under the influence ad\gty, occurring on discrete boundaries and
taking place initially without the aid of water as transportational agent. Varnes 1978
classified mass movements based on the type of meneand material involved though
additional descriptions exist such as state oWigtirate of movement and water content. All
these are important when dealing with landslidegshay help to distinguish between the
characteristics that are relevant to the intenaeduse of the study.

6.1. Landslide activity in the study area

Data on the landslide incidences was first obtaifteth the respective village offices and
supplemented with the questionnaire and persomalusats. Most of the village office records
contained information about the extent of damageavel$ as the day on which a particular
incident happened and the location even for thatsd events. The sites were visited for
visual assessment and getting the GPS coordinatem lsome instances it was difficult to
precisely locate the site as no associated scavident damage was noted. The landslides in
the study area can be categorized into two classes:

a) Slow moving / creeping landslides that cause naaléies but large scale

damage to both infrastructure and agricultural land

Creep phenomena were observed in the central paheowhole study area. This slowly
progressing deformation is evident from the wadoks of people’s houses, hanging house
foundations and the curvatures of the tree trutilssmainly observed in areas covered by the
Halang formation which comprises of tuffaceous sémk, conglomerate, marl and claystone
(figure 3-2). Majority of the people in the areasen that the creeping may either be due to
the contribution of ground water which could berlaating the underlying layers or the
improper disposal of waste water from the commuhdyseholds. Characteristic examples of
destruction by creep in the study area are shovigume 6-13.

b) The rapid moving type with rock, earth and debasvfthat has casualties and

large numbers of damage.

This type of landslide is mainly triggered natwably rain or by human activities such as
mining as shown in figures 6-14.
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During fieldwork, collection was done of the regigd landslide events that impacted
infrastructure in the study area as shown in tékle

Table 6-1: Landslide damage to infrastructure

Date | D | W | M [ peH | paH | PD 0s Action taken
Sijeruk
1985 0 0 0 2 6 1 0 Relocated
1993 0 0 0 0 1 0 0 -
1997 0 0 0 4 0 2 0 -
1998-1999 0 0 0 0 2 0 1- Mosque Relocated
2005 0 0 0 0 2 1 0 Relocated
1/4/2006 89 - 13 102 79 - 0 Relocated
Kalilunjar
1997 0 0 0 1 1 - - -
2- School
2003 0 0 0 0 0 0 buildings
29/1/2004 0 0 0 1 0 0 0 Repaired
30/11/2004 0 0 0 0 1 0 0 Repaired
30/12/2004 0 0 0 0 1 0 0 Repaired
22/4/2007 0 0 0 0 0 1 0 Repaired
7/11/2007 0 0 0 0 0 1 0 Repaired
7/12/2007 0 0 0 0 0 1 0 -
7/13/2007 0 0 0 0 0 1 0 -
Material
1/2/2009 0 0 0 0 0 0 Road blocked cleared
6/2/2009 0 0 0 0 0 1 0 Repaired
3/6/2009 0 0 0 0 0 1 0 Repaired

D-Dead,W-Wounded M-Missing, DeH- Destroyed houseBlaH- Damaged houseBD- Partial damage)S-
Other structures
Source: Fieldwork 2009

Not a lot of emphasis is placed on the landslidesining in the agricultural areas since they
are kind of isolated from the residential area #rely mainly affect individuals. The most
affected are the rice fields with the water suppdgsing through the system from terrace to
terrace and is mainly irrigation with a small perage of rain-feeding. The mechanism is
such that the backward scouring of water is novgmeed, which then cuts into the base as
water flows from one terrace to another (Gerrard &ardner, 2002) (figure 6-1). Also the
softening of material in the terrace risers mayldactor. The series of mass movements that
occurred in the agricultural land in the study are@2004 together with the landslide points
visited during fieldwork are shown in figure 6-2l@&. The green points show the series of
landslide events that occurred in agricultural lamdhe study area in 2004 while the blue
points show the landslide points that were visdadng fieldwork.
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Figure 6-1: Example of back slope terrace failures
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Figure 6-2: 2004 landslide events in agricultural land plusther landslide events

6.2. People’s knowledge on landslide occurrences

Knowledge on past landslide occurrence is vitalekplaining the trend of landslides
occurrences in an area. It can be used to enheaammunity’s capacity to prepare for and
cope with the disaster. According to McCall et(aB92), people usually remember the most
devastating and most recent events.
The two villages involved in the study had thedwaling definitions for a landslide:

- Massive movement of soil down the slope.

- Movement of mass under the influence of too mucktevavater.
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- Movement of soil that has no support such as végatto hold it together.

Even without using the academic language, the resgus clearly showed that they had full
knowledge of what landslides are. They were fulliaee that they occurred mostly during the
rainy season and their responses were in agreemt#mthe rainfall data from BMG. This
shows that the local people are observant of thengds taking place in their physical
environment. Other causes such as mining, eartleguakd river under cutting were also
cited. The results of the ranking of the dangesdbaated with different disasters within the
study area are shown in figure 6-3.

Danger associated with different disasters in Danger associated with different disasters in
Kalilunjar Sijeruk
| | | | | |
Eq [IIN
| I | | | |
Ge |l
| | | | | |
> - | I | |
| |
Ls | ] ]
[} 1 ] ] | |
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

= Extreme = Severe Moderate = Slight = No responsla

[ = Extreme® Severe Moderate® Slight No responge

Figure 6-3: Danger associated with different disasters ithe study area. Eq- Earthquakes, Ge- Gully
erosion, Se- Soil erosion, and Ls- Landslides.

From figure 6-3, it can be seen that 50% of thgaedents in Sijeruk believe that the
occurrence of the landslides in their village isreme compared to the 21% in Kalilunjar.
This is attributed to the most recent devastatid@c2andslide event that happened in Sijeruk
where a sizeable number of people died and propetth millions lost (table 6-1).

Using a print out of the different landslide proses the respondents were asked to rank them
against each other. This was used to test theireagas about these processes and whether
they categorized them as landslides. The reswdtstaswn in figure 6-4 below.

Ranking of landslide processes in Kalilunjar Ranking of landslide processes in Sijeruk
Ef ; ; ; ; S e— . . .
Df y - | | | | Df — | | | |
LS | | | | LS | | | |
Cr m - | | | Cr | m— | - |
BS | | | | BS | | | |
Rs - - | | | | RS | | | |
To : : : : To —l . : .
Rf - 1 1 1 1 Rf _ 1
0% 20% 40% 60% 80% 1009 0% 20% 40% 60% 80% 1009
= Extreme " Severe Moderate® Slight = Doesnot happ4n | = Extreme " Severe Moderate® Slight = Doesnot happ4n

Figure 6-4: Ranking of the landslide processes. Ef- Edrtflow, Df- Debris flow, Ls- Lateral spread, Cr-
Creep, Bs- Block slide, Rs- Rotational slide, To- Topp| and Rf- Rock fall.
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Using figure 6-4, it can be seen that the creem@mena is better understood in Sijeruk with
17.4% of the respondents ranking it as extremehn& 32% in Kalilunjar. This could be
attributed to the extensive damage it is inflictmg infrastructure especially houses and the
roads. The respondents in Sijeruk also ranked tauiling (24%) as a common occurrence in
their village. This is mainly attributed to the komining taking place close to the main road
(figure 6-14). Most respondents were fully awaretlud locations where landslides have
occurred and also where they might occur in futbie.those living near or within the danger
prone areas much as they are aware of their sityatiey have no alternative since they are
inhabiting ancestral land and can only take refiage safe place when the situation worsens
and return after sometime.

Figures 6-5(a) and 5-4 show examples of landslidgg@arthat the focus group discussion
(FGD) participants in Kalilunjar and Sijeruk respeely made. Because of the language
problem, instead of the desired landslide hazarg,fze participants produced landslide
inventory maps. Hence the need to obtain suscéfptimaps based on expert knowledge as
will be seen further in this chapter.

Figure 6-5: (a) Community landslide inventory map for Kalilunjar village and (b) Landslide event records
in Sijeruk village

Not all the events in figure 6-5(a) can be seefigure 6-2. This is because they might have
passed unnoticed by the wider community; hencepawtg registered in the village registry
though some of the FGD participants had knowledg¢hem. This is in line with what
McCall (1992)noted that people usually remember the most devagtand most recent
events. In this case “most devastating eventdiledrout since no severe damage to property
and infrastructure was reported at that time.

6.3. Landslide susceptibility mapping

A susceptibility map is used to divide an area intmes according to different levels of
susceptibility to slope movement. It is used toeasin the relative likelihood of land sliding
considering susceptibility categories based omibkthod used. Depending on the availability
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of data, landslide susceptibility can be mappedgisa number of different methods as
highlighted by (Guzzetti et al., 1999). In the gmsstudy, the weights of evidence method is
used. The process involved first identifying theapping of a set of factors which are directly
or indirectly correlated to slope instability agytighted in the sub sections below. The
relative contribution of each of these factors ltips failure is estimated and ends with the
classification of the study area into susceptiiliones (Aleotti and Chowdhury, 1999;
Guzzetti et al., 1999; van Westen et al., 2006). the topographic information, automatic
data capture especially from the Digital Elevat\odel (DEM) was used.
Four steps were followed in order to produce theeeptibility map.

-Obtaining a landslide inventory map showing recewtivity distribution and

combining the factor maps (lithology, geomorphgloglope aspect, land use etc)
-Overlaying the landslide inventory with the comlarfactor map
-Grouping factor combinations in a way that defitieslevels of damage

-Produce a landslide susceptibility zone map froengfouped combinations

All this was done using ILWIS 3.3 software.

6.3.1. Landslide inventory maps

Landslide inventory maps are data sets that represmdslide events. They show the
locations and outlines of landslides that have bapd in an area. These maps are important
input data for predicting the location of futurendslide occurrence since they contain the
spatial attributes and state of activity, type aubtype of the past landslide events. By
interpreting an aerial photo of 1973 (Scale 1:20)0énd IKONOS image (acquired august
2006 after the January event), plus field invesioges in October 2009, two landslide
inventory maps for the study area were producedrbgcreen digitizing and using epipolar
stereo pairs generated in ILWIS. The first inveptorap is based on the fast / rapid type of
landslide processes while the second map is basebeocreep phenomena observed in the
study area. Scarps were used during the analysieddast landslide map while the body was
used for the creep map as shown in figure 6-8.

6.3.2. Analysis of the landslide casual factors

The selection of environmental casual factors fmceptibility assessment depends on the
landslide type, terrain type and availability ofistixg data and resources (van Westen et al.,
2008). It's also essential to have a good undedstgnof the different failure mechanisms
taking place in the area of interest. Based ord f@bservations, the casual factors were
selected as land use, lithology, geomorphologys pIEM derivatives such as slope gradient,
slope aspect and flow accumulation.

6.3.2.1. Land use data

Human activities such as deforestation, cultivatam steep slopes and road construction
cause changes in the land cover and land use afeanwhich play an important role in the
stability of slopes (van Westen et al., 2008). Aghlighted in section 5.5, most of the study
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area is covered by mixed cropping of mainly salaé albacia trees. The root system of the
salak plant is shallow so it may generally not he#lee failure surface. According to van
Westen 2008, root reinforcement dominates ovethallvegetation effects in its contribution
to slope stability. So in this case, if the rootloé plant is not deep enough then to an extent,
the vegetation cover adds weight to the mass handecrease in the instability of the mass.
The land use map of the area (figure 3-4) was nbthirom image interpretation of a 2009
Landsat image. Six classes were obtained and tngyded settlement, rice fields, mixed
cropping, natural forest, shrubs & bushes, and nwvBtaring the interpretation and production
of the map, factors such as regular shape foresstiht, rows of vegetation for terraces /
agricultural land were considered.

6.3.2.2. Lithology

The geological units are traditionally convertetbinlassification that gives more information
on rock composition and rock mass strength. Adddily, structural information, as the
orientation of the discontinuities in rocks hasimffuence on the susceptibility to landslides
(van Westen et al., 2008). The lithology of thedgtiarea consists mainly of tuffaceous
sandstone, conglomerate, marl and claystone witienHalang formation. This factor map
was generated by digitizing a scanned geological ofal:100,000 scale. It is assumed that
the clay content makes the Halang formation momnérto the creep type of movement
where it's concentrated. The fast moving types eaedomly distributed within other
formations. In this case, structures were not dmred due to their dormant nature. The
resultant map is shown in figure 3-2.

6.3.2.3. Slope gradient

It's in response to gravity that earth material e®down a slope. This movement of material
can range from extremely slow barely recognisalperteptible over the years to very fast
and rapid destroying all that lies in its path. TWedocity with which the material moves
depends on many factors of which slope gradiemstm®sng. Burrough (1986) defines slope
gradient as “the maximum rate of change in altituebgpressed either in degrees, radians or
percentages. As slope gradient increases, the @ity of the slope to landslide
occurrence also increases. Although landslidesliysaecur in steep slopes, they may also
occur in low relief areas. The slope gradientdachap shown in figure 6-7(d) was derived
from the DEM covering the study area; after whicas classified into seven classes.

6.3.2.4. Slope aspect

No general agreement exists concerning slope asfibough the relationship between it and
mass movements has been long investigated (Cataial991in (Ercanoglu et al., 2004)).
Slope aspect is defined as “the compass directfitheomaximum rate of change in altitude
(slope gradient) (Burrough, 1986). In general,i€&ted to the physiographic trend of an area
or the main precipitation direction (Ercanoglu et 2004). Slopes that receive more rainfall
in comparison to others are bound to be more stibtego landslide occurrence. Slope
aspect also has an influence on the vegetationttamdf slopes. Usually north facing slopes
are cooler and more humid while the south faciogest are warmer and arid (Wilkinson and
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Humphreys, 2006). Figure 6-6(b) shows the slope@dpactor map that was derived from the
DEM and after classified into eight classes ushggWSDA classification.

6.3.2.5. Geomorphology

According to Klimaszewski, 1982 & De Graaff et 487 in (van Westen et al., 2008),
geomorphological maps show land units based on shape, material, processes and genesis.
The geomorphology units of the study area wereiodthby quantitative analysis of terrain
forms from the DEM as shown in figure 6-7(c). Thé&seno universal accepted legend for
geomorphological maps.

6.3.2.6. Drainage: Flow accumulation

In a GIS environment, flow accumulation is seenttas total number of cells that would
contribute water to a given cell based on the actamd weights for all cells flowing into
each down slope cell on a grid DEM. Flow accumalatis a measure of the land area that
contributes surface water to an area where thisivgan accumulate. In the event of rainfall,
water flows from the convex curvature areas andictates in to the concave areas. This
parameter was considered during the analysis ieraal define the locations where water
accumulates. These areas are believed to havé dikegjhood of landslide occurrence due to
excess water. Flow accumulation was derived froen@EM and later classified into five
classes as shown in figure 6-6(a). The classegsept the number of small streams flowing
into a bigger stream.
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Figure 6-6: (a) Accumulation and (b) Aspect maps of #astudy area
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6.4. Weights of evidence model

The weight of evidence model synthesized from Bomi@arter (1994) was applied to the
landslide susceptibility analysis. This method uses prior probability of occurrence of a
landslide event to find its posterior probabilitaded on the relative contributions of
evidential input parameters that are influentiacmeating slope instability (Bonham-Carter,
1994; Mathew et al., 2007).

In the weights of evidence method, values estiméieeach factor are calculated using two
weights. They include the presence (+W) and abséige weights from which the contrast
factor (Gy) is derived. It's expressed as the difference betwthe weights W+ and W-. For
each factor, +W indicates the importance of thesgmee of a class for predicting landslides
while the negative weight gives the importance g absence of the landslide predicting
factors. Also very strong negative factors indicateegative association between the factors
used in the analysis and the landslide invent@ythere will be no landslide if the factors
exist. These weights are defined as shown in egu&ab.1 and 6.2.

W = LogeM ...................................................................................... (6.1)
P(B |S

W™ = Logem ..................................................................................... (6.2)
P(B; | S)

Where, B= presence of a potential landslide conditionirgida
= absence of a potential landslide conditionirgda

B.
S = presence of a landslide and
5 = absence of a landslide

The positive weights for all classes of the fact@ps that occur together in a certain location
and the negative weights of all the other claskas do not occur in that location are then
added to produce a final weight map. The stepevat in the weights of evidence modelling
using a script (appendix 2 - 1) are shown in figgH@
Although several studies have been carried outguiie weights of evidence modelling
(Aleotti and Chowdhury, 1999; Chung and Fabbri, 49%an Westen, 1993), it has its own
short comings that include:

- Only taking into account those landslide conditmnfactors that can be easily

mapped, hence over simplifying the factors

- Assuming that all landslides in a given study aceaur under the same
combination of factors while using bivariate stits Whereas each landslide
type has its own casual factors and should thezdiertreated separately.

The advantage of this method is that it's simple l@ss time consuming.

For the fast landslides, analysis was limited tdy starps of recent activity in order to
produce the susceptibility map while for the creggenomena, the body of the moving mass
was used. Due to insufficient available informati@nalysis was limited to only fast
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landslides and creep phenomena. Scripts (appendwe® used to generate the weights for
each map since manually carrying out the processgsand time consuming.

Factor maps Cross table: Weighted maps
o s m—
Landslides Geology WGeology
Slope gradiel WSlope gradiel

Maps overlay
Adding maps

Landuse WLanduse

i

Final map

Figure 6-9: Schematic representation of the weights @vidence method implemented in GIS (adopted
from Castellanos 2008)

6.4.1. Weights of evidence modelling results

The factor weight maps were summed to compute tloeess rate curve which helps to
illustrate how well the estimators perform.

