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Abstract

The main purpose of this study is to assess landslide hazard zones for Jima Geneti Woreda using
Geographic Information system (GIS) and remote sensing by applying multi criterial analysis. The
causative factors considered to landslide analysis in the area was, slope, aspect, drainage density,
lineament density, geology, land use land cover and soil type. The thematic data layer representing
various factors were, generated by using GIS and remote sensing techniques. Using Analytical
Hierarchy Processes the weight of each factor were calculated and assigned in GIS. To add these
factors and produce landslide hazard map weighted linear combination was, used. Landslide
hazard map prepared was, categorized in to very high, high, low and very low hazard zone. The
result of analysis were verified using landslide inventory data. The result showed that the landslide
hazard map agreed with areas that had recently experienced landslide and using this mode was
very suitable in predicting landslide hazard and generating landslide hazard maps. The landslide
hazard map shown that southwestern region of study area was prone to landslide. The correlation
between landslide occurrence and causative factors was, correlated to examine their relationship.
Based on landslide hazard zone various mitigation measure was, taken for stabilization of unstable
slope. The present study determine that multi criterial analysis with GIS is a powerful tool in
predicting landslide hazard mapping in the area. The future landslide hazard analysis and
landslide intervention in Jima Geneti Woreda suggested for further researcher, land management
and concerned body should have based on the present finding

Key word: Landslide, Jima Geneti Woreda, GIS and remote sensing, multi-criteria analysis
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CHAPTER ONE: INTRODUCTION
1.1. Background

Landslides are geological hazard that cause damage to life and infrastructures. Many authors and
researchers dealt the concept of landslide differently. According to Varnes and IAEG (1984),
landslide are all varieties of mass movement on slope that contain slight or no true sliding. These
mass movements may cause loss to property and life when it happen around settlement and
infrastructure area. Although, Landslide are a process of mass transport without transportation
medium like water, air and ice (Brusden, 1984)). According to Hutchinson (1988), landslide is a
rapid mass wasting process that causes the down slope movement of mass of rock, debris or earth
caused by variety of external stimulus. Moreover, landslides considered as mass movement on
slope without any transporting agent. A recent definition given by (Courture, 2011) states that;
landslide is movement of soil mass or earth materials (debris or rock) down a slope. This definition

of landslide encompass types of materials that move down a slope.

Subsequently, landslide categorized as one of the most significant natural hazard throughout the
world (Crozier and Glade, 2005 Varnes, 1996). The United Nations International Strategy for
Disaster Reduction (UNISDR) and the Centre for Research on the Epidemiology of Disasters
(CRED) for 2006 shows; landslide is the third most frequently occurring natural disastrous among
top 10 natural hazard (Ramakrishnan, 2002). Landslide have been frequently problem in Ethiopia
mainly in highland areas in most parts of the north, south and western region of the country and
parts of the rift valley escarpment (Ayele et al.2014). According to Ayalew (1999), the Ethiopian
highland has established significant instability in both superficial materials and the bedrocks. Jima
Geneti Woreda was, characterized by steep topography and high precipitation. As a result, slope
failures shown in the form of landslide and rock fall in the area. All most all common types of
landslide problem happen in the area. Therefore, there is a great need for effective landslide hazard
mapping to save property destruction and loss of life. However, landslide happens commonly and
can symbolize most critical force on earth and it need understanding to what causes them and how
to prevent or escape it. Even though, landslides are more manageable and predictable than other

natural disastrous (Reni, 2018).
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To minimize the impact of landslide hazard, it is necessary that the area, which have susceptible
to landslide, should be, identified and mapped (Girma, et al., 2015). According to Brabb (1993)
reported, at least 90% of landslide loss can be avoided if the problem is recognized before the
landslide event. Moreover landslide hazard analysis and mapping can offer, useful evidence for
disastrous damage reduction and it contribute in viable land-use planning (Chen, et al., 2007). This
can indicate landslide hazard zonation is an important step in landslide investigation and landslide

risk management.

The analysis is used to categorize the factors that are related to landslides, evaluate the comparative
influence of factors affecting slope failures, establish a relation between the factors and landslides,
and to forecast the landslide hazard in the upcoming based on such a relationship (Chen, et al.,
2007) . Extraction of relevant spatial information related to landslide occurrence is an integral part
of hazard assessment. Nevertheless, integrating remotely sensed (RS) data with Geographic
Information System (GIS) are, proved to effective tools for generating and processing spatial
information. Integration of remote sensing (RS) and Geographic Information system (GIS) play
vital role in natural disaster management particularly in landslide studies by integrating various
factors and selected as a best tool to, locate landslide hazard zones with accurate precision, cost

and time effective.

Moreover, a number of studies were, conducted on landslide hazard zonation using GIS and remote
sensing techniques (Aulitzky, 1980, Carrara et al., 1991; Fell, 1994; Neelakantan and Ramasamy,
2002). GIS deals a superior technique for landslide analysis since it offers capabilities of
integrating multi sector, multi-level and multi period database. As many variables are involved, it
is imperative to overlay the various layers of data to develop a full and precise depiction of what
is taking place on the Earth's surface. However, the main importance of GIS techniques in
landslide analysis is to generate extremely detailed maps that show past events and future events
which have the potential to save lives, property, and money. Moreover, Cardenas (2008), reports
illustrate the evidence on the exhaustive use of GIS in combination of uncertainty modeling tools
for landslide mapping. Remote sensing techniques are also highly employed for landslide hazard

assessment and analysis.
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Remote sensing technology is capable of providing up to date geographic information and is the
main source of input data for assessing and monitoring the environment in information system
environment. The current land use land cover information of the study area where extracted,

mapped from satellite images, and used as an input data for the study.

Therefore, remote sensing serves as a tool for environmental resource assessment and monitoring
(Metternicht, et al. 2005). Before and after aerial photographs and satellite imagery are used to
gather landslide characteristics, like distribution and classification, and factors like slope,
lithology, and land use/land cover to be used to help predict future events ( De la ville et al, 2002).
Conversely, before and after images helps to show, how the landscape changed after an event,
what may have triggered the landslide, and shows the process of regeneration and recovery (Fabbri,
et al. 2003).

However, it is possible to generate maps of likely occurrences of feature landslide using satellite
image in combination with GIS and on the ground studies. Such maps should show the locations
of previous events as well as clearly indicate the probable locations of future events. In this study,
seven main parameters were used to analysis probability location of landslide hazard in Jima
Geneti Woreda including slope, aspect, lineament density, drainage density, land use land cover,
geology and soil type. Landslide related factor data have been, extracted and overlaid, and

landslide hazard map have been, made and verified.

1.2. Statement of Problem

A few decades ago, land surface was highly covered by forest (Girma et al., 2015). However, soil
erosion and run off process increased significantly due to deforestation, road cutting and
urbanization. Conversely, this has intensified the landslide process (Girma et al., 2015) and its
effect on human life and property due to increment of slope instability (Martha and Kerle. 2008).
As resulted from those human and natural factors the overall roughness of terrain and steep slopes
where at risk in the rainy seasons. Although, Jima Geneti Woreda is, characterized by a steep
topography and subjected to heavy precipitation. Due to these adverse effects, the area is prone to
extensive and severe landslides (Ercanoglu and Gokgeoglu, 2002). Moreover, historical accounts
and geologic evidence show that hazards of various types and scales have been occurring at Jima

Geneti Woreda frequently for many years.
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Although, the area is covered significant cultivated land, this increase the disintegration of alluvo-
colluvial materials and facilitate percolation of rainwater during rainy season. This makes the area
prone to landslide, so as it needs to be, analyzed for landslide hazard. As previous year, due to
heavy rainfall there were many landslides resulting in damage and human casualties in the Area.
Therefore, there is a great need to develop selected factors that are, related to landslide in the area
and preparing landslide hazard map that can contribute in viable land use planning and risk

management.

Since researchers did not tried so far to prepare susceptible landslide hazard map for the Woreda.
Conversely, GIS and remote sensing did not fully utilized and various factors have not considered.
Consequently, it is mandatory to determine the comparative influence of factors affecting slope
failures and establish a relation between the factors and landslides in the area. Although,
presenting mitigation measure for landslide hazard zone in the area were, needed. The present
study dedicated on to assess landslide hazard zones for Jima Geneti Woreda using GIS and remote

sensing by applying multi criterial analysis.

1.3. Research Question

1. Which correlating factors highly contribute to landslide in the Area?
3. Which area is more prone to landslide?

4. Which mitigation measures are required?
1.4. Objectives

1.4.1. General objective

The general objective of the study is to assess landslide hazard zones using GIS and remote

sensing at Jima Geneti Woreda.
1.4.2. Specific objective

v' To develop selected factor maps for landslide hazard analysis in the area.

v To identify and map the landslide hazard hot spot sites in the area

4|Page



v" To examine correlation between landslide occurrence and causative factors in the area.

v To identify appropriate mitigation measure in the study area

1.5. Significance

The study is extremely significant and plays a vital role to the following concerns:

> It will contribute to understand the science of landslides and factors associated with them.

> Itis applicable in terms of providing future landslide hazard information for the status of
social stability

> ltis applicable to understand nature of unstable slope and their potential to landslide.

> It will enable how cities towns and countries can plan for land use, engineering of new

construction and infrastructure that will reduce the costs of living with landslide hazards.

1.6. Scope
The present study was, developed for local scale by considering seven parameters for the
occurrence of landslide hazard. While the methodology was developed, it focus on GIS and
Remote sensing techniques and multi criterial evaluation for landslide hazard mapping. The study
where delimited to physiography, geology, land use land cover and soil type of the area and does

not consider population status.
1.7. Limitation

The present study was attempted with all possible effort in acquiring required inputs in the form
of primary data for validation and ancillary data, data collection interpretation, data preparation
and data analysis. The most challenging limitation of present study are resource limitation,
unavailability of high-resolution digital elevation model and unavailability of recorded landslide
inventory data. Even though, Jima Geneti Woreda is one of the highly affected area by landslide,
but its implication on the landslide hazard analysis and management were, not studied in any

reliable journal this case challenges the researcher to cite better on the study area.
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1.8. Organization of the Thesis

The present thesis study was, organized in five main chapters as follows; the first chapter
introduces introduction, statement of the problem, objectives, scope, significance and limitation.
In this chapter frequency and status of landslide through the world, in Ethiopia and in the study
area was, discussed based on different literatures. In addition, the problem based on the issue that

exist in literature, theory and practice that need for the study was, presented.