6.4.1.1. Sensitivity analysis of the landslide influencingdctors

A sensitivity analysis was performed to estimatecWwhfactor has more influence on the
occurrence of the two landslide phenomena analysethis work. This was done by
excluding one input factor during each run. Theiltessare shown in figure 6-10.

From figure 6-10(a), it can be deduced that for th&t landslides, there is not a lot of
variations with all the factors except for the Btiglifference where the slope is not included.
This implies that for the fast landslides, slopaypl an important role in their occurrence.
Figure 6-10(b) shows the sensitivity analysis fur factors causing the creep phenomena. It
is evident that land use is the most influencingtda on the occurrence of the creep
phenomena, while the least contributing factoreislggy.

Visually determining the most influencing factompesially for the fast landslides is not so
obvious. To better understand the differencesatiea under each curve was calculated for
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each landslide phenomena as shown in table 6-2.higidighted factors are the major
contributing factors to the occurrence of the fastslides and creep respectively.

Table 6-2: Percentage area under the curves in figure 6&bove

Area (%)
Input factors Fast landslides Creep
All factors 73 85.8
No slope 66.4 85.2
No Geology 71.7 85.7
No Geomorphology 72.6 86.1
No land use 74.4 79.2
No Aspect 73 85.7
No Accumulation 72.7 86.1
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Figure 6-10: Sensitivity analysis of the landslide contribting factors using success rate curves - (a) fast
landslides and (b) Creep phenomena
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The final weight maps obtained using the “all fattourves were classified into classes
ranging between low to high susceptibility zoneslaswn in figures 6-11. From this figure,
susceptibility breaks where fitted in order to abtsusceptibility classes for the two landslide
phenomena being analysed.
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Figure 6-11: Susceptibility breaks for (a) fast landslids and (b) Creep phenomena

The four classes used in the susceptibility mapseaplained below and the resultant maps
are shown in figure 6-12.

Low susceptibility - It indicates areas for which the combinationfadtors is less likely to
have adverse effects on the occurrence of landsliBlech areas are suitable for development
but landowners should be informed of the existiagand.

Moderate susceptibility - It shows areas for which the combination of faetors may
influence to an extent the instability of the slofgeich areas can be inhabited only after a
thorough investigation has been carried out. Thegestigations may include geological /
geotechnical studies, special construction tecles@nd appropriate protection measures.
High susceptibility - It indicates areas with a high probability oétbccurrence of landslides
and is not suitable for development. In principle,construction to be used to shelter humans
should be allowed in this area.
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Very high susceptibility — This shows the areas where the scarps and btaligke fast
landslides and the bodies for the creep phenoméeaenmapped. This class highlights to an
extent how accurate the inventory mapping was.
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Figure 6-12: Landslide susceptibility map (a) fast land&le events and (b) creep phenomena

The results of the weights of evidence method glyodepend on the number of landslide
events introduced and on the quality of the ladésinventory map (Thiery et al., 2007).
Looking at both susceptibility maps shows kind afiaverse of the susceptibility classes.
This is because for the creep map, only the visreds that had creep signs were used in the
analysis. Improvement of both maps is possiblehdraugh mapping especially for the
creeping bodies is done.

If an area is characterised by rare events, themptbbabilities of the input factor maps will
also be low and the results will have to be intetga with caution as is the case in this
research.
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Figure 6-13: Visual indicators of damage by creep phe@mena in the study area
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Figure 6-14: Visual indicators of damage by debris flow@ the study area

6.5. Conclusion

In this chapter, the objective was to map and aeatiie landslide hazard plus to assess the
influencing factors. When selecting the triggerifegtors, it's advisable to carry out a
sensitivity analysis to examine their influence landslide occurrence. The factor which
differs from the common pattern should be criticédloked at as it may contain the answer to
the problem. Based on the results obtained, itbeanoncluded that the success rate curve is
good when indicating how well a model fits the dasad.

From the results, it can also be concluded thaateas underlain by the tuffaceous sandstone,
conglomerate, marl and claystone are most suséeftbthe creep phenomena while the
other lithological units are more susceptible te thst landslides with land use and slope
gradient as the most influencing factors for theepr phenomena and fast landslides
respectively.

58



ANALYSING CHANGES IN LANDSLIDE VULNERABILITY USING  GIS AND LOCAL SPATIAL KNOWLEDGE

It can also be concluded that using just the hisibrecords of known landslides, the trend of
the threat can be determined to an extent.

The susceptibility maps obtained can be used fanrphg, site selection and policy making
for hazard mitigation since they reflect the refathill-slope stability and danger zones. The
can be used to determine which people, facilitres r@courses are potentially at risk from the
hazard, where they are located and what might éestitategy to reduce their vulnerability.
It's therefore imperative that remedial and preienimeasures be designed to protect the life
and property of the communities from future larmdls$s. While the mass movements in
Kalilunjar are not as dramatic as those in Sijethk,economic consequences are tremendous
because of the impact the losses have on indivgdual
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7. Analysis of perception of landslides

This section investigates the concept of percepiging the responses from the open ended
and semi structured questions included in the suueestionnaire during data collection. It
analyses the possible variables that are assumedhane a correlation with the way
populations perceive their physical environmentisTéection also tries to ascertain the
people’s perceptions on the causes and rate ofroeece of the hazard, the danger prone
areas, gender and future damage by the hazardein kbcality.

According to WBGU (1995), people’s perception ofviemnmental problems is one of the
important requirements for changes of environméntahrmful forms of production and
consumption. People’s perceptions have a majoridgeam how they deal with natural
hazards. Investigations of perceptions and att#ueong the local people can facilitate their
involvement and provide critical information theancbe used together with technical and
scientific data. These perceptions are dependenh®mpeoples’ distance to the hazard and
their intelligence and education.

7.1. Causes of landslides

Analysis of the causes of landslides is centralddressing the misconceptions in traditional
local knowledge (Msilimba, 2007). During the surv@lyere was no differentiation between
the causes and contributing factors to the occoeraf the hazard as this would confuse the
respondents especially those with low educatioelteviFrom table 7-1, the results suggest
superficially that much of the communities in botilages in general are aware of the
landslide hazard. 89.9% of the respondents (90.8%alilunjar and 89.1% in Sijeruk)
perceived heavy rainfall as the cause of landslidekeir area. Other causes such as seismic
activity, deforestation, road construction, miningyer undercutting, soil structure and
farming activities were also perceived as causesinD the survey, observations provided
evidence that practical awareness is not as higit appears in the questionnaire. The
community misidentifies the cause of the problerd ancommodates the inconvenience of
the creep phenomenon as part of everyday life.

The respondents highlighted the wet season (bet@etober and March) as the time when
they expect the rate of movement to increase tegetiih heavy rains for long periods.
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Table 7-1: Perceived causes of landslides

What do you think are the causes of landslides?
Village Measurement HR D |[SA|RC |FA | M RU | SS Total

Kalilunjar Count 56 1 2 1 1 1 0 0 62

% within village sample 90.3 16 32 1 16 1.6 0 0 100

% of Total sample 51.99 09 19 0B 09 09 0 0 57.4
Sijeruk Count 41 1 0 0 1 1 1 1 46

% within village sample 89.1 2P 0 22 22 22 22 100

% of Total sample 38 09 O 0 09 09 09 09 42.6
Overall % 89.8|/ 19| 19| 09| 19 19 09 0.4 100

KEY: HR-Heavy rainfall, D- Deforestation, SA-Seismic aityiy RC-Road Construction, FA- Farming
activities, M- Mining, RU- River undercutting, SS- sdilucture

Source: Fieldwork 2009

7.2. Danger prone areas

From table 7-2, majority of the respondents peexisteep slopes (80.6% - 34.3% in Sijeruk
and 46.3% in Kalilunjar) as the areas prone to dades. Deforested (8.3%) and cultivated
marginal (9.3%) lands where also highlighted aggdaprone areas. The results demonstrate
that the respondents have an understanding of wdrieas are prone to landslides and are
unsuitable for habitation but some still occupysthesame areas. This may be due to the fact
that they have no option since they not only irleerihe land but also own property there.

The perception of people that steep slopes ardahger prone areas is in accordance with the
fast landslides sensitivity results where slopey jpin important role.

Table 7-2: Perceived danger prone areas

What are the danger prone areas?
Deforested| Steep Cultivated Along Don't

Village Measurement land slopes | marginal lands | the river | know | Total
Kalilunjar Count 7 50 3 1 1 62
% within village sample 11.3 81 4.8 1.6 1.6 1

% of Total sample 6.5 46 2.8 0.9 0.9 5

Sijeruk Count 2 37 7 0 0 46
% within village sample 4.3 80 15 0 0 10
% of Total sample 1.9 34 6.5 0 0 43

Overall % 8.3 80.6 9.3 0.9 0.9 100

Source: Fieldwork 2009

7.3.

A relationship between landslides as the type graation taking place was made together
with its rate of occurrence (table 7-3). This wagletermine if the responses were consistent
or random. For example, if the respondents citaddhdes as the degradation taking place in
their area, then they should be able to indicatetiadr the rate of occurrence has increased,

Increase in the rate of occurrence
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decreased or stable. Most respondents indicatédhdaate of occurrence of the hazard had
not increased (59.7% Kalilunjar and 50% SijerukhisT may be because the creep
phenomenon that is mainly taking place in the stadya is occurring slowly and only
producing gradual distortions and damage to prgserithe population does not easily notice
the increase unless the cracks in their housesnnwel®ugh to need renovation. The
respondents that indicated not knowing whetherrtte of occurrence of the hazard had
increased or not, may have not stayed long enaugjiei study area to observe what is taking
place in their physical environment.

Table 7-3: Cross table of rate of occurrence and landslideas type of degradation

Has the rate of occurrence increased than
Type of land degradation taking before? (%)
Village place: Landslides (%) Don't know No Yes Total
Kalilunjar Other types of land degradation 1.6 6.5 1.6 9.7
Landslide: High frequency 11.3 50 22.6 83.9
Landslide: Medium frequency 0 1.6 3.2 4.8
Landslide: Low frequency 0 1.6 0 1.6
Total 12.9 59.7 27.4 100
Sijeruk Other types of land degradation 4.3 8.7 2.2 152
Landslide: High frequency 2.2 39.1 34.8 76.1
Landslide: Medium frequency 2.2 2.2 4.3 8.7
Landslide: Low frequency 8.7 50 41.3 100

Source: Fieldwork 2009

7.4. Gender and landslide knowledge

The achievement of environmental protection and agament requires common values
among all groups of which women are apart (Msilimd@07). A cross table (table 7-4) was
made in order to analyze if the respondent’s gehddran effect on their knowledge of the
landslide hazard. Of the 44.4 percent female redgaois, up to 41.7% indicated heavy
rainfall, 1.9% seismic activity and 0.9% road constion as the causes of landslides in the
study area. Both male and female respondents habarable knowledge on the causes of
landslides which is contrary to the accepted vidvattmen are better informed on
environmental issues than women (Patel 1994(Msilimba, 2007)). The respondents’
knowledge can be attributed to their interactiothwthe environment through cultivation
since most of them are farmers.
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Table 7-4: Gender perceptions on the causes of landsdisl

Gender of respondent
Landslide causes | Male (%) | Female (%) Total (%)
Heavy rainfall 48.1 41.7 89.8
Deforestation 1.9 0 1.9
Seismic activity 0 1.9 1.9
Road construction 0 0.9 0.9
Farming activities 1.9 0 1.9
Mining 1.9 0 1.9
River undercutting 0.9 0 0.9
Soil structure 0.9 0 0.9
Total 55.6 44.4 100
7.5. Future damage

The damage caused by a landslide event when Kestran individual's property is less
devastating than when a whole community is desttoysing a five-point rating scale that
ranged from 1 (not of any consequences — quit&keig)i to 4 (threat to persons / property by
landslide most serious — very likely) with a “DoRkitow” option, the respondents were asked
to rank their concerns that the hazard posed &opeat property and the community at large.
A comparison of the responses at personal and contyriavel was made and the results are
shown in table 7-5. The diagonal numbers in tabfeifidicate the same likelihood that both
individual households and the community at largé experience a devastating landslide
event in the next ten years. The reason to exglas might be due to clustering in the
residential areas where the houses are built ¢tsach other such that the collapse of one
will lead to a chain collapse of the surroundingstures.

Figures 7-1 and 7-2 show the distribution of thepmnses with the background map showing
the fast landslides susceptibility map in bothagks. The dark blue oval shapes highlight
examples of the differences in perception of tlpoadents towards personal and community
damage while the brown circles show examples cdsamhere the respondents believe that
not only will their property be damaged in the nét years, but the community at large.
Experiencing the 2006 Gunungraja landslide mighehafluenced some of the respondents’
belief especially in Sijeruk; that both private aodmmunity property is at risk from a
landslide in the next ten years. When asked if @éweywilling to relocate to other villages,
most respondents noted that landslides were alaariiieg in those neighbouring and adjacent
villages so there was no need for them to leaveuhnent area.
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Table 7-5: Ten year future damage

10 Year community devastating landslide
10 Year house
Village devastating landslide | very Quite Don't Quite Very
unlikely unlikely know likely likely Total
Kalilunjar Very unIiI.<er 4 0 0 0 0 4
Quite unlikely 0 13 1 2 3 19
Don't know 0 0 8 5 2 15
Quite likely 0 1 0 12 0 13
Very likely 0 1 1 2 7 11
Total 4 15 10 21 12 62
Sijeruk Very unIiI_<er 1 0 0 0 0 1
Quite unlikely 1 2 0 4 0 7
Don't know 0 2 9 2 0 13
Quite likely 0 0 1 11 0 12
Very likely 1 0 1 1 10 13
Total 3 4 11 18 10 46

Source: Fieldwork 2009
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Figure 7-1: Likelihood of a 10 year devastating landslide em¢ to (a) personal property and (b)
community in Sijeruk with the debris flow susceptiblity map as background
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Figure 7-2: Likelihood of a 10 year devastating landslide evémo (a) personal property and (b)
community in Kalilunjar with the creep phenomena suscefbility map as background

Tables 13-1 and 13-2 (Appendix 3) were compliedetier understand figures 7-1 and 7-2
respectively. The painted cells in both tables shmvints of overlap in the responses.
Critically looking at these tables shows that thare some responses that concur with the
corresponding susceptibility classes for the twaldide processes. Examples include survey
points 1, 13, 25, 31, 37 in Sijeruk and 12, 18,53 jn Kalilunjar. This shows that peoples’
perceptions in many cases are comparable to ekpevtledge and should be considered /
taken into account when selecting possible solatanmd not just rely only on alone.

7.6. Conclusion

From this chapter, it can be concluded that magiordents were fully aware of the locations
where landslides have occurred and also where rifighit occur in future. The knowledge
was not distinct in terms of gender as both fenzald male respondents had comparable
knowledge on the causes and contributing factayagh no differentiation between the two
was made as it would confuse the respondents.

It's suggested from the results, that the inhalstah the study area would benefit from an in-
depth knowledge of how human activities aggravaexdcerbate the landslide hazard. It
would specifically be beneficial to know the rolecnitting down trees (a common practice in
the study area) which causes the soil to lose eohespecially when it rains.

The analysis has also showed that peoples’ peacteptin correspond to expert knowledge,
hence the need for its incorporation in reseanstiiss such as this.
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Whether the populations in the study area accyratetceive the landslide problem or not,
they may not be induced to act to prevent it froapgening. On the other hand, they may
understand that the problem is aggravated by taions, but the alternatives may be too
costly relative to the perceived near term benefits
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8. Coping mechanisms

This chapter explores the landslide coping mechmasismployed by the people in the study
area using the data obtained from the coping memarsection of the questionnaire survey.
The general coping strategies have been divided ihtee phases which include: before,
during and after and have also been characterizgéd social and structural mechanisms.
Cross tabulation of variables was carried out irder to access associations and evaluate the
consistency of the responses. Active preventivesumes applied and implemented at both
community and household level in the study areaase highlighted. This chapter also
considers the communities’ vulnerabilities and aapes through a VCA matrix.

8.1. General coping strategies employed

Coping strategies are often transmitted from geiwerdo generation with in communities and
households and are dependent on the assumptioththawvent will follow a similar pattern
and the people’s action will be reasonable guidesimilar events (Blaikie et al., 1994).
Knowledge of the existing coping mechanisms / ciiggccan help to strengthen planning
strategies since they are drawn on existing grass mechanism. Based on the household
guestionnaires and field investigations, severpglngpmechanisms were observed in the study
area. The most common strategies developed by ¢bplg are shown in table 8-1. It is
expected that with the persistent movements taglage in Sijeruk, the people there would
have better coping strategies than those in Kadilurbut it's not the case. 83% of the
respondents in Sijeruk do nothing before the laddslhappen in comparison to the 47% in
Kalilunjar. Most households don’t save their momeyreparation for disaster and they also
don’t have insurance. They claim to lack the resesiryet when given to them by the local
authority, they only use them for personal gaint Ewample, when the people are given
seedlings, they plant them in their own gardens aadin locations where the rate of
movement is believed to be high. Some responddats aagued that since they find the
mosques, schools and village offices as safe placedke shelter, there is no need for them to
spend energy and resources making their indiviloakes strong and safe. Majority of the
respondents prefer fixing / renovating their housesase of slight damage to being relocated
because majority have inherited the property ang santimental attachments and don’t want
to move even when provided with a safe place.

From table 8-1, the most predominant activity emetb by the people before an event is
planting trees (24.2% Kalilunjar and 10.9% Sijerukjile during the event, majority first run
to a safe place before returning to help thosepedp27.4% Kalilunjar and 37% Sijeruk).
After the event, the people concentrate on fiximg house if not damaged (38.7% Kalilunjar
and 17.4% Sijeruk). Some of the population attelsuthe problem to divine causes beyond
their control. So all they can do to cope with liagard is pray to the almighty God.
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Table 8-1: Coping mechanisms employed by the people inet study area at different stages

Coping activities employed Number of responses
Kalilunjar Sijeruk
(%) (%)
Before
Social
Plant trees 24.2 10.9
Sensitize the community on the effects of cutting dawes 1.6 2.2
Be conscious when the rain seasons start 4.8 2.2
Pray to God 12.9 0
Nothing due to lack of resources 46.8 82.6
Structural measures
Construct gabions along the river 8.1 2.2
Construct tripod stand at the house foundations 1.6 2(2
Build terraces especially for the agricultural areas 2 3. 0
Construct water channels 4.8 0
During
Social
Run to a safe place then after go back to help those trapped 4 27 37
Stay in the house while praying to God 0 6.5
If event is major run to a safe place but do nothingifrithor 1.6 2.2
Nothing 71 56.5
After
Social
Plant more trees 4.8 10.9
Change from wet to dry cultivation 0 2.2
Move together with others to a provided relocation place 6.5 17.4
Move to another location within the same village if aiton is not favourable 29 8.7
Clear the slide material away and resume with ddiy li 3.2 0
Nothing 14.5 34.8
Structural
Try and build a stronger house with available resources 6.5 2.2
Fix the house if its damaged 38.7 17.4
Renovate the house in case of cracks due to creep 0 4.3
Strengthen the house foundation 1.6 2.2
Build gabions 27.4 6.5

Source: Fieldwork 2009

8.2. Landslide management measures

A number of landslide mitigation measures have begiated in the study area to minimize
the costs involved when landslides strike in thegloun. They include afforestation (29%
Kalilunjar and 63% Sijeruk), draining water out A% Kalilunjar and 17.4% Sijeruk),
terracing (8.1% Kalilunjar and 13% Sijeruk) andevmesh blanket (35.5% Kalilunjar and 4%
Sijeruk). The high percentage use of the wire m#ahket method in Kalilunjar is due to a
lack of distinction between the actual wire mesimkkt and the gabions. When asked where
the blankets where placed to prevent the hazanmh fn@ppening, the respondents would
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always refer to the gabions placed at the rivee iyh percentages of landslide mitigation
measures in Sijeruk may be due to the high ratre#p phenomena taking place in the area
while the low percentages in Kalilunjar are notpsising because most of the events that
have happened are localized impacting individuald aot the whole community. The
indifference in the mitigation measures is mainkg do lack of resources.

Some inconsistencies were observed from the regmbsdtable 8-2). For example, when
asked if there were any landslide measures beipgemented, the respondents that indicated
“not knowing” what was being done were expectedtoajive a response but they did. This
type of inconsistencies can be attributed to eithemiss-interpretation from the interpreters’
side or a hesitation on the side of the responderitsut the topic. The values in bold
highlight some of the inconsistencies of the resieors.

Table 8-2: Cross tabulation of availability of landslide maagement measures in use within the study area

Are there any landslide | What is being done to combat landslide occurrences? (P
management measures
Village implemented in your
area N A T WMB DW DL
Kalilunjar | Yes 30.6 29 8.1 35.5 12.9 1.6
No 12.9 16.1 8.1 11.3 1.6 1.6
Don't know / not sure 22.6| 226 9.7 16.1 12.9 0
Sijeruk Yes 56.5 63 13 4 17.4 0
No 6.5 8.7 2.2 0 2.2 0
Don't know / not sure 8.7 8.7 2.2 0 2.2 0

N- Nothing, A- Afforestation, T- Terracing, WMB- Wire rsie blanket, DW- Draining water out, DL-
Diversification of land useSource: Fieldwork 2009

The question on which groups were involved in thglementation of the management
measures in the study area was asked to determte¢her the people themselves were
willing to rehabilitate, protect and manage theeaaor if the measures are being imposed on
them. The results are presented in table 8-3. 40¥%hme respondents believed that the
community land users are at the forefront of immgating the management measures of
which 26.9% are from Sijeruk. Up to 27% of the m@sgents cited the government leaders,
with an equal distribution of 13.8% in both villageThe results show that 24.1% of the
respondents believe that individual land users ameolved in the management
implementation measures.

Table 8-3: Groups involved in the implementation of the ladslide management measures

What target groups are involved in the implementation 6the
management measures?
Individual Community | Government
Village Measurement Don't know land users land users Leaders Total

% within village sample 1.6 27.4 46.8 24.2 100
Kalilunjar | % of total sample 0.9 15.7 26.9 13.9 5714

% within village sample 15.2 19.6 32.6 32.6 100
Sijeruk % of total sample 6.5 8.3 13.9 13.9 426
Overall % 7.4 24.1 40.7 27.8 100

Source: Fieldwork 2009
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8.3. Landslides in agricultural land

How people deal with landslides in their agricudiuland either increases or decreases their
crop yields depending on the methods they empldye Bccurrence of landslides in
agricultural land leads to a deterioration of thedtional capabilities of soil; even if land
degradation caused by nature is often balancedroyations of new land. In the study area,
majority of the people do nothing when landslidesw in their agricultural land (59.7%
Kalilunjar and 45.7% Sijeruk). This may be duedol of resources or knowledge on what to
do. The most employed method is that of plantieggr(11.3% Kalilunjar and 17.4%) while
others just clear the slide material away. Theetéb¥ below not only shows results of the
activities / methods that the respondents implemieumt it also accesses the consistency of
their responses.

The variable of how people deal with landslideshieir agricultural land was cross tabulated
with properties owned in form of cultivable landher results indicate that some of the
respondents were not consistent with their resgorisar example in Kalilunjar, 1.6% of the
respondents claimed not to have cultivable landdaid they planted trees to deal with the
hazard. This could also possibly be that, that'stthey could have done if they had land.
Owning land has an effect on the way one deals thghhazard.

Table 8-4: Dealing with landslides in agricultural land

How do you deal with landslides in your agricultural lard? (%)
Properties
owned: Planting | Build Construct water| Clear material
Village cultivable land Nothing trees terraces channel away Total
Kalilunjar | None 8.1 1.6 0 0 1.6 11.3
Cultivable land 59.7 11.3 1.6 3.2 12.9 88.)7
Total 67.7 12.9 1.6 3.2 14.5 100
Sijeruk None 21.7 0 0 0 0 21.7
Cultivable land 45.7 17.4 6.5 0 8.7 78.8
Total 67.4 17.4 6.5 0 8.7 100

Source: Fieldwork 2009

8.4. Socio-economic benefits of the management measures

A single landslide event may cripple the socio-expit performance of an area by
destroying infrastructure, productive capacity aneating irreversible changes in the natural
resource base. Then the scarce resources that haghtbeen earmarked for development
have to be diverted to reconstruction, therebyrgetiack the economic growth (Hufschmidt,
2008). For example agricultural productivity maguee significantly due to loss of top fertile
soil and the farmers may have to buy fertilizerbaost their crop yields.

The question on the socio-economic benefits ofitegation measures being used was asked
to determine whether the employed measures wheraqiing the well being of the people in
the study area or not. The results are shown ile &5. 88.9% of the respondents cited the
reduction in the risk of mass movements of whictB8%2 were from Kalilunjar and 36.1%
from Sijeruk. Increased crop yields (9.3% in Kaljar and 7.4% in Sijeruk) were also
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indicated as a benefit of the measures that haee bedertaken to reduce the impact of
landslides in the study area.

Table 8-5: Socio-economic benefits of the landslide mag@ment measures

What are the socio-economic benefits of the method Ingj used
Reduced risk| Increased Collection
of mass land for of surface Increased | Diversification of
Village Measurements| movement cultivation run-off crop yield | income resources
% within
o village sample 91.9 3.2 21 16.1 12.9
Kalilunjar - "o5 within total
sample 52.8 1.9 12 9.3 7.4
% within
- village sample 84.8 8.7 13 17.4 6.5
Sijeruk % within total
sample 36.1 3.7 5.6 7.4 2.8
Overall % 88.9 5.6 17.6 16.7 10.2
Source: Fieldwork 2009

Cross tabulation was made of the management mealkaneg used and the socio-economic
benefits to determine which practice has been ereldray the people in the study area. The
results are shown in table 8-6. In both villagefprastation (61.3% Kalilunjar and 71.7%

Sijeruk) has been taken on as the main measuedtee the risk of mass movement. More
than 50% of the respondents in both villages aitgul ¢the use of gabions (wire mesh blanket)
as a common method. Draining out of water fromrtiving mass was also indicated as a
management measure that is being incorporatedenstirdy areas (25.8% Kalilunjar and

19.6% Sijeruk). Some management measures suclvexsitication of land use are not fully

applied by the people especially the farmers ag tbduce their yields by reducing cropped
area of the commercial crops.

Table 8-6: Cross table of the landslide management meassgrand the socio-economic benefits

What are the socio-economic benefits of the method beimuged? (%)
What is being done to Reduced Increased | Collection Diversification
combat landslide risk of mass land for of surface| Increased of income
Village occurrence? movement | cultivation run off | crop yield resources
Kalilunjar Afforestation 61.3 1.6 12.9 14.5 9.7
Terracing 21 3.2 3.2 6.5 4.8
Wire mesh blanket 59.7 3.2 16.1 8.1 9.7
Draining out the water 25.8 1.6 16.1 4.8 3.2
Diversification of land use 3.2 0 0 0 1.6
Sijeruk Affore§tation 71.7 8.7 13 15.2 4.3
Terracing 15.2 6.5 4.3 8.7 2.2
Wire mesh blanket 58.7 4.3 8.7 8.7 4.3
Draining out the water 19.6 2.2 10.9 6.5 2.2
Diversification of land use 0 0 0 0 0

Source: Field

work 2009

Some of the responses were not coinciding withinkended benefit. For example draining
out the water cannot have a benefit of “increasad ffor cultivation” just like the use of the

71



ANALYSING CHANGES IN LANDSLIDE VULNERABILITY USING  GIS AND LOCAL SPATIAL KNOWLEDGE

wire mesh blanket cannot have a benefit of collecof surface run off. These and many
others are some of the inconsistencies that arredxs in the responses.

8.5. Motivation

It was observed that majority of the people in bailages in the study area have limited
resources due to their low income levels; so treynot individually implement some of the
landslide management measures on their own. létisesome sort of motivation to encourage
the people to take up or start using the availabéasures, then the implementation and
sustainability of such projects will be successfubm table 8-7, 63% of the respondents cited
subsidies as the main motivation method being weill 34.3% from Kalilunjar. Social
pressure also to an extent (14.8%) has encourdgegedople to do something about the
landslide problem in their area (11.1% Kalilunjade3.7% Sijeruk). Whatever motivation is
used, it should be good enough in terms of advastéy the people.

Table 8-7: Types of motivation for implementing the managment measures

What was the motivation?
Well being
and
Don't | Rules and Social livelihood Increased
Village | Measurements| know | regulations| Subsidies| Pressure| improvement| profit Total
% within
village sample 0 3.2 59.7 19.4 16.1 1.6 1p0
Kalilunjar {05~ of total
sample 0 1.9 34.3 11.1 9.3 0.9 57.4
% within
- village sample 6.5 6.5 67.4 8.7 8.7 2.2 100
Sijeruk % of total
sample 2.8 2.8 28.7 3.7 3.7 0.9 42.6
Overall % 2.8 4.6 63 14.8 13 1.9 100

Source: Fieldwork 2009

8.6. Focus group discussions

They were held in each village with representatiséshe communities using a close-up
image of their respective villages. The discussiffigire 8-1) were used as a forum for
defining the communities’ problems and opportusitie regard to the landslide problems.
Most of the discussions evolved around the sizelacation of the past landslide events, the
damages and types of losses incurred and the adhierparticipants think should be taken to
reduce the likelihood of future events. An atteryais made to prepare an action plan to
develop their local mitigation and coping stratsgik involved understanding who and what
is vulnerable to landslides plus what capacitieistexithin the community to reduce their

vulnerability (table 8-8). Such active engagemeitlh wwommunities helps them to define their
problems and opportunities (E.C.B.P, 2009).

72



ANALYSING CHANGES IN LANDSLIDE VULNERABILITY USING

GIS AND LOCAL SPATIAL KNOWLEDGE

South eastern

2(b)
H

of Banjurney

Figure 8-1: FGD patrticipants 1(a) and 1(b) in Sijeruk vilage and 2(a) and 2(b) in Kalilunjar village

Table 8-8: Vulnerabilities and capacities in the studyrea

Landslide Hazard

Capacities

Physical and material
« What is vulnerable?
« What resources exist 1o

address vulnerability?

Vulnerabilities
* Relocated community  in e
Sijeruk
- Creep is taking place
causing cracks in thelr

houses and also made
gabions to fail.

- No permanent channel
drain the rain and sprin
water.

» People located on higher
ground and far from dalil
resources.

Their chances

experiencing
landslides is high
 Public facilities such as villag

(S

O e

fo
fas

office, schools: kindergarten ,
and primary, mosque, clean
water channel, waste water
channel.

« Part of the road in Kalilunjar (|
has been blocked before by| a,

Building of stabilization walls an
drainage facilities around hous
and also constructing gabions
places known to be unstable.
Village is directly connected witl
road

Mobile network
communication
Warning system (Kentongan)
available in case of any precursq
signs

Building of permanent drainag
channel

Construct traditional wooden hous
(joglo) that are easily replaceah
once damaged.

Plant trees that can hold the groy
like: albacia, calliandra, sengo
bamboo.

Reduce the number of fish ponds
the study area

is available fo

is

e

in

Construct gabions along the river
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landslide). « Training people in landslide hazad
management.
Social and organization |  Children below 5 years and e Free primary and secondary

* Who is vulnerable?
* What resources exist
make them less so?

O.

people 60-90 years old
People with little income / np
jobs who have no choice but to
live on the marginal unsafe ¢
places.
Uneducated and poor peoples
because they don’'t have mu
access to information of th
natural disasters happening ance
also have limited chance to get
good jobs.

There is no special communi
organization about landslid
defense and its facilities, lag
of campaign about initiative
towards  vulnerable  area.
Marginal people that have
limited access to public
resources.

education by government to reduce

the number of the uneducat
people.

Giving special training skills to th
uneducated, poor and teenagers.
Urging people to always respond
the kentogan warnings to whig
they are familiar with.
Mutual, moral and physical suppd
when a landslide happens
The local government
socialization among the peop
through the community buildin
program (karang taruna)

Motivation and attitude

« What attitudes lead t
vulnerability?

» What capacities exist f
improve the situation?

Changing the conservatic
forest into productive land.
Unplanned farming practice
due to lack of knowledge e.

Albacia requires a minimum of
8 years to be harvested but it'se
harvested at just 5 years.

Lack of collective mobilizatior
and mutual work among th
community (Gotong-royong).

Active community leadership tp

influence the people

Make farming competition games

(Kelompencapir) to educate farme
on how to cultivate their land.

ed

[¢)

to

rt

makes

le

Agricultural community
development helping in the
transition from dry season to wet
season(government, NGO and
stakeholders)

Diversify land use with trees such as
calliandra, bamboo, albacia,

mahogany, pine and tea. Seedlir
are also being given out free
charge.
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8.7. Local authority

The local authorities in both villages are awarehaf risk from the landslide hazard though
they tend to minimize the extent of the problem.ti@m, defining the risk and non risk areas
is political as they too occupy part of the proneas.

The management practices that they are trying feiment such as constructing gabions or
retaining walls and the drainage for excess surfaeger is technically oriented and
insufficient. They have tried to implement preveatiparticipation such as supplying
seedlings to plant not only along the river bangpeeially in Kalilunjar but also on the
masses believed to be unstable but majority ofe¢hients divert the resources to their own
agricultural land. Such preventive measures amoreg difficult to implement as they
require a mechanism for law enforcement to enduae the seedlings are utilized to benefit
the community at large and not just individuals.

8.8. Active preventive strategies

The enthusiasm for sophisticated technological odghof overcoming disasters such as
landslides has led many specialists to overlook andervalue the effectiveness of local
coping strategies and technologies (Twigg, 2004n& preventive intervention measures
undertaken to impede further slope failure and cedandslide risk in both villages are listed
below. They either enhance or limit local copingaeity and they include:

8.8.1. Retaining structures and drainage measures

A very effective way of protecting unstable slofresn sliding is stabilization by drainage. In
the study area, there is a weak contact betweehdtte impervious bedrock of andesitic lava
providing a sliding surface to the top weatheriog sf loose clay-silt. So constructing just an
embankment may result in a build-up of water indlupe, creating further instability.

In Sijeruk, the community has built retaining waligh provision for proper drainage of the
pore water pressure to reduce its force on bottskiyge and constructed walls in localized
areas believed to be moving. While in Kalilunjdre tommunity has built rock gabions along
the river to prevent it from undercutting the slofach measures are less expensive and more
applicable to developing countries such as Indendégid since they are community initiated,
then sustainability is guaranteed. Figure 8-2 shemamples of the measures being used in
the study area.
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Figure 8-2: Retaining walls constructed with drainage povision in Sijeruk (a), Gabions placed along the
river in Kalilunjar (b)

8.8.2. Access

The availability of a good road network within teidy area gives the communities better
chances of coping — since in the event of a disastternal assistance can easily have access
to the affected areas.

8.9. Community disaster management system

No formal early warning systems have been developddge study area but the presence of a
semi-organized disaster response system increas@saxtent the people’s chances to survive
the effects of a disaster.