The second chapter discuss literature review. This chapter introduce various literatures that are,
related to the present study title that are, used to give brief review of theoretical basis of landslide
hazard zonation and different approach for landslide hazard mapping. Although, the application of
remote sensing, geographic information system (GIS) and integration of geographic information

system and remote sensing for landslide hazard mapping was discussed.

The third chapter discuss general description of study area, data source, data collection, data
preparation and general methodological steps. In this chapter, detail description of the study area,
in terms of location, geology, and climate and all information about the data and step taken to

achieve stated objective was, presented.

The fourth chapter introduce data analysis method performed in the present study, the result
obtained from the analysis and interpretation of the result in perspective of literature review or
discussion section. In this chapter, data analysis procedure and thematic data layer maps were,
presented. Although, weight derivation of causative factors, landslide hazard validation,
correlation between landslide occurrence and causative factor class was discussed. The fifth
chapter discuss the work in the output of the work accomplished or conclusion and give further
research direction and suggestion or recommendation. In this chapter, the indication of the study
and additional model and data needed for further analysis of landslide hazard in the area were,

presented.
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CHAPTER TWO: LITERATURE REVIEW

2.1. Landslide Hazard and Zonation

Landslide hazard is the probability of occurrence within a given period and within a specified area
of potentially destructive phenomena (Guzzetti, 2002). Even though there are a number of
approach to define landslide hazard. According to Varnes and IAEG, 1984, Guzzetti et al., (1999)
landslide hazard refers to the probability of landslide occurrence within a specified period of time,
area and magnitude. This definition can indicate that, landslide hazard integrate three basic
element, magnitude (area, volume velocity), geographical or spatial location and time or period of

the expected landslide.

Landslide hazard zonation is a basic and necessary step in landslide analysis and landslide risk
management. The term zonation in landslide hazard analysis is, defined by different authors
differently. According to Varnes and IAEG (1984), zonation is a division of land surface into areas
and ranking these areas according to the degree of hazard from landslides or other mass
movements’. Moreover, Courture (2011) described landslide hazard zonation as a division or
partition of land into slightly homogeneous areas and ranking according to degrees of actual or
potential landslide vulnerability, hazard or risk or applicability of certain landslide related
regulations. Howe ever, there has significant increase in both landslide events and landslide studies
in different part of the world (Gutierrez et al., 2010). Furthermore the statistical assessment of
international landslide literature approved by Gokceoglu and Sezer (2009), illustrate that
publication of landslide related articles in the international journals has experienced exponential
growth. Subsequently, after the topical natural disasters around the world, landslide monitoring
and providing early warning have gained enormous interest (Nadim et al., 2006).

For a long period, landslide hazard zone, mapping has been, carried out in different parts of the
world by various techniques and approach. A number of techniques and approaches have been,
developed for, landslide hazard zone mapping. Generally, those approaches are; landslide
inventory mapping, heuristic approach, probabilistic assessment, deterministic approach,
statistical analysis and multi criteria decision-making approach (Leroi, 1997; Fall et al., 2006).
Nevertheless the, effectiveness of one method over other depends on several factors like; scale of
the study area, the accuracy of the predictable outcomes, the availability of data, parameters
measured etc. (Fall et al., 2006).
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Inventory analysis is one of the simplest qualitative approaches of landslide hazard mapping.
Landslide inventory mapping is collection of information on the spatial and temporal pattern of
landslide distribution and displaying them on a map. According to Dai and Lee, 2001; Dai et al.,
2002; Fall et al., (2006) Landslide inventory mapping is identification and compilation of details
of each landslide. Therefore, information collected during inventory analysis may include all about
landslide pattern, location, magnitude, types of mass movement and so on. Thus, information
collected are obtained through field survey using GPS, Historical records or interview of witness,
satellite image, google earth and aerial photograph interpretation. However, landslide inventory
maps used to show slope failure caused by single events or cumulative effect of many event over
long period (Guzzetti et al., 2000).

Landslide hazard map play a vital role in landslide studies and landslide risk management. Even
though, the quality and extensiveness of landslide inventory map influence the reliability of
landslide analysis. Galli et al., (2008) compared landslide inventory maps prepared for different
part of Italy, by establishing relationship between geomorphological landslide maps and multi-
temporal landslide inventories. The result show the complete landslide inventory map have highly
useful for landslide analysis. Similarly, Guzzetti et al., (2003) compared three-landslide inventory
using universal frequency-area statistics. The result indicate, the number of landslide events
increased proportionally with increasing landslide area and decreased with decreased landslide
area. They discussed on the importance of completeness and resolution of landslide inventory
maps in the landslide studies. The incompleteness of landslide inventory map is happen during
field-based collection of information due to loss of evidence of the existence of landslide removed
by erosion, cultivation or other factor. Therefore, historical records and interview of witness are
more significant for complete landslide inventory mapping (Guzzetti et al., 2003).

To minimize subjectivity in weightage assignment procedure and produce more objective and
reproducible results, techniques toward landslide hazard zonation has been, changed from heuristic
to statistical approach (Kanungo et al., 2009). According to Dai and Lee (2001) stated, statistical
approach emphasis on identifying relationship between past landslide and causative factor. Even
though, in statistical approach various causative factors has been, analyzed by univariate or
multivariate statistical methods (Fall et al., 2006; Dai and Lee. 2001).
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Conversely, the limitation of statistical approach is the collection of data on landslide distribution
and causative factor over large area for considerable prolonged period (Girma et al., 2015) and the
result are dependent on quality of data and details of landslide frequency data (Fall et al., (2006).
There are two types of statistical approach in landslide hazard zonation they, are bi-variate and

multi-variate statistical analysis.

This analysis has been, applied for landslide hazard zonation to compere each data layers of
causative factor to the existing landslide distribution (Kanungo et al., 2009). Its main objective is
to identify the density of landslide occurrences within each causative factor data layer and
parameter of data layer classes and to derive weights of data based on class distribution and
landslide density (Suzen and Doyuran, 2004). However, weight of the landslide causative factor
assigned based on landslide density. The major bi-variate statistical model used in landslide hazard
mapping are; Weights of Evidence Model, Weighted overlay model, Frequency Analysis
approach, Information Value Model (IVM) and Fuzzy Logic method (Piacentini et al. 2012; Parise
2002; Lee and Pradhan 2006; Sarkar et al., 2006; Chung and Fabbri. 1998, 1999;).

Multivariate statistics is a form of statistics containing more than one statistical variable of actual
observation and analysis. While, multivariate statistical analysis for landslide hazard zonation
reveals the relative influence of each thematic data layer to the total landslide susceptibility
(Kanungo et al. 2009). Moreover, the analysis related to landslide susceptibility determine the
weights of landslide causal factors based on the relative contribution in the occurrences of past
landslide event with in a defined land unit area (Dai et al., 2010; Suezen and Doyuran 2004b;
Ayalew and Yamagishi 2005; Nandi and Shakoor 2009).

According to Sudhakar et al., (2013) stated, multivariate statistical method is, used to determine
the percentage of landslide area for each pixel and to produce landslide absence or presence data
layer for the given area. Moreover, it also concerns to understand the objective and background of
various form of multi-variate statistical analysis and how they are, related to each other (H.shahabi
et al. 2012). Logistic regression model, Discriminant analysis, multiple regression models,
conditional analysis, Artificial Neural Networks (ANN) are commonly used methods of multi-
variate statistical analysis for Landslide Hazard Zone mapping (Tolga et al. 2005; Guzzetti et al.,
2005b; Clerici et al. 2002; Chang and Liu. 2004).
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Probabilistic approach is a method that can identify location, time and magnitude of landslide
event. Guzzetti et al., (2005b) stated, probabilistic approach in landslide hazard analysis has,
applied to determine spatial, temporal and size probability of landslides. Moreover, this approach
bring objectivity in assigning weight (Sudhakar et al., 2013) but certain degree of subjectivity
exists in weight assignment process (Kanungo et al., 2009). Guzzetti et al., (2005b) carried out
landslide hazard assessment at the Basin scale using probabilistic model. They determined
probability of landslide size, temporal and spatial probability of landslides using, frequency area
distribution function. Although, Jaiswal et al., (2010a) approved, quantitative landslide hazard
assessment along transport route in Nilgiri Hills, India. They performed Frequency-volume
statistics to get probability of landslide magnitude for different return period. Several studies have
attempted apply probabilistic approach for quantitative landslide hazard zonation in recent time
(Ghosh 2011; Floris and Bozzano 2008; Das 2011; Jaiswal and VVan Westen 2013; Guzzetti et al.
2006; Polemio and Sdao 1999; Chelboard et al., 2006)

2.2.1. Analytic Hierarchy Process Approach
Multi-criteria analysis is a set of mathematical tools and methods allowing the comparison of
different alternatives according to many criteria, often conflicting, to guide the decision maker
towards a judicious choice (Chakhar and Mousseau, 2008). MCDA consists of a series of
techniques (such as weighted summation or concordance analysis) that permit a range of criteria
relating to a particular issue to be scored, weighted and then ranked by, experts, interest groups
and/or stakeholders according to their degree of suitability or importance for locating/siting a

particular facility/service (Malczewski, 2004).