8.9.1. Kentogan

It's a traditional warning system sounded to atleetcommunity in case of anything out of the
ordinary like say a landslide happening. It's mé&den wood with a hole in the middle and is
sounded by hitting it with a small wooden sticks lisually placed on houses that are closest
to the slopes or in strategic positions. Once sedngeople are able to understand that there
is a dangerous situation happening or about todrgmgo they should go to common meeting
places. With regard to this system, the commuraty flaith in it and still considers it accurate.
Figure 8-3 shows an example of the kentogan artiedsile for those responsible to sound it.

[BRDwAL FZFATE TANDA BUNYI KENTONREAW (Y|
MWGSD:  JSENN i i
| | rashon ALK SUKATHG
| [wante SUYARI 5
MUHID WA HADI R B i 92.0.9.0.0.0
Bencurian 9. 09 . oo
[SELASA :  |RABU :  lkehavaran e0. 6oe
TASRONI DULBARI Prrcana Alom e@oce . Seop
AHMAD HADI SUMARSO | Fencuri (inatond - @ . 00000. 809 94
AHMALL GIARTO [Gnda Aman R IXIZI N EYR YN
i Dorn Muluk .~ -
KAMIS UM.AT
NURYANTO DARMANTD
SARNO HAMID
PARTIN IGIMAN
SAB.
SuwARNG
SARWAN
NitpoM

Figure 8-3: (a) Actual kentogan and (b) an example of schedule to sound it
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8.9.2. Gotong Royong

It refers to the spirit of helping each other inodowill. Usually, the head of the village

mobilizes the community members in order to get esthing done especially during hard
times like when disaster strikes. Gotong royonggisn as a way of improving social cohesion
and its activities include constructing or renongtipublic facilities such as mosques and
schools which could be used as evacuation centres.

From the FGD’s conducted in both villages, the ipgréants expressed the need to revive
gotong royong as it was now lacking and they beliethat its one of the ways in which they
can build the village capacity. According to Twi@g004), the process of working and
achieving things together can strengthen communitie it reinforces local organization,

builds up confidence, skills, and capacity to coape

8.10. Conclusion

This chapter has explored the existing coping meishas in use by the communities in the
study area. These strategies have been dividedhrnte phases of before, during and after
and also characterized into social and structuediranisms. The religious element was not
explored in depth but the Islamic religion is aetivpractised by at least ninety five percent
of the population in the study area. Though irretipge of the religion, among the respondents
there are those who still do nothing in the threages mentioned above but wait for divine
intervention for protection.

Majority of the coping strategies implemented amdratiative of the local authorities though
the people have trained themselves to make arragrgsrwithin their limits. The community
land users especially those in Kalilunjar are wilto carry out the rehabilitation of their area
than waiting for government or having individuaksating with the problem singularly. It has
also been observed that the people still have faithe semi-organized disaster management
system that is in place in both villages. Suchemi’fe community management measures
lead to successful implementation of projects.
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9. Wulnerability analysis of elements at risk

This chapter deals with both the physical and doeidnerability of the communities. The
physical elements include buildings and esserdiglifies such as schools and mosques while
social vulnerability encompasses elements suctdasation level, length of stay in the area
plus other socio-economic characteristics. The whs@n in this chapter is based on the
information gathered during fieldwork from 108 resgents who represented a total of 779
people in the study area.

9.1. Introduction

Elements at risk maybe defined as all the valu&tbates threatened by the hazard (in this
case landslide). They include physical aspects asdtructures and infrastructure and socio-
economic characteristics of the respondents; tmdiuence the wvulnerability of the
investigated communities in the study area. This @wane by looking at the past landslide
impacts on the buildings and the community inhattg§aSome of these are quantifiable while
others are not.

9.2. Why live in the area

Reasons for living in the respective villages waetermined and the results are presented in
table 9-1. Most respondents are staying on an¢gstyperty as represented by 66.7% of the
total sample. In Kalilunjar, 35.2% of the samplegbplation indicated that they were residing
on ancestral property, against the 31.5% in SijeP4k1% of the respondents own property
obtained through buying from which majority arenfralilunjar. Other reasons included
easy access and work related.

Table 9-1: Reason for living in the respective village

What is your reason for living here?
Ancestral Own Easy
Village Measurement Cheap | property property access Work Total
Kalilunjar | Count 1 38 17 1 5 62
% within Village sample 1.6 61.3 27.4 1.6 8.1 10(Q
% of Total sample 0.9 35.2 15.7 0.9 4.6 57.4
Sijeruk Count 0 34 9 1 2 46
% within Village sample 0 73.9 19.6 2.2 4.3 100
% of Total sample 0 31.5 8.3 0.9 1.9 42.4
Overall % 0.9 66.7 24.1 1.9 6.5 100
9.3. Physical characteristics (Buildings)

Not many studies describe the impact of a landsidex building. But it can be understood
that a building may completely get destroyed, pytidamaged or may experience excessive
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deformation such as inclination without damage myra landslide event (EPFL 2002 in

(Papathoma-Kohle et al., 2007)). Some of the fadtoat play a role during a landslide impact
include the building material, its age, size anghidation (Papathoma-Kohle et al., 2007). The
location of the building also affects its physigalnerability. This is not only because of its

presence within the high susceptibility zone, dabdhe characteristics of the neighbouring
slope. The impact of landslides on a building candiverse depending on the type of
movement. For example figure 2-2 shows some typ@sagnitudes that a building can face

due to landslide impact. According to knowledgermetaca, a slope with a steady inclination

plus uncut forest is safer than one without vegmiadnd has irregular rise.

9.3.1. Quality of housing

The probability of people being wounded or killedthe event of a natural hazard such as a
landslide is largely influenced by their dwellingustures (Cutter and Emrich, 2006). The
design of a house can be a very effective way gfstidg to a specific hazard but can also
increase the vulnerability of its occupants. Whehoaise is rented, the tenant is usually
limited on the condition and maintenance of the ldage This includes things such as
constructing a retaining wall in case of landslidaéso the house owner is more likely to
ignore the maintenance of the structure since she Is not exposed on a daily basis
(Hufschmidt and Crozier, 2008). Data concerninglibdt environment was collected during
the field household surveys and it included infaiorasuch as the type of roof, wall and
floor material that constitute buildings.

The survey showed that most if not all homes araeal\by the occupants who take time to
repair/renovate their houses in case of damagééyhgoing creep. 78.7% of the houses
visited in both villages (42.6% Kalilunjar and 3®&1Sijeruk) were regarded as permanent
structures while 21.3 % (14.8% Kalilunjar and 21.3%eruk) were taken as semi-permanent.
Permanent structures in this study refer to bugslimade up of more than 90% brick-concrete
material while the semi-permanent structures havemall percentage of brick concrete
material. It was also observed that all housesdiagtiles as roofing material which helps to
increase their strength (figure 9-1).

Figure 9-1: Examples of clay tiles roofs in the study area
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Figure 9-2 shows the spatial distribution of stowes within the study area with the fast

landslides susceptibility map as background. It barseen that most houses in Sijeruk are
located within the medium to high susceptible arehde in Kalilunjar some houses are

located in the low areas as shown by the circutaps. Figure 9-3 shows the spatial

distribution of structures with the creep phenomenap as background. It can also be
observed that while majority of the houses in Sifeare located in the high susceptibility

class, there are some structures in Kalilunjar énatwithin the low class as indicated by the
pink circle.
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Figure 9-2: Spatial distribution of the type of structuresin the study area with the fast landslides
susceptibility map as background ((a) Sijeruk and (bKalilunjar)
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Figure 9-3: Spatial distribution of the type of structuresin the study area with the creep phenomena
susceptibility map as background ((a) Sijeruk and (b) Kalunjar)

9.3.1.1. Wall

The nature of the wall facing the slope can eitherease or decrease the vulnerability of the
building occupants. Absence of openings in the waltreases this type of vulnerability,
though it's also dependant on the volume and spéd#tk slide material (Papathoma-Kohle et
al., 2007). Also the type of material from whickettvall is constructed matters a lot. The
strength of a brick concrete wall is much more ttfzat of a wooden wall. A brick-concrete
wall can withstand to an extent the impact of daterexternal force which a wooden wall
can't withstand. With this in mind, analysis wasdaaf the types of building wall materials
in the study area. From table 9-2, it can be skanthe dominant wall type in both villages is
that of brick concrete (71% for Kalilunjar and 6%4or Sijeruk) for the permanent structures.
In Kalilunjar, there are also a sizeable numbewobdden houses (16.1%) while in Sijeruk, a
sizeable number of concrete-wood (17.4%) existekBroncrete refers to structures with all
the wall materials made of bricks, sand and cenadniie concrete-wood refers to a house
with the outer walls made of concrete and the mswdll partitions done with ply wood. With
wood, the entire house walls where completely waode
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Table 9-2: Types of building structure

Type of structure (%)
Village Wall material (%) | Permanenf{ Semi-Permanent Total

Kalilunjar Brick Concrete 71 0 71
Wood 0 16.1 16.1
Concrete wood 3.2 9.7 12.9
Total 74.2 25.8 100

Sijeruk Brick Concrete 67.4 0 67.4
Wood 0 13 13
Concrete wood 17.4 2.2 19.6
Total 84.8 15.2 100

Source: Fieldwork 2009

Floor

The importance of the floor material is to underdtghe uniformity of the house. A house
with a floor connected to the walls can be regarstednger than a house without a proper
floor. Also the floor material indicates the webaof a particular household. A family whose
house has a brick concrete floor is regarded te lzahigher / better standard of living than
one with a floor made out of earth material. Basedhe field results (table 9-3), there were
mainly two types of floor materials in both villagebrick concrete the dominant type
especially for the permanent structures (71% foliliigar and 84.8% for Sijeruk) and soil.

Brick concrete in this study refers to cement aedamic tiles while soil refers to earth

material.

9.3.1.3.

Table 9-3: Cross table of the building structure andlbor material

Structure type (%)
Village Floor material (%) | Permanent Semi-Permanent  Total
Brick Concrete 71 19.4 90.3
Kalilunjar Sail 3.2 6.5 9.7
Total 74.2 25.8 100
Brick Concrete 84.8 13 97.8
Sijeruk Soil 0 2.2 2.2
Total 84.8 15.2 100

Source: Fieldwork 2009

Combination of wall and floor materials

An attempt was made to assess structural vulndyabdsed on a combination of the wall and
floor materials since different materials have etiént vulnerabilities. A cross tabulation was
generated as shown in table 9-4.
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Table 9-4: Cross table of the floor and wall material

Floor material
Village Wall material Brick Concrete Soil Total

Brick Concrete 67.7 3.2 71

Kalilunjar Wood 12.9 3.2 16.1
Concrete wood 9.7 3.2 12.9
Total 90.3 9.7 100
Brick Concrete 67.4 0 67.4

Sijeruk Wood 10.9 2.2 13
Concrete wood 19.6 0 19.6
Total 97.8 2.2 100

Source: Fieldwork 2009

From the above cross table, the highest mateeagjuincy of occurrence in both villages is
that of brick concrete while other materials hawl ¢hstribution though not that significant.
Representative structural types within the stuéaare shown in figure 9-4 below.

e e

Figure 9-4: Examples of the different types of structures(a) brick-concrete, (b) concrete wood and (c)
wooden

9.3.2. Building use

In the study area, majority if not all of the buigs were mainly used for residential purposes
apart from the critical facilities such as schoat®sques and small retail shops located along
the main road. Majority of these critical facilgiexcept the retail shops where constructed
out of brick concrete. Figures 9-5 and 9-6 belowvshhe location and distribution of the
essential critical facilities with the fast land&s and creep phenomena susceptibility maps as
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background respectively. It can be seen that mbshese facilities in both scenarios are
located in the high susceptibility areas. This nsedwat their chances of getting damaged are
high so something needs to be done in form of prewee measures. Table 13-3 (Appendix 3)
explains better the information provided in figu@®$ and 9-6. As explained earlier, all the
critical facilities in both villages apart from okéndergarten and one mosque in Kalilunjar
are located in the dangerous areas.
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Figure 9-5: Spatial distribution of the critical faciliti es in (a) Sijeruk and (b) Kalilunjar with the fast
landslides susceptibility map as background
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Figure 9-6: Spatial distribution of the critical facilities in (a) Sijeruk and (b) Kalilunjar with the creep
phenomena susceptibility map as background

9.3.3. Building location

People’s location when a hazard strikes influentices exposure (Glade, 2003). The day time
— night time presence principal determines the egif exposure. For example, the exposure
of the employed group of people and school gointgdiedn will be lower during the day if
their home is located in a susceptible area butoeihigher at night. Also physical location of
a building matters though it's relative to the ptvrena taking place. A house located on a
ridge is regarded to be more vulnerable than ooatéal along the slope. Likewise, a house
located in the valley maybe more at risk sincenaditerial from upslope will inundate it.
Using the latter situation, analysis was made aidimg locations in the study area. From
table 9-5, most of the buildings in the study amea located along the slope (95.4%). Using
the obtained susceptibility maps, it can be seanrtfajority of the buildings in the study area
are located in both the moderate and high susdkggtikones. This alone makes them
extremely vulnerable to the hazard.
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Table 9-5: Topographic location of the houses

Topographic Village
location Measurements Kalilunjar Sijeruk Total

Count 61 42 103

Along the slope % of Total sample 56.5 38.9 95.4
Count 0 3 3

At the mountain foot | % of Total sample 0 2.8 2.8
Count 1 1 2

On the ridge % of Total sample 0.9 0.9 1.9

Overall % 57.4 42.6 100

Source: Fieldwork 2009

9.4. Social — economic characteristics

Social — economic characteristics define the gbdit an individual within a household to
cope with the impact of a natural hazard (in tlaseclandslide) when they happen in their
localities given their socio-economic status (Asma008). These aspects are related to
people’s lives, economic activities, income levelbere they live; etc. An understanding of
the people’s action is obtained once these charstits are analyzed. Some of the key
characteristics collected during the survey ardagxed below.

9.4.1. Age of the respondents

This is usually used in respect to the young aderél. But in this study, it was used to be

able to determine if the respondents had any mecodn of the past landslide events in the
respective villages in the study area. The oldex ) the higher the chances of having
experienced or heard about a past event than onasatender in age. It is assumed that age
has a correlation with how individuals will conduittemselves when responding before,
during and after a landslide event. Having livebtigh a similar hazardous event in the past
can increase one’s preparedness and improve theéhegyrespond in case of an emergency
(Hufschmidt, 2008). During the survey emphasis w€ed on having respondents above
twenty years of age since they are considered dnid are in position to best explain the
situation of what is happening in their area. Tdbk below, shows the age distribution of the
respondents with the dominant ages between 20ye&$ for both villages.

Table 9-6: Cross table of gender and age of the respondents

Age group (%)

Village Gender| 20-29 30 -39 40 - 49 50-59 > 60 Tota
Male 11.3 8.1 12.9 8.1 8.1 48.4

Kalilunjar | Female 19.4 16.1 9.7 3.2 3.2 51.6
Total 30.6 24.2 22.6 11.3 11.3 100

Male 13 10.9 23.9 8.7 8.7 65.2

Sijeruk Female 4.3 10.9 13 6.5 0 34.8
Total 17.4 21.7 37 15.2 8.7 100

Source: Fieldwork 2009
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9.4.2. Length of stay

This was not only used to determine if the respatgldad any recollection of the past
landslide events, but it's also related to socetworking and local support from which one
can profit due to shared responsibilities and reszsias well as emotional support in case of
a disaster. Lack of a social network can be a ilngifactor. Recent immigrants may lack
connections to the larger community and may hesiiatseek assistance outside their family
(Morrow, 1999). It is believed that the longer cstays in a particular area, the wider the
social network. This means that such a person earagsistance from neighbours and this
helps to minimize to an extent the impact of thedidide disaster. Table 9shows the results
from the analysis. Majority of the respondents 8@94.9% for Kalilunjar and 36.1% for
Sijeruk) had stayed in the respective villagesrfmre than five years so depending on the
frequency of the hazard, they must have an undwetistg of which are the safe places and
possible evacuation routes. Plus who to run tohfdp. It was realised that the individuals
who had stayed for less than one year were teaeitewshad been recently offered jobs in
some schools in the study area.

Table 9-7: Duration of stay of the respondents

Duration (%)

Village <1 year 1-5years| >5yeals Tota
Kalilunjar 1.9 3.7 51.9 57.4
Sijeruk 0 6.5 36.1 42.6
Total 1.9 10.2 88 100

Source: Fieldwork 2009

9.4.3. Income dependency ratio

The number of income generating members in relatmnthe number of dependants
influences a family’s economic status. Familieshwat higher ratio of dependants to income
earners are generally under pressure to obtaintairceconomic status which leads to a high
demand when responsibilities for dependants excekedsavailable financial resources
(Morrow, 1999). In Indonesia, the central bureastatistics defines an ordinary household as
one with either one person or group of people ¢ima physical building and share common
provision for food and other essentials. The damirhousehold family size in both villages
is that between 4-6 members (63.9% for Kalilunjzat &§7.8% for Sijeruk) (table 9-8).

Because the cost of living should be basicallyghme for every income group, households
earning less and have many dependents are disadeants they will have to bear the
responsibility implications during and after a isTherefore income dependency plays a
role for the affordability of adaptive activities ivulnerability (Hufschmidt and Crozier,
2008).
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Table 9-8: Cross table of the respondent's monthly ingoe and the household size

Monthly income (Rp) (%)
Household
Village size 500,000 - | 1,000,000 - | 2,500,000 - | 5,000,000 -
<500,000 | 1,000,000 | 2,500,000 5,000,000 | 10,000,000| Total
Kalilunjar | 0-3 4.9 8.2 8.2 6.6 0 27.9
4-6 13.1 26.2 13.1 9.8 1.6 63.9
>6 3.3 3.3 0 0 1.6 8.2
Total 21.3 37.7 21.3 16.4 3.3 100
Sijeruk 0-3 6.7 20 2.2 2.2 0 31.1
4-6 6.7 26.7 20 4.4 0 57.8
>6 2.2 4.4 4.4 0 0 11.1
Total 15.6 51.1 26.7 6.7 0 10(

Source: Fieldwork (2009)

The bold numbers show percentages of the househlibltsare having a high income
dependency ratio and are likely to be affected nadstn disaster strikes. IDR is derived by
dividing the monthly income by the total househsilze.

9.4.4. Education level

llliteracy and poor education can reduce one’s sxde information and well paid jobs
(Hufschmidt, 2008). Education is an important aspéth reference to the level of awareness
of the hazard and the measures that need to ba.tdaority of the respondents in both
villages had studied up to primary level (59.3%)xhewn in table 9-%ew had attained the
university education (7.4%).

Higher education is related to better job oppottesi For example, in the study area,
individuals that had a university education werefgdly employed unlike those with low or
no education who have no option but to take on Wfeahad to offer. It is assumed that such
respondents with a good education have a beteeiditomparison to those with little or no
education at all. One’s level of education can helmfluence their quality of life.

Table 9-9: Education level of the respondents

Education level (%)
No formal
Village education Primary] Secondary University Total
Kalilunjar 2.8 35.2 13.9 5.6 57.4
Sijeruk 12 24.1 4.6 1.9 42.6
Total 14.8 59.3 18.5 7.4 100

Source: Fieldwork 2009

9.4.5.

Occupations such as farming that are tied to araltesource are endangered directly if the
resource sustains long term damage by a manifestiedal hazard and there is no alternative
source of employment (Hufschmidt, 2008). For examnpl farmer will lose the basis of his
livelihood in case a landslide struck his agricidtuand and destroyed the crops while a
teacher will easily relocate with his knowledge askdl to another area. The respondents
were categorized into four groups (table 9-10):lI8#&j formal, informal and unemployed.

Occupation
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Majority belonged to the formal group (53.2% forliKajar and 71.7% for Sijeruk) which
included civil servants, farmers, traders and tsildhe skilled group comprised of teachers
who were regarded to be gainfully employed andteeated with a high social status and
informal workers included miners, farm labourersivets and barbers. The unemployed
group contains mainly housewives who stay homeatercfor the well being of the family
while their husbands bring in the income. Most I tarmers have salak as the main crop
with rice, albacia, cardamom, coconut and cassavsubsidiary crops. All these are grown
for both commercial and subsistence consumptiomeSespondents indicated that they had
two occupations so they are able to supplemernntwne from the first occupation.

Table 9-10: Cross table of first and second occupation of éhtrespondents

First occupation (%)
Skilled Formal Informal
Village Second occupation (%)| workers workers workers Unemployed Total
Not applicable 1.6 35.5 1.6 35.5 74.2
Kalilunjar Applicable 4.8 17.7 3.2 0 25.8
Total 6.5 53.2 4.8 35.5 100
Not applicable 4.3 58.7 6.5 17.4 87
Sijeruk Applicable 0 13 0 0 13
Total 4.3 71.7 6.5 17.4 100

Source: Fieldwork 2009

9.4.6. Monthly income

Majority of the respondents in both villages wheategorized into the low income group as
shown in table 9-1114,000Rp = 1Euro during the time of fieldwork).oRr the monthly
income, one can deduce that high income earnelgsseulnerable since they can affect the
degree to which protection can be built e.g. caigsiing preventive measures, building strong
homes, etc while the low or medium income earnamnot afford to protect themselves to the
same degree. Majority of the women interviewed wewasewives who depended on their
husbands’ monthly income though some supplemetisdricome by setting up small retail
shops in their houses (figure 9-7).

Table 9-11: Income levels of the respondents

Income levels (Rp) (%)
Low Income Medium Income High Income
Village (> 5,000,000) (1,000,000 - 5,000,000) (< 1,000,000)| Total
Kalilunjar 33.3 21.3 2.8 57.4
Sijeruk 27.8 14.8 0 42.6
Total 61.1 36.1 2.8 100

Source: Fieldwork 2009
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» ¥ N R
Figure 9-7: Example of an in house retail shop

A correlation was made between the income and ¢iduckevels of the respondents. This

was to assess whether one’s income level correlatbdheir education level. The results are

presented in table 9-12. It can be seen that ngjofithe respondents with low and medium

income have primary and secondary level educafitsn some of those who claimed to have

a university education fell in the low income catgg This shows that to an extent the level

of education does not affect the income levelshia tase though we can't rule out the fact
that some of the respondents could have given agvirecome amount in fear of being looked

at as small earners. Nevertheless, people witglaincome are believed to be less vulnerable
than the medium and low income earners since tlaeyuse their means to cope up to a
certain level with the disaster.

Table 9-12: Cross table of the education and income levai§the respondents

Education level (%)
No formal
Village Income levels (%) education Primary| Secondaly Universjty  Total
Kalilunjar | Low Income 1.6 38.7 14.5 3.2 58.1
Medium Income 3.2 19.4 9.7 4.8 37.1
High Income 0 3.2 0 1.6 4.8
Total 4.8 61.3 24.2 9.7 100
Sijeruk Low Income 26.1 30.4 6.5 2.2 65.2
Medium Income 2.2 26.1 4.3 2.2 34.8
Total 28.3 56.5 10.9 4.3 100
Source: Fieldwork 2009
9.5. Spatial multi-criteria evaluation for vulnerability assessment

Spatial multi-criteria evaluation is a process thansists of procedures that involve the
utilization of geographical data, the decision makpreferences and the manipulation of the
data and preferences according to specified decisites that result in an aggregation of
multi-dimensional information into a single parasredutput (Sharifi and Retsios, 2004).
ILWIS-SMCE was used as a basis to calculate a vabiy index that integrates the factors
discussed in sections above. The process was ireplech using the steps in figure 9-8.
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Socic-economic Physical
conditions conditions

Vulnerability indicators

I
Standardization

I
Weighting
I

Composite index
maps

I
Overall
vulnerability map

v

Interpretation

Figure 9-8: Flow chart for SMCE phase which results im final vulnerability map

The inputs are a set of maps or tables that apatgakrepresentation of the criteria. They are
grouped, standardized and weighted in a critegia with the output as one or more composite
maps (Abella and Van Westen, 2007). Standardizaidrom the original value to a value
range of 0 — 1. This is done because the indicdtave different measurement scales and
their cartographic representations are also differ&tandardizing a “value” map with
numerical and measurable values is different frofulass” map with categories or classes.
Weighting is carried out to identify the relativeportance of each indicator and is done using
a number of techniques such as direct, pair wisepesison and rank-ordering that allow
elicitation of weights in a user-friendly fashionaay level and for every group in the criteria
tree (Abella and Van Westen, 2007; Sharifi and iBefs2004). In this work, pair wise
comparison of the indicators was used.

SMCE allows the assessment of several alternaitivesder to help understand their impacts,
pros, and cons, their related trade-offs and therall attractiveness of each option or
alternative. An example of a criteria evaluatiagetis showed in figure 9+¥®hile figure 9-10
shows standardizing and weighting respectively.
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%% Yulnerability -- Pairwise B Sijeruk_tuln_Pair
=-E3 0.50 Sacial vulnerabilty - Pairw. .. B Si_Social_Pair

----- By 0,28 Income -- Std:attr="Jo... [ sijeruk:Income

----- By 0.07 Age_group -- Std:Atkr,.. [T sijeruk:fge_group
----- By 0.07 Length_skay -- Skd:4tt, ., mj sijeruk: Duration

----- By 0,08 IDR -- St akkr="Jain_... [] sijeruk:IDR

----- EY, 0,18 Literacy -- Skd:atkr="1a,, mj sijeruk:Education

----- By 0,16 Occupation_1 -- Skd:At,, mj sijeruk: ocupation_L
----- B, 0,16 Occupation_2 -- Skd:At,., mj sijeruk: Occupation_2
E-E3 0.50 Physical volnerability - Pai,. B Sii_Physical_Pair

----- By 0,18 Wall_floor -- Std:atkr=, . mj sijeruk:Wall_Floor

----- By 0,30 Struckures -- Skd:Akkr=., mj sijeruk: Structure

----- EYy 0,52 Critical -- Std:atkr="0i,.. mj sij_critical: Critical

Figure 9-9: Multi-criteria tree for assessing vulnerability in Sijeruk village
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Figure 9-10: Example of (a) standardizing a value vulnerabitly indicator and (b) weighting using the
pairwise function

9.6. Vulnerability analysis

The final representative vulnerability map for #tady area with values ranging from 0 (low
vulnerability) to 1 (high vulnerability) was develed using SMCE as indicated above. How
the indicators were used in the SMCE for sociahgubility are explanied below.

9.6.1. Livelihood

In this category, the first and second occupati@neaconsidered. Dealing with this category
is rather relative. On one hand, respondents withdccupations can be considered to be less
vulnerable than those with one occupation yet drerohand there might be an individual with
one occupation but an enormous amount of incomé ithanore than that of another
individual with two occupations. For this work, tfegmer was considered where individuals
with two jobs are better than those with one. Téisecause obtaining the income information
from some of the respondents was not easy.

9.6.2. Awareness

Literacy and duration where used in this categdhe higher the education level attainment,
the less vulnerable an individual would be sinagytban be able to apply their knowledge to
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what is happening around them. Incase of duratibpmyas considered interms of social
networking. The longer one stays in an area, trgefathe social network than one who has
stayed there for just a few years.

9.6.3. Income related

In this category, the respondents income and tbene dependency ratio (IDR) were used.
IDR was derived by dividing the income by the tataimber of people in the household.
Individuals with a higher income and very few degeamis have a higher IDR than those with
a low income but with many dependents.

9.6.4. Household composition

Age and total household size were considered is thtegory. Dealing with age is also
relative. On one hand, children below 15years ahdtsabove 65years of age are considered
vulnerable while on the other hand, adults abovge&fs of age can be considered less
vulnerable due to the fact that they will have eig@®ed an event in that area and are better
equipped with knowledge of where and how oftenetients occur. The latter was considered
since time did not allow collecting sufficient data

9.6.5. Type of structure

This was considered in terms of whether the stracisi permanent or semi-permanent. The
Permanent structures as explained earlier are tmask2 completely of brick and concrete
while semi-permanent structures are those that hdwéck-concrete shell but are partitioned
with wood inside. A structure made completely atkiconcrete is seen to be stronger than
one with only a brick-concrete shell. If force iseeted from the outside, the inner walls
should be able to resist this force. But if they mrade of wood, they will just crumble and the
whole house will collapse.

The factors discussed in 9.6.1 to 9.6.5 were alirsad up to obtain an overall vulnerability
for the respondents within the study area. It isesbed that most of the respondents lay
within the moderate vulnerability class and the ege distributed between the low and high
vulnerability classes as shown in figures 9-11g@adl (b). This pie chart distribution of the
respondent vulnerability classes in both Kalilungead Sijeruk was made to compare their
vulnerability levels. In figure 9-11 (a) and (b)#&n be seen that most respondents are within
the moderate class of vulnerability with 52% in iKadjar and 54% in Sijeruk. The low and
high classes in both villages are relatively dtted among themselves with slight
differences. Figures 9-12 and 9-13 show the digtidln of the vulnerability classes in some
areas of the study area.
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Figure 9-11: Percentage of each vulnerability class
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Figure 9-12: Overall vulnerability of some of the respodents from Sijeruk Village
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Figure 9-13: Overall vulnerability of some respondents irKalilunjar village

The above analysis represents an important sourdgefamation for not only the local
authorities but also those involved in disasteigatton and prevention. More indicators need
to be analysed inorder to obtain a more comprebadsial vulnerability map.
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10. Risk analysis

According to Guzzetti (2005), risk is an attributfean element and not of an area where the
element is located. When establishing risk, thei$os on the assets such as the elements at
risk that may suffer damage from the harmful conseges of the hazard. To estimate the
risk, information on the type, distribution, vulaéility and value of the assets in the study
area is required. Also the zonation of the area $nisceptibility classes is a requirement when
establishing the risk of an element (Guzzetti, 2005

According to Cascini et al.(2005), risk cannot badily determined because of the difficulty
in assessing the elements at risk and their vubildya Concerning landslide risk, there is
almost no indication of what is acceptable, tolexadnd unacceptable risk (Cascini et al.,
2005).

Risk assessment comprises of three parts includgkganalysis, risk evaluation and risk
management (Bell and Glade, 20@4)shown in figure 10.1.

Risk evaluation
* What is allowed to
happen?
* What must not happen?
* Who is affected
* Who has to decide

Risk analysis
» What could happen?
* What could happen and |«
where if something
changes?

Risk management

* What is to be done?

* What can be done?

* What are the
alternatives?

* Who is paying

Figure 10-1: Risk assessment conceptdopted from Bell and Glade 200%

For this research, risk analysis is consideredk Ridife caused by fast landslides and creep
in this research was analyzed using equation 1@ddslide risk is commonly expressed as
the product of the landslide hazard and vulnergitidi landslides. A schematic representation
of the input maps for the risk analysis is showfignre 10-2.

Risk = Hazard x Vulnerability............ooooi oo 10.1
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Landslide characterization Characterization of

 Landslide susceptibility conseguence scenarios
zones N Risk map ol * Elements at risk

« Landslide intensities * Vulnerability of
elements at risk

Figure 10-2: Schematic representation of the input mapf risk zoning. (Modified from Cascini et al, 2003

The landslide characterization map which is theggaimap includes the susceptible areas,
landslide intensities and other datasets whiledracterization of consequence scenarios
includes the elements at risk and their vulnergbilCombining the two maps gives a risk
map. According to Cascini et al. (2005), risk mhpse different objectives of which the main
one is to provide a global view of expected damdge to potential landslide hazard by
identifying the most vulnerable elements that aredtened.

Using the obtained hazard susceptibility and vah#ity maps in the above chapters, a
matrix was developed to calculate representatisie fior both landslide types as shown in
table 10-1.

Table 10-1: Risk assessment matrix
zard susceptibilityy ~ Low Moderate High Very high

Vulnerability classe
Low

Moderate

Figh ———

In this matrix, a given area may have many elemprasent but each with a different type of
vulnerability. For example, if an individual is fod to be in a high hazard class and at the
same time he / she has a high vulnerability class then the risk of such a person is
considered high. However if an individual with ihet same high hazard area has a low
vulnerability class tag, then they can be assignetbderate risk because they can withstand
to an extent the impact of small events unlike lifge ones. Below is an explanation of the
matrix colours.

Red: People are at risk of injury both inside and ml&<f buildings. There is a possibility of
a high destruction of buildings.

Yellow: If construction of the buildings has been adaptethe present conditions, damage
can be expected but not destruction.

Green: In this zone, it can be said that people are atrieiwof injury with slight damage to
buildings.

To obtain the risk levels of the respondents, theahd susceptibility map was crossed with

the final vulnerability map usini. WIS software. The results of the calculation are presk
in figure 10-3 below.
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Risk to fast landslides in Kalilunjar (2) Risk to fast landslides in Sieruk ()

Moderate
53%
Moderate
56%

2% 3%

Risk to creep phenomena in © Risk to creep phenomena in ©)
Kalilunjar Sijeruk

Moderate
Moderate 31%

42%

Low
0%

Figure 10-3: (a) and (b) - Fast landslides risk and jand (d) - creep phenomena risk in Kalilunjar and
Sijeruk villages respectively

Using figure 10-3 (a) and (b) it can be concludeat the risk to fast landslides is almost the
same in both villages. The moderate risk classthashighest percentage in both villages
followed by the high class and finally the low das

Considering the creep phenomena (figure 10-3 (d) (@), the risk is seen to be higher in
Sijeruk village than in Kalilunjar. The high riskass has the highest percentage in both
villages, followed by the moderate risk class amalfy the low risk class which is only in
Kalilunjar village and not in Sijeruk. It can benmduded that the highest risk to respondents
in both villages is caused by the creep phenontemathe fast landslides.

The results from the risk analysis also show regjiarrelation to the respective processes and
the elements at risk. Figures 10-4 and 10-5 shawmgies of risk from the fast landslides and

creep phenomena respectively in selected plactedftudy area. They highlight to an extent

the distribution of the different levels of risk dfie respondents due to the difference in
vulnerability and hazard susceptibility classes.
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Figure 10-4: Fast landslides risk - (a) Susceptibility ashvulnerability maps (b) Risk Map

In figure 10-4 (a), the black circle shows resparsdevith moderate overall vulnerability but
residing in an area with moderate to high fast $idds susceptibility. The corresponding
black circle in figure 10-4 (b) shows the levelsrigk of these individuals. Referring to table
10-1, we can say that the risk of these individisatsgh.

Again in figure 10-4 (a), the blue circle showspmsdents with all the three classes of
vulnerability residing in a high susceptibility are Their respective risk level is also showed
in figure 10-4 (b). The person with low vulneratyilis seen to have moderate risk while those
with moderate and high vulnerability have high rigkis still concurs with the matrix in table
10-1. Finally the brown oval in figure 10-4 (a) sisa respondent with both low vulnerability
and low susceptibility with the corresponding risKigure 10-4 (b) also low.