AHP (Analytical Hierarchy Process) is, considered as relevant to derive the weights of multi-
criteria by comparing the relative importance of criteria using pair wise comparison. It depends on
the principle of, decomposition, comparative judgement and synthesis of priorities (Malczewski,
1999). Subsequently, this technique involve multi criteria decision making and multi objective
approach to allows the active participation of decision maker in reaching an agreement (Sahnoun,
H et al. 2012). Weighted linear combination (WLC) is a combination between qualitative and
guantitative approach (Ayalew et al., 2005). It is characterized by full trade off among all factors,

average risk and offers much flexibility than the Boolean in the decision making process.
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2.2.2. Application of Remote Sensing for landslide hazard Mapping
Remote sensing is the science, art and technology of acquiring data about any physical object or
entity without physical contact. Remote sensing assist as a tool for environmental resource
assessment, monitoring and management. The development of remote sensing technology to
provide multi-spectral, multi-temporal and multi-spatial images is very helpful to increase the
speed and frequency with which one can analyze a landscape (Idowu and Ukoje, 2009). Moreover,
remote sensing contributes to the development of impartial and complete assessments over larger
geographic extents and remote area than is possible with fieldwork alone (Steininger and Horning,
2007). Remotely sensed data is the main source of input data for analyzing, and interpreting any
natural resource on the earth surface. The recent developments in the application of satellite RS
data in landslide studies in Europe has been, discussed by Tofani et al., (2013). The study showed
that over 70% of the total applications of RS data for landslide studies are, owned by landslide

detection, mapping and monitoring.

Good quality aerial photographs help in accurate landslide detection and mapping. However, aerial
photographs may not be, used in continuous landslide monitoring, since it does not prove repetitive
coverage of the same area. Conversely, the availability of remotely sensed data from different
sensors of various platforms with a wide range of spatiotemporal, radiometric and spectral
resolutions has made remote sensing as one of the best source of data for large-scale applications
and study (Assefa et al., 2007). According to Dai et al., (2001), the most common inputs data to
GIS are remotely sensed data from satellites or aircrafts. Therefore, remote sensing serves as one

of the main source data for GIS and prepare for further analysis in GIS environment.

2.2.3. Application of Geographic Information System (GIS) for landslide
hazard Mapping

Geographic Information System is a computer system deigned to store, retrieve, manipulate,
analyze and display geographical referenced data. GIS in science view; defined as science used to
analyze locational-based information. This makes it possible to take data stored in one form and
combine with data entered and stored in some other form (Church, 2002). It has become possible
to efficiently collect, manipulate and integrate a variety of spatial data such as geological,

structural, surface cover and slope characteristics of an area, which can be used for hazard zonation
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using GIS techniques. The data layer can well integrate using GIS and weighted analysis is helpful
to find Landslide prone area. By the help of GIS we can do risk assessment and can reduce the
losses of life and property. It also helps to answer questions and solve problems by looking at your
data quickly and easily.

Moreover, GIS integrate different data source stored in different format to display all forms of
geographically referenced information. Geographical Information System is widely used in
landslide hazard assessment especially for generation of thematic data layers, computation of
different indices, weight assignment, data integration and generation of LSZ maps. In hazard
assessment, GIS provided to model and rank hazard risk occurrence according to its distribution
or intensity and output visualization in various format. However, geographic information system
supports as geo-database, geo-visualization and geo-processing views to support decision-making

process.

2.2.3. Integration of GIS and Remote Sensing for landslide hazard Mapping

GIS and remote sensing techniques applied in several scientific disciplines like in Environmental
Science (Akar, 2009). Integration of GIS, Remote sensing and GPS provide timely and useful
information about natural resource and the change appear on earth. Moreover, integrations of
geospatial technology can process and evaluate locational-based data to locate and predict hazard
risk. This technique plays a key role for monitoring and prediction of disasters like landslide
through evaluating, manipulating and analyzing geo-spatial data. The review of few studies on
landslide hazard assessment using RS data indicate that aerial photographs are widely used in

landslide detection and mapping (Galli et al., 2008).

Although, the advancement in earth Observation (EO) techniques facilitate effective landslide
detection, mapping, monitoring and hazard analysis (Tofani et al., 2013). Several landslide hazard
zonation, methods such as ANN, Decision Tree model, Weighted Overlay, AHP, MCDA, IVM
and physically based landslide hazard models are GIS and remote sensing based models to predict
landslide probability (Chang and Liu. 2004).
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CHAPTER THREE: METHODOLOGY
3.1. Description of Study Area

3.1.1 Geographic Location

The study area is located in western part of Ethiopia and western region of Oromia. Its
geographical location is between 37° 3’and 37°17° East and 9° 13°30”and 9° 32°30”North. The
gross command area is approximately 411.49 km? in areal extent. Most part of the area where
covered by water body particularly, plain area located at North East of the study area. Topography
of the area is varies from chains of mountain around southwest to North West and plain and racked
surface where observed around South East and North East. The elevation ranges from 2209 to

3184 m with an average elevation of 2696.5m above mean sea level.

Study Area Map
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Figure 3. 1 Geographic location of study area
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3.1. 2. Geology of the Area

The regional and local Geological characteristics of study area and its surrounding has been,
described by Solomon Gerra and Mulugeta Haile Mariam (2000). The description of geology of
the study area mainly taken from the geologic map of the area at scale 1:250,000 prepared by
Geological survey of Ethiopia (GSE). It consists of Mesozoic sandstone, quaternary sediment,
lower basalt, trachytic plugs and flows, upper basalt and upper trachyte flows and pyroclastic
rocks. The study area is highly complex with several thrusts and folds. Several irregularly oriented

faults are also present in the area.
Mesozoic sandstone

This unit, exposed at north and northeastern part of the study area. It cover 9% of the study area.
The rocks of Mesozoic sandstone are, correlated with Gohaseon formation Getaneh Assefa (1979).
Strati graphically, it is bounded by Paleozoic sandstone and tertiary volcanic rocks or locally by
few erosion remnants of Mesozoic siltstone. The composite of section of this unit shows it has
maximum thickness of 770 meters. Generally, the succession consists of two subunit, which have
slightly thickness of 470 m and 300 m.

Quaternary sediment

Quaternary sediment occur extensively at the southeast and northeast of the study area and at the
central part of the area. It covers approximately 20% of the total area. This unit consists three types
of sediment: black cotton soil, reddish sandy soil and fluvial soil. Since this sediment occur mixed

with one another, it is impossible to map separately.
Lower basalt

The unit of lower basalt is the most abundant unit of the volcanic rocks in the study area. It covers
34% of the total area. It is located by covering from south to north of the study area. The unit has

a maximum thickness of 600 m.
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Trachytic plugs and flows

Trachytic covers 1.2% of the study area. It crops randomly in many localities as isolated plugs and
flows. Some trachyte plugs shows banking effect on the surrounding rocks. The rock is dark gray
to dark green on fresh out crop and weathers to, light gray, fine to medium grained and shows
columnar jointing. There is vertical and lateral variation in color grain size and composition within
the same rock. It is light gray and medium to coarse grained at the bottom and pinkish gray and
fine grained at the top of the plug. Generally, these rocks is composed of 55% sanidine, 20% augite,
aergirine augite and pegeonite, 15% plagioclase and minor amount of orthoclase, secondary
calcite, opague minerals and quartz. The mineral occur as phenocrysts in the cryptocrystalline and

glassy groundmass.
Upper basalt

The upper basalt covers 15.8% of the study area. It consists alternating layers of augite and olivine-
augite phyric, fine grained and aphanitic basalt. Olivine augite basalt is dark to dark gray and
shows columnar jointing. It is composed of 20-30% augite, 15-20% olivine, 10-15% plagioclase,
5-10% opaque minerals and minor amount of hematite and biotite. These minerals occur as
phenocrysts and microphenocrysts within cryptocrystalline and glassy ground mass. Augite shows
an hourglass zoning. Olivine is, altered to chlorite and iddingsite. This rock is locally composed
of secondary minerals such as zeolite and magnetite. The augite phyric basalt is composed of 30-
35% augite, 5-40% plagioclase, 5-10% opaque minerals, 0-10% glass, 0-5% olivine and minor
amount of chlorite serpentine, calcite, iddingsite and zeolite. It is, characterized by porphyritic
with varieties of intersertal when glass is present. The phenocrysts are mainly augite and
sometimes olivine and plagioclase. These phenocrysts range in size from a few millimeter to
0.02m.

Upper trachyte flows and pyroclastic rocks

The upper trachyte flows and pyroclastic rocks cover 7% of the total area. This unit consists 45%
trachyte flow, 40% of pyroclastic rocks of various such as ignimbrite, ash fall, lithic tuff, crystal
tuff, volcanic breccia and lahar 10% plagioclase phyric basalt. Trachyte flows is light, medium

grained, porphyritic and shows flow layering.
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This rock is composed of 60% sanidine, 25% plagioclase, 10% opaque minerals and 5% augite,
aegirine augite and biotite. These minerals occur as microphenocrysts and microlites within

cryptocrystalline and glassy matrix.

3.1.3. Climate

The climatic condition of the study area is part of the tropical humid climatic region. The main
rainy and dry seasons in the area are from June to August and between October and January
respectively. Most part of the study area have high altitude particularly South West and North
West, those parts have low temperature and South East and North East have medium and high
temperature. This variation in temperature of the study area is happen due to elevation variation of
the area, the area located at higher elevation have low temperature value and the area located at
low elevation have high temperature value. On the other hand, type of vegetation and crops to be
grown in the study area where vary and they are dependent on the climate of the environment.

However, the climate of the study area is comfortable with optimum temperature and rainfall.

The land use and land cover in the study area is mainly forest and agricultural land. The monthly
mean historical rainfall and temperature data can be, mapped to show the baseline climate and
seasonality by month, for specific years, and for rainfall and temperature. The chart below shows
mean historical monthly rainfall and temperature for the study area during the period 1991-2016.
The dataset was, produced by the Climatic Research Unit (CRU) of University of East Anglia
(UEA).
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Figure 3. 2 Monthly rainfall of the study area recorded by climatic research unit
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3.2. Materials used

The materials and software used in data collection and thematic data generation to produce final

out put in the present study was, reported in Table 3.1.

Table 3. 1 Materials used.