The assessment applied to figure 10-4 was alsdeapfd figure 10-5. The black circle in
figure 10-5 (a) shows respondents residing in @a #nat has very high creep susceptibility.
The corresponding risk in figure 10-5 (b) showsirthisk as high. The options that these
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individuals have are to either construct their lesuw/ith a deep foundation or they should
relocate to a safe / better location.

The blue oval shows respondents with all the tlctasses of vulnerability residing in a high
creep susceptibility area. Again figure 10-5 (bpwh their corresponding risk levels. The
individual with low vulnerability is seen to haveoderate risk while those with moderate and
high vulnerability have a high level of risk. Inseaof creep taking place, the two respondents
with high risk will have more damage than the matkerisk person.

357330 357420 357510 357600 357690 357780 357300 357400 357500 357600 357700 357800
Legend

Vulnerability Susceptibility-Creep N Risk-Creep
Low
|:' Low |:l Low A
Moderate [__| Moderate 0 005 0.1 0.2 [ Moderate
B ien I vigh Kilometers B iich
I Very hich WGS 1984 UTM Zone 49S

Figure 10-5: Creep phenomena risk - (a) Susceptibilitgand vulnerability maps (b) Risk Map

The risk assessment discussed above provides &ssifioa individual risk levels but does not
provide insight on the geographical distributiontleé landslide risk to the population in the
study area. Also the constructed risk index masixot a final result per se. The ultimate
objectives can only be fulfilled when proper rigkluction measures are implemented, leading
to an observed decrease of casualties (Hy and Be@@04). The above information can be
used by the authorities to develop mitigation styegs and policies to minimize population
risk. Despite the data limitations, the resultsaoi#d confirm that mass movements in the
study area represent both societal and economitgans that should not be overlooked.

100



ANALYSING CHANGES IN LANDSLIDE VULNERABILITY USING  GIS AND LOCAL SPATIAL KNOWLEDGE

11. Conclusions, recommendations and study
limitations

11.1. Conclusions

The study was carried out in Sijeruk and Kalilunygiages located in Banjarmangu sub
district Central Java province. It involved addneggthe following objectives:

1. Developing a hazard analysis based on the past lagiitle events experienced by

the communities in the study area
a) Reconstruction of the 2006 landslide event andalianalysis

The landslide processes taking place in the stuelgt belong to two categories: (1) the fast
movement types with a recent massive event in 20@6the persistent slope creep that cracks
building walls, road surfaces, etc. The researchrbgealed that the factors influencing these
two processes are slope gradient and land usectesgdg. This is not surprising when
compared to the perception results in section B chapter 7 where the respondents have
full knowledge of what the landslides are and ald@t causes them due to their interaction
with the physical environment.

Whether the 2006 event was a reactivation of areroldndslide or not could not be
established during this research as the landstiderds were scanty especially in this location
of the study area. Apparently, within the studyaamader similar conditions, the fast landslide
types do occur though they are site specific apchffecting individuals not the community at
large. To the communities, as far as they are coede tangible landslide hazards are those
due to the on going creep phenomena and occadastdandslides.

During this research, there was insufficient datduilly understand the mechanism of the
2006 event. So no adequate answers could be ptbtedehether there is a probability if the
remaining part of the mountain would mobilize iatsimilar a pattern or not.

An attempt was made to establish the relationseipvéen the fast landslide slope failure and
rainfall amounts. The analysis was done based endtily and antecedent rainfall for
different time intervals that included 3, 10, 15d&0 days before the event. The minimum
probable thresholds for the known landslide evergee obtained and analysis of the graphs
in figures 5-6 and 5-7 suggests that slope failuseally occurs immediately when the
threshold exceeds the lower boundary.
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These thresholds have been analyzed based on ledsmaion of landslide activity; implying
that the approach is workable and can be used farger period to get better and valid
results. The results can also be improved furtlyettistinguishing between slope failures due
to human activities such as road construction hode whose failure resulted from rainfall.

The use of the Gumbel extreme value method to aeaiginfall data yielded good results
though the return period cannot be relied uponesugry few landslide events are known with
respect to the maximum daily rainfall value thaswased. Nevertheless, it can be noted that
the Gumbel distribution gives a range within whible return period of a particular rainfall
amount is expected. Together with the rainfall shdds, they help to anticipate what’s going
to happen and get prepared but does not resuieialtering of the course of human actions.

b) Landslide hazard mapping and susceptibility anslysi

A landslide inventory is a mandatory step for etffex landslide investigations to determine
the level of risk (Guzzetti, 2006). It is essent@lkeep records of historical landslide events
in an area as they provide useful information saglletermining societal and individual risk
levels. They also help to ascertain the most comd@nage caused by the failures. An ideal
historical landslide record should contain inforimaton all aspects of the phenomena to
enable a comprehensive analysis to be carried out.

The use of factors such as lithology, slope grad&ope aspect and land use is important in
landslide susceptibility analysis especially whesing the weights of evidence modelling
since they are easily mapped and they provide ék@und easy way to analyze the landslides.
The short coming of this method as earlier indidate that assumptions are made that all
landslides occur under the same combination obfagtet each type of landslide has its own
causal factors and should be treated differenthye fuality of the landslide and thematic
information is very important as it will affect tleitput of the model results.

Reliable landslide susceptibility/hazard maps aresignificant value in establishing risk-

reduction programs. Slopes that have moved in &g Ipave a high risk of future movement
as previous landslide activity is often a stromgjeator for areas of future slope instability. So
the inventory of landslides presented in this redeastablishes a framework from which to
evaluate where slope stability problem areas existay develop in future. Furthermore, this
inventory can be expanded upon with updated infdonato improve the presented

susceptibility maps.

The sensitivity analysis performed on the conditignfactors used in the susceptibility
analysis helped to identify which factors had mmiuence on the occurrence of the two
landslide phenomena analyzed in the research. $i@ukent and land use were identified as
the most significant factors for fast landslidesl @meep phenomena respectively. It can be
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concluded that areas prone to fast landslidesarsthdy area are those with a high elevation
such as mountain slopes while areas most pronaempcare the paddy rice fields and

settlement. Again this is not so surprising wheategl to the respondents’ perception where
they highly rated steep slopes as the most dangeepareas and also attributed improper
waste water disposal as the cause of the creephmpgtplace.

Most of the failures that occurred in the agrictdtdand were the result of water movement
from terrace to terrace but they were small withiteéd labour cost implications. In addition,
they were only affecting few individuals.

On the whole, it can be said that Sijeruk villageniore prone than Kalilunjar to both
landslide phenomena analysed in this researchaagnsim figure 6-12.

2. Exploring the possibility of representing risk peraption spatially

Analysing peoples’ perception is important as dilfeates the identification of the root causes

of the problems affecting them so that the situatsoaddressed in an effective way. A social
survey was carried out to ascertain the tradititmalwledge in explaining landslides in terms

of the causes, occurrences and locations plus waeaess. Gender perception towards
landslide occurrences was also investigated. Thelyshas showed that there was no
distinction in terms of levels of awareness to lH@lslide hazard between men and women.
This can also be attributed as earlier mentionagkpeerience and constant interaction with the
physical environment. The responses were analyzety PSS software package and the
results were subsequently represented in chapter 7.

Based on the results, it can be concluded that Jeuary # 2006 landslide event
substantially influenced the outcome of the pelioceptesults. Most respondents had identical
perceptions regarding the landslide hazard in we villages in the study area. Even for
personal threat, no significant differences existewng the responses.

It can also be concluded that most respondents Wiy aware of the locations where
landslides have occurred and also where they nagtdrr in future. The knowledge was not
distinct in terms of gender as both female and med@ondents had comparable knowledge
on the causes and contributing factors though fierdntiation between the two was made as
it would confuse the respondents.

It's suggested from the results, that the inhalstai the study area would benefit from an in-
depth knowledge of how human activities aggravaexdcerbate the landslide hazard. It
would specifically be beneficial to know the rolecnitting down trees (a common practice in
the study area) which causes the soil to lose amhespecially when it rains.
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Some of the respondents’ perception overlapped witi the classes in the susceptibility
maps. This shows that taking into consideratiorpfes perception helps in the identification
of various characteristics of particular problems also highlights the need to capture such
information so that knowledge divide between logatligenous people and experts
disappears.

Whether the populations in the study area accyratetceive the landslide problem or not,
they may not be induced to act to prevent it froapgening. On the other hand, they may
understand that the problem is aggravated by taions, but the alternatives may be too
costly relative to the perceived near term benefits

3. ldentifying and evaluating coping capacities.

The research further demonstrated how the comnesniiieal/cope with landslides. The
strategies being used were grouped into beforéngland after activities as indicated in table
8-1.

The research also revealed that the local peopl@aare of what needs to be done though
they lack the resources to carry out any implentemtaactivities singularly. Most of the
management measures that have been implementee study area were done at community
level so that they can benefit everyone and natipasviduals.

The existence of an organised traditional earlynivey system — ketongan is a positive
element within the study area. This shows thatdasetheir knowledge and perceptions, the
people are aware of the unusual signs associatbdive occurrence of the hazard so they are
alert. The disadvantage of this system is assatiati¢h false alarms which can not be
differentiated from the real warnings.

It can be concluded that the following mechanismgehinfluenced / enhanced the adaptive
capacities of the communities in the study area:

« Some families have more than one source of incorhichwmakes them less
vulnerable than those with only one source of ineor8imilarly those who are
dependent on agriculture as a source of incomenawee vulnerable than non
agricultural job holders who can get employed else.

* From the questionnaire survey, most of the respasdeelieve that planting trees and
the gabion embankment are the best solution gikiencurrent economic situation.
Concerning the gabions and embankments, the coniesirare ready to provide
labour for their construction if only they are pided with the necessary materials by
the authorities.
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4. Vulnerability analysis based on socio-economic arstructural parameters related
to landslide events

Some indicators were used to analyse the vulnésabével of the respondents. They
included age, occupation, education level, lendtlstay, income levels and many others.
These indicators could have been used interchahgdab to their relativity but because of
insufficient data, such relative comparison wasduwte. For such indicators, only one option
was considered for which data was available. Naessts, the obtained results can be built
upon towards a holistic approach. Also the restdts be used in the preliminary stages of the
disaster management cycle.

The study has showed that majority of the respotisdame semi-literate and have an
awareness of what is happening around them in tefmevironmental problems through
their interactions with the environment. Analysi§ the indicators showed some
inconsistencies in the responses as highlightedalmes 8-2 and 8-6. To address such
inconsistencies, a second survey to the same résptsis proposed.

Vulnerability of the communities to landslides maydutributed to a low income dependency
ratio that is a function of income and the totatner of dependants, the education level and
the type of houses among others. Also the locatiothe houses in the danger prone areas
increases their vulnerability to failure.

The research also revealed that one’s educati@h ¢k not affect their income levels which
are a major contributor to vulnerability since gthincome affects the degree to which one
can build protection.

Vulnerability of structures was also consideredtémms of quality and location. Most
buildings were constructed with brick-concrete matdhough other building materials also
had a share in the distribution. This could alsodiated to one’s income where the more you
have, the more possible it is for you to consteustrong structure.

The overall vulnerability obtained from the reséarshowed that both villages had
comparable vulnerability classes with majority loé respondents with in the moderate class.
As earlier indicated, a more holistic approach thatorporates most of the indicators
including those not used in this research is recendad.

5. Evaluate the associated risk using the available kard susceptibility and

vulnerability information

As earlier indicated, constructing a risk index mxais not a final result per se. The ultimate
objectives can only be fulfilled when proper rigkluction measures are implemented, leading
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to an observed decrease of casualties. Authoaesuse the above information to develop
mitigation strategies and policies to minimize plagion risk.

From this research, it can be concluded that Jijerllage has a relatively larger landslide
problem than Kalilunjar. The magnitude and freqyeotcthe events in Sijeruk are high and
wide spread than those in Kalilunjar which are fewd generally localized. This makes the
cost of mitigation measures in Sijeruk to be higasrthey require heavy retaining piles to
resist the sliding material which is mainly in gplerm.

Despite the data limitations, the results obtaioedfirm that mass movements in the study
area represent both societal and economic problleatshould not be overlooked. All in all,
the outputs generated in this research can beaseealuable tools for different end users. It
underlines the usefulness of continuing the impnomet of data collection in all disciplines
for better identification of vulnerable populatioatsrisk.

11.2. Research contributions

* The vulnerability assessment carried out is vakainiformation for the local
authorities and relevant stakeholders when degigpaiicies related to landslide risk
reduction.

* The information obtained from the peoples’ percapttan be incorporated into the
decision making processes to help solve the prablama minimum cost with
sustainability.

* By understanding the effectiveness of the copingtesgjies being currently employed,
the local authorities together with the communitylarge can learn lessons from
which they can improve and lessen their vulnerghaind risk.

» The rainfall thresholds obtained can be used asadg warning method in addition to
the already existing systems.

* The obtained susceptibility maps are useful infaromafor not only the local authority
but individuals too in terms of land use planning.

11.3. Recommendations

All stakeholders including the inhabitants of theotcommunities should endeavour to
participate / get involved in risk and vulneralyilirograms within their areas / community.
Participation of the communities helps them to @etense of ownership to what is taking
place within their society and at the same time esathe project sustainable since the
community can take care of it in the long run.

Dissemination of the research findings to the come@ communities is essential in helping
them understand the hazard more and also learridbetter deal with it.
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Further research

The study recommends that a detailed study of thelogical and hydrological
characteristics in the study area be carried oublitain a detailed and better
understanding of the ground motion phenomena im fircreep that is taking place.

It has been showed that the landslides mainly eeduduring the rainy season; so
there is a need to carry out more critical rainfafieshold analysis in relation to the
initiation of landslides since the results can beduas an early warning system. Also
the relation of cumulative antecedent rainfall vilile soil / geology of the area should
be explored in detalil.

More landslide influencing factors such as the dejpth should be incorporated in to
the susceptibility map to get holistic results thoe area.

Assessment and mapping of the landslide run outheward and risk analysis.
Inundation from above is a very important factdatiag to landslides.

Since this type of research can be replicated, wdn it in other communities with
differing conditions of the hazard can help in éetinderstanding both the application
and theory behind it.

It's hoped that the communities will one day bepaace carrying out their daily activities
without being vulnerable to landslides. It's alsaphd that the communities will one day be
able to manage landslide risk by reducing theingtdbility.

11.4.

Limitations of the study

The limitations of this research include:
Data availability

Very limited secondary data was available to comeht the primary data. For
example, records on past landslide events weretyseaud also the rainfall data was
not complete to enable the calculation of intendityation thresholds for landslide
initiations.

Field survey

Direct communication with the respondents’ was possible so the need to use
interpreters was inevitable. This lead to lossophe information during translation.

The time frame within which the fieldwork had to bempleted was limited yet the
field survey is time consuming depending on the sizthe area under investigation
plus the size of the questionnaire. In order tdecolreliable and concrete information
a lot of time is required to first bond with thensmunities to win their trust.

Some of the data needed such as the financiatisitiuaf households was protected in
such a way that some individuals did not feel catafae talking about it.
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Inventory and susceptibility mapping

* Although efforts were made to identify as many Klits as possible within the study
area, omissions undoubtedly occurred as it is asduimat there has been continued
land clearing and development over time and wite tack of enough aerial
photographs to show the trend, not a lot coulddresd

* Also a further limitation in the inventory mappimgas in the spatial accuracy of the
GIS polygons which is a function of errors produdeding digitization of the features
using the aerial photo and IKONOS image.

The weights of evidence method used to produceteeptibility maps was constrained by
the availability of data especially the landsligeabase.

108



ANALYSING CHANGES IN LANDSLIDE VULNERABILITY USING  GIS AND LOCAL SPATIAL KNOWLEDGE

12. References

Abella, E., and Van Westen, C., 2007, Generatiom d¢dndslide risk index map for Cuba
using spatial multi-criteria evaluation: Landsliges4, p. 311-325.

ActionAid, 2004, Participatory Vulnerability Analigs A Step-by-Step Guide for field Staff,
p. 35.

ADPC, 2004, Community-based disaster risk managéentgeld Practitioner's Handbook:
Klong Luang, Thailand.

Aleotti, P., 2004, A warning system for rainfalidiced shallow failures: Engineering
Geology, v. 73, p. 247-265.

Aleaotti, P., and Chowdhury, R., 1999, Landslidedrdzassessment: summary review and new
perspectives: Bulletin of Engineering Geology amel Environment, v. 58, p. 21-44,

Armas, |., 2008, Social vulnerability and seismic riskrgeption. Case study: the historic
center of the Bucharest Municipality, Romania: Makidazards, v. 47, p. 397-410.

Bell, R., and Glade, T., 2004, Quantitative riskalgsis for landslides - Examples from
Bildudalur, NW-Iceland: Nat. Hazards Earth Syst.,Sc 4, p. 117-131.

Birkmann, L., 2006, Measuring the Unmeasurable. ¢hallenge of vulnerability. Source,
No. 5/2006. United Nations University - Institute Enviroment and Human Security,
Bonn.

Blaikie, P., Cannon, T., Davis, |., and Wisner, B994, At risk: Natural Hazards, People's
Vulnerability and Disasters: London, Routledge, p84

Blochl, A., and Braun, B., 2005, Economic assessroetandslide risks in the Swabian Alb,
Germany - Research framework and first resultsoofigowners' and experts' surveys:
Nat. Hazards Earth Syst. Sci., v. 5, p. 389-396.

Bohle, H., 2004, Vulnerability Article 1: Vulnerdity and Criticality.

Bonham-Carter, G.F., 1994, Geographic Informatigst@&ns for Geoscientists, Pergamon,
398 p.

Briassoulis, H., 2000, Analysis of land use charnigesoretical and Modeling approaches, In
The Web Book of Regional Science.

Burrough, P.A., 1986, Principles of geographicdbimation systems for land resources
assessment, Clarendon Press, 194 p.

Cascini, L., Bonnard, C., Corominas, J., Jibson,aRd Montero-Olarte, J., 2005, Landslide
hazard and risk zoning for urban planning and dgreknt, p. 36.

Castellanos Abella, E.A., 2008, Multi-scale landeslirisk assessment in Cuba, ITC,
University of Utrecht, 272 p.

Chacon, J., Irigaray, C., Fernandez, T., and El ¢tami, R., 2006, Engineering geology
maps: landslides and geographical information systeBulletin of Engineering
Geology and the Environment, v. 65, p. 341-411.

Chen, L.-C., Liu, Y.-C., and Chan, K.-C., 2006, elgntated Community-Based Disaster
Management Program in Taiwan: A Case Study of Skhangvillage: Natural
Hazards, v. 37, p. 209-223.

Chen, S.-C., Ferng, J.-W., Wang, Y.-T., Wu, T.-and Wang, J.-J., 2008, Assessment of
disaster resilience capacity of hillslope commauasitwith high risk for geological
hazards: Engineering Geology, v. 98, p. 86-101.

Chung, C.F., and Fabbri, A.G., 1999, Probabiligtiediction model for landslide hazard
mapping: Photogrammetric Engineerin and Remoteigns 65.

109



ANALYSING CHANGES IN LANDSLIDE VULNERABILITY USING  GIS AND LOCAL SPATIAL KNOWLEDGE

CONTOUR, 2001, Newsletter of the Asian Soil Cona&ipn Network, Volume XIII:
Indonesia, ASOCON, p. 32.

Crosta, G., 1998, Regionalization of rainfall threlsls: an aid to landslide hazard evaluation:
Environmental Geology, v. 35, p. 131-145.

Crozier, M.J., 1999 (b), Prediction of rainfallgggered landslides: a test of the Antecedent
Water Status Model: Earth Surface Processes andfduans, v. 24, p. 825-833.

Cruden, D., 1991, A simple definition of a landslidulletin of Engineering Geology and the
Environment, v. 43, p. 27-29.

Cutter, S.L., 1996, Vulnerability to environmenit@zards: Progress in Human Geography, v.
20, p. 529-539.

Cutter, S.L., and Emrich, C.T., 2006, Moral Haz&édcial Catastrophe: The Changing Face
of Vulnerability along the Hurricane Coasts: TheMALS of the American Academy
of Political and Social Science, v. 604, p. 102-112

Cutter, S.L., Mitchell, J.T., and Scott, M.S., 20&evealing the Vulnerability of People and
Places: A Case Study of Georgetown County, Southolida: Annals of the
Association of American Geographers, v. 90, p. 7137.

Dahal, R.K., and Hasegawa, S., 2008, Representatinéll thresholds for landslides in the
Nepal Himalaya: Geomorphology, v. 100, p. 429-443.

Dai, F.C., Lee, C.F., and Ngai, Y.Y., 2002, Landslrisk assessment and management: An
overview: Engineering Geology, v. 64, p. 65-87.

de Dios , H.B., 2002, Participatory Capacities &tutherabilities Assessment: Finding the
link between disaster and development: Quezon €hillipines, p. 82p.

Deyle, R.E., French, S.P., Olshansky, R.B., andlah, R.G., 1998, Hazard assessment: The
Factual Basis for Planning and Mitigatiom Burby, R.J., ed., Cooperating with
nature: confronting natural hazards with land usnmng for sustainable
communities: Washington, D.C., Joseph Henry Ppesk]9 - 166.

Dwyer, A., Zoppou, C., Nielsen, O., Day, S., andb&ts, S., 2004, Quantifying Social
Vulnerability: A methodology for identifying thoss risk to natural hazards, Volume
14, Geoscience Australia Record.

E.C.B.P, 2009, Leaving Disasters Behind.

Eberhardt, E., 2003, Rock Slope Stability Analysibltilisation of Advanced Numeriacal
Techniques: British Columbia, p. 41.

Ercanoglu, M., Gokceoglu, C., and Van Asch, T., £0Dandslide Susceptibility Zoning
North of Yenice (NW Turkey) by Multivariate Staftstl Techniques: Natural
Hazards, v. 32, p. 1-23.

Fuchs, S., 2009, Susceptibility versus resilielmcaountain hazards in Austria - paradigms of
vulnerability revisited: Nat. Hazards Earth Systi. Sv. 9, p. 337-352.

Galli, M., and Guzzetti, F., 2007, Landslide Vulalitity Criteria: A Case Study from
Umbria, Central Italy: Environmental Managemen4®, p. 649-665.

Gerrard, J., and Gardner, R., 2002, Relationshgtsv&n Landsliding and Land Use in the
Likhu Khola Drainage Basin, Middle Hills, Nepal: Motain Research and
Development, v. 22, p. 48-55.

Giannecchini, R., 2005, Rainfall triggering soiipsl in the southern Apuan Alps (Tuscany,
Italy): Adv. Geosci., v. 2, p. 21-24.

—, 2006, Relationship between rainfall and shallandslides in the southern Apuan Alps
(Italy): Nat. Hazards Earth Syst. Sci., v. 6, p7-3b4.

Glade, T., 2003, Vulnerability assessment in laddstisk analysis: Die Erde, v. 134(2), p.
121-138.

Glade, T., Anderson, M., and Crozier, M., 2005, dslde hazard and risk, John wiley and
sons ltd, 802 p.




ANALYSING CHANGES IN LANDSLIDE VULNERABILITY USING  GIS AND LOCAL SPATIAL KNOWLEDGE

Griffiths, J.S., 1999, Proving the occurrence aagse of a landslide in a legal context:
Bulletin of Engineering Geology and the Environments8, p. 75-85.

Groenendijk , E.M.C., and Dopheide, E.J.M., 200&anRing and management tools:
Enschede, ITC, 154 p.

Guzzetti, F., 2005, Landslide hazard and risk a&ssest: Bonn, Rheinischen Friedrich-
Wilhelms University.

Guzzetti, F., Cardinali, M., Reichenbach, P., gdF., Sebastiani, C., Galli, M., and Salvati,
P., 2004, Landslides triggered by the 23 Noveml@@02ainfall event in the Imperia
Province, Western Liguria, Italy: Engineering Geplov. 73, p. 229-245.

Guzzetti, F., Carrara, A., Cardinali, M., and Reicbach, P., 1999, Landslide hazard
evaluation: a review of current techniques andrtapplication in a multi-scale study,
Central Italy: Geomorphology, v. 31, p. 181-216.

Hollenstein, K., 2005, Reconsidering the risk assest concept: Standardizing the impact
description as a building block for vulnerabilitgsessment: Nat. Hazards Earth Syst.
Sci., v. 5, p. 301-307.

Hufschmidt, G., 2008, The evolution of risk frordislides: concepts and applications for
communities in New Zealand: Wellington, Victoria idersity of Wellington.

Hufschmidt, G., and Crozier, M., 2008, Evolution oétural risk: analysing changing
landslide hazard in Wellington, Aotearoa/New ZedlaNatural Hazards, v. 45, p.
255-276.

Hy, D., and Peduzzi, P., 2004, Global evaluatiormmaian risk and vulnerability to natural
hazards: Editions du tricorne, v. 1.

International Federation of Red Cross and Red @résocieties, I., 2006, What is VCA? An
introduction to vulnerability and capacity assessin€eneva, Red Cross.

IRPI, 2009.

Kates, R.W., 1971, Natural Hazard in Human EcolagiPerspective: Hypotheses and
Models: Economic Geography, v. 47, p. 438-451.

Keefer, D.K., 2002, Investigating Landslides CaubgdEarthquakes - A Historical Review:
Surveys in Geophysics, v. 23, p. 473-510.

Kienberger, S., and Steinbruch, F., 2005, PGIS @isdster risk management: Assessing
vulnerability with PGIS methods - Experiences frBuoezi, Mozambique, Mapping for
change, International Conference on Participatquati@l Information Management
and Communication: Nairobi, Kenya.

Koutsoyiannis, D., 2003, On the appropriatenesthef Gumbel distribution for modelling
extreme rainfall.,in Brath, A., Montanari, A.,, and Toth, E., eds., HHSC
Exploratory workshop, Hydrological Risk: recent adees in peak river flow
modelling, prediction and real-time forecastingid@ma.

Lan, H.X., Zhou, C.H., Lee, C.F., Wang, S.J., and, W.Q., 2003, Rainfall-induced landside
stability analysis in response to transient poesgure: Science in China, v. 46, p. 52 -
68.

Marchi, L., Arattano, M., and Deganutti, A.M., 2Q0ken years of debris-flow monitoring in
the Moscardo Torrent (Italian Alps): Geomorphology46, p. 1-17.

Marfai, M., King, L., Singh, L., Mardiatno, D., Sahadi, J., Hadmoko, D., and Dewi, A.,
2008, Natural hazards in Central Java Province,oriedia: an overview:
Environmental Geology, v. 56, p. 335-351.

Mathew, J., Jha, V.K., and Rawat, G.S., 2007, Wseigl evidence modelling for landslide
hazard zonation mapping in part fo BhagirathiesllUttarakhand: Current Science,
v. 92, p. 11.

McCall, G.J.H., Laming, D.J.C., and Scott, S.C.929Geohazards: natural and man-made:
London, Chapman & Hall, 227 p.




ANALYSING CHANGES IN LANDSLIDE VULNERABILITY USING  GIS AND LOCAL SPATIAL KNOWLEDGE

McCall, M.K., 2004, Can participatory-GIS strengthdocal-level spatial planning?
Suggestions for better practice, GISDECO: Skuddipd, Malaysia, p. 19.

MDC Inc, 2009, Community Based Vulnerability Assesst: A guide to Engaging
Communities in Understanding Social and Physicdh®ability to Disasters.

Morrow, B.H., 1999, Identifying and Mapping Commiyni/ulnerability: Disasters, v. 23, p.
1-18.

Msilimba, G., 2007, A comparative study of Landsdand geohazard mitigation in Northern
and Central Malawi, University of the Free state.

Msilimba, G.G., and Holmes, P.J., 2005, A Landsktizard Assessment and Vulnerability
Appraisal Procedure: Vunguvungu/Banga Catchmentrthdn Malawi: Natural
Hazards, v. 34, p. 199-216.

Nathan, F., 2008, Risk perception, risk manageraadtvulnerability to landslides in the hill
slopes in the city of La Paz, Bolivia. A prelimigastatement: Disasters, v. 32, p. 337-
357.

O'hare, G., and Rivas, S., 2005, The landsliderdaesad human vulnerability in La Paz City,
Bolivia: Geographical Journal, v. 171, p. 239-258.

Papathoma-Kohle, M., Neuhauser, B., Ratzinger,\Wenzel, H., and Dominey-Howes, D.,
2007, Elements at risk as a framework for assegbmgulnerability of communities
to landslides: Nat. Hazards Earth Syst. Sci., p. 765-779.

Peters Guarin, G., 2008, Integrating local knowtedgo GIS-based flood risk assessment:
The case of Triangulo and Mabolo communities in &Naify - The Philippines
Enschede, 352 p.

Petrucci, O., and Gulla, G., 1998, A simplified hw for assessing landslide damage
indices: Natural Hazards.

Polsky, C., Schroter, D., Patt, A., Gaffin, S., k#do, M.L., Neff, R., Pulsipher, A., and
Selin, H., 2003, Assessing vulnerabilities to tifiects of Global change: An Eight-
step Approach. Research and Assessment SystemsSustainability Program
Discussion paper 2003-05, p. 19.

Puissant, A., J.P., M., and O., M., 2006, Mappamgdslide consequences in mountain areas: a
tentative approach with a semi-quantitative procedspatial Analysis and GEOmatics,
(SAGEOQy Strasbg, France.

Rambaldi, G., Kyem, P.A.K., Mbile, P., McCall, Mand Weiner, D., 2005, Participatory
Spatial Information Management and Communication Diaveloping Countries,
Mapping for Change International Conference: Najrilenya.

Reichenbach, P., Cardinali, M., De Vita, P., andzz&iti, F., 1998, Regional hydrological
thresholds for landslides and floods in the TibeweR Basin (central Italy):
Environmental Geology, v. 35, p. 146-159.

Segoni, S., Leoni, L., Benedetti, A.l., Catani, Righini, G., Falorni, G., Gabellani, S.,
Rudari, R., Silvestro, F., and Rebora, N., 2009wdmis a definition of a real-time
forecasting network for rainfall induced shallomdslides: Nat. Hazards Earth Syst.
Sci., v. 9, p. 2119-2133.

Sharifi, M.A., and Retsios, V., 2004, Site seleatior waste disposal through spatial multiple
criteria decision analysis: Journal of telecommatan and information technology,
v. 3, p. 11.

Siambabala, B.M., 2006, The concept of resiliemsgsited: Disasters, v. 30, p. 434-450.

Slovic, P., 2000, The Perception of Risk, Earthdeablications Ltd.

Tarantino, C., Blonda, P., and Pasquariello, GQ72(Remote sensed data for automatic
detection of land-use changes due to human aciivigupport to landslide studies:
Natural Hazards, v. 41, p. 245-267.




ANALYSING CHANGES IN LANDSLIDE VULNERABILITY USING  GIS AND LOCAL SPATIAL KNOWLEDGE

Terlien, M.T.J., 1998, The determination of statat and deterministic hydrological
landslide-triggering thresholds: Environmental @ggl v. 35, p. 124-130.

Thiery, Y., Malet, J.P., Sterlacchini, S., Puissaht and Maquaire, O., 2007, Landslide
susceptibility assessment by bivariate methodsaegel scales: Application to a
complex mountainous environment: Geomorpholog®2y.p. 38-59.

Turner Il, B.L., Matson, P.A., McCathy, J.J., Kasgmn, R.E., Kasperson, J.X., Polsky, C.,
and Tyler, N., 2003, lllustrating the coupled huregviroment system for
vulnerability analysis: Three case studies: PNAS,00, p. 8080-8085.

Twigg, J., 2004, Disaster risk reduction: Mitigatiand preparedness in development and
emergency programming: London, Humanitarian Pradtietwork.

UNISDR, 2004, Living with risk: A global review ddisaster reduction initiatives United
Nations.

United Nations Office for the Coordination of Huntanan Affairs (OCHA), 2006,
Indonesia - Flash Floods and Landslides: Geneva, p.

Van Beek, L.P.H., and Van Asch, T.W.J., 2004, Regi@assessment of the effects of land-
use change on landslide hazard by means of phlysibaked modelling: Natural
Hazards, v. 31, p. 289-304.

van Westen, C., 1993, Application of Geographioinfation Systems to Landslide Hazard
Zonation, Technical University Delft.

van Westen, C.J., 2009, Remote Sensing and Geogragbrmation Systems for Natural
Disaster Management ITC, ed.: Enschede.

van Westen, C.J., Castellanos, E., and Kuriakode, 8008, Spatial data for landslide
susceptibility, hazard, and vulnerability assesdmeéin overview: Engineering
Geology, v. 102, p. 112-131.

van Westen, C.J., van Asch, T.W.J., and Soetey20R6, Landslide hazard and risk zonation
- why is it still so difficult?: Bulletin of Engirnering Geology and the Environment, v.
65, p. 167-184.

Villagran de Leon, J.c., 2006, Vulnerability: A amptual and Methodological Review,
UNU-EHS Publications, p. 64.

WBGU, 1995, World in transition; ways towards glhbanviromental solutions, Springer,
250 p.

Wilkinson, M.T., and Humphreys, G.S., 2006, Sloppeat, slope length and slope inclination
controls of shallow soils vegetated by sclerophudloheath--links to long-term
landscape evolution: Geomorphology, v. 76, p. 38Z-3

Wood, N.J., Good, J.W., and Goodwin, R.F., 2002in¥rability Assessment of a Port and
Harbor Community to Earthquake and Tsunami Hazdnisgrating Technical Expert
and Stakeholder Input: Natural Hazards Review, p. 348-157.




ANALYSING CHANGES IN LANDSLIDE VULNERABILITY USING  GIS AND LOCAL SPATIAL KNOWLEDGE

13. Appendices

13.1. Appendix 1: Household survey questionnaire

Survey questionnaire
My names are Geraldine Paula Babirye a studefit@ir the Netherlands. | am carrying out a
research to assess vulnerability to landslidesour yarea as part of my MSc degree program.
This is to request for your cooperation in provglinformation as accurately as possible. All
responses will be strictly anonymous.

Identification
Interviewer ID: | Date: | Serial_nfinclude on image too):
GPS reading: Easting: ............coceeevnnnnn. Northing: ..........coooevviininnnn, Elevation: ..................

(Coordinates should be taken at respondent’'s home)

a. Demographic and socio-economic information:

1. Gender of respondent: O Male I Female Age:
2. Since when have you lived here? 2(a). WHategiou come from?
3. Total household no Adults: Male....... Female...... Chidr. Boys........ Girls.........