Materials and

software Purpose Version/type
ERDAS To perform, image processing, land use land
1 IMAGEN cover classification and accuracy assessment. 2014
To implement, data generation and
preparation, overly analysis and map layout
2 ArcGIS preparation. 10.5
3 IDRISI selva To execute weight derivation for each factor. 17
4 Google Earth pro  Ancillary data. 2019

Hand held Global
positioning
5 system (GPS)

To collect landslide inventory data for
validation and for accuracy assessment.

3.2.1. Data Sources

In this study, the necessary data for the study were, identified. Because of the nature of the study

proposed number of data are, used for the present study. The availability of data were, recognized

with relative sources. Most of data source in the present study is internet source and some data

source are organization office.
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Thus, the data used in the present study were secondary data. Table 3.2 present the main data

source with their type and scale.

Table 3. 2 List of data and sources

s/no  Type Description Source
Geology map (1:250,000) EGS(Ethiopia Geologic Survey)
1 Maps
SRTM (30*30m resolution) USGS (United States Geological
Survey )
ETM+ images( year 2019, = USGS (United States Geological
2 Row data path 169 row 54) Survey )
Soil data by Ethiopia shape Ministry of Agriculture
file (vector format)
3
3.3. Methods

3.3.1. Data Collection

Collecting reliable and accurate data is the most predetermining factor for the final output of the
proposed study. While collecting data it is better, first to introduce the data requirement. In this
study before collecting data, the purpose of data were recognized. For the present study, data was,
collected from different governmental office and downloaded from internet. As part of data
collection different data formats, projections and types were, collected. Therefore, Geology map
was, collected from EGS (Ethiopian Geological Survey) to extract and characterize geology and
lineament. SRTM image (30*30 resolution) from USGS to derive digital elevation model of the
study area. To extract slope, aspect and drainage network digital elevation model were, used as
input source data. Soil data was, collected from Ministry of Agriculture to extract soil type and

soil texture. ETM+ images from USGS to map land use land cover of the area.
3.2.3. Data Preparation
The selection of conditioning factors and preparation of corresponding thematic data layers is a

crucial component of any landslide hazard analysis. In this study, before the preparation of factor
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datasets from raw data, all datasets converted into the same projection system and Universal
Transverse Mercator (UTM) projection of Adindan datum was, used for all the data set. The
datasets include geology map and soil map, which were represent by polygon future. This discrete
form of data was not suitable to be, used in landslide hazard mapping. For this reason, it was
converted into continues surfaces (Suzen and Doyuran, 2004). Then the raw data were, used for

the production of input data with the same data type.

Preparation of Land use Land cover dataset: the downloaded ETM+ images of 2019 was layer
stacked by using seven band and sub setting the image were performed by the shape file of the
study area (Appendix figure A.5). Radiometric enhancement technique like, haze reduction, and
atmospheric noise reduction were, applied to enhance image appearance. The dataset containing
5, 4, 3 Red, Green, Blue band respectively were prepared for land use land cover classification of

the study area (Appendix figure A.5).

Preparation of Geology dataset: To prepare geology datasets of the study area, geology map of
Nekemte was, acquired from geological survey of Ethiopia in soft copy. The geology Map
incorporates the geological units and the faults lines in the area (Appendix, figure A.1). The
geology map has a database concerning the geologic unit names. The map was georeferenced and
saved in tiff format. This is, done with the geo-referencing tool bar in ArcGIS Environment. As
part of this dataset preparation, the shape file of the study area and georeferenced geology map
was, projected to the same coordinate system. By editing and digitizing technique within shape

file of the study area, the geology dataset of the area were prepared.

Preparation of Soil dataset: Soil dataset were, acquired from ministry of agriculture of Ethiopia.
The soil datasets was, obtained in vector data form by Ethiopia boundary shape file based on soil
survey of 2008. Soil dataset of the study area were, clipped from Ethiopia soil dataset. The most
relevant attribute for deriving soil texture information was soil class, which captures the type of
soil in terms of texture. As part of preparation of this datasets vector datasets of the study area soil
was, converted to raster datasets and prepared for further analysis.

Preparation of DEM datasets: The downloaded SRTM (30*30-resolution) image of the study
area and its surrounding from USGS (United States Geological survey) were, imported into 3dem

software. 3dem were, used to fill missing SRTM values. As part of preparation this datasets, the
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digital elevation model (DEM) of the study area were, extracted by shape file of the study area
(Appendix, figure A.3). The extracted digital elevation model of the area prepared was, used to
determine the elevation of the area and for extraction of slope, Aspect, stream network and
drainage density datasets of the study area.

Preparation of Slope dataset: Digital elevation model of the area was, used to generate the slope
datasets. To prepare slope datasets, digital elevation model were, processed under arc toolbox of
GIS environment. The generated slope datasets were prepared for further reclassification of slope

angle.

Preparation of Aspect dataset: Aspect datasets were prepared from digital elevation model of
the area. Digital elevation model was, processed under arc toolbox of GIS environment. The

generated aspect datasets were, prepared for further analysis and reclassification.

Preparation of Stream network datasets: stream network datasets, were extracted from Digital
elevation model data of the area by performing various process. The preparation of stream network
datasets was, performed under spatial analysis toolbox of hydrology tool. The stream network

prepared datasets was used generate drainage density of the area.

Preparation of Drainage density datasets: Drainage density datasets were prepared from stream
network of the area (Appendix, figure A.4). Frist, stream datasets were, converted to vector data
format by using conversation tool (raster to polyline). The polyline vector format of stream

network were, used to generate drainage density dataset by line density tool.

Preparation of Lineament datasets: lineament dataset are line features generated from
georeferenced geology map of Nekemte map (Appendix, figure A.2). The generated layer feature
were, converted to line under data management tool. The prepared lineament datasets were, used

to produce lineament density map.

Preparation of Lineament density datasets: lineament density datasets were prepared from
lineament datasets of line features. By Calculating, a magnitude-per-unit area from polyline
features that fall within a radius around each cell (line density) lineament density datasets was,
generated. The general methodology adopted in the present study was, shown in flowchart of
landslide hazard mapping (Figure 3.4).
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Figure 3. 4 Flowchart of methodology used for landslide hazard mapping
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CHAPTER FOUR: DATA ANALYSIS, RESULTS AND
DISCUSSIONS
4.1. Data Analysis

Data analysis method employed in the present study depend on the qualitative data collection and
analysis. The analysis of qualitative data collected was accomplished through integrated use of
ERDAS IMAGE and ArcGIS software packages along with, excel and Microsoft office tools. The
input data in the form of geology maps, soil maps and satellite image were, used to extract the
variables that may have consequence on landslide occurrence. In the present study, slope, aspect,
drainage density, lineament density, geology, land use land cover and soil type was, selected as
the conditioning factors for landslide hazard mapping in the study area. It was, assumed that these

causative factors were probably responsible for landslide in the area.

However, there are no standard guidelines for selecting these parameters (Ayalew et al., 2005).
One parameter may be an important controlling factor for landslide occurrence in a certain area
but not in another one. Therefore, the nature of the study area, the scale of the analysis, and data
availability were, taken into account (Yalcin. 2008). Collectively, the seven factors used in current
study were, selected based on the above-mentioned criteria while literature outputs and general
guidelines for GIS-based studies was also considered (Magliulo et al., 2008). Generation and
production of thematic data layers are the most important and time consuming task in present

study. A various number of thematic maps stated were, generated.

4.1.1 Slope

Slope is the first derivative of elevation with each pixel denoting the angle slope at particular
location. The slope is an important factor, which influences the landslide process (Ayalew and
Yamagishi, 2003). If the slope is steeper, the increment in shear stress is high and the tangential
component of the weight of the mass increase while the perpendicular weight will decreases.

Therefore, when the shear stress is higher than the resisting force, the slope mass get tendency to

22| Page



slide down the slope (Ahmed. 2009). Slope angle is an essential component of the landslide

influencing factor set, which indicates how steep the ground surface.

Because of its relationship with landslides, slope angle is a crucial factor in landslide Hazard
assessment as such it is frequently, used in creating landslide hazard maps (Clerici et al. 2002; Lee
et al. 2004 and Lee 2005). For the present study area, slope was, divided into five categories
classes: (0-10), (10-20), (20-30), (30-40) and (greater than 40). Slope class and area coverage are,
listed in Table 4.1.

Table 4. 1 Slope class and area coverage

s.no Slope class (degree) Area(km?) Area (%)
1 0-10 323.68 78.7

2 10-20 78.29 19.03

3 20-30 8.73 2.12

4 30-40 0.71 0.17

5 >40 0.078 0.02
Total 411.49 100

As indicated in the table, most part of the area was, dominated by gentle topography. Among the
part of study area, northeastern, southwestern, and western part of the area were, characterized by
gentle slope topography. In addition, to the area was, characterized by northwest and southwest
facing gentle range, which are, divided by numerous river valleys. However, when the slope is
steeper the thickness of the colluvial material decrease. Conversely, very small topography of the
area was, dominated by steep slope. Village have moderate and high slope occurs in agricultural

land.

As shown from the table topography of the area were, dominated by gentle slope with <10°, which
cover 78.7 % of the total area. Which is mainly found at northwester of the area. The second
dominant toppography of the area is slope with 10-20° found at northwestern, southwester and
northeastern by covering 19.03% of the total area. Much of the cultivated lands falls with in this

slope class. The third dominant topography of the area is slope with 20-30° covering 2.12% of the
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total area. In this slope class, agricultural and grassland were found as relatively genteler slopes
favor agriculture practice. However, only 0.02% of the area is slope with >40° which is mostly
found at northeaster and southeastern of the area. Much of forest and agricultural land were found
in this slope class.
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Figure 4. 1 Slope Map of study area

4.1.2. Geology

It is widely recognized that geology greatly influences the occurrence of landslides, because
lithological and structural variations often lead to a difference in strength and permeability of rocks
and soils. Thus, landslide activity is highly influenced by the nature and type of regolith material
(Thomson. 1971). This is due to the stability of the slope is greatly influenced by the type and

nature of underlying bedrocks (Negi et al., 2012). The various mechanical properties influencing
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the stability of the slope are entirely dependent on the rock formation and the type soil that

constitutes the slope (Raghuvanish et al., 2014a).

For the present study Geology were, considered as a basic contributing factor. Accordingly, six
different geologic unit were, observed in the study area. The list of units and their respective total

area was, summarized in Table 4.2.

Table 4. 2 Geology unit and area coverage

S.n0 Geology Name Area(km?) Area (%)

1 Quaternary sandstone 82.36 20.02

2 Water 49.96 12.14

3 Lower basalt 141.6 34.41

4 Trachytic plugs and flows 5.03 1.22

5 Upper basalt 65.28 15.87

6 Upper trachyte flow and pyroclastic 29.93 7.27
rocks

7 Mesozoic sandstone 37.33 9.07

Total 411.49 100.00

According the table 4.2 most part of the study area covered by lower basalt, which cover 34.4% of
total area. This type of geology was, found from south to north central part of the study area.
However, this type of rock have high porosity and have a tendency to produce unusually mobile
flows (Hutchnison. 2000). The second most dominant geologic type in the area is quaternary
sandstone, cover 20.02% of total area. It was, found extensively at the southeast and northeast of
the study area. It was located around water body. The third dominant geologic type in the study
area is upper basalt, which cover 15.8% of total area. This rock found continuously from
southwester to northwester of the study area. It was, characterized by high porosity and rapid
weathering because it is pyroclatic rocks (Hutchnison. 2000). The fourth dominant geology type
in the area is Mesozoic sandstone. This unit, exposed at north and northeastern part of the study
area by covering 9.07% of total area. Trachytic plugs and flows covers 1.22% of the total area.
This unit found at northwestern and southwestern part of the area. This type of rock characterized

by high degree of weathering (Hutchnison. 2000). From the total area around 12.14% of the area

25| Page



was, covered by water body. Due to the depth of water, information about geology of the area was,
not recorded. This area is located at northeastern part of the area. Figure 4.2 shown the geology

type and its distribution in the study area.
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Figure 4. 2 Geology map of the study area

4.1.4. Lineament Density

Lineament is a map able simple or composite linear feature of the surface whose parts are, aligned
in a straight or slightly curved and which differ distinctly from the pattern of adjacent feature and
reflect a subsurface phenomenon. Such linearly oriented fracture controlled zones can be,
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interpreted as lineament. Hence, lineament with open fracture allow more water to infiltrate,

increase pore water pressure and trigger slides along such weaker zones.

Therefore, landslide are more prone in the fractured, fault and jointed zone (Anbazhagan et al.,
2013). Although, the probability of landslides occurring is greater in highly fractured areas
compared to those with a lower fracture density (Cortes et al., 2003). Conversely, lineament
density are, used in landslide hazard assessment (Atkinson and Massari. 1998). However, it would
seem that utilizing both lineament density and lineament buffer were, produce a more accurate
landslide hazard assessment and introduce more uncertainty. The significance either using one or
both factors when undertaking hazard mapping would be useful issue for further study. Several
lineament in the study area occur tendency of, almost parallel to each other, implying that the
stresses, which produce these features, were not local but acted in a large region to produce a
number of failure or weak zones parallel to a particular direction. A number of parallel lineament
was, observed in different part of the study area especially at southeastern region (figure 4.3).
Based on the Lineament density the area was, divided into five category zone as very low density
(less than 0.001 km/km?), Low Density (0.001-0.003 km/km?), moderate density (0.003-0.005
km/km?), high density (0.005-0.007 km/km?) and very high density (greater than 0.007 km/km?).

Table 4. 3 Lineament density class and area coverage

s.no Lineament Density Lineament density Area(km?) Area (%)
Class(km/km?)

1 <0.001 Very low 21.34 5.19

2 0.001-0.003 Low 17.65 4.29

3 0.003-0.005 Moderate 16.13 3.92

4 0.005-0.007 High 16.62 4.04

5 >0.007 Very High 339.75 82.57
Total 411.49 100

According to the table, the study area was, characterized by very high lineament density.
Lineament density of the area were, high at southern part of the study area. The area which have
greater than 0.007 km/km? dominated by very high lineament density which cover 82.57% of total
study area. This show that large part of the area falls under very high lineament density. The second
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dominated lineament density is very low lineament density, which account 5.19% of total area. It
was, found mainly at northern and central part of the study area. The third dominant lineament
density in the area is low lineament density, the area between 0.001-0.003 km/km?. It was,
distributed at the northern, central and southern part of the area. Moderate lineament density cover
only 3.92% of the total area. It was, mainly found at norther, central, and part of the area. It is,
found between the area 0.003-0.005 km/km?.
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Figure 4. 3 Lineament density map of the study area

4.1.5. Soil Type

Soil type is important parameter in landslide analysis because type of soil determine the tendency
of soil particle to resist sliding across each other. The nature of the movement is, controlled by the
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earth materials involved (Peter. 1970). Soil type with large particles such as sandy soils are the

most cohesive while clayey soils with fine particles almost cohesiveness.

Friction force are dependent on the load placed on soil surface. The greater the load the greater the
likelihood the force of friction will overcome. This result in the movement of soil particles within
the soil layer and potential to slope failure (Ramakrishinan et al. 2002). Three different soil type
exist in the study area. Although, the presence of different soil type in the area determine the nature
of mass movement and slope failure. The soil type observed in study area have different soil

property and area coverage. The total area coverage and soil type exist was, presented in table.

Table 4. 4 Soil type and area coverage

S.n0 Soil Type Area (km?) Area (%)
1 Humic Nitisols 298.28 72.5

2 Chromic Luvisols 0.17 0.04

3 Water Bodies 85.25 20.72

4 Fibric Histosols 27.79 6.75
Total 411.49 100

From the table above, the most common soil type in the area is Humic Nitosols covers (72.5%) of
total area. This type of soil was, Deep, dark red, brown or yellow clayey soils having a pronounced
shiny, nut-shaped structure (HWSD). In addition to, this type of soil have loam texture, it comprise
comprises particles, or granules, ranging in diameter from 0.0625 mm (or 1/16 mm) to 2

millimeters. It was, found at southwestern, central, northern and northwestern of the study area.

The second most common is Fibric Histosols, which account (6.75%) of the study area. This type
of soil composed of organic materials (HWSD). However, this type of soil have clay texture. Clay
is naturally occurring firm earthy material, composed primarily of fine-grained (diameter less than
0.002mm) that is plastic when wet and hardens when heated and that consists primarily of hydrated
silicates or aluminum. It was, mainly exposed at southeastern of the study area. The third soil type
dominate the area was chromic luvisols which account only 0.04% of total area. This soil type

located at western part of the study area by covering small area. This soil type have loam texture.

29| Page



It was, dominated by medium texture. Most part of the area found at northeastern have no
information about soil type. This is because of the presence of water in the area information about

soil was not recorded.
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Figure 4. 4 Soil map of the study area

4.1.6. Aspect

Aspect show the inclination or orientation of slope in a given area. Although, aspect strongly

influences potential direct incident radiation and thus temperature. Therefore, the moisture of the
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soil on the ground may alter. Aspect as a landslide-conditioning factor has been, considered in
various studies (Ercanoglu and Gokceoglu. 2004). Aspect gravely affects hydrological processes
such as evapotranspiration, weathering, and vegetation growth particularly in arid environments
and areas with weak soil types (Sidle and Ochiai. 2006). As a result, this parameter was, also
considered as a conditioning factor for the present study area. The slope aspect for the study area
was, divided into five categories: North, Northeast, Northwest, Southwest and south.

Table 4. 5 Aspect class and area coverage

S.n0 Aspect class Area (km?) Area%
1 North 52.75 12.82
2 Northeast 68.38 16.62
3 Northwest 32.45 7.88

4 Southwest 59.21 14.4

5 South 198.68 48.28
Total 411.49 100.00

From the table most of the area was, dominated by slope facing to south, which account 48.28%
of total area. This aspect class commonly covered southeastern part of the study area. The second
aspect class dominate the area was, northeast facing slope, which cover 16.62% of total area. It
was, distributed in all part of the study area except northeastern. However, various researcher prove
that slope facing to north and northeaster have high probability to failure. In present study area,
this aspect class falls on high topography and agricultural land. Slope facing to southwest in the
study area was, cover 14.4% of total area. This aspect class mainly distributed at northwestern and
scattered at all part of the study except northeast. It was the third dominating aspect class in the
area. The fourth dominant aspect class in the area was, aspect class aspect facing to north direction.
It cover 12.82% of total area. This aspect class in the study area mostly falls on highly elevated

area located at western and northwester of the study area.

Slope facing to northwestern of the study area was, scattered in all part of the study area by
covering 7.88% of total area. It is located on terrain covered by forest. This aspect class cover

small area of the study area among aspect class. However, this aspect class have a contribution
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for slope instability; because of partially the slope was face to the north direction as proved by

various researcher. Fig 4.5 Shown aspect class with their distribution in the study area.
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Figure 4. 5 Aspect map of the study area

4.1.7. Land Use Land cover

Land use and land cover play a significant role in influencing landslides. Many landslides occur
mainly due to the improper activities such as deforestation and increase in the urbanization over a
period. Areas with little or no vegetative land cover and areas degraded by inappropriate logging,
pastoral, agricultural or construction practices are predisposed to landslides and mass-wasting
events (Varnes. 1978). Although, Rapid changes in land use and land cover, as well as land
degradation processes, are precursors to mass movement events (Alcantara et al. 2006). Therefore,

for the present study land use land cover was, considered as a contributing factor for landslide

32| Page



hazard analysis. The Identified land cover types that were, reclassified included the following:

Agriculture, Wetland, Grassland, Forest, and water body.