4. Education level No formal educatiddl  Priynald Secondary-  University (Tertiarl]] Other
(specify):

Occupation1® Occupation: 2" Occupation: Other (Specify):

5. Yearly income: [ 500,000 - 1,000,000  [J 1,000,000 - 2,500,000 L] _ 2,600,-5,000,000
O 5,000,000 -a@),000 O >10,000,000 Oother (specify):

6. Properties ownel] Cultivable lan[]  Live&to{lBuilding (Estimate the size of the lamdldivestock)

Other (specify):

7. Residenceld Ownedd Rented

8. What type of structure is the house? ( The in&sver to determine this)

O Permanent LSemi-permanent 0 Temporary

9. What type of material is the roof material? gThterviewer to determine this)

U Brick-concrete ' Woodd BambodJConcrete-wood  Other (Specify)

10. What type of material is the wall material? ( Theerviewer to determine this)

U Brick-concretedd Woodd Bambodd Concrete-wood —Other (Specify)

11. What type of material is the floor material? hgTinterviewer to determine this)

U Brick-concreted  Woodd Bambodd Concrete-wood  Other (Specify)
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12. What is the topographic location of the house?d ifiterviewer to determine this according to pninfo
O Along the slope O At the mountairhidl foot [ Along the valley [I  Alonte ridge

13.If occupation is “farmer”, who owns the land andathre the land and water rights? Please indicate
location on map.

Ownership Rights
State ] Open access (Unorganized) L]
Village / community ] Community (Organized) L]
Group ] Leased L]
Individual H Individual 0

14.1f owned, how did you acquire it?

(1 Inherited ] Bougnht

15.How is land cultivation performed?

Manual labour [l
Animal traction ]
Mechanized ]

What is the type of cropping system and major c?ops

Annual O List main crops in order of importance
Perennial ] Irish Potatoes Il
Subsistence O] Cabbages ]
Other (specify) Rice L]
Other (Specify)

16. How significant is off-farm income for the land usén this area? (Off farm income is income frornewt
sectors such as industry, manufacturing, trade @igg reasons

[ Less than 10% of allincom{]  100-9% 0 > 50% Specify
17. What is the market orientation of the productioatem?
Subsistence (self supply) ]
Mixed (subsistence and commercial) ]
Commercial / market ]
Other (specify)

18. What type of water supply is available for the @®p

Rain-fed

Mixed rain-fed and irrigated
Full irrigation

Post flooding

Other (Specify)

OO

b. Hazard knowledge

19. What type of land degradation is taking place? Rasdordingly
Loss of top soil / surface erosion Il
Gully erosion / Ravine (>5m deep) ]

Mass movements / landslides / Mudslides [ ]
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20. What are the natural causes of land degradation?

21. Are you concerned about the risk of land degrad&tio

0 Hardly L Not very O Don’t know O  Quite O very

22.Please rank the land degradation risk in relatoother hazards

Hazard \ class Slight moderate Severe extreme

Landslides

Surface erosion

Gully erosion

Earthquakes

Please give reasons:

23. Please rank the landslide processes against daeh ot

Hazard \ class Slight Moderate Severe Extreme Doest
happen
Rockfall
Topple

Rotational slide

Translational slide

Block slide

Creep

Lateral spread

Debris flow
Earth flow
Landslide knowldege
24. Has your house been struck by a landslide? Ye{l No O

25. If yes, how was the damage?
O None O Litle & Much U Disastroustd  Other (Specify)

Please explain?

26. How many landslide events have you experiencedum frouse in this area? (Numbers in years)
0 None O Once OO  Twice > three times

How big was the impact of the last event] gtHi 0 Medium O Low
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Please explain (Indicate on image)

27. If farmer, have your agricultural fields been skiy a landslide? O Yes LI No

28. How many landslide events have you experienceaim ggricultural fields in this area? (Numbers @ass)
LI None O Once O Twice > three times

How big was the impact of the last event? LIHigh 1 Medium (. Low

29. Within which type of terrain did the landslide ocgu
L1 Steep slopes L Gentle slopeld valley bottoms [ Plains

L1 Terraced slopes (Back slope or flat part} Several terraces fail

30. What was the type of movemerftizk one)
O Fall Ll Topple

31. What was the size of the last landslide event iters@

32. What was the extent of the impaC®  Site-sjieeiHa) [ Local (1Ha — 1Kfh [ Regional (>1kM

33. What loss did you experienc{-]  Death of a famiémber [0 Complete house dama_® Phdisse
damage [J Land destructiord Lossrops [ Loss of livestock Otl®epecify):

If no loss has been experienced, please explair? why

34. Are the landslides affecting your land producti?ittd Yes [ No If yes, by how much?

c. Hazard Perceptions

35. What do you think are the causes of landslidebisdrea? Please explain. More than one answesssipe.

L1 Heavy Rainfall]  Deforestation] ispeic activity [ Excavation of the basd—] Climate change
O Construction of roads [1  Constructidmouses [ Farming activities

36. During which time of the year (season) do the lidds occur most?

37. After which characteristic rainfalls do the landslé occur?
O Low intensity rainfall for short peds [0 Low intensity rainfédr long periods

L1 Heavy rains for short periods [0 Heavy rains fondpperiods
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38. What are the danger prone areas?

1 Deforested land 1 Steep sloplL3Cultivated marginal lands [ Other(Specify)

39. Do you think the rate of occurrence of the hazasl ihcreased than before?

40. How likely is it that your house / property will gerience a devastating landslide event in the b@xtears?

D Very unlikely O Quite unlikely & Don’t know O Quite likely T Verykiely

41.How likely is it that the community will experieneedevastating landslide event in the next 10 years

LI Very unlikely O Quite unlikely 1 Don’t know L Quite lie U Very likely

42. Are the landslides also occurring in adjacent ghleoring villages or only in this one?

d. Coping Mechanisms

43. What is your reason for living in this area?

Ll cheap Ancestral propelJ  Own propelJAccess 0 Workd No optil]  Ott®pecify):

44, How do you deal with landslides in your agriculiueand?

45, Are there any landslide management or defence me=saguplemented in your area?

U ves O NoO Don'tdm

46. If yes, which are the major implementing bodiesgamizations?

47.What is being done to combat landslide occurrences?

Afforestration

Terracing

Wire mesh blankets

Draining out of the water

Diversification of land use

Reduction in slope angle and slope length

|

48. What are the production and socio-economic benefiitie methods you are using?

Reduced risk of mass movements
Increased land for cultivation
Collection of surface run off
Increased crop yield

Diversification of income resources

OO0om;

Other (specify)

49. What are the production and socio-economic disadgas of the methods you are using?

Increased risk of mass movement
Increased demand for irrigation water
Loss of land

Decreased farm income

Increased risk of crop failure
Increased labour constraints

Oooooood
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Reduced production diversification

Other (specify)

50. What specific stakeholders / target groups arelreebin the implementation of the management messur
Rank accordingly

Individual land users OJ
Community land users O
Government leaders O

Others (specify)

51.Is the approach involving socially and economicdisadvantaged groups?
1 No ] Yes, little 1 Yes, moderate [0 esYgreat

If yes, specify group and how?

52. Are the land users being motivated in the implemigm of the above approaches? s O

53.If yes, what was the motivation? Rank accordingly

Rules and regulations

Subsidies

Social pressure

Well being and livelihood improvement
Increased profit

ooooad

54. If subsidies have been used, are they likely tetamlong-term impact?

55. Are you willing to be resettled elsewherdlYes [1 No [ Don't know If the ansvieno, please give
reasons.

56. Is there a policy in relation to landslide hazamhagementT] Yes [ No. If yes, i®ihh utilized to
the fullest?

57. After a disastrous event, how long did it take@mvernment to provide assistance if there was any?
O Afewhours OO Oneday [ One week Other (Specify):
57 (a) What assistance did they provid(Z}  HFibsuiibution L1 Medical carld Terld  @i$pecify):

58. After a disastrous event, how long did it takeN83O’s to provide assistance if there was any?
O Afewhours O Onedayl! eQmeek Other (Specify):
58 (a) What assistance did they provitd?  Rbsiibutionl] Medical carld Terld  QfSpecify):

59. What do you think the Government should do to askltke problem?.  Provide afforestration segdli

[ Conduct awareness campaigns on the dangersaasdsC] Others (Specify):

60. What do you think the NGO's should do to addresspitoblem? L1 Provide afforestration seedlings

1 Conduct awareness campaigns on the dangeérssases 1 Build stabilizing walls

Others (Specify):
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Personal activities

Before During After

In case you know of anything relevant to this stbdy it's not included in the questionnaire
please write it in the space below.

Thank you
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13.2. Appendix 2: Scripts for the weights of evidence maaling
1. Script for weights

/ make cross table

del %1 %2*.* -force

Del W%1*.* -force

Del %1 %?2.tbt -force

Del %1.tbt -force

/I crtbl %1 9%2.tbt

%1_%?2.tbt= TableCross(%1,%2,IgnoreUndefs)

calc %1 %2.tbt

/[calculation in cross table

tabcalc %1_%2.tbt npixact:=iff(%2=1,npix,0)

tabcalc %1_%?2 nclass := ColumnAggregateSum(NPix1 )01,
tabcalc %1_%?2 nsliclass := ColumnAggregateSum(npdgl)
tabcalc %1_%?2 nmap := ColumnAggregateSum(NPix,,1)
tabcalc %1 %2 nslide := ColumnAggregateSum(npixgct,
/Icalculate Npix1 to Npix 4

Tabcalc %1_%?2 Npix1 := iff(nslclass=0,1,nslclass)

Tabcalc %1 %2 Npix2 = iff((nslide - nsiclass)=@dlide-nsiclass)
Tabcalc %1 %2 Npix3 = nclass - nsiclass

Tabcalc %1 %2 Npix4 = nmap - nslide - nclass tlask

/I calculate weights

Tabcalc %1_%2 Wplus=In((npix1*(npix3+npix4))/((nAxnpix2)*npix3))
Tabcalc %1_%2 Wmin=In((npix2*(npix3+npix4))/((npixhpix2)*npix4))
Tabcalc %1_%?2 wmintotal = ColumnAggregateSum(Wrhjn,,
Tabcalc %1_%2 Wfinal:=Wplus+Wmintotal-Wmin

/I create table %1 with the correct domain

crtbl %1.tbt %1.dom

/[copy attribute WFinal back to table %1

tabcalc %1 Wfinal = ColumnJoinAvg(%1_%2.tbt,Wfidal,,1)
/[create the attribute map

W%1.mpr = MapAttribute(%1,%1.tbt. Wfinal)

Show W9%1.mpr -noask

rem ILWIS Script

2. Script weight for the input maps

run weights Slope Scarp_active

run weights Geology Scarp_active
run weights Geomorph Scarp_active
run weights Landuse Scarp_active
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run weights Rivers Scarp_active
run weights Aspect Scarp_active
run weights Accumulation Scarp_active
/[The total weight map is calculated
wfinal {dom=value.dom ; vr = -
10:10:0.001=wSlope+wGeology+wGeomorph+wLanduse+wRiwAspect+wAccumulatio
n
calc wfinal.mpr
open wfinal.mpr —noask
3. Success rate script

/Il Cross Wriinal with Map: active

del success.tbt -force

success.tbt = TableCross(wfinal,active,IgnoreUndefs

calc success.tbt

/lIn the cross table, calculate

tabcalc success npixact:=iff(active=1,npix,0)

tabcalc success Npcumactive = ColumnCumulative agb)x
//[determine the maximum value with landslide pixels

tabcalc success Maxlandslide = ColumnAggregateMps&@sactive,,1)
/[calculate percentage of landslides

tabcalc success percentage:=100*(Npcumactive /mdslale)
tabcalc success Percentlandslide:=100-percentage

tabcalc success Npixcum:=cum(NPix)

tabcalc success NpixCumMax := ColumnAggregateMax(®ipn,,1)
tabcalc success reverse := NpixCumMax-npixcum

tabcalc success percentmap := 100*(reverse/NpixCax)M

/lcalc success.tbt

open success.tbt

/lgraph
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13.3.

Appendix 3: Tables

Table 13-1: Likelihood for a 10 year devastating landslidevent in Sijeruk village

Sijeruk
Fast landslides-
Survey Creep - Susceptibility House Community
Points Susceptibility class class damage damage

1 | High High Very likely Very likely

2 | High High Quite likely Quite likely

3 | Moderate Low Quite likely Quite likely

4 | High High Very unlikely | Very unlikely

5| High High Don'’t know Don't know

6 | High High Don'’t know Don’'t know

7 | Very High High Very likely Very unlikely

8 | Very High High Quite likely Quite likely

9 | High Low Don’t know Don’t know
10 | Very High Moderate Quite likely Quite likely
11| High Low Quite unlikely | Quite unlikely
12 | Very High Moderate Don'’t know Don’t know
13 | High High Very likely Very likely
14 | High High Quite unlikely Quite likely
15| Very High Very High Very likely Very likely
16 | High High Don’t know Don’t know
17 | High Moderate Don’t know Don’t know
18 | High Moderate Very likely Very likely
19 | Moderate High Don’t know Quite unlikely
20 | High Moderate Quite likely Quite likely
21| High Moderate Very likely Don't know
22 | Very High High Very likely Quite likely
23| Low High Don’t know Quite likely
24 | High Moderate Quite likely Don't know
25| High High Very likely Very likely
26 | High Moderate Quite unlikely Very unlikely]
27 | Very High High Don’t know Quite unlikely
28 | High High Don't know Quite likely
29 | High Moderate Quite likely Quite likely
30 | High Moderate Very likely Very likely
31| High High Quite likely Quite likely
32 | High Moderate Quite unlikely Quite likely
33| High High Don'’t know Don't know
34 | High Moderate Quite likely Quite likely
35| High Moderate Quite unlikely Quite likely
36 | High Moderate Quite unlikely Quite likely
37 | High High Quite likely Quite likely
38 | Moderate Moderate Very likely Very likely
39 | High High Quite unlikely | Quite unlikely
40 | High High Don’t know Don’t know
41 | High Low Don'’t know Don’t know
42 | High High Quite likely Quite likely
43 | High Moderate Very likely Very likely
44 | Very High High Very likely Very likely
45| Very High High Very likely Very likely
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46

Moderate

Moderate

| Quite likely |

Quite likely

Table 13-2: Likelihood for a 10 year devastating landslidevent in Kalilunjar village

Kalilunjar
Survey Creep - Fast landslides - House Community
points Susceptibility class | Susceptibility class damage damage

1 | Moderate High Quite likely Quite likely

2 | High Moderate Don't know Don't know

3 | Very High Moderate Very likely Quite likely

4 | Low High Very likely Very likely

5 | High Moderate Quite unlikely Very likely

6 | High Moderate Quite unlikely Don’t know

7 | Low High Quite unlikely Very likely

8 | High High Very likely Quite likely

9 | Moderate High Don't know Quite likely
10 | High Moderate Quite unlikely Very likely
11 | Moderate High Very likely Very likely
12 | High High Very likely Very likely
13 | Moderate Low Quite unlikely Quite unlikely
14 | Moderate Moderate Very likely Very likely
15| High Moderate Quite unlikely Quite likely
16 | High Moderate Quite likely Quite likely
17 | High Moderate Quite unlikely Quite unlikely
18 | High High Quite likely Quite likely
19 | High Moderate Very unlikely Very unlikely
20 | High Moderate Very unlikely Very unlikely
21 | High Moderate Very likely Quite unlikely
22 | High Moderate Quite unlikely Quite unlikely
23 | High Moderate Quite unlikely Quite unlikely
24 | Moderate Moderate Quite unlikely Quite unlikely
25 | Moderate Low Quite unlikely Quite unlikely
26 | Moderate Low Quite unlikely Quite unlikely
27 | High Moderate Don't know Don’t know
28 | High Moderate Quite unlikely Quite unlikely
29 | High Low Quite likely Quite likely
30 | High Moderate Quite likely Quite likely
31 | High Moderate Quite likely Quite unlikely
32 | Moderate Low Quite unlikely Quite unlikely
33 | High High Don’t know Very likely
34 | High Moderate Don't know Quite likely
35 | High Moderate Quite unlikely Quite unlikely
36 | Low Moderate Don’t know Very likely
37 | Low Moderate Don't know Quite likely
38 | High High Don't know Quite likely
39 | Low High Very likely Very likely
40 | Low High Very unlikely Very unlikely
41 | High High Don't know Don’t know
42 | Low High Don't know Don’t know
43 | Low High Quite likely Quite likely
44 | Low High Quite likely Quite likely
45 | Low High Very likely Very likely
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46 | Moderate High Quite unlikely Quite unlikely
47 | Moderate High Quite likely Quite likely
48 | High Moderate Don’t know Don’t know
49 | Low Moderate Don’t know Don’t know
50 | Low High Don’t know Don’t know
51 | High High Very likely Very likely
52 | High High Very likely Don’t know
53 | High High Quite likely Quite likely
54 | High Moderate Very unlikely Very unlikely
55 | High High Quite unlikely Quite likely
56 | High Moderate Quite unlikely Quite unlikely
57 | High High Quite unlikely Quite unlikely
58 | High Moderate Quite likely Quite likely
59 | Low Moderate Don’t know Quite likely
60 | High Moderate Don't know Don't know
61 | High Moderate Quite likely Quite likely
62 | High Low Quite likely Quite likely

Table 13-3: Location of the critical facilities in the stdy area

Sijeruk
Fast landslides Creep susceptibility
Survey points susceptibility class class Use — Critical facility

1 | High High Primary School
2 | Moderate Very high Mosque
3 | Moderate High Shop
4 | High High Mosque
5 | High High Mosque
6 | Moderate High Shop
7 | High High Shop
8 | High Very high Shop
9 | Moderate Very high Village Office

10 | Very high Very high Mosque

11 | Moderate High Primary School

12 | High High Mosque

Kalilunjar
Fast landslides Creep susceptibility
Survey points susceptibility class class Use

1 | Moderate High Primary school
2 | Moderate High Primary school
3 | High High Village office
4 | Moderate High Junior High school
5 | Moderate High Geophysical offices
6 | High Low Kindergarten
7 | Moderate High Primary school
8 | Moderate High Mosque
9 | High Low Mosque