Table 4. 6 Land use land cover type and area coverage

S.n0 LuLc Type Area (km?) Area (%)
1 Agriculture 251.71 61.17

2 Wetland 40.58 9.86

3 Grassland 14.85 3.61

4 Forest 33.83 8.22

5 Waterbody 70.52 17.13
Total 411.49 100.00

As indicated in the table, large parts of the study area were, covered by agricultural land, which
account 61.2% of total area. It was, found at southern to northern and western direction.
Agricultural land in the area were, observed in different range of slope angle. Due to suitability of
soil type for different crops, large area was, used for cultivation. The second land cover dominate
the area were water body, which account 17.13% of total area. This is mainly located at
northeastern of the study area. Although, most part of the study area was, dominated by water
body, cover 17.13% of total area. Water body that mainly dominated southeastern part of the area
is Lake and others were, distributed in all part of the area with small area coverage. Because of
gentle slope topography of the area, accumulation of water is high.

The area also characterized by wetland which account 9.86% of total area. It was, mainly found at
southeastern of the area and northeaster along water body. In addition, forest have significant
contribution to characterize the area. Forest the area cover 8.22% of total area. Mostly forest in the
area is located on terrain. Area, which are unsuitable for agricultural purpose and other activities
were, covered by forest. Forest was, found mainly in western and norther highland of the area.
Forest in the northern part of the area were, planted by community environment, while forest

scattered in other part of the area was natural forest.
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Grassland in the area, which account only, 3.6% of total area. It was, found around wetland and

water body, southeastern, eastern and northeastern of the area.
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Figure 4. 6 Land use land cover map of the study area
Accuracy Assessment

To know the exactness of the prepared land cover map, accuracy assessment should be, done for
the classified image. This is because image classification without accuracy assessment is
inadequate (Lillesand et al. 2004). Land cover maps derived from remote sensing imagery always

contain some sort of errors due to several factors, which range from classification technique to
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method of satellite data capture. Therefore, accuracy assessment performed for image
classification was, used to tell how accurately the land use /land cover maps were, classified
correctly. The present study used 252 randomly selected pixels for the 2019 land use /land cover
map, were, also checked with reference data (ground data collected by hand held GPS) to assess
the accuracy of the classification. The current study revealed on an overall accuracy 85.3% and a
kappa index of agreement of 0.816. The kappa coefficient implies that the classification process is

avoiding 81% of the errors that a completely random classification generates.

Table 4. 7 Accuracy assessment of the classified land use/land cover map

CD Ag Wil Grsl Frt Wb ROT RT CLT NOCC PA UA

Ag 45 1 2 1 2 51 54 51 45 83.3% 88.2%
Wil 3 39 4 1 3 50 44 50 39 88.6% 78.0%
Grsl 1 2 41 3 3 50 51 50 41 80.4% 82.0%
Frt 2 0 2 46 0 50 51 50 46  90.2% 92.0%
Wb 3 2 2 0 44 51 52 51 44 84.6%  86.3%
CT 54 44 51 51 52 252 252 252 215

Ag=Agriculture, Wtl=Wetland, Grsl=Grassland, Frt=Forest, Wb=Water body, RT=Reference
total, ROT=Row total, CLT=Column total, CD= Classified data, CLT= Classified total,
PA=Producer Accuracy, UA=User Accuracy.

4.1.8. Drainage Density

Drainage density is the drainage by streams of the watershed into the main stream. It indicates the
closeness of spacing of channels, providing a quantitative measure of the average length of stream
channel for the basin. Moreover, drainage density is highly affected by physiography of the
particular area and an important factor for landslide occurrence. This is a result of on steep slope;
surface water accelerates and rock erosion increase, while on lower slope surface flow decrease
and sediment accumulation increase, and therefore, probability of landslide occurrence increase
(Samy et al. 2012).
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Although, impermeable rocks were, exposed to the runoff resulted in poor drainage density and
high ragged terrain have more drainage density (Ankit Sharma & Prafull Singh 2014). High
Drainage density erode the soil and tend to break the rock resulting in landslide. The drainage density

of the study area was, produced from stream network of the area (Appendix, figure A.4).

In the study area, two types of stream network were, observed they are dendritic and longitudinal
stream network. Dendritic stream network reflects areas with steep slopes, low precipitation and
high rate of rock erosion. Longitudinal stream network reflects areas with gentle slopes, high
precipitation and accumulation. Based on the drainage density the area divided into five category
zones as very low density (less than 0.006 km/km?), low density (0.006-0.012 km/km?), moderate
density (0.012-0.018 km/km?), High density (0.018-0.024 km/km?) and very high density (greater
than 0.024 km/km?). Closer investigations of the processes responsible for drainage density
variation have revealed that a number of factors like climate, topography, soil infiltration capacity,

vegetation, and geology collectively influence stream density (Pidwirny. 2006).

Table 4. 8 Drainage density class and area coverage

Drainage Density class(km/km?) Density Area(km?) Area (%)

1 <0.006 Very low 0.86 0.21
2 0.006-0.012 Low 531 1.29
3 0.012-0.018 Moderate 63.7 15.48
4 0.018-0.024 High 181.61 44.13
5 >0.024 Very High  160.01 38.9
Total 411.49 100

The table shown, most part of the study area was, characterized by high drainage density, which
cover 44.13% of total area. It was, found at southern and central part of the study area. High
drainage density in the area is the result of weak or impermeable subsurface material, sparse
vegetation and high relief. Although, high drainage density gives rise to a fine drainage texture
(Strahler. 1964). Even though, high drainage density in the area may indicate, areas of high
precipitation, low infiltration, greater flood and thin vegetation cover.
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The second dominant drainage density in the area is very high drainage density, it cover 38.9% of
total area. It is located on very high elevation and distributed in all part of the study area. In addition
to, low and very low drainage density in the area covers only 1.3% of total area and located at
southern, northern, northeastern and scattered in all part of the area. According to Nag (1998), low
drainage density is generally characteristics areas of highly resistant or permeable subsoil material,

dense vegetation and low relief.
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Figure 4. 7 Drainage density map of the study area

4.2. Assigning Criteria Weight
After the standardization to common scale (30*30m) of each causative factor, weight is, given for
each layer based on pairwise comparison of two data layers at the same time, using pairwise
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comparison of 9-point continuous rating scale in IDRISI selva 17. Moreover, weight module is,

used to develop a set of relative weights for a group of factors in a multi-criteria evaluation.

The weights were, developed by providing a series of pairwise comparisons of the relative
importance of factors to the suitability of pixels for the activity being, evaluated. Consequently,
these pairwise comparisons are then, analyzed to produce a set of weights that sum to one. The
larger the weight means the more influencing is the factor. Although, the factors and their resulting
weights can be, used as input for the MCE module for weighted linear combination or for other
MCE modules.

Accordingly, the weights developed to each factor are, given based on the analytical hierarchy
process proposed by Saaty (1994) by means of providing a series of pairwise comparisons of the
relative importance of factors. In each cell of the matrix, the relative significance of the row
variable to its corresponding column variable was, considered and the appropriate rating was,
given. The resulting consistency ratio of the pairwise comparison matrix is 0.08 that indicate
acceptable consistency range because the acceptable consistency ratio of the pairwise comparison

matrix is less than 0:10).

Table 4. 9 Analytical Hierarchy Process weight derivation module

Factors Aspect Drainage Landuse Soil Slope Lineament Geology Weight
Density Land Density
cover

Aspect 1 0.12
Drainage 1/5 1 0.3
Density

Land use 1/5 1/3 1 0.15
Land cover

Soil 1/7 1/3 1/3 1 0.07
Slope 1/9 1/3 1/3 17 1 0.17
Lineament 1/5 1/5 1/5 1/5 1/3 1 0.03
Density

Geology 1/7 1/5 17 1/3 1/5 1 1 0.16

Consistency ratio: 0.09
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The weights calculated indicate the relative significance of the factors in contributing mass
movement. From obtained result, highest weight was, given to drainage density. The next highest

weight has been, given to slope, geology and land use land cover.

Finally, less weight has been, given to lineament density and aspect as compare to others although

they play a reasonable contribution to the existing mass movements in the study area.

4.3. Weighted Linear Combination

Through a Multi-Criteria Evaluation, these causative factors (aspect, drainage density, land use
land cover, geology, lineament density, slope and soil maps) representing are combined to form a
single hazard map. The weighted linear combination (WLC) method presented by (Drobne and
Lisec. 2009) was, used to obtain a linear combination of weighted parameters for landslide hazard
map. Each causative factor was, multiplied by its derived weight and then the results added to

produce the landslide hazard map.

Landslide hazard zone of the study area was prepared was reclassified using spatial analysis tool,
available in ArcGIS 10.5. Conversely, the hazard rating selection was somewhat subjective. The
rating of hazard indicate that the likelihood of a landslide occurrence. For the present study due to
limited landslide inventory data records were, made available during the analysis, the hazard class
were, first reclassified by equally dividing the maximum score to four class; namely very low, low

high and very high hazard zone.
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4.4. Results and Discussions

4.4.1 Results
4.4.2. Landslide Hazard Map

The landslide hazard map prepared for the present study area revealed that, very high hazard zone
cover 63.45 km? or 15.42% of total area. Very high hazard zone consists of forest and agricultural
land, which is located on more than 20° slope angle and nitisols soil type and lower basalt and
Trachytic plugs and flows geologic type. The drainage density found on very high hazard zone is
high drainage density. High percent of very high hazard zone is located on steep slope and forest
area. High hazard zone cover 241.893 km? or 58.78% of total area. High hazard zones located at
various land use land namely forest, agricultural land, grassland and wetland. The slope is vary
from 0° to 40°. Low hazard area cover 92.674km? or 22.52 % of total area. Low hazard zone
located on slope less than 10° and greater than 40°. The land use land cover located on low hazard
zone are mainly wetland and forest. The distribution of low hazard zone in the area is
predominately on gentle slope and on steeper slope. Very low hazard zone cover 13.473km? or
3.27% of total area. Land use land cover type located on very low hazard zones is water. Very low

hazard zone is located on very gentle slope in the study area.

Table 4. 10 Landslide hazard class and area coverage

S.n0 Landslide Hazard zone Area(Km?) Area (%)
1 Very High 63.45 15.42

2 High 241.89 58.78

3 Low 92.67 22.52

4 Very Low 13.47 3.27
Total 411.49 100.00

Distribution of different landslide hazard zone in the study area produced in present study was,
presented in figure 4.8. Very high hazard zone are, distributed in the central part from southern to
northern of the study area and highly concentrated in southwest. High hazard zone are, distributed

in the northern, southern, southwestern, northwestern, and mainly concentrated in the central part
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of the study area. Low hazard zone are highly distributed in the northeast, southeast and eastern
regions and have scattered distribution at southern part of the study area. Very low hazard zone
are mainly concentrated in the northeastern region and scattered at southeastern region of the study
area. The hazard map shows, the areas of very highest hazard represented by the highest elevation,
forest area and agricultural land. Especially, agricultural land on terrain and high drainage density

in the area are more prone to landslide.
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Figure 4. 8 Landslide hazard map of the study area

4.5. Verification of Landslide Hazard

Databases of historical landslide events are essential for the calibration and the confirmation of
the model results. Although, landslide inventory data is, considered as the initial tool for
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landslide hazard evaluation (Dai and Lee. 2002). Thus, for the present study landslide inventory
data was, collected through field investigation using hand held GPS and landslide on inaccessible
areas like gorges, high cliff and in dense vegetated areas were, identified on Google Earth image
(Google Earth pro 2019). The data include location of landslide, landslide location coordinate,
landslide triggering event, landslide type and land use of each slide present. The classification
of landslide was, offered based the definition given by Varnes (1978). Thus, most of the landslides
or slope failures identified were, related to rotational slides, transitional slide, debris flow,
earthflow and rock fall (Appendix Table A.1). Accordingly, 40 point of landslide inventory data
was, collected. The verification was, performed by comparison of existing landslide data
(inventory data) with the prepared landslide hazard map. The analysis results were validated
using the Relative landslide density index (R-index) and receiver operating characteristic (ROC)
analysis to evaluate the correlation between the landslide hazard maps and landslide inventory
points. Relative landslide density index (R-index) used in this study was to assess the
relationship between landslide hazard map and landslide inventory points. Relative landslide
density index (R-index) were, performed with a formula defined by, Baeza, &Corominas. (2001)
as follows.

R= (%) /> (%) o200 PN 1o [0 - L1 (o]0 I S

Where: ni the number of landslides occurred in the sensitivity class i.
Ni the number of pixels in the same sensitivity class i.

The R-index result class of very high, high and low hazard zone shown that, 54%, 21% and 25%
respectively. A standard validation analysis was, additionally performed, using the validation
datasets in order to estimate the overall performance of landslide hazard in the study area. For the
validation of the output from analysis, the receiver operating characteristics (ROC) curve was
drawn, and the area under curve (AUC) value was calculated. (ROC) curves in the present study.
The ROC curve technique was, based on plotting model sensitivity, true positive fraction values

calculated for different threshold values versus model specificity, true negative fraction values on
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a graph (Deleo. 1993). Model sensitivity true positive fraction is the ratio between correctly
classified presence data and all presence data, while model specificity true negative fraction is the
ratio between correctly classified grid cells with landslides and all grid cells without landslide
(Pradhan and Lee 2010). When calculating the ROC value, AUC values close to 1.0 indicate high
levels of accuracy of the model while results close to 0.5 indicate inaccuracies in the overall model,
Yilmaz (2010). Comparison result of present result study shown in figure 4.9. When the validation

landslide data was, overlaid onto the landslide hazard map 0.81 AUC value were, achieved.
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Figure 4. 9 Receiver operating characteristic curve

The overall verification of (Relative landslide density index (R-index) and receiver operating
characteristic (ROC) showed a satisfactory agreement between the landslide hazard map and

existing data from landslide inventory data.

4.6. Correlation between Landslide Occurrence and Causative Factors

Landslide occurrence is, determined by landslide-related factors, and that future landslides will
occur under the same conditions as the past landslides. The assumption behind landslide hazard
zone is that future landslides will occur under similar conditions as past and present landslides
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(Lee and Talib. 2005). The relationship between landslides occurrence in an area and the landslide
related factors can be, distinguished from the relationship between landslides not occurring in an
area and the landslide-related factors. This relationship can be, computed using frequency ratio
quantitatively. Landslide frequency ratio can be calculated by the ratio of percent domain of a
factor class and percent landslide in that class (Lee and Sambath 2006; Poudyal et al. 2010;
Pradhan 2010; Pourghasemi et al. 2013). The ratio value indicates how strong the spatial
relationship is between a landslide occurrence and landslide-related factor’s classes. Thus,
frequency ratio value shows the correlation between landslides and causative factors in a specific
area (Meten et al. 2015). Moreover, when, the frequency ratio value is greater than one, the
percentage of the landslide area in the class is higher than the percentage of the class in the total
area; it indicates a strong relationship between landslides and the factor’s class. While, when the
value is less than one, it means a weak relationship and if the value is one, it means an average
correlation (Lee and Sambath 2006; Pradhan 2010a). In the current study landslide factors namely
drainage density, lineament density, slope, aspect, land use land cover, soil and geology) were,
converted into raster map with a pixel size of 30 m. Landslide point data and each causative factor
were, overlaid. Using zonal tool in ArcGIS from landslide inventory data, landslide distribution
area relative to each causative factor class were, calculated. Based on pixel count of causative
factor class and landslide area corresponding to causative factor class, the frequency ratio of each

factor class was, obtained by rationing landslide percentage to area percentage.

The frequency ratio defined as:

FR; = 2R/
Z Npix(si)/z Npix(Ni)

wee e - EQuation 4. 2

Where; FR; is the frequency ratio of class ‘i’ of causative factor ‘j’,

Npix(s;y * The number of pixels containing landslide in class ‘i’,
Npixen;y * Total number of pixels having class (i) in the whole area of the study area,

2 Npixs;) - Total number of pixels containing landslide,

% Npixeny) - Total number of pixels in the whole area of the study area
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Table 4. 11 Calculation of frequency ratio value

Factors Class No of Class  No of Landslide FR
pixel in (%) landslide (%)
class pixel
within the
class
Drainage  very low 97624 21.3 3600 10 0.46
density Low 115943 25.3 3600 10 0.39
Moderate 122605 26.8 13500 37.5 1.39
High 87827 19.2 9900 27.5 1.43
very high 33463 7.3 5400 15 2.1
Total 457462 36000
Slope 0-10 176048 38.5 9000 25 0.64
10-20 133359 29.15 13500 37.5 1.28
20-30 89176 19.49 8100 22.5 1.15
30-40 45242 9.9 3600 10 1.01
>40 13637 2.98 1800 5 1.67
Total 457462 36000
Land use  Agriculture 287671 62.88 27000 75 1.19
land cover  Wetland 42384 9.26 900 2.5 0.26
Grassland 10497 2.29 900 2.5 1.09
Forest 38660 8.45 4500 12,5 1.48
Water 78250 17.1 2700 7.5 0.44
Total 457462 36000
Geology Quaternary 91403 19.98 27000 75 3.75
sandstone
Water 55415 12.1 900 2.5 0.21
Lower basalt 157166 34.36 900 2.5 0.07
Trachytic plugs 5599 1.22 4500 125 10.21
and flows
Upper basalt 72501 15.85 2700 7.5 0.47
Upper trachyte 34113 7.46 0 0
flow and
pyroclastic rocks
Mesozoic 41265 9.02 0 0
sandstone
Total 457462 36000
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Table 4.11 Calculation of frequency ratio value (continued)

Aspect North 58641 12.82 5400 15 1.17
Northeast 70990 15.52 9000 25 1.61
Northwest 58190 12.72 1800 5 0.39
Southwest 94971 20.76 6300 17.5 0.84
South 174670 38.18 13500 37.5 0.98

Total 457462 36000

Lineament very low 372692 81.47 28800 80 0.98

density Low 19428 4.25 900 2.5 0.59
Moderate 20161 441 900 2.5 0.57
High 21287 4.65 900 2.5 0.54
Very High 23894 5.22 4500 12.5 2.39

Total 457462 36000

Soil type Humic Nitisols 331458 72.46 32400 90 1.24
Chromic Luvisols 197 0.04 0 0
Water Bodies 93859 2052 0 0
Fibric Histosols 31948 6.98 3600 10 1.43

Total 457462 36000

The correlation analysis by frequency ration presented in the table 4.11 indicate the importance of
causative factor class on the landslide occurrence. Accordingly, frequency ratio of drainage density
indicate that very high and high drainage density shown strong correlation with landslide
occurrence in view of frequency ratio, value is 2.1 and 1.43 respectively. Thus, the area that have
very high and high drainage density in the study area have high probability to landslide
occurrences. The frequency ratio in other class of drainage density is low and it implies the

probability of landslide occurrence in those classes is also low.

Frequency ratio result of slope class greater than 40° indicate strong correlation with landslide
occurrence, the value is 1.67. Thus, slope in the study area that have an inclination of greater than
40° are most prone to landslide. Conversely, slope below 10° shows frequency ratio 0.64 and for
slope class 10°-20°, 20°-30°, 30°-40° the frequency ratio value is greater than one that also indicate
the probability of landslide occurrence in those class is high.
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Within land use class, forest frequency, ratio result have shown strong correlation with landslide
occurrence, value is 1.48. Although, the frequency ratio of agriculture and grassland is 1.19 and
1.09 respectively. The value is greater than one that also shows the probability of landslide
occurrence in these classes has be, high. The remaining land use class show the probability of

landslide occurrence is low as frequency ratio indicate the value is less than one.

Frequency ratio of geology layer reflected that, in the trachytic plugs and flows the highest
frequency ration was, recorded. It indicate that in the study area the area that have trachytic plugs
and flows geologic type have strong correlation with landslide occurrence. Type of rock showed a
very robust influence on landslide event in the study area. Although, the frequency ratio of
quaternary sandstone is 3.75 the value is greater than one. Which shows the probability of landslide
occurrence is high in the area covered by quaternary sandstone. The occurrence of landslide in the
remaining geologic type of the study area, is low as the frequency ratio indicate, the value is greater

than one.

In a case of aspect, frequency ratio of northeast and north facing slope showed a strong correlation
with landslide. The remaining class of aspect have weak correlation with landslide occurrences
because the frequency ration value is less than one. From lineament density class, very high
lineament density showed strong correlation with landslide occurrence as frequency ration
indicate. The occurrence of landslide in the remaining class of lineament density is low as
frequency ration indicate, it show weak correlation. In a case of soil type class, frequency ratio of
histosols and nitisols are high and it indicate strong correlation with landslide occurrence. The

remaining class of soil type have no correlation with landslide occurrence.

4.7. Mitigation Measures

Mitigation is action taken to prevent or reduce the risk of life, property, social and economic
activities, and natural resource from natural hazard. Mitigation of landslide hazard can be
successfully undertaken when detailed information about frequency, magnitude and character of
slope failure within a particular area are, known (Vijith et al. 2009; Liu et al. 2006). For these

reasons the identification of landslide-prone areas represents a cheap and fast method in
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understanding this hazard and in ensuring that appropriate mitigation strategies are implemented
(Bai et al. 2009).

Landslide hazard can be, mitigated by both physical countermeasures such as slope stabilization,
reforestation and water management and non-physical countermeasures such as evacuations and
road closures. Nevertheless, every class has some distinct characteristics and mechanism of failure,
therefore mitigation measure are, proposed to overcome the effect of each class on slope stability
(Bhim et al. 2017).

The landslide hazard map of the study area was, generated from the most predominating factors
causing landslide hazard in the area. Landslide hazard class was, analyzed by considering slope
morphology, stream network, drainage density and land use land cover of the area corresponding
to hazard class. Landslide hazard information contained in this study provide a solid practical,
policy and legal foundation which will enable local government planners to avoid or mitigate
landslide hazard and help to build sustainable, hazard resilient communities in the study area.
Therefore, selection of the most appropriate mitigation measures to be adopted in hazard zone take
into account the factor that affect the hazard in terms of the probability occurrence of movement
or landslide such as the morphology of the area, the actual or potential causative processes
affecting the geosystem, which can determine the occurrence of movement or landslides.

Thus, mitigation measures proposed was, based on different predominating factors are overlapped
in each and every cell unit of landslide hazard map by considering topography of the area relative
to hazard zone. When landslide hazard map was, overlapped with causative factors, landslide
hazard class was, observed in different class of causative factors. Depending on causative factor
class with landslide hazard class the concise mitigation representation of hazard zone in the study
area was, presented. Table 4.12 present mitigation measures given for specific zones with

suggestion action.
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Table 4. 12 Mitigation measures per class

Hazard
zones

Suggested action

Mitigation measures

Very High .

ngh °

Low °

Construction and other activity should be
restricted.

Existing property owners in this zone should
be, notified of the landslide hazard.

Construction and other activity should be
restricted.

Consult with a professional before
significantly altering existing slopes uphill or
downslope.

Existing property owners in this zone should
be notified of and educated about the hazard

Construction and other activities need only
consider landslides as a minor threat

Very Low Construction and other activities need not take
landslide hazard into account

v

< AN AN NN

AN NANEN

AN

Avoid excavating on or
at the base of steep
slopes

Avoid placing fill soil
on or near steep slopes
Warning signs

Stop cultivation on
steep slope

Slope Netting
Channelizing the
surface and sub-surface
runoff

Vegetative turfing
Plant native ground
cover on slopes
Channelizing the
surface and sub-surface
runoff

protecting the base of
the slope from erosion
Slope Netting

Check Dams

Retaining wall
Spraying

Channelizing surface
drainage.

Vegetation
Channelizing the
surface and sub-surface
runoff

Mitigation measure taken in this study are used to increase resisting forces and retaining potentially

unstable material, decrease pore pressure, reduce soil saturation and weathering, avoid erosion and

reinforce soil and protect the hillside foot in the area.
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4.8. Discussions

In the study area, it was, observed that even though the slope is steep, especially in the case of
slope, which have Quaternary sandstone the slope is almost stable. Thus, it approve that stability
might be, controlled by the factor such as, slope deposit type, discontinuity orientation and shear
strength (Girma et al. 2015). In present study area, the area covered by forest and agricultural land
are more prone to landslide. This would be the result of existing steep slope morphology and the
shallow rooted nature of different evergreen vegetation type in the area. However, the presence of
vegetation increase the rate of infiltration (Meten et al. 2015) and increase the accumulation of

water by decreasing the stability of the slope (Farrokhnia et al. 2010).

Conversely, Ashish Pandey et al. (2007) prepared landslide hazard zone and they suggested that
landslide hazard map is the immense use to planner and designer in selecting suitable route paths.
In this study, landslide hazard maps can help local developers, community planners, and slope
management engineers by providing them with efficient, effective, cheap and readily replicable
landslide hazard maps of high-resolution. In addition, this hazard map can change the community’s
approach to landslide from mitigation and response to prevention by creating landslide predictive
maps ahead of hazardous events as opposed to localized site-specific geotechnical analysis after a
landslide has occurred.

Moreover, Siddan and Veerappan (2014) prepared hazard zonation map for a highway section.
They have proposed some general mitigation measures like concrete ditches, slope flattening,
benching, anchoring etc., which are either expensive or not suitable for the area having high
relative relief like the present study area. Still there is a few literature about the use of hazard map
for mitigation aspect. Anbalagan et al. (2008) prepared a meso-scale landslide hazard zonation,
mapping and suggested that planner should avoid the high hazard area or take precautionary
measures during implementation. This study was fill the existing gap for the use of hazard zonation

for site-specific mitigation measures.
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusions

In this study available spatial datasets were, used as inputs into GIS to map landslide hazard zone
in the area by using multi criterial analysis. This method demonstrate that landslide hazard was,
caused by the collective effect of the event controlling parameters. In present study seven
landslide-conditioning factor namely, drainage density, lineament density, soil type, geology,
aspect, land use land cover and slope were, identified. The weight derived by analytical hierarchy
process show that the contribution of each factor for landslide occurrence in the area. Based on
obtained weight result the most contributing factor to landslide occurrence in the area is drainage
density. This showed that drainage density should have a greater degree of influence in causing

landslides.

The obtained hazard map indicate that southwestern region of the area were more prone to
landslide. However, the result were still reasonable since the predicted landslide hazard coincided
with areas that had recently experienced landslide. This reveal that multi criterial analysis with

GIS is a powerful tool in predicting landslide hazard and landslide hazard mapping in the area.

The conducted correlation analysis between landslide occurrence and causative factor, reveal that
causative factor class of trachytic plugs and flows geologic type, high and very high drainage
density, slope facing to north and northeast, slope angle greater than 10°, histosols and nitosols
soil type, forest, agriculture and grassland causative factor class have strong correlation with
landslide occurrence. While the remaining causative factor class have, weak and others have no
any correlation with landslide occurrence. This indicate that each class of different causative factor

have different contribution in landslide occurrence in the area.

The landslide hazard map shown, mainly very high and high hazard zones are located on steep
topography, and low and very low hazard zones were, located on steep to gentle slope. This shown
that these hazard zones are potentially dangerous for any future habitation and development. Thus,

there is an immediate need to implement mitigation measures in these hazard zones. Therefore,
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the mitigation measures required for landslide hazard zone in the study area contain; slope

stabilization, reforestation and water management.

5.2. Recommendations
Based on the present study finding the following recommendation were, forwarded.

v Mapping landslide hazard zone, particularly in Jima Geneti Woreda advised for researcher
and concerned body should be, based on the use of multi criterial analysis with GIS, and
comparative studies of factors that influence landslide occurrence.

v" Further researchers, needed to improve landslide area prediction should have to use factor
such as, characteristics of discontinuity surfaces, interrelationships of discontinuities, pore
water pressure in soil mass, water forces acting within the discontinuity surfaces, shape
factor of particles in coluvial material.

v The future landslide interventions in Jima Geneti Woreda suggested for land management
and concerned body should be, based on the findings of the current study.
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Figure A. 5 Landsat image of study area  Figure A. 6 Landslide on grassland

Figure A. 7 Landslide on steep slope Figure A. 8 Landslide on agricultural land

68| Page



Table A. 1 Landslide inventory database

Landslide Land use
location land cover
coordinate Landslide present in
s/no X y Elevation location Landslide type slide
1 292135 1050086 2474 Town Rotational slide Grassland
2 291678 1047468 2362 Village Earthflow Agriculture
3 292414 1043541 2305 Village Transitional slide  Agriculture
4 290306 1040527 2570 Town Debris flow Grassland
5 292193 1039805 2290 Village Earthflow Agriculture
6 293283 1039524 2273 Village Rock fall Forest
7 292746 1038258 2270 Town Rotational slide Grassland
8 293474 1037529 2274 Village Transitional slide  Agriculture
9 292336 1037097 2322 Village Earthflow Grassland
10 293135 1036826 2330 Village Rotational slide wetland
11 294214 1036800 2353 Village Earthflow Forest
12 293798 1036421 2401 Village Earthflow Grassland
13 292441 1036327 2321 Village Debris flow Agriculture
14 293110 1035720 2349 Village Rotational slide  Agriculture
15 293187 1035255 2273 Village Debris flow Agriculture
16 292446 1035614 2333 Village Rock fall Agriculture
17 292048 1035412 2386 Village Rotational slide  Agriculture
18 291877 1035156 2406 Village Transitional slide Forest
19 291504 1034733 2446 Town Earthflow Grassland
20 291205 1035014 2490 Village Debris flow Agriculture
21 290842 1034637 2572 Village Rotational slide Forest
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Figure A. 9 Landslide inventory overlaid with landslide hazard map
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